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June 14, 2017

DRC'zoiY-ooMr. Scott Anderson, Director
Utah Department of Environmental Quality 

Division of Waste Management and Radiation Control 
195 North 1950 West 
Salt Lake City, UT 84114

Re: Radioactive Materials License UT0900480; Exhibits B.6-B. 10 of the 2016 License Renewal 

Dear Mr. Anderson:

In a letter dated November 29, 2016, the Division of Waste Management and Radiation Control identified 
that pending exhibits for Radioactive Materials License Renewal Application for Shootaring Canyon 
Uranium Mill were to be submitted on June 16, 2017. With this letter, Anfield Resources, Inc. is 

submitting the following requested Exhibits:

Exhibit B.6 Handbook of Radiological and Environmental Monitoring Procedures
Exhibit B.7 Radiological Emergency Action Plan
Exhibit B.8 Radiological Safety Training Manual
Exhibit B.9 Respiratory Protection Program
Exhibit B. 10 Fire Safety Program

1 certify under penalty of law that this document and all attachments were prepared under my direct 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the persons who manage the system, or those 
persons directly responsible for gathering die information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete I am aware that there are significant penalties for 

submitting false information, including the possibility of fine and imprisonment for knowing violation.

Should you have any questions regarding this matter, please contact me at (416) 827-8064 or e-mail at 
cdias@anfieldresources.com.

Sincerely, n

Corey Dias^

Chief Executive Officer 
Anfield Resources Holding Corp. 
Shootaring Canyon Mill

cc: Phil Goble (UDWMRC)
Mill file

Airfield Resources, Inc. 
3346 West Guadalupe Road 
Apache Junction, AZ 85120 
www.Anfieidreeources com
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The following is a compilation of documents previously utilized by the Shootaring Canyon Mill site.  


Future document revisions will include formatting and site specific application once the project advances to 


operational status from “standby” status. 


 







ANFIELD RESOURCES, INC. 
EMPLOYEE EMERGENCY FIRE 


PREVENTION/EMERGENCY 
RESPONSE PLAN 


PURPOSE: 


 Provide information for all employees and 
contractors on emergency response to 
emergencies which could occur. 


 Compliance with: 


         -Standard fire safety preparedness. 


  


 


 







EMERGENCY FIRE 
PREVENTION/EMERGENCY 


RESPONSE PLAN 


 


 







SITE SPECIFIC EMERGENCY 
RESPONSE PLAN FOR FIRES 


 


 


Major workplace fire hazards. 


-  Proper handling and storage procedures. 
 


   Potential ignition sources (welding, smoking, 
etc.) 


 
   Type of fire protection equipment/systems which 


can control a fire for the above 







SITE SPECIFIC EMERGENCY 
RESPONSE PLAN FOR FIRES 


 


 


 Know who has responsibility for: 
 


-  Maintenance of fire equipment/systems. 
 
-  Control and prevention of ignition of fires. 
 
-  Control of fuel source hazards. 
 
-  Procedures required for the above. 







housekeeping 
 


 


  Housekeeping is critical for fire prevention.  make 
sure that all flammable and combustible materials 
are kept away from sources of ignition.  Ways to 
do this are: 
 
-  Controlling accumulations of flammable and 


combustible waste materials and residues. 
-  Properly disposing of the above. 
- keeping dust and debris off machinery and 


equipment. 







housekeeping (continued) 
 


 


  Store all flammable materials properly. 
  How is this type of material stored at your 


site? 
  Enforcing no smoking rules. 
  Prevention maintenance of all electrical 


equipment. 
 keeping storage areas clean and free of debris 







TRAINING 
 


 


  Initial and annual refresher training required. 
  Includes: 
  Information regarding fire hazards for 


materials and processes employees are 
exposed to. 


  Site specific hazards. 
  Possible ignitions sources. 
 Operational procedures to implement during a 


fire emergency. 


FIRE 







TRAINING (CONTINUED) 
 


 


  Recognition and response to audible site fire 
alarm. 


  Roles and responsibilities employees are 
designated for during a fire emergency. 


  Designated assembly area(s). 
  If personnel are not assigned emergency 


response roles – stay at the assembly area 
until all are accounted for. 


  Not placing themselves or others in greater 
danger. 







WHAT To DO IN CASE OF A FIRE 
 


 


  If the worst should happen and a fire did break 
out at your worksite, would you know what to do? 
Knowing how to react in a fire emergency can 
literally mean the difference between life and 
death to you and/or your coworkers. 


    Your safety comes first.  If you are in doubt 
about the seriousness of a fire, don’t hesitate--- 
sound the alarm and evacuate the premises. 







WHAT To DO IN CASE OF A FIRE 
 


 


 
  Implement the Site Emergency Response Plan. 
  Report the fire to the appropriate person. 
  If the fire is small enough to put out with one fire 


extinguisher – do so. 
  If not, then notify the people in the area and 


proceed to the designated emergency assembly 
area or perform emergency response duties you 
have been assigned. 







 


 


 
 REVIEW YOUR SITE-SPECIFIC EMERGENCY 


RESPONSE PLAN FOR OTHER TYPES OF 
EMERGENCIES BESIDES FIRE. 







 


 


 
 REVIEW YOUR SITE-SPECIFIC DIASTER AND 


EMERGENCY RESPONSE PLAN FOR OTHER 
TYPES OF EMERGENCIES BESIDES FIRE. 
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roduced by:


The Environment and Plastics Industry Council (EPIC)
5925 Airport Road, Suite 500
Mississauga, Ontario L4V 1W1
Tel: (905) 678-7748
Fax: (905) 678-0774
Web site: www.plastics.ca/epic


EPIC is a council of the Canadian Plastics Industry Association


January 2000


The Environment and Plastics
Industry Council (EPIC) of the
Canadian Plastics Industry
Association was created to pro-
vide support to the plastics indus-
try and its associates in dealing
with the matter of plastics in the
waste stream. Throughout its his-
tory, EPIC has promoted environ-
mentally and economically sus-
tainable methods to deal with
plastic solid waste. One of these
methods is the mechanical recy-
cling of plastics. To carry out
recycling it is necessary that plas-
tics be collected, sorted, transport-
ed and reprocessed into valuable
commodities of commerce. At
each step in this process plastic
materials are accumulated and
stored. The accumulation and stor-
age of plastics must be carried out
using procedures which reduce the
risk of the materials becoming
involved in a fire.


This booklet is designed to alert
companies handling or storing
plastics of the requirements of the
Canadian Fire Code that may
impact on their operations. Its pur-
pose is to demonstrate that fire
codes do deal with plastics in a
manner that often is very specific.


In most parts of Canada the fire
codes, whether they be the
National, Provincial or indeed
municipal, are referenced in spe-


cific legislation and are enforced
by the “authority having jurisdic-
tion.”


This booklet is not intended to
be a substitute for a fire code
nor does it offer an interpreta-
tion of a fire code. It is not a
document having any standing
in law and EPIC assumes no
responsibility for its timeliness
or accuracy.


Every owner of a company is
required to conform to all of the
legislation applicable to his opera-
tions. This includes local legisla-
tion pertaining to fire and its pre-
vention. Information on local
requirements is available from the
local fire service and Fire
Marshal. These officials can pro-
vide information on where a copy
of the fire code applicable to the
region may be obtained.


This booklet references the
National Fire Code of Canada,
which is available in either hard
copy or CD-ROM format from:


National Research Council 
of Canada


Institute for Research in
Construction


1500 Montreal Road
Ottawa, Ontario, K1A 9Z9 
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In recent years recycling facilities, storage yards and material recovery
facilities (MRF’s) have received negative publicity because of fires. On a
number of occasions the occurrence may be linked to contravention of
the local fire code and involve: 


• Improper practices
• Lax security inviting arson


A number of these fires have resulted in serious consequences:
• Injury to employees, fire fighters
• Loss of property, investment
• Evacuation of local residents
• Damage to the environment.


Public fallout from a fire can continue for years:
• Class action suits are now common in Canada after an


event
• Personal injury can result in chronic conditions, very 


difficult to cure
• Plants can be caused to shut down or relocate.


Damage to the environment may take years to recover and the processes
required to remedy the damage might be extremely costly to those held
responsible.


MOST SITUATIONS COULD HAVE BEEN AVOIDED.


The NATIONAL FIRE CODE is Canada’s model code. Provincial and
municipal codes are patterned after it. The fire code comprises a set of
technical requirements designed to provide an acceptable level of fire
protection and fire prevention within a community.


Fire codes are adopted and enforced by the “Authority having jurisdic-
tion” which in most instances is a province but in some cases a munici-
pality.
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• Failure to comply with the code may result in legal action.


Insurance Underwriters also “enforce” compliance through their insur-
ance policies and premiums. 


• Fire code Section 2.8 deals with Emergency Planning.


• A FIRE SAFETY PLAN is required to be prepared, approved and
implemented in a variety of occupancies.


For example:
– outdoor tire storage yards
– buildings containing a high hazard industrial occupancy, 


having an occupant load exceeding 25 people (ie. waste 
paper processing)


• FIRE SAFETY PLANS should be prepared for ALL plants.


Using work conducted by the Office of the Fire Marshal of Ontario we
have prepared a Fire Safety Planning Guide, which describes in ten
steps how to prepare a Fire Safety Plan for your operation.


Those who have prepared plans have found them very useful in detecting
potential hazards.They have also developed better relations with their fire
service, the insurance companies and their local communities.


• The Guide is available free of charge from EPIC.


•  At recycling and waste handling facilities, many fires have been started
after hours by vandals or intruders.


– Proper security is a necessary part of fire protection.
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• Adequate external lighting shall be maintained to discourage 
unauthorized access.


• Secure doors and windows are necessary for all buildings. Procedures 
must be in place to assure that doors and windows are locked outside of 
regular working hours.


• Fire Code sent. 3.3.2.6. An outdoor storage area shall be surrounded by
a fence 1.8m high to discourage climbing and unauthorized entry.


– Gates shall be maintained on all access roads onto the site to 
discourage and prevent unauthorized access.


• Storage requirements for both INDOOR & OUTDOOR storage of 
combustible products and dangerous goods are outlined in Parts 3 and 4 
of the National Fire Code.


– Material recovery facilities (MRF’s) and recyclers dealing with
plastics are handling combustible products.


• The sections of the fire codes dealing with storage include the short and
long term storage of a long list of products, whether raw or waste
materials, goods in process or finished goods. 


The fire codes specify such requirements as access aisles, clearances, pile
size, signage, sprinkler protection, ignition sources and fencing. The
requirements are based on the relative hazard or classification of a com-
modity. The relative hazard or classification of a commodity is a function
of both the material and its configuration. For example, a solid block of
wood is relatively difficult to ignite and slow to burn. If however the
block is split into kindling thus increasing the surface area to volume ratio
it burns much more readily.


• Of primary interest to MRF’s and plastic recyclers are: 
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Class 1 to 1V commodities
Group A, B and C plastics
Tires
Combustible fibres (paper)


(i) CLASS I, II, III & IV COMMODITIES


• Class I: essentially noncombustible products in ordinary corrugated 
cartons or paper wrappings, with or without combustible pallets.


• Class II: class I products in slatted wooden crates, wooden boxes, 
multiple thickness paperboard cartons, or equivalent combustible 
packaging material, with or without combustible pallets.


• Class III: wood, paper, natural fibre cloth, or Group C plastics, with or 
without combustible pallets. Products may contain a limited amount of 
Group A or B plastics.


• Class IV: class I, II, III products in corrugated cartons, containing an
appreciable amount of Group A plastics or with Group A plastics 
packaging, with or without combustible pallets. Group B plastics and 
free-flowing Group A plastics are also included in this class.


The designation affects the quantity that may be stored and the configura-
tion of the stored material.


(ii) GROUP A, B & C PLASTICS


The rate of heat release (Btu/min or kW/min) for plastic materials can be
three to five times greater than that of a similar arrangement of ordinary
combustibles. The purpose for classifying plastics is to provide informa-
tion on the relative heat of combustion (Btu/lb or kJ/kg) and burning rate
(lb/min or kg/min) of the plastic. Group A plastics have the highest heat
of combustion and burning rate, while Group C plastics have heats of
combustion and burning rates which approach those of ordinary com-
bustibles.


• Group A plastics include, but are not limited to:
ABS, acrylic, butyl rubber, fibreglass, reinforced polyester, 
natural rubber (if expanded), nitrile rubber, polycarbonate, 
polyester elastomer, polyethylene, polypropylene, polystyrene,
polyurethane, highly plasticized PVC and SBR.
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• Group B plastics include, but are not limited to:
– cellulosics, fluoroplastics, natural rubber (not expanded), nylon 
and silicone rubber.


• Group C plastics include, but are not limited to: 
– fluoroplastics, melamine, phenolic resins, rigid PVC, and urea
formaldehyde.


(a) GENERAL INDOOR STORAGE


Fire code section 3.2.3. applies to the indoor storage of Class I to IV
commodities, Group A, B or C plastics and other materials.


It stipulates the maximum individual storage areas permitted with and
without sprinklers. In addition it also describes the design and installation
of sprinkler systems.


For example the size limits for individual  storage areas for Group A
Plastics in unsprinklered  buildings is 250 m2 to a height of 1.5m. For
sprinklered buildings the allowance is increased to 500m2 to a height of
6.1m. (Fire code table 3.2.3.2 lists the allowances for  other commodities
and plastics.)


(b) OUTDOOR STORAGE


The proper storage of materials outdoors is as important as indoor storage.
Many arson related fires involve materials stored outdoors. The ramifica-
tions of these fires can be very severe. Often the quantity of material
involved in the fire is greater than that involved in indoor fires, sprinklers
are not available and the standard of outdoor “housekeeping” is poorer
than that practiced indoors resulting  in difficulty in fighting the fire. The
building codes address outdoor storage in a rigourous fashion.


• Fire code section 3.3 Outdoor Storage applies to:
– Class III and IV commodities, and Group A, B and C plastics.
– Rubber tires.
– Various forest products and other goods.
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• It speaks to:
– individual storage areas and clearances
– fire department access
– fencing ,maintenance, ignition sources, portable extinguishers,


site preparation, fuel dispensing, spill control, etc.


Table 3.3.3.2 in the National Fire Code lists the size and clearances for
individual outdoor storage areas permitted for commodities and classes of
plastics. For example Group A, B and C plastics may be stored in an indi-
vidual area having a maximum base of 1000m2 and a height no greater
than 3m. Individual storage areas must have a minimum clear space
around each of 6m.


• Fire code Sent.  3.3.2.9 asks for a fire safety plan.


Hot work involving open flames or the production of heat or sparks,
including cutting, welding, soldering, brazing, grinding, adhesive bond-
ing, thermal spraying and the thawing of pipes is a major cause of uncon-
trolled fires in recycling and waste handling facilities.


• Fire code section 5.2 deals with welding and cutting.
– 5.2.3.1 (1) Except as provided in sentence (2) welding and 
cutting operations in buildings shall be carried out in areas free 
of combustible and flammable contents, with walls, ceilings 
and floors of noncombustible construction or lined with non
combustible materials.


As hard as this requirement might seem to be, adherence to it  provides a
fire safe environment in which to carry out the operation. 


• Other keys to safe operations are the proper storage of welding gases,
the maintenance of hoses and the proper disposal of rod stubs etc.
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Smoking is prohibited in the workplace in accordance with municipal by-
laws, provincial regulations and federal statutes.


The fire codes also are not silent on the matter. 


• Fire code section 2.4.2 treats the subject. The essence of the code is that:


– Smoking should not be permitted in areas where combustible 
materials are stored. (Inside and Outside storage areas).


– Smoking shall only be permitted in those areas approved and 
designated for smoking.


Proper housekeeping is of utmost importance in providing a safe work
area. Shops, yards, plants, office, job sites, and work areas shall be kept
neat and orderly at all times.


Poor Housekeeping is often the norm for many recycling and recovery
facilities.


• Poor housekeeping is a major component of employee injury and fire.


• Poor housekeeping is an obvious sign that the storage provisions of the 
Fire Code are not being met.


• Poor management is the only reason for poor housekeeping.


A Guide to Fire Safety at Materials Recovery and Plastics Reprocessing Facilities


OT WORKH
H


MOKINGS


OUSEKEEPING


8 9







A Guide to Fire Safety at Materials Recovery and Plastics Reprocessing Facilities


• All recycling and materials recovery facility Owners/Operators must 
ensure familiarity with the Fire Code and the relevant Provincial 
Occupational Health and Safety Act.


• It is essential that each operation have staff who are trained to respond  
to a fire emergency in a prompt, positive and intelligent manner.


• Fire prevention is a team effort, which includes everyone involved with
the operation of the site.


• The “Fire Safety Planning Guide” published by EPIC which is a 
companion document to this guide deals extensively with employee 
training.


• As previously mentioned Fire code section 2.8.2 speaks to fire safety
plans and what must be incorporated in the plan. Some types of 
occupancies are required by the code to have plans prepared in 
cooperation with their fire service.


We believe that every company dealing with plastics should have a
Fire Safety Plan for each of its facilities.


To facilitate the preparation of a fire safety plan, the Canadian Plastics
Industry Association (of which EPIC is a council) has prepared a Fire
Safety Planning Guide for use by any facility. The booklet is obtainable
free of charge from CPIA in hard copy or may be accessed on CPIA’s
web site www.plastics.ca under Publications – Plastics and Your Health. 


IRE SAFETY PLANNING GUIDE


The booklet contains:


• Ten Steps to Developing a Fire Safety Plan.


1) Conduct a Fire Safety Audit


2) Appointment and Organization of Supervisory Staff


3) Develop Emergency Procedures.


4) Fire Drill Procedures and Training.


5) Maintenance of Building Facilities and Fire Protection Equipment.


6) Alternate Measures for Temporary Shutdown of Fire Protection


Equipment or Systems.


7) Control of Fire Hazards.


8) Fire Dept. Access For Fire Fighting and Related Fire Suppression 


Information.


9) Preparing Schematic Diagrams and Site Plans.


10) Posting Emergency Procedures and Emergency Phone Numbers.
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EXHIBIT B.6 
 


ANFIELD RESOURCES, INC. 


HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL 
MONITORING OPERATIONAL PROCEDURES 


 
Portions of the following document have been previously referenced in materials at the Shootaring Canyon Mill site.  


This document will be incorporated into the future monitoring program with appropriate updates, proper formatting 


and site specific application once the project advances to operational status from “standby” status. 
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1.0 INTRODUCTION AND PURPOSE 


1.1 INTRODUCTION 


The radiation protection procedures to be used by personnel during uranium recovery 


operations at ANFIELD RESOURCES, INC. (ARI) facilities are contained in this document.  


These procedures give specific guidance on all aspects of the radiological protection program 


and is the primary document used by ARI to implement good work practices and safe 


procedures.  The radiological protection program is designed to ensure compliance with the 


regulations contained Utah Administrative Code (UAC) R313-15, Standards for Protection 


Against Radiation.  Corporate regulatory and environmental policies are also incorporated into 


this document. 


This document is written for use by the ARI staff and site radiation workers who are qualified by 


prior training and experience in applied health physics.  This manual shall be read and 


understood by the ARI staff.  The procedures as outlined shall be followed in order to ensure 


compliance with all requirements of the radiological protection program.  The goal of the 


program is to limit radiation occupational exposures in the performance of job functions and to 


maintain all exposures As Low As Reasonably Achievable (ALARA). 


1.2 PURPOSE 


This manual has been written to assure that health physics monitoring and surveillance at ARI’s 


facilities are performed in accordance with the applicable regulations, rules, and guidance to 


ensure the safe handling of radioactive materials.  The methods used by ARI to implement the 


radiation protection program are outlined in this manual.  The manual is intended to provide 


guidance for the standardization of the radiation sampling and monitoring procedures to 


maintain quality assurance, including the steps necessary for proper calibration checks and 


functional checks of all survey instruments used by ARI.  This manual also describes 


recordkeeping requirements to ensure that the activities of ARI are properly documented and 


that regulatory requirements are met.   


1.3 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 
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1.4 HEALTH EFFECTS OF URANIUM 


This section presents basic radiological and chemical properties of uranium and discusses the 


basis for current control limits.  .This section is intended to help the user of this manual 


understand the basis for the regulations and to provide an understanding of the basic physical 


and chemical properties of uranium. 


1.4.1  Nuclear Properties of Uranium 


Naturally occurring uranium consists of a mixture of 234U, 235U, and 238U isotopes, along with 


their decay products.  Uranium is relatively abundant in nature.  The primary isotopes of 


uranium are long-lived alpha-emitters with energies between 4.15 and 4.8 MeV.  Their progeny 


include numerous other radionuclides, some of which are radiologically significant at uranium 


facilities, the degree of significance depending upon the history of the uranium materials and the 


processing. 


Through proper processing, uranium can be used as a fuel in nuclear reactors to generate 


electricity.  The 235U isotope is readily split in two by slow, "thermal" neutrons in a process called 


“fission” with the release of a large amount of energy.  The percentage of 235U present (referred 


to as "enrichment") determines the fuel reactivity and the criticality hazard of the material.  By 


concentrating the amount of the 235U isotope in the uranium, the quantity of fuel and the size of 


the reactor needed for production decreases.  This concentration of natural uranium to enriched 


uranium is carried out by special processes such as gaseous diffusion, centrifuging, or laser 


separation.  The uranium by-product of the enrichment process is reduced in 235U content and is 


called "depleted" uranium.  The natural uranium handled at a uranium recovery facility is not 


enriched.  Without enrichment of the 235U isotope and proper fuel geometry, fission cannot take 


place.  Therefore, the natural uranium at a uranium recovery facility does not present a criticality 


hazard. 


1.4.1.1  Isotopic Characterization 


Natural uranium consists of three isotopes: 238U, 235U, and 234U.  All three radionuclides undergo 


radioactive decay by alpha particle emission.  The 235U isotope (and 234U to a much lesser 


degree and at lower energy) emits gamma radiation as well.  The natural abundances of these 


uranium isotopes are as follows:  
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Isotope Natural Abundance 


Uranium-238 99.28% 


Uranium-235 0.72% 


Uranium-234 0.0055% 


 


The amount of uranium present determines the grade of the ore.  Most of the ores found in the 


U.S. contain from 0.1% to 1% uranium and are considered medium grade.  Lower-grade ores 


are also recovered commercially if they are a byproduct of mining for another material, such as 


gold or phosphate. 


1.4.1.2  Decay Chains 


The natural uranium isotopes decay by alpha emission.  The decay products are also 


radioactive and form "decay chains" that ultimately lead to a stable isotope of lead.  Uranium-


processing steps (milling or refining) separate the decay products and other impurities in the ore 


from the uranium.  The product produced AT Shootaring Canyon Mill is virtually free of all 


daughter products.  It takes months after processing before the first few decay products build up 


and come to equilibrium with the parents.  In natural ore or ore that has decayed for an 


extended period, the later decay products (especially 230Th and 226Ra) are present and add 


significant gamma radiation to the emitted radiation. 


1.4.2  Radiological Characteristics and Effects 


Uranium isotopes decay by alpha particle emission and some emit low-energy gamma rays.  


For Classes W and Y material, the inhalation hazard from alpha particle release in the 


respiratory tract is the predominant radiological hazard associated with the alpha-emitting 


uranium isotopes.   


The primary uranium decay products decay by beta particle emission, most with a small yield of 


gamma emissions as well.  These decay products increase the shallow dose equivalent and 


lens of the eye dose equivalent resulting from external radiation exposures, due mainly to the 


2.29 MeV (Emax) beta from 234mPa.  High surface exposure rates result primarily from beta 


radiation from decay products, which are present in “aged” yellowcake.  The exposure rates 
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decrease quickly with distance because of the attenuation of the beta radiation and the small 


yield of the gamma radiation. 


Because some uranium decay products have short half-lives (on the order of days), those decay 


products will usually be present with uranium during processing.  Both the inhalation and 


external exposure hazards associated with the decay products are increased in areas where the 


decay products are concentrated.  The following figure illustrates the ingrowth of decay products 


in 1 Kg of 238U.   


 


1.4.3  Mode of Uranium Entry into the Body 


Work practices are designed to control radiation exposure to levels that are as low as is 


reasonably achievable (ALARA).  Reductions in exposure time and increases in shielding help 


reduce external doses.  Effective contamination control techniques and ventilation/filtering 


systems help reduce airborne radioactive material concentrations and resulting internal doses.  


Where complete contamination control is not possible or reasonable, internal exposure of 


uranium compounds as deposited particulates may occur.   
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The effects of uranium exposure on the body depend on the mode of exposure.  External 


exposure concerns are limited to beta and gamma emissions.  For natural uranium, the gamma 


levels are quite low and the beta field may be mitigated using protective clothing including safety 


glasses with side shields.  Internal exposure and its potential effects through radiological or 


chemical toxicity depend on the route of entry and its distribution depends on the solubility of the 


material.  Solubility is complicated by the wide variety of uranium compounds.   


Inhalation and ingestion are the most common routes of entry.  However, entry of uranium into 


wounds is also a concern, and its distribution depends on its solubility.  Absorption through 


intact skin is unlikely.  The type of radiation to which the body is exposed, and the length of the 


exposure, determines the biological effect. 


1.4.3.1  Inhalation 


Inhalation hazards from uranium result primarily from the alpha emissions.  Inhalation of 


uranium particles and deposition into the respiratory system are dependent on particle size.  


The nasal-pharynx system filters out most large particles that are still small enough to be 


inhaled.  Larger particles can be inhaled.  A common convention is to assume inhalation 


possible for all particles 10-µm or less aerodynamic equivalent diameter (AED).   However, most 


particles that penetrate to the lower respiratory tract are less than 3- or 4-µm AED.  Uranium in 


the lungs has been shown to exhibit a wide range of retention values.  Clearance may occur 


through physical processes removing particles that are not embedded into the lung by cilia 


motion to the esophagus.  Uranium particles that are soluble in lung fluid are chemically 


dissolved, and the ions are transported into the bloodstream where they are further distributed. 


Soluble uranium is of concern because of the chemical toxicity to the kidneys.  The annual limit 


of intake for the inhalation of uranium is based on the chemical toxicity of uranium as opposed 


to radiological concerns.  Uranium particles remaining in the lung constitute a potential 


radiological hazard as they impart their alpha emission energy into the surrounding absorbing 


tissue, potentially causing significant damage within a small sphere around each particle.   


1.4.3.2  Ingestion 


Appropriate uranium contamination controls such as prohibitions against eating, drinking and 


smoking in contamination areas and personnel survey requirements should prevent ingestion of 


uranium.  Nevertheless, the potential exists for accidental ingestion of uranium.  Particles 
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inhaled through the mouth and temporarily deposited there are removed from the respiratory 


system to the esophagus and may be ingested.  Deposition and removal of ingested uranium 


are approximated using the Gastrointestinal (GI) Tract Model adapted from Eve (Eve 1966).  


This model calculates material transferred from the GI tract to the blood based on solubility 


classes or based on a single value for all compounds. 


1.4.4  Chemical Toxicity of Uranium 


The chemical toxicity of uranium is a primary concern in establishing control limits.  A heavy 


metal, uranium is chemically toxic to kidneys and exposure to soluble compounds can result in 


renal injury.  The factors to be considered in determining whether the chemical or radiological 


hazard is controlling are the mode of entry and the solubility/transportability of the material.  


Chemical toxicity is a higher risk with soluble material.  A concentration of 3 µg of uranium per 


gram (µg U/g) of kidney tissue has traditionally been used as the guideline for controlling the 


chemical toxicity of uranium.  Reference man has a kidney mass of 310 g, so this concentration 


translates to a total kidney burden of 1 mg.  Studies report that detectable effects from an intake 


of soluble uranium of 10 mg or less is unlikely and that an intake of 40 mg and perhaps as high 


as 100 mg is unlikely to cause permanent damage.   


1.4.5  Human Response Indicators 


Most data on human response to uranium exposure comes from accidental exposures 


(generally UF6 releases).  Animal studies indicate that urinary abnormalities can be observed 


after exposures that are well below lethal levels.  In addition, urinary abnormalities such as 


proteinuria (protein in urine), glucosuria (glucose in urine), and polyuria (increased urine 


volume) have all been observed following uranium exposure, as has the presence of certain 


enzymes in urine.  Of all these abnormalities, glucosuria appears to be the most sensitive and 


most nearly proportional to uranium exposure. 


Once absorbed into the blood, uranium is distributed to bone and kidneys, with a portion of the 


uptake being generally distributed throughout the body.  For inhaled uranium, residence time in 


the lungs depends upon the solubility of the material.  Material that is deposited in the lungs is 


cleared via the bloodstream, the pulmonary lymph, and the gastrointestinal (GI) tract.  


Approximately 1 % of the uranium is absorbed into the bloodstream from the GI tract.   
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In the event of an acute exposure to highly transportable (Class D) uranium compounds, urine 


samples should be collected 3-4 hours post-exposure and analyzed for uranium as soon as 


possible.  If the uranium concentration is less than 2.0 mg/L (2,000 µg/L), it is unlikely that any 


significant kidney damage has occurred or will occur.  However, it is important to check the 


urine for biological indicators of damage at any exposure above 2.0 mg/L.  While the most 


sensitive indicators are increased volume and glucose levels, these are useful only if data on 


what is "normal" for the individual involved are available.  It is best to check for albuminuria as 


an indicator of kidney damage if normal levels of volume and glucose are unknown.  If kidney 


damage is suspected, a specialist in urinary disorders should be consulted.  In general, a 


uranium level in urine of greater than 6.0 mg/L will produce some level of albuminuria.  A level 


of 20 mg/L indicates a very serious exposure with potentially life-threatening consequences and 


would indicate the need for immediate hospitalization. 


1.4.6  Chemical versus Radiological Hazards 


Both the chemical and radiological hazards of uranium are moderate compared to those of other 


industrial materials and radionuclides.  The predominant hazard associated with uranium 


exposure depends upon its chemical and physical form.  Chemical form determines solubility 


and consequent transportability in body fluids.  ICRP Publication 30 classifies all materials into 


three inhalation classes--D, W, and Y (soon to be Types F for fast, M for moderate, and S for 


slow).  Class D is most transportable (pulmonary removal half-time of days), Class Y the least 


transportable (removal half-time of years), and Class W an intermediate category (removal half-


time of weeks).  The transportability of an inhaled or ingested material determines its fate within 


the body and, therefore, the resulting radiation dose or chemical effect.   


Physical form influences potential hazards since non-dispersible forms generally do not 


constitute an ingestion or inhalation hazard.  Because inhalation of uranium potentially poses 


both radiological and toxic hazards, one must determine which hazard is most limiting and 


whether or not either hazard can be ignored under certain circumstances.  When radiological 


hazards are limiting, chemical hazards can generally be neglected, except in overexposure 


situations.  When chemical hazards are limiting, radiological hazards can be neglected only if 


radiation doses are below regulatory concern.  Radiological monitoring is required by the Utah 


Division of Waste Management and Radiation Control (UDWMRC) for individuals who are likely 


to exceed 500 millirem total effective dose equivalent (TEDE) in a year.  Therefore, it is prudent 
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to calculate organ doses and the committed effective dose equivalent (CEDE) for all confirmed 


intakes, since additional exposures in the same year may result in a total dose exceeding the 


mandatory individual monitoring threshold. 


1.4.7  Specific Hazards from Radon Daughters 


The primary health concern from the inhalation of radon and its daughter products is from alpha 


energy decay into the unlined areas of the lung.  Radon is a decay product of 226Ra and is an 


inert gas with a half-life of 3.8 days.  Radon decays into other radioactive isotopes with relatively 


short decay half-lives.  As radon decays into its daughter products and they, in turn, decay into 


other isotopes, they release alpha, beta, and gamma radiation energies.  However, with the 


radon decay products (normally referred to as radon daughters), the primary health concern is 


alpha radiation. 


As the radon daughters are inhaled, some are attached to dust or smoke particles while others 


are not.  Those that are not attached to particulates are mostly exhaled.  Those particulates that 


are attached become entrapped within the mucous lining surrounding the lungs.  The mucous 


lining provides some protection to the cells of the lung through its clearance action of foreign 


materials and thickness.  As the radon daughters decay, they emit alpha radiation.  The alpha 


radiation strikes the mucous lining and is absorbed or strikes tissues of the lung killing most of 


the impacted cells.  However, cells that survive and mutate are capable of regenerating and 


may grow and become cancerous. 


Epidemiological and dosimetric studies have shown an increase in lung cancers for individuals 


who have received more than 120 working level months (WLM) and who were smokers.  The 


annual regulatory limit is 4 WLM.  With this regulatory limit, the danger is from high 


concentrations over extended periods. 


The studies also have indicated that tobacco smokers are more at risk because smoking acts 


synergistically with the radon daughters.  It is believed that smoking breaks down the thickness 


of the mucous lining and inhibits the clearance action of the mucous lining. 
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1.4.8  Specific Hazards from Yellowcake 


The primary health concern with yellowcake is chemical toxicity and injury to the renal system or 


kidneys.   


Yellowcake will be normally taken into the body via inhalation, although intake may also be 


through ingestion and cuts in the skin.  Yellowcake at Shootaring Canyon Mill facility is 


considered not soluble due to elevated temperatures used in the drying process, which will be 


greater than 400°C, an insoluble form of yellowcake. 


Soluble yellowcake material taken into the body via inhalation either is transferred out of the 


body through the mucous lining of the lungs or is dissolved in the lung fluids where it is 


absorbed into the blood stream.  The blood will eventually pass through the kidneys.  The 


kidneys will filter the soluble fraction, with it being flushed out of the body through urinary 


functions.  The insoluble fraction of yellowcake that is inhaled remains in the lungs until 


expectorated by the clearance mechanisms of the lung. 


Yellowcake material that is ingested in soluble form is taken into the bloodstream through 


absorption in the lining of the stomach.  The bloodstream then passes through the kidneys with 


the soluble fraction being filtered and flushed from the body by the excretion of urine.  The 


insoluble material taken into the body by ingestion passes through the digestive tract and is 


excreted from the body. 


Yellowcake absorbed through cuts in the skin is soluble and is taken into the bloodstream.  The 


material eventually passes through the kidneys where soluble material is filtered and flushed by 


the body. 


If the amount of soluble yellowcake in the bloodstream is excessive, uranium may be deposited 


in the kidneys resulting in the chemical action of interference with the enzymatic action of the 


kidneys.  This hinders the filtering process of the kidneys, allowing poisons within the blood to 


remain, causing systemic poisoning of the body. 


Regulatory Guide 8.22, Revision 2, May, 2014, Bioassays in Uranium Mills, states that direct 


lung/thorax measurements is recommended to be performed to detect the presence of (1) the 


more insoluble (i.e., Class Y) yellowcake component, and (2) uranium in ore dust when air-
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sampling results indicate an exposure exceeding a concentration of 1×10-10 μCi/mL (3.7 


μBq/mL).  


1.4.9  Specific Hazards from Gamma Radiation 


Gamma dose rates at US uranium recovery facilities are generally low and are usually 


considered whole body doses.  Whole body means the entire body is exposed to gamma 


radiation.  There are few plausible situations where a gamma exposure at US uranium recovery 


facilities could be considered an extremity dose. 


Gamma radiation primarily affects the body by striking the DNA within individual cells of the 


body.  Many of the cells irradiated by gamma radiation are destroyed or are rendered so they 


cannot genetically reproduce.  As such, the damage caused is minimal since the body replaces 


the damaged or dead cell very rapidly.  However, for those cells in which the DNA is damaged 


and the cell is still capable of reproduction, abnormal reproduction may result.  This abnormal 


reproduction may cause other abnormal cell reproductions, which can cause cancers. 


Because this cellular response is usually caused by acute doses (i.e., high dosages in a short 


period), this is not a primary concern at US uranium recovery facilities.  The primary health 


concern from gamma dose is chronic exposures (i.e., low doses over an extended period) and 


the random chance of mutant cell reproduction.  The low levels of gamma dose common to US 


uranium recovery facilities presents little if any health hazard above that due to natural 


background radiation in the environment. 


1.5 APPLICABLE STANDARDS AND GUIDELINES 


1.5.1  Utah Division of Waste Management and Radiation Control (UDWMRC) 


Occupational and public exposures to radiation and radioactive materials are governed by 


regulations issued by the UDWMRC.  These regulations are promulgated in Utah Code Title 19 


(Environmental Quality Code) Chapter 3 (Radiation Control Act).  The following Parts of Title 19 


Chapter 3, R313-12 through R313-70 contain rules governing operations at uranium recovery 


facilities. 


Title 19 Chapter 3-R313-12 General Provisions 
 
Title 19 Chapter 3-R313-14 Violations and Escalated Enforcement 
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Title 19 Chapter 3-R313-15  Standards for Protection Against Radiation 
 
Title 19 Chapter 3-R313-17  Administrative Procedures 
 
Title 19 Chapter 3-R313-18  Notices, Instructions and Reports to Workers by Licensees 


or Registrants-inspections 
 
Title 19 Chapter 3-R313-22  Specific Licenses 
 
Title 19 Chapter 3-R313-19  Requirements of General Applicability to Licensing of 


Radioactive Material 
 
Title 19 Chapter 3-R313-24  Uranium Mills and Source Material Mill Tailings Disposal 


Facility Requirements 
 
Title 19 Chapter 3-R313-70 Payments, Categories and Types of Fees 


 


The NRC issues a series of Regulatory Guides.  The purpose of the Regulatory Guides is to 


provide guidance to licensees in acceptable methods for implementing specific programs.  The 


following Regulatory Guides are applicable (or a more current date, if it exists) to operations at 


uranium recovery facilities. 


Regulatory Guide 4.14 Radiological Effluent and Environmental Monitoring at 
Uranium Mills, Revision 1, April 1980. 


 
Regulatory Guide 4.15 Quality Assurance for Radiological Monitoring Programs 


(Normal Operations) - Effluent Streams and the Environment, 
Revision 1, February 1979. 


 
Regulatory Guide 4.20 Constraint on Releases of Airborne Radioactive Materials to 


the Environment for Licensees Other Than Power Reactors, 
December 1996. 


 
Regulatory Guide 8.7 Instructions for Recording and Reporting Occupational 


Radiation Exposure Data, Revision 1, June 1992. 
 
Regulatory Guide 8.9 Acceptable Concepts, Models, Equations, and Assumptions 


for a Bioassay Program, Revision 1, July 1993. 
 
Regulatory Guide 8.10 Operating Philosophy for Maintaining Occupational Radiation 


Exposures As Low As Is Reasonably Achievable, Revision 1-
R, September 1975. 


 
Regulatory Guide 8.11 Applications of Bioassay for Uranium, June 1974. 
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Regulatory Guide 8.13 Instruction Concerning Prenatal Exposure, Revision 3, June 
1999. 


 
Regulatory Guide 8.15 Acceptable Programs for Respiratory Protection, Revision 1, 


October 1999. 
 
Regulatory Guide 8.22 Bioassay at Uranium Mills, Revision 1, August 1988. 
 
Regulatory Guide 8.25 Air Sampling in the Workplace, Revision 1, June 1992. 
 
Regulatory Guide 8.29 Instruction Concerning Risks from Occupational Radiation 


Exposure, Revision  
 
Regulatory Guide 8.30 Health Physics Surveys in Uranium Recovery Facilities, 


Revision 1, May 2002. 
 
Regulatory Guide 8.31 Information Relevant to Ensuring That Occupational Radiation 


Exposures at Uranium Recovery Facilities Will Be As Low As 
Is Reasonably Achievable, Revision 1, May 2002. 


 
Regulatory Guide 8.34 Monitoring Criteria and Methods to Calculate Occupational 


Radiation Doses, July 1992. 
 
Regulatory Guide 8.36 Radiation Dose to the Embryo/Fetus, July 1992. 
 
Regulatory Guide 8.37 ALARA Levels for Effluents From Materials Facilities, July 


1993. 
 


In addition to regulations governing radiation protection and guidance provided in Regulatory 


Guides, radioactive materials licenses are issued by the UDWMRC to uranium recovery 


facilities.  These licenses include additional, specific requirements for implementation of 


radiation protection programs.  In most cases, the source materials license will incorporate 


commitments made by the licensee in the license application.  Many radioactive materials 


licenses specifically incorporate the guidance contained in Regulatory Guides as a license 


requirement.  The Radiation Protection staff must be well versed in the requirements of the 


license and the license application in order to properly implement the radiation protection 


program. 


1.5.2  U.S. Department of Transportation 


The transportation of radioactive materials is governed by regulations established by the 


Department of Transportation (DOT).  These regulations are promulgated in the hazardous 
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materials regulations contained in Title 49 of the Code of Federal Regulations (CFR).  The 


following Parts of Title 49 govern the transportation of radioactive materials at uranium recovery 


facilities. 


Part 171 General Information, Regulations, and Definitions. 
 
Part 172 Hazardous Materials Tables and Hazardous Materials 


Communications Regulations, Emergency Response 
Information, and Training Requirements 


 
Part 173 Shippers – General Requirements for Shipments and 


Packages 
 
Part 174 Carriage By Rail 
 
Part 177 Carriage By Public Highway 
 
Part 178 Specifications for Packagings 
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2.0 HEALTH PHYSICS ORGANIZATION AND MANAGEMENT 


2.1 PURPOSE 


Nuclear industry standard practices, NRC regulations, and Agreement State regulations require 


that individual occupational exposure to ionizing radiation and radioactive materials be 


maintained “as low as reasonably achievable” (ALARA).  ALARA is defined in UAC R313-15-


101(2), The licensee or registrant shall use, to the extent practical, procedures and engineering 


controls based upon sound radiation protection principles to achieve occupational doses and 


doses to members of the public that are as low as is reasonably achievable (ALARA). 


An important aspect of implementing the ALARA philosophy is ensuring that a qualified radiation 


protection staff is maintained on-site and that adequate management procedures are in place. 


2.2 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


2.3 SCOPE 


This section describes the health physics organization and qualifications requirements for the 


staff, the ALARA program, employee training, routine inspections, radiation work permits 


(RWPs), and facility access controls and posting.    


ARI may from time-to-time contract with others for the oversight or operation of various projects 


or facilities for which ARI is the owner and licensee.  Examples may include partnerships, joint 


ventures, contracted operations, or other business arrangements.  In any event, ARI will retain 


the obligations imposed under all licenses and permits.   


The scope and requirements of this Radiation Protection Manual will be imposed on contractors, 


partners, joint venturers or others by contract or other written agreement to the extent that such 


contractors, partners or joint venturers operate radiological facilities on behalf of ARI. 


2.4 HEALTH PHYSICS ORGANIZATION  


All facility health physics activities are under the direction of a Radiation Safety Officer (RSO).  


The RSO will report directly to the President of ARI. 
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The primary purpose of the RSO and radiation protection plans and procedures is to provide 


reasonable assurance that ARI employees and contractors, and the public in the vicinity of their 


uranium production sites are adequately protected against radiological hazards associated with 


site activities.  As part of that process, the RSO staff will evaluate radiological hazards to 


employees, contractors, and the environment and will implement the necessary controls to 


maintain exposures to levels that are as low as reasonably achievable (ALARA).  The RSO has 


the authority to terminate work when unsound radiological or environment practices exist or may 


potentially exist.    


In implementing the radiation protection program at ARI, the radiation protection staff may 


include one or more Health Physics Technician/Radiation Safety Technicians (HPT/RST) or 


other such similar positions.  The HPT/RST reports to the RSO.   


2.5 RESPONSIBILITIES 


2.5.1  ARI Management 


The President is responsible for: 


 A strong commitment to and continuing support for the development and 


implementation of the radiation protection and ALARA program: 


 Information and policy statements to employees, contractors, and visitors: 


 A periodic management audit program that reviews procedural and operational 


efforts to maintain exposures ALARA;  


 Continuing management evaluation of the radiation safety (Health Physics) 


program, its staff, and its allocation of adequate space and money; 


 Appropriate briefing s and training in radiation safety, including ALARA concepts 


for all uranium employees in the facility and, when appropriate, for contractors 


and visitors. 


2.5.2  Radiation Safety Officer (RSO) 


The RSO is responsible for: 


 The development and administration of the radiation protection and ALARA 


programs; 


 The regulation and administration of the radiological protection programs; 
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 Review and approval of plans for new equipment, process changes, or changes 


in operating procedures to ensure that the plans do not adversely affect the 


protection program against uranium and its daughters; 


 Maintaining adequate equipment and laboratory facilities to monitor relative 


attainment of the ALARA objectives.  The RSO shall coordinate implementation 


of the health physics programs with other departments within the facility to 


ensure compliance with regulations.  The position is responsible for ensuring that 


all health physics samples and records are complete, accurate, and properly filed 


and stored.   


 Participation in an annual audit with management to determine the effectiveness 


of the program and make any appropriate recommendations or changes as may 


be dictated by the ALARA philosophy; 


 Review annually all existing operating procedures involving or potentially 


involving any handling, processing, or storing of radioactive materials to ensure 


the procedures implement the ALARA philosophy and do not violate any newly 


established or instituted radiation protection practices;  


 Conduct daily inspections (or designee) of pertinent operating facilities to 


observe that general control practices, cleanliness, and housekeeping practices 


are in line with the ALARA principle.  Evaluate the radiological hazards pertaining 


to the job function;  


 Recommend engineering controls if feasible; 


 Specify respiratory protections if engineering controls are infeasible; 


 Forbid the use of improper respiratory protection equipment; and 


 Suspend work if an immediate radiological health hazard exists. 


2.5.3   Health Physics Technician/Radiation Safety Technician 


The HPT/RST is responsible for: 


 Radiological and environmental sampling and monitoring; 


 Servicing and calibrating all radiological and environmental survey instruments; 


 Filing all survey data 


2.5.4   Uranium Recovery Workers 


Because a radiation protection and ALARA program is only as effective as the workers’ 


adherence to the program, all workers at ARI Corporation facilities are responsible for: 
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 Adhering to all rules, notices, and operating procedures for radiation safety 


established by corporate management and the RSO; 


 Reporting promptly to the RSO and corporate management equipment 


malfunctions, or violations of standard practices or procedures that could result in 


increased radiological hazard to any individual;  


 Suggesting improvements for the radiation protection and ALARA programs. 


2.6 QUALIFICATIONS 


2.6.1  Radiation Safety Officer 


The Radiation Safety Officer (RSO) should have a bachelor's degree in the physical sciences, 


or related discipline from an accredited college or university.  Two years of relevant experience 


are generally considered equivalent to one year of academic study. 


The RSO should have a minimum of one year of work experience relevant to chemical process 


operations and be familiar with pertinent health physics regulations, programs, and their 


implementation.   


The RSO shall have specialized classroom training pertinent to health physics and attend a 


subsequent refresher training every two (2) years consisting of seminars or course work.   


2.6.2  Health Physics Technician/Radiation Safety Technician 


The Health Physics Technician/Radiation Safety Technician (HPT/RST) should have two (2) 


years of college in the physical sciences, engineering, or health fields.  Two years of applied 


health physics and occupational safety experience may be substituted for each one (1) year of 


college.  In any event, a minimum of a high school diploma or equivalent is required.  This 


position should be familiar with the health physics and environmental programs established at 


the facility.   


2.7 RADIOLOGICAL PROTECTION PROGRAM 


2.7.1   ALARA Program 


The ALARA (As Low As Reasonably Achievable) Policy is to keep exposures to all radioactive 


material and other hazardous material to levels that are as low as reasonably achievable taking 


into account the state of technology and the economics of improvements in relation to benefits 
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to the public health and safety, and other societal and socioeconomic considerations, and in 


relation to the utilization of atomic energy in the public interest.   


2.7.2  Routine Operations 


Written operating procedures will be established for all routine operations that involve handling, 


processing, and storing radioactive materials.  Routine operations include normal production 


activities that are generally repetitive and are carried out under acceptable conditions.  All 


individuals shall follow operational procedures and adhere to all posted notices.  For routine 


operations, potential airborne hazards must be maintained at acceptable concentrations through 


the utilization of engineering controls.  However, respirators may be used while engineering 


controls are being evaluated, instituted or in such case that engineering controls are not 


practicable.   


2.7.3  Non-Routine Operations 


Non-routine operations include activities that occur infrequently or occur at times when 


engineering controls are impractical or inoperable.  This includes maintenance activities that are 


required to maintain or regain control of normal production activities.  For such operations, the 


use of respirators to minimize exposure to airborne hazards may be appropriate and shall be 


fitted as directed by the RSO.  Should the non-routine operation involve potential exposure to 


radioactive materials and no standard operation procedures exist, a Radiation Work Permit 


(RWP) shall be issued.  The RSO or his designee shall review the radiological setting before the 


initiation of work in order to ascertain the necessary precautions to be taken. 


2.7.4  Emergency Operations 


Emergencies are unexpected occurrences that may require respirator use to limit the inhalation 


of airborne material or other potentially hazardous substances.  These situations include, but 


are not limited to, items such as fire control, shipping accidents, and process releases.  Due to 


the very nature of an emergency, including the potential loss of life, the Radiation Work Permit 


system is not applicable.  The RSO will issue radiological precautions specific to each 


emergency. 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


 2-6 


2.7.5  ALARA Program Evaluation 


A comprehensive review of the radiation protection program and ALARA program will be 


performed annually.  The annual program evaluation will review the following: 


 Employee exposures and incurred doses; 


 Bioassay results; 


 Inspection results; 


 Documented training program activities; 


 Radiation safety meetings; 


 Radiological survey and sample results; 


 Reports on overexposures;  


 Operating procedures; 


 Emergency preparedness; 


 Environmental monitoring program; and 


 Quality assurance program. 


The audit should specifically discuss trends in personnel exposures, airborne concentrations, 


whether equipment for exposure control is being properly used, maintained, and inspected, and 


recommendations to maintain exposures ALARA. 


The annual ALARA audit will be conducted by individuals that are knowledgeable concerning 


radiation protection programs at uranium recovery facilities.  The RSO will assist the audit team 


but will not be a member.  The audit report will be submitted to corporate management. 


2.7.6  Respiratory Protection 


The RSO and Radiation Safety staff shall be responsible for the implementation, maintenance, 


and care of the facility respiratory protection program.  The Respiratory Protection Program will 


be reviewed annually, and if needed, revised accordingly to ensure the program is functioning 


properly.  The Respiratory Protection Program is included in Section 7.0 


2.7.7  Bioassay Procedures 


The RSO and Radiation Safety staff shall be responsible for the implementation of the facility 


bioassay program.  The Bioassay Program is contained in Section 8.5.  The program 
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administration will be reviewed annually and revised if necessary.  However, the "Corrective 


Actions Based on Uranium Results" and sampling frequency will not be revised unless approved 


by license amendment. 


2.7.8  Facility Equipment and Design 


Emission control equipment should be engineered and utilized to remove radioactive materials 


from effluents to levels that are ALARA.  The ventilation rate or the air exchange rate for normal 


work areas should be designed to maintain airborne concentrations of natural uranium and 


radon gas or their daughters to 25% or less of the Derived Air Concentration (DAC). 


The exhausts of the ventilation systems should be located to meet the requirements as outlined 


in UAC R313-15-301, Radiation Dose Limits for Individual Members of the Public. All facility 


laboratory workstations that involve the handling of radioactive materials shall have exhaust 


fume hoods or other acceptable ventilation or mechanical means of protection if deemed 


necessary by the RSO to control exposures to airborne radioactivity. 


2.7.9  Daily Inspections 


The RSO, HPT/RST, or trained designee shall conduct a daily facility inspection during facility 


operations.  The purpose of the walk-through inspection is to ensure proper implementation of 


radiation safety requirements and standard operating procedures.   


The RSO will determine the specific areas at the facility that will be included in the daily 


inspection based on the potential for radiological hazards and specific license requirements.  


The inspection is primarily a visual inspection to ensure that process designs and procedural 


methods for maintaining exposures ALARA are being implemented and used correctly.  During 


the walk through inspection, the RSO, HPT/RST, or designee will document on a standard 


inspection form or log book the results of the inspection.  The documentation contains the 


radiological/safety hazards to be examined. 


In all areas where corrective actions are needed the appropriate employee or supervisor will be 


notified.  An RWP will be issued if the RSO or designee determines a significant radiological 


hazard or potential hazard exists that is not covered by routine operating procedures.  
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Although the inspection helps ensure a satisfactory working environment, it cannot replace the 


employees' or supervisors' role in maintaining exposures ALARA.  The walk through inspection 


is intended to assist both supervisory personnel and employees in maintaining an awareness of 


the potential radiological hazards and to institute preventative or corrective measures. 


2.7.10  Weekly RSO Inspections 


The RSO and the facility manager or their designees shall perform a weekly inspection during 


facility operations of all facility areas to observe general radiation safety practices and review 


required changes in procedures and equipment. 


2.7.11  Monthly Inspection 


On a monthly basis, the RSO or designee will review all monitoring and exposure data for the 


previous month.  The RSO may prepare a written summary of the significant radiological 


protection activities, which may include personnel exposure data, bioassays if conducted, time 


weighted calculations; radiation survey records; and daily and weekly inspection results.  The 


monthly summary will specifically address any trends or deviations from the ALARA program.  


The summary with recommendations will be provided to the facility management. 


2.8 RADIATION SAFETY TRAINING 


All new employees are given industrial and radiation safety training before initial work 


assignment.  The training includes instruction on the topics discussed in Section 2.8.1.  Written 


or oral tests with questions directly relevant to the principles of radiation safety and health 


protection in uranium mining, as covered in the training courses, will be given to each worker.  


The instructor will review the tests with the worker until the worker understands the material.  If 


a worker fails to achieve an acceptable score, they will be retested after receiving additional 


training.  The tests and test results will be maintained on file by the RSO. 


Each permanent worker at the facility will be provided with a retraining course annually.  The 


successful completion of the retraining course will be maintained on file.  Retraining will include 


relevant information that has become available during the previous year, a review of the 


radiation safety problems that have arisen during the year, changes in regulations and license 


conditions, exposure trends, and other current topics. 
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All new workers, including supervisors, will be given specialized instruction on the health and 


radiation safety aspects of the specific jobs they will perform.  This instruction will be in the form 


of individualized on-the-job training.   


All female workers and their supervisors who will work with them will be given specific 


instruction about prenatal exposure risks to the developing embryo and fetus.    


Any contractor having work assignments at the facility will be given radiation safety training and 


instruction needed to perform their jobs.  Contract workers who will be performing work on 


heavily contaminated equipment will receive the same radiation safety training instruction 


normally required of all permanent workers.  In the event contract workers have received full 


training on prior work assignments at the facility only job specific safety instruction will be 


necessary. 


All training documentation will indicate the subject of the training, who received the training, and 


who provided the training. 


2.8.1   New Employee Radiation Safety Training 


The first phase of new employee radiation safety training is the responsibility of the RSO or 


other qualified individual(s) assigned by management.  The radiation safety training usually 


covers the following basic subjects. 


Basic Radioactivity 


Introduction to nuclear decay, types of radiation, external and internal exposures and doses, 


intake routes, and potential hazards.  Discussion of the radiological and toxic hazards of 


exposure to uranium and its daughters.  This includes discussions of the ALARA principal and 


why cleanliness should be maintained throughout the work place. 


Personnel Radiation Hygiene 


Instruction for wearing protective clothing including respiratory protection equipment, gloves, 


boots, etc.  Discussion and explanation of good personal hygiene practices including showering, 


eating, drinking, and smoking in approved designated areas only.  Review of acceptable 


decontamination measures. 
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Facility-Provided Protection Systems 


Discussion of the operation of the emission control and ventilation equipment, process radiation 


safety controls, training, standard operating procedures, security of licensed material, and 


access to the posted restricted areas of the facility. 


Health Protection Measures 


Discussion of the health physics monitoring programs including external radiation surveys, 


airborne radiation sampling, contamination surveys, and the bioassay program.  Discussion of 


data from general radiation surveys with a comparison to permissible levels.  Instructions for 


wearing the personnel dosimeters, the use of the alpha survey meters, and their functions. 


Rules and Regulations of Governmental Agencies 


Discussion of the general principle regulations governing the health and environmental aspects 


of radiation protection, employee rights, and regulatory authority applicable to the site, as 


identified in UDWMRC, MSHA and the Department of Labor rules.  This includes a discussion of 


employee rights, radiation protection requirements, to include an explanation of permissible 


exposures to radiation. 


Facility Emergency Procedures 


Explanation of possible emergencies that might occur and the appropriate responses. 


Other guidance pertinent to new employee training is contained in Regulatory Guide 8.13, 


Instruction Concerning Prenatal Radiation Exposure and Regulatory Guide 8.29, Instruction 


Concerning Risks from Occupational Radiation Exposure.  At the conclusion of the health 


physics training session, a written test will be given to each employee.  All incorrect answers will 


be reviewed by the instructor and the employees to determine the employees' understanding of 


the hazards encountered in normal and special job assignments.  These tests will be 


documented and kept on file as part of the ALARA program. 


2.8.2  New Assignment Indoctrination and Review by Supervisor 


The second phase of training is the new assignment review by the employee’s supervisor.  This 


training is initiated once an individual is assigned a job position.  The supervisor will review with 
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the employee the Standard Operating Procedures (SOP) and radiation safety procedures for the 


assigned job.  The supervisor and the employee will document task training, certifying that the 


training has been completed and the employee understands the responsibilities and functions of 


that position. 


2.8.3  Periodic Safety Meetings 


The third phase in the radiation safety training program includes periodic safety meetings with 


the Radiation Safety staff and/or supervisory personnel.  The topics may include but are not 


limited to the review of the regulatory requirements, bioassay program, respirator program, 


personnel dosimetry issuance and collection, and other health physics considerations including 


hygiene and job procedural practices.  Topics of concern should be discussed at routine safety 


meetings conducted during the year. 


2.9 RADIATION WORK PERMIT SYSTEM 


2.9.1  Purpose 


The purpose of the Radiation Work Permit (RWP) is to provide a means whereby non-routine 


activities that involve the potential for significant exposure to radioactive materials and for which 


there are no standard operating procedure, can be reviewed and evaluated by the RSO or 


designee to ensure proper protection against radiological hazards during the course of the work 


activity.  All routine tasks will be performed in accordance with established Standard Operating 


Procedures which may be separate documents or contained in the site specific Radiation Safety 


Manuals.  Any non-routine task or maintenance work where the potential for significant 


exposure to radioactive materials exists and for which no Standard Operating Procedure exists 


will require a RWP. 


The RWP serves as a record of the radiological safety measures used by the workers during the 


performance of their assigned tasks.  It is also used to determine radiation exposure while 


performing the job task. 


2.9.2  Scope 
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This guide provides management, supervisors, and workers with an outline of responsibilities 


and procedures to follow when non-routine work is required in an area of potential radiological 


hazards and where standard operating procedures have not been developed. 


2.9.3  Definitions 


Routine Activities: Procedures or work actions that are considered part of the normal 


operation and associated with a standard process or an approved Standard Operating 


Procedure (SOP). 


Non-Routine Activity: A deviation from routine activities, including activities associated with a 


nonconformance. 


Nonconformance: A deviation from policy, procedure, standards, instruction, Federal and 


State regulatory requirements, permits, license commitments, and from any other requirements 


that the Company establishes or subscribes. 


Radiation Work Permit (RWP): A permit authorized through the Radioactive Material 


License to ensure that proper safety and health physics controls and monitoring are in place for 


non-routine work with the potential for significant exposure to radioactive material. 


2.9.4   Duties and Responsibilities 


Site management will ensure that supervisory personnel are trained in the use of the RWP and 


understand when an RWP is required.  Work that requires the use of a RWP is completed in 


accordance to the procedures outlined in this section. 


The RSO or qualified designee is responsible for reviewing the details of the work that requires 


the RWP and determining the potential for radiation exposure.  The RSO shall determine the 


necessary surveys and protective measures needed before, during, and after the assigned 


activity.  The RSO or qualified designee shall prepare the RWP and issuing it, explaining the 


requirements in the RWP to the workers.  The RSO will assign RADIATION SAFETY personnel 


to carry out all necessary radiation surveys before, during, and after the RWP, as required. 


The employee assigned to do a task requiring an RWP must understand the requirements of the 


task and the RWP, perform the assignment in accordance to the procedures outlined in the 
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RWP, and wear all necessary protective equipment.  If respiratory protection equipment is 


required, the employee will follow site procedures for the issuance and use of respirators as 


discussed in Section 7.0 


2.9.5  RWP Issuance 


Any work that is not covered by a standard operating procedure and has a potential for 


significant exposure to radiation or radioactive materials requires a RWP to be issued and 


approved before commencement of the activity.  This may include the maintenance of existing 


facilities and construction of new equipment or facilities.  As a guideline, any work on pumps, 


piping, tankage, containers, or associated equipment in the waste circuit or downstream of the 


precipitation circuit should be evaluated for an RWP by the RSO.  Specifically, the types of 


tasks that may require an RWP and increased monitoring and surveillance include the following. 


 Any non-routine maintenance or repairs in the drying and packaging facilities, 


including work on filter presses, the dryer and packaging equipment, and 


ancillary equipment, other than routine preventive maintenance. 


 Sandblasting, welding, or grinding on any contaminated metal surface. 


 Chipping or drilling concrete in the plant buildings, especially in precipitation, 


drying and packaging areas and around filter presses. 


 Repairs or process modifications involving potentially contaminated 


equipment/materials such as pipelines, tanks, vessels, and process equipment, 


downstream of the precipitation circuit.   


NOTE:  Entry into any process vessel may also require a Confined Space Entry Permit. 


The RWP originates from the supervisor responsible for the task by completing the applicable 


information on the Work Order or RWP form.  The RSO or qualified designee will review the 


work required and evaluate the potential radiation hazards.  Based on this review, the Radiation 


Safety staff will conduct any necessary surveys.  The RSO or qualified designee will then 


identify the necessary steps and surveys to be taken to minimize exposures on the RWP form.  


This includes specifying clothing or other protective equipment and any sampling requirements. 


When preparation of the RWP is complete, the individuals requested to perform the task will 


read and sign the RWP.  The supervisor's signature acknowledges the requirements for 
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performing the RWP.  Upon completion of the work, the original signed and completed RWP will 


be given to the RSO for review and record retention. 


2.9.6  RWP Use 


The original RWP is retained by the supervisor until the task is completed.  The RSO may retain 


a copy of the RWP as a tool to aid in tracking ongoing work.  All workers involved in the job 


should have access to, read and sign the RWP requirements.  It is the responsibility of the 


supervisor to ensure that individuals performing the work are aware of the RWP requirements. 


Depending on the nature of the RWP, the RSO or designee may be required to periodically 


monitor conditions in the work area.  If work environment conditions warrant, the RWP may be 


terminated or reissued by the RSO.  Any changes in the RWP requirements (e.g., addition of 


respiratory protection) shall be discussed with all individuals in the work area. 


NOTE:  Personnel MUST NOT deviate from the instructions of the Radiation Work Permit 


without authorization of the RSO or designee. 


All work under an RWP is to be performed in a practical manner consistent with maintaining 


minimal exposure to personnel (e.g., keep the work area wet down, if appropriate).  Required 


protective equipment for an RWP may include a respirator, rubber boots, rubber gloves, and 


coveralls.  All contaminated tools and equipment need to be monitored and/or cleaned before 


leaving the area.  Thoroughly clean footwear and remove contaminated coveralls before leaving 


the area.  The RSO or designee shall be notified immediately of the malfunctioning of any 


radiation protection or monitoring equipment.  Contamination in the work area should be 


cleaned up as much as possible while working to minimize exposure and thoroughly cleaned 


when finished. 
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2.9.7  RWP Termination 


The RWP is automatically closed when the job is completed.  The RWP may also be terminated 


for cancellation of the job or RWP or for a change in the radiological conditions as determined 


by RSO or designee.  No further work will be performed under the RWP once the permit is 


terminated. 


After the RWP is terminated, the original RWP shall be returned to the RSO office by the 


supervisor.  At the completion of the RWP, the RSO or designee must date and sign the RWP.  


The RSO must review all completed RWPs. 


2.10 RADIOLOGICAL QUALITY ASSURANCE 


Quality assurance (QA) comprises all those planned and systematic actions that are necessary 


to provide adequate confidence in the results of a monitoring program.  Quality control (QC) 


comprises those quality assurance actions that provide a means to control and measure the 


characteristics of measurement equipment and processes to established requirements.  


Therefore, quality assurance includes quality control. 


The overall objectives of a QA program are: 


To identify deficiencies in the sampling and measurement processes to those 


responsible for these operations so that corrective action can be taken, and 


To obtain some measure of confidence in the results of the monitoring programs in order 


to assure the regulatory agencies and the public that the results are valid. 


The elements of the QA program as they apply to the Health Physics program include the 


following items: 


The proper calibration and functional checks of instrumentation as described in 


Section 10.0 


Implementation of appropriate sampling procedures that are based on industry-accepted 


methods; 
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Quality control efforts implemented to ensure that radiological data provided by contract 


laboratories is accurate and reliable; and 


Periodic audits of the QA/QC program results related to the Health Physics Program. 


2.10.1  Calibration of Sampling Equipment 


Routine maintenance and calibration for all radiological survey instruments and samplers is 


based upon the recommendations contained in USNRC Regulatory Guides 4.15 and 8.30. 


Calibration of counting equipment, when in use, shall be performed at an annual frequency or 


as specified by the manufacturer, whichever is more frequent.  Calibration must also be 


performed after maintenance is required that could affect the calibration.  Calibration of all 


radiometric counting equipment shall be performed using sources traceable to the National 


Institute of Standards and Technology (NIST) or other similar traceable sources.  Calibration is 


discussed in further detail in Section 10.0. 


The results of all calibration procedures will be stored on site for future reference until such time 


the records may be disposed by license condition or regulation.  The calibration sections within 


the procedure manual will be reviewed by the RSO to ensure compliance with new regulatory 


requirements and techniques. 


2.10.2  Sampling Procedures 


Sampling procedures for water, soil, sediment and vegetation are specified by the analytical 


laboratory processing the samples.  The sampling procedures section within the procedure 


manual will be reviewed by the RSO to ensure compliance with new regulatory requirements 


and techniques. 


2.10.3  Contract Laboratory Quality Control 


One purpose of the quality control program is to determine the precision and accuracy of the 


monitoring processes.  Quality control sampling includes replicate samples to determine 


precision, spiked samples with a known concentration to determine accuracy, and blank 


samples to detect and measure contamination of analytical samples.  Regulatory Guide 4.15, 


Quality Assurance for Radiological Monitoring Programs (Normal Operations) - Effluent Streams 
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and the Environment, describes requirements for these types of QC samples.  Generally, 


approximately 5 to 10% of the analytical load at an environmental laboratory should be QC 


samples.  The contract laboratory QA Program should describe the program implemented to 


meet these requirements.   


Each qualified laboratory will have an acceptable QA/QC program in place.  The RSO and/or 


QA Coordinator will review the vendors QA/QC Program and will be responsible for approving 


the use of the vendor. 


2.10.4  Quality Assurance Audits 


Annual audits will be performed to verify implementation of the quality assurance program as 


specified in the Radioactive Materials License.  The audits should be reviewed by facility and 


corporate management. 


The results of the audit, including deficient areas, shall be addressed and appropriate practices 


implemented to assure correctness and validity of sampling. 


2.11 ACCESS CONTROL 


All visitors, contractors, inspectors, and new employees are to enter the facility at the main 


office building to sign the visitor register book and await the appropriate company personnel.  All 


individuals needing safety equipment, such as hardhat and safety glasses, will be issued the 


items by company personnel.  All visitors will be escorted within the controlled area of the 


facility.  All appropriate and necessary safety or radiological training will be provided and 


documented by the RSO or designee. 


The appropriate training and personal monitoring requirements for contractors will be 


determined by the RSO on an individual basis.  However, all contractors entering the restricted 


areas shall be provided with adequate indoctrination concerning radiation/occupational hazards 


and types of warning signs.  Each contractor will be instructed by the RSO or Company 


representative on access limitations within the facility. 
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2.12 FACILITY RADIOLOGICAL CONTROL POSTING 


UDWMRC incorporates Section 20.1902(e) of 10 CFR Part 20 in Utah Administrative Code 


(UAC) UAC R313-15-90, Posting Requirements, and R313-15-903, Exceptions to Posting 


Requirements, by reference.   Posting requirement regulations require that licensees post signs, 


labels, notices to employees, copies of licenses, and other items.  The radiation safety staff 


should conduct periodic surveys to ensure that these required postings are current and meet the 


applicable standards.   


The Radioactive Materials License UT0900480 Condition 9.9 allows posting the entire facility 


with signs that state “Any Area Within This Mill May Contain Radioactive Material”.  Use of these 


signs at all facility entry points meets the requirements of posting in lieu of posting each building 


or room with “Radioactive Material” signs. 


“Airborne Radioactivity Areas” and “Radiation Areas” must be posted in accordance with the 


requirements in UAC R313-15-902(4).  


2.12.1  Purpose 


The goal of a radiological hazard posting and labeling program is to identify and effectively 


communicate radiological hazards to individuals, allowing them to take the appropriate 


protective actions.  In pursuit of this goal, a radiological posting and labeling program works in 


concert with other hazard communication programs, including programs for radiation safety 


training, work authorizations, written procedures, and briefings.   


2.12.2  Design and Content of Postings 


Postings for radiological areas and radioactive material areas and labels on radioactive items 


and containers of radioactive material shall include the standard radiation warning trefoil in black 


or magenta imposed upon a yellow background.  Magenta is the preferred color for the trefoil 


and any lettering on the posting.  Lettering should not be superimposed on the standard 


radiation warning trefoil and the size of lettering should not detract from the clarity of the trefoil. 


The background for the entire sign or label should be yellow.  The lettering and standard 


radiation-warning trefoil should be proportional to the size of the sign or label.  The color 


scheme used for radiological postings and labels should be consistent throughout the site.  
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Where more than one hazard exists in an area, all hazards must be posted (i.e., Radiation Area 


and Airborne Radioactivity Area). 


Signs and labels should be constructed of materials that can endure expected environmental 


conditions without significant deterioration of color, legibility, strength, or other physical 


characteristics.  Although magenta is the preferred color for both the standard radiation warning 


trefoil and the lettering, the magenta color tends to fade when exposed to sunlight.  Therefore, 


special consideration should be given to the selection of signs for outdoor postings to ensure 


durability.  If signs or labels will be used under conditions that are likely to result in significant 


degradation, routine surveillances should be performed as necessary to verify continued 


legibility.   


2.12.3  Visibility 


When posting is required, appropriate signs should be placed intermittently along the boundary 


(fences, barricades, ropes, tapes, etc.).  The effect upon visibility of opening of doors or other 


changes in configuration should be considered when posting radiological hazard warning signs.  


At least one sign should be on each side of an area's boundary, and a sign should be visible 


from any normal avenue of approach.   


Radiological posting and labeling should be securely affixed and located such that signs and 


labels can be expected to remain in place when subjected to expected adverse conditions and 


environments. 


2.12.4  Conditions 


Radiological warnings are posted based upon actual or likely radiological conditions.  Actual 


conditions are determined through area monitoring.  Likely conditions should be identified based 


on professional judgment or experience regarding the probability that a radiological condition 


will exist.  When evaluating the likelihood of specified conditions, normal situations as well as 


unique situations that can reasonably be expected to occur should be considered. 


In many operations, the likelihood that a radiological condition will exist, rather than the actual 


condition, will define the boundaries and posting of a radiological area.  For example, opening a 


contaminated ventilation system in a non-contaminated area may require a contamination area 
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to be established, or opening a radiological vacuum cleaner in a contamination area may 


require that an Airborne Radioactivity Area be established.  Therefore, past monitoring data, 


work-specific experience, and professional judgment should be included in the decision on the 


correct posting of each area. 


Radiological postings should be completed before work begins, updated periodically when 


changes in radiological conditions occur or are expected, and removed as soon as is practicable 


when no longer required.  Radiological posting and labeling should be used or displayed only to 


signify the actual or likely radiological conditions.  Posting all areas would defeat the purpose of 


posting. 


2.12.5  Boundaries and Barriers 


Controlled areas, radioactive material areas, and radiological areas should be identified by the 


use of a boundary identifier or a physical barrier and sufficient signs.  The combination of signs 


and boundary identifiers should be sufficient to warn approaching individuals that they are 


entering an area controlled for radiation protection purposes.  Boundary identifiers may consists 


of fences, ropes, chains, color-coded adhesive tape, or other materials sufficient to delineate the 


boundary of the area.  Because color-coded adhesive tape applied to floors may not be highly 


visible and provides no impediment to entry, its use as a boundary identifier should be limited to 


counter-top applications or to use in conjunction with other boundary identifiers. 


Boundary identifiers and physical barriers should be clearly visible from all directions and 


various elevations to prevent inadvertent access to areas.  Area monitoring should be used to 


determine the adequacy of boundary placement.  Existing physical barriers, such as fences or 


walls, may be used as boundary identifiers if the posting is adequate to prevent inadvertent 


access to the area.  For example, a wall that could be crossed by ladder could suffice as a 


boundary identifier, but would not prevent an individual from entering an area; thus posting 


would be required. 
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3.0 AIRBORNE RADIOACTIVITY MONITORING AND CONTROL 


3.1 PURPOSE 


This section provides detailed instructions for determining and controlling the quantity of 


airborne radioactive material in work areas and in environmental locations.  To provide an 


effective and efficient means to monitor and control exposures to airborne radioactive material, 


an efficient air sampling program has three primary purposes:  


 To keep employee exposure to airborne radioactive particulates ALARA and to provide 


records of potential airborne radioactive contamination in work areas.  These records 


provide documentation for exposure determination. UAC R312-15-203 Determining 


External Dose from Airborne Radioactive Material, UAC R313015-204 Determining 


Internal Exposure provides guidance to determine worker intakes based on air sampling; 


 To meet the posting requirements for Airborne Radioactivity Areas, UAC R313-15-90, 


Posting Requirements, ARI will establish area boundaries and to determine whether 


surveillance, limitation on working times, provision of respiratory equipment, or other 


precautions should be considered in compliance with the UAC; 


 To identify areas where work procedures could be improved or where faulty processes 


or worsening conditions exist so that corrective actions may be implemented to maintain 


exposures ALARA.  The air-sampling program provides evidence as to the effectiveness 


of implemented procedures and controls; and 


 To monitor for potential airborne radioactive releases into the environment to ensure that 


engineering control measures are effectively minimizing effluent releases. 


In an effort to maintain exposures to airborne radioactive material ALARA, surveys in addition to 


routine surveys may be performed at the discretion of the RSO or HPT/RST to obtain additional 


information.  This is accomplished through random surveys, surveys in conjunction with RWPs, 


and surveys before or during routine work.  Surveys may also be performed for contaminated 


waste control, during upset conditions, and to determine the effectiveness of engineering 


controls.  Procedures for airborne radioactive material monitoring are similar, regardless of the 


reason for sampling.   
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3.2 REGULATORY REQUIREMENTS 


Air sampling in the workplace is an acceptable method for meeting specific survey and dose 


assessment requirements in UAC regulations.  Specifically, the airborne radioactivity monitoring 


program is used to meet the following requirements in UAC R313-15-203, Determination of 


External Dose from Airborne Radioactive Material, UAC R313-15-204, Determination of Internal 


Exposure, UAC R313-15-702, Use of Other Controls and UAC R313-15-703, Use of Individual 


Respiratory Protection Equipment: 


 estimates of worker intakes based on air sampling; 


 requires radiation surveys necessary to comply with the regulations and to 


evaluate potential radiological hazards; 


 requires assessment of airborne radioactive material concentrations when 


respirators are used; 


 requires posting of Airborne Radioactivity Areas; 


 requires records of radiation surveys; 


 require reporting of excessive concentrations of or exposure to airborne 


radioactive materials. 


NRC has published guidance to assist in developing an acceptable air sampling program.  This 


guidance is contained in the following documents: 


USNRC, Air Sampling in the Workplace, NUREG-1400, 


USNRC Regulatory Guide 8.25, Air Sampling in The Workplace, Revision 1, June, 1992; 


USNRC Regulatory Guide 8.30, Health Physics Surveys in Uranium Recovery Facilities, 


Revision 1, May, 2002. 


3.3 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 
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3.4 EVALUATING THE NEED FOR AIR SAMPLING 


Regulatory Guide 8.25 recommends that air sampling be performed if the licensee handles or 


processes unsealed or loose radioactive material in quantities that during a year will total more 


than 10,000 times the ALI.  For soluble uranium, this quantity would be 10,000 µCi, or 


approximately 15,000 grams (~7 pounds) of natural uranium.  The extent of air sampling may be 


based on estimated potential worker intakes.  Table 1 of Regulatory Guide provides guidance 


for determining the extent of sampling based on potential intakes. 


Where the estimated annual intake is less than 0.1 ALI and the estimated airborne 


concentration is less than 0.01 DAC, air sampling is generally not necessary.  If the 


airborne concentration is estimated to be greater than 0.01 DAC, some air sampling is 


appropriate.   


UAC R313-15-502, Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, identifies the licensee or registrant is required to demonstrate 


compliance with the occupational dose limits of Rule R313-15. 


In addition to the analysis (i.e. if an estimated annual intake is greater than 0.1 ALI, monitoring 


of intake will be performed through air sampling or bioassay measurements) of the necessity of 


air sampling (if the estimated airborne concentration is in excess of 0.3 DAC, the 


representativeness of the air sampling should be determined as discussed in Section 3.0) based 


on estimated intakes and airborne concentrations, air sampling is required to evaluate airborne 


hazards whenever respiratory protective equipment is used to limit intakes. 


3.5 LOCATION OF AIR SAMPLERS 


The concentration of airborne radioactive materials can vary widely within a room so that 


improperly placed samplers can give misleading results.  Even samplers placed close to 


workers may not be representative of the air concentrations in the breathing zone depending on 


airflow in the area.  The RSO must carefully evaluate airflow patterns in a work area to properly 


position samplers.  Where area samplers will be used to determine worker internal exposures, 


the representativeness of the samples must be confirmed. 


3.5.1  Airflow Studies 
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Systematic airflow studies should be performed in work areas to ensure that samplers are 


placed on locations that will yield representative results.  Airflow studies include the observation 


of ventilation supply and exhaust locations and may be confirmed using smoke aerosols.  Area 


samplers should be placed such that they accurately determine the average concentrations in 


these areas.   


The RSO or designee should evaluate stratification and stagnation in work areas.  Thermal 


stratification may occur in large rooms with high ceilings.  Equipment that introduces a large 


heat load into a room (e.g., yellowcake dryers) can produce thermal currents that alter airflow 


patterns.  Large, open-top tanks with water can also modify airflow patterns as a result of 


thermal currents.  Large structures, equipment, or partitions within a room may also result in 


stagnant areas with little air movement.  Performing airflow studies with smoke tubes can 


accurately indicate airflow patterns during routine operating conditions and non-routine 


situations, such as during a loss of ventilation. 


Airflow studies should be performed after initial construction of an area and whenever significant 


changes are made that may affect airflow, such as installation of new equipment, partitions, or 


changes in the ventilation systems.  NUREG-1400, Air Sampling in the Workplace, should be 


used by the RSO as a guide to performing these airflow studies. 


3.5.2  Selecting Sampler Location 


When workers locations within the workplace during various operations are defined in enough 


detail, the RSO can ensure area air sampler placement that will not interfere with the work while 


accurately monitoring potential release points.  Fixed location samplers are generally placed at 


a height of 6 feet or less from the floor.  Samplers should be placed so they are not influenced 


by supply airflow.  Samplers should be placed so the sampling media can be easily replaced.  


The exhaust of samplers should be directed such that it does not influence sampler results by 


diluting the air being sampled or by resuspension of surface contamination. 


3.5.3  Demonstration that Air Sampling is Representative of Inhaled Air 


When air sampling results are being used to determine worker intakes, the RSO or designee 


should ensure that the sample results are representative of the air being inhaled by workers.  
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Even if samplers are placed based on airflow studies, work activities and equipment operation 


may affect the results obtained from area samplers.   


Regulatory Guide 8.25 (incorporated by reference) recommends that the air sample is 


representative of the air inhaled if: 


1. A worker is monitored if intakes may exceed 10 percent of the ALI. 


2. The dose of record will be based on air sampling results;  


3. The exposure will occur in an Airborne Radioactivity Area where airborne concentrations 


are likely to exceed 12 DAC-hours in a week; and 


4. Lapel samplers or samplers located within 1 foot of the worker’s head are not used.   


If the sample is taken with a lapel sampler, it is considered representative.  If the air sampler is a 


fixed, continuous, or portable monitor, the sampler must be shown to be in the breathing zone of 


the worker (approximately 1 foot from the head) or the location may be shown to be 


representative.  Regulatory Guide 8.25 recommends use of one of four methods to demonstrate 


that samples are representative.  (These methods are contained in Table 2 of Regulatory Guide 


8.25). 


Comparison of Fixed-Location Air Sample Results with Lapel Sample Results 


Comparing fixed-location sample results with those of lapel samples is useful if airborne levels 


are routinely above detection limits.  When airborne concentrations are at or near the detection 


limit, this analysis will not yield meaningful data.  This comparison involves evaluating the 


results of fixed-location air sampling with lapel samplers for at least one week for continuous 


operations or at least several operations for short-duration tasks.  The number of comparisons 


should be statistically significant.  The ratio of the intakes calculated from fixed-location air 


sampling divided by the intakes calculated from lapel sampling should exceed 0.7 when 


averaged for all workers.  The ratio for each individual worker should exceed 0.5. 


Comparison with Bioassay Results 


Comparison of air sampling intakes with intakes calculated from bioassay results may be 


performed.  When this method is used, the ratio of the sum of the intakes from fixed-location air 


sampling divided by the intakes calculated from bioassay results should exceed 0.7 for all 
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workers and 0.5 for each individual worker.  In order for this method to be effective, intakes 


would need to be sufficient to result in positive bioassay results above the detection level. 


Comparison with Multiple Samplers 


This method is useful in areas where the expected airborne concentration will exceed 0.3 DAC.  


Multiple samplers are used to take measurements at four or more locations around the worker’s 


head.  The concentration determined by the fixed-location sampler divided by the average 


concentration for all of the multiple samplers must exceed 0.7 for the work location. 


Comparison with Quantitative Airflow Measurements 


This method is useful in areas where the expected airborne concentration will exceed 0.3 DAC.  


The method involves releasing a tracer material near the source release point.  The 


concentration of the tracer is then measured at the fixed-location sampler and with another 


sampler located near the worker’s head.  The concentration determined by the fixed-location 


sampler divided by the concentration for the sampler located near the worker’s head must 


exceed 0.7 for the work location. 


3.6 AIRBORNE URANIUM SAMPLING PROCEDURES 


3.6.1  Purpose 


Airborne uranium particulate concentrations are monitored to determine the amount of uranium 


in work place air and to ensure that concentrations are maintained as low as reasonably 


achievable (ALARA).  Airborne uranium can be an important source of exposure for workers 


and the public in certain circumstances, such as during equipment upsets or as a result of 


inadequate radiological housekeeping efforts.   


3.6.2  Equipment 


The following types of equipment are representative of that typically used to monitor airborne 


radioactive materials concentrations. 


 High volume air sampler (15 to 30 cfm) such as a Hi-Q or Staplex or equivalent; 


 Eberline RAS-1 or Aircon 2 samplers (0 to 100 lpm) or equivalent; 


 Breathing zone (lapel) sampler (0 to 5 lpm) such as a GilAir or equivalent; 
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 102 mm, 47 mm, or 37 mm Gelman Type A/E glass fiber filter rated at 99.98% 


efficient, or an equivalent type fiberglass filter; 


 Sample holding envelopes, when applicable; 


 Ludlum counter/scaler with alpha counting drawer or probe, or equivalent. 


Airborne natural uranium samples must be representative of the airborne concentration within 


the work environment.  Routine and non-routine lapel or high volume samples are to be taken 


from one or more points in the breathing zone of the worker or at a representative area 


sampling location.  If area samples are used, representative samples of the concentration of 


radioactive material breathed by the worker are recommended when: 


 Monitoring is required because the annual intake is likely to exceed 0.1 ALI; 


 The intake of record will be determined by air sampling results rather than bioassay; 


 The exposure will occur in an Airborne Radioactivity Areas where concentrations are 


likely to exceed 12 DAC-hours in a week; and 


 Lapel samplers or sampler locations within one foot of the worker’s head are not 


used. 


Regulatory Guide 8.25 contains acceptable methods to determine the representativeness of 


area air sampling. 


3.6.3  Area Air Samples 


Area air samples should be collected during the performance of work duties.  Area samples may 


be used to monitor concentrations in work areas or to determine the effectiveness of the 


confinement of radioactive materials.  For work area monitoring, the location of air samples 


should be as close to the breathing zone as practical without interfering in the performance of 


duties.  To determine confinement, samplers should be placed in the airflow path near the 


source of contamination. 


The frequency of the airborne uranium sampling is weekly in Airborne Radioactivity Areas and 


monthly in areas not designated as Airborne Radioactivity Areas as recommended in 


Regulatory Guide 8.30.  More frequent sampling may be advisable when starting new 


equipment or facilities.  Spot samples may also be collected to verify the adequacy of the 


sampling procedures or as determined necessary by the RSO or designee.   
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Samples should be obtained using the following steps. 


Obtain an Eberline RAS-1 or Hi-Q or Staplex Hi-Vol Sampler or similar equipment and 


the appropriate glass fiber filters.  Ensure that the air sampler has a current calibration 


as discussed in Section 10.0. 


Record data concerning sample location, start and end time, total time in minutes, flow 


rate, as found operating status of the air sampler, air sampler identification, location and 


calibration data on the sampling form. 


Place a filter in the filter holder taking care not to damage or contaminate the filter. 


Place the air sampler at a location where workers could be exposed to airborne 


particulates at 4 to 6 feet above the floor and at least 1 foot away from walls, cabinets, 


etc. 


NOTE: Ensure that the sampling environment is representative of the conditions encountered by 


workers while performing assigned duties. 


Start the pump and record the start time and the initial flow rate on the sampling form.  Ensure 


that an adequate volume of air is obtained to meet the lower limit of detection (LLD) for uranium 


(i.e., 10% of the applicable DAC). 


At the conclusion of sampling, record the flow rate, shut off the sampler and record the sampling 


stop time on the sampling form.  Unless the sample period is extremely long, with resulting dust 


loading on the filter, there should be no change between the initial and final flow rate. 


Carefully remove the filter from the filter holder and place in the sample holding envelope, taking 


care not to touch or disrupt the particulate material collected on the filter. 


3.6.4  Breathing Zone (Lapel) Air Samples 


Breathing zone samples monitor airborne radioactive material in an employee's breathing zone 


while performing certain tasks involving potential airborne exposure.  Breathing zone samples 


are considered representative of the concentrations breathed by the worker due to the proximity 


of the sampler head to the worker’s breathing zone.  The RSO typically determines under which 


circumstances a breathing zone sample should be obtained.   


Samples should be obtained using the following steps. 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


3-9 


Obtain a lapel sampler (GilAir or equivalent).  Ensure that it is fully charged and properly 


calibrated. 


Obtain a cellulose nitrate membrane or glass fiber filter(s), or equivalent, of the proper 


size and an appropriate filter holder.  Place filter in holder and attach to sampler hose.   


Secure the pump to belt and the filter holder to the shirt collar or lapel.  Make sure the 


pump is in the upright position at all times.  Consolidate the tubing to minimize restriction 


of motion. 


Turn the pump on (recording the time and flow rate) and continue monitoring until the 


task is completed.  Record the time and flow rate at which the job is completed. 


Lapel samplers are to be analyzed within two days of sampling, where possible.  Ensure 


that the Radiation Safety Department obtains the filter and information in a timely 


manner so analysis can be completed. 


3.6.5  Natural Uranium Radiometric Analysis 


Natural uranium air sample filter(s) must be aged a minimum of three (3) hours in order to 


eliminate the short-lived radon daughters.  These include 214Pb (26.8 min), 214Bi (19.7 min), and 


214Po (164 µsec) in the shorter-lived decay chain.  A sample counted immediately after 


collection will not only contain possible uranium ore dust and a possible static charge, but it may 


also contain radon daughters.  Counting the sample too soon after sample collection will result 


in an overestimation of airborne uranium. 


Airborne uranium samples will be analyzed for gross alpha concentration using the counting 


procedures contained in Section 10.0  Samples may also be sent as individual samples or as 


part of a composite sample, to an approved outside vendor laboratory for analysis for specific 


isotopes.   


3.7 RADON DAUGHTER SAMPLING PROCEDURES 


3.7.1  Purpose 


Radon (222Rn) is a noble gas.  As such, it is not effectively trapped or retained by filters.  


However, as radon decays, several of its radioactive daughters are alpha-emitting particles.  
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These radioactive particles may be filtered using normal particulate filtering techniques and 


counted for alpha activity.  When counting for radon daughters, the airborne concentration is 


referred to as a working level (WL).  A working level is defined as any combination of short-lived 


radon daughters (218Po, 214Pb, 214Bi and 214Po), without regard to equilibrium, which will result in 


the emission of 1.3 x 105 MeV of alpha energy per liter of air.  One WL is also defined as the 


potential alpha energy present in a liter of air containing 100 pCi each of the short-lived radon 


daughters.   


The WL concentration is an exposure level.  Cumulative exposure is given in Working Level 


Hours (WLH) or Working Level Months (WLM).  For example, an average exposure to a radon 


daughter concentration of 1 WL for 8 hours is equal to 8 WLH.   An average exposure to a 


radon daughter concentration of 1 WL for 170 hours is equal to 1 WLM.   The Annual Limits of 


Intake (ALI) for radon daughters per year is 4 WLM.    


Radon daughter sampling is used to determine compliance with UAC and company policies and 


procedures.  It is also used to determine employee occupational exposures.  The results of both 


the monitoring program and exposures calculations can be used to gauge the success of the 


ALARA program and institute corrective actions if applicable. 


The frequency of the radon daughter concentration sampling is monthly in areas where radon 


daughters routinely exceed 10% of the DAC (or 0.03 WL).  If the average radon daughter 


concentrations in a room or area are normally greater than 0.08 WL (i.e., 25% of the DAC), the 


monitoring frequency should be increased to weekly.  Weekly sampling should continue until 


four consecutive weekly samples are less than 0.08 WL.  If the radon daughter concentrations 


from a single monitoring location within a room or area are greater than 0.08 WL, follow-up 


monitoring at that location should be performed as directed by the RSO to determine whether 


the monitoring results indicate a problem with engineering controls.  Quarterly measurements 


should be made in areas where previous measurements have shown radon daughters are not 


generally present in concentrations exceeding 0.03 WL but where proximity to processing areas 


may allow them to be present, such as shop or office areas.  This program meets the monitoring 


frequency recommended in Regulatory Guide 8.30, although this frequency may be modified by 


specific license conditions.  Spot samples may also be collected to verify the adequacy of the 


sampling procedures or as determined necessary by the RSO or designee.   
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Radon daughter concentrations are determined by the Modified Kusnetz Method which involves 


obtaining an air sample and analyzing the filter for gross alpha contamination.  LLD for the 


Modified Kusnetz Method is 0.03WL. 


In addition to the Modified Kusnetz Method, continuous radon monitoring systems may be used, 


such as the PRISM II, which allows “real time” analysis of atmospheres for radon daughter 


concentrations.  The PRISM II is used as a diagnostic tool to allow evaluation of work practices 


and engineering controls and may not be used for routine monitoring or exposure determination 


purposes.  This section provides instructions for these monitoring methods.  Counting 


procedures are contained in Section 10.0. 


3.7.2  Modified Kusnetz Method 


The Modified Kusnetz Method involves obtaining a sample with a low flow sampler (such as a 


breathing zone sampler) and analyzing the gross alpha contamination deposited on the filter 


after a specified decay time.  A correction factor is applied based upon the decay time that 


allows accurate determination of the radon daughter concentration based on the radon decay 


scheme.  The Modified Kusnetz method requires the following equipment: 


 A battery powered pump with an airflow rate meter (i.e., rotometer) calibrated for a 


flow rate of 2 liters per minute (LPM).  A breathing zone (lapel) sampler (0 to 5 lpm) 


such as a GilAir or equivalent is typically used; 


 Filter holder with cap cover to protect filter before and after sampling.   If caps are not 


available, a zip lock plastic bag or other suitable container may be used. 


NOTE:  Do not place more than one filter holder in a bag. 


 Gelman Type A/E glass fiber filter rated at 99.98% efficient, or 0.45-micron 


membrane filter. 


NOTE:  The pump must be calibrated to the type of filter used. 


 Sample holding envelopes, when applicable; 


 Alpha scintillation detector and scaler/ratemeter, or equivalent. 


 Check Source:  Thorium-230 with a known activity to be used as an alpha source for 


instrument reliability check. 


 Data Recording Form. 


3.7.2.1  Modified Kusnetz Prerequisites 
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Pump Operability:  Inspect the sampling pump for operability i.e., the battery is fully charged, the 


sampler has a current calibration, and there are no tubing-to-filter holder connection or tubing-


to-pump leaks. 


Leak Test:  Assemble the pump tubing and filter holder.  Turn on the pump and observe the flow 


rate on the flow rate meter.  The air flow rate with the filter in place should be the same as the 


flow rate indicated on the calibration tag.  If it is not, adjust the flow rate until the correct rate is 


obtained.  A leak test may be performed by placing the palm of the hand over the filter holder 


(MAKE SURE the hand or glove is clean) for about 5 seconds and observe the flowrate.  It 


should drop to zero.  If it doesn't, leakage is indicated.  Check the pump to tubing connection, 


the tubing, and the tubing to filter holder connection.  Repeat the leak test.  If leakage is still 


indicated use a different piece of tubing and repeat the test. 


Filters:  Make sure the filter holders have filters in them and are capped or placed in individual 


containers.  Use a marking pen to note sample location on the container. 


Data Recording Forms:  Make sure you have an appropriate radon daughter sampling form. 


3.7.2.2  Modified Kusnetz Sampling Procedure 


Place filter holder with clean filter installed onto the end of the plastic tubing. 


Turn the pump on and record the start time and the sample location on the sampling form. 


Collect a 5 minute air sample.   Turn the pump off and record the end time and any unusual 


conditions on the sampling form. 


Remove the filter holder with the sample from the tubing, record cap number on sampling form 


or place sample in a suitable container marked with the sample location. 


Proceed to the next sample location and repeat sampling procedure. 


3.7.2.3  Modified Kusnetz Sample Analysis 


Analysis of Modified Kusnetz samples to determine radon daughter concentration is dependent 


on the decay time following sample collection.  The samples must decay for not less than 40 
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minutes and not more than 90 minutes for accurate analysis.  The instructions for counting 


Modified Kusnetz samples are contained in Section 10.0. 


3.7.3 Continuous Radon Monitoring System 


Continuous radon monitoring systems, such as the PRISM II, manufactured by the Alpha 


NUCLEAR Company, may be used to continuously assess transient radon daughter levels at 


various work places throughout the plant.  Continuous radon monitors can assist in determining 


potential sources of elevated radon levels and may also be use as a warning system for workers 


in unusual situations where higher levels of radon gas exist.    The RSO or designee is 


responsible for determining when and where continuous radon monitoring systems are used. 


NOTE: The results of monitoring with the PRISM II are not approved for use to meet NRC radon 


daughter concentration monitoring requirements or when determining employee internal 


exposure to radon daughters.   


3.8 AIRBORNE RADIOACTIVITY AREA POSTING AND CONTROL 


3.8.1  Airborne Radioactivity Area Posting Requirements 


In order to ensure that the exposure of workers and other persons to radioactive materials is as 


low as reasonably achievable (ALARA), UAC regulations require that any room, enclosure, or 


area that contains airborne radioactive materials in excess of the applicable derived air 


concentrations (DACs), or the concentration of airborne radioactive materials are such that an 


individual present in the area without respiratory protective equipment could exceed, during the 


hours an individual is present in a week, an intake of 0.6 percent of the annual limit on intake 


(ALI), or 12 DAC-hours, be posted as an Airborne Radioactivity Area.   The determination of 


whether an area meets the definition of an Airborne Radioactivity Area must consider all 


radioactive materials present in the air.  If a combination of radon daughters and airborne 


uranium is present in an area, their concentrations divided by the appropriate DAC should be 


added and the unity rule applied and compared with the criteria from UAC R313-15-202, 


Compliance with Requirements for Summation of External and Internal Doses. 


Persons entering areas posted as Airborne Radioactivity Areas must wear the proper 


respiratory protection as determined by the RSO under the instructions contained in the 
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Respiratory Protection Program (Section7.0).  Airborne Radioactivity Areas shall be posted with 


signs saying "Caution Airborne Radioactivity Area" that meet the general posting design 


requirements in Section 2.12.2.   


On an infrequent basis, certain conditions, such as malfunctioning equipment, process upset 


conditions, spills, cleanup of radioactive materials, or maintenance activities may result in the 


need to post areas as Airborne Radioactivity Areas to ensure that occupational exposure to 


radioactive materials is maintained ALARA.  During some infrequent events, such as 


malfunctioning equipment or process upsets, it may be necessary to post areas as a precaution 


until the appropriate air samples are collected to determine the actual concentrations of airborne 


radioactive materials.  However, areas should not be posted on the basis of unlikely accidents 


that may cause the DAC to be exceeded.  Posting should be based on the airborne 


concentrations normally encountered or on levels that can be reasonably expected.  General 


posting guidance is contained in Section 2.0. 


The RSO is responsible for ensuring that areas continuously requiring posting as Airborne 


Radioactivity Areas are properly assessed and posted.  The RSO is also responsible for 


assessing conditions associated with infrequent events (such as malfunctioning equipment, 


upset conditions, spills, etc.) that could result in the need to post areas as Airborne Radioactivity 


Areas.  In the case that an unanticipated event occurs involving radioactive materials or 


equipment used to control radioactive materials and there is a potential for significant quantities 


of airborne radioactivity (i.e. 50% DAC), the RSO shall post the area as an Airborne 


Radioactivity Area.  The posting and requirement for the use of appropriate respiratory 


protection will continue until air samples are obtained to determine airborne concentrations of 


radioactive material. 


Boundaries may be established, using existing walls, ventilation systems, or temporary tents or 


other enclosures, to prevent the uncontrolled release of airborne radioactivity to the general 


area.  Work in Airborne Radioactivity Areas must be controlled to prevent unnecessary internal 


exposure to airborne radioactive materials.  Control measures for airborne radioactive material 


include the following:  


 Control the source 


 Control with local ventilation 
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 Provide respiratory protection 


 Action Levels 


 Sample airborne radioactivity  


3.8.2  Source Control 


Source control involves choosing techniques that minimize the generation of airborne 


radioactivity.  For example, work with potentially contaminated materials should be performed 


wet rather than dry since this will lessen dust generation.  Decontamination of areas and 


equipment should be performed to reduce the amount of contamination that may become 


airborne.  Wrapping objects may prevent contamination from becoming airborne.  Engineering 


controls for dust abatement and radon concentration reduction will be used whenever practical 


and beneficial.   


3.8.3  Local Ventilation Control 


When dry materials are being handled, local ventilation control can be used to remove 


radioactive materials as they are generated.  For example, a vacuum pump is used during 


yellowcake packaging for local control.  Adequate ventilation in work areas will prevent 


increased concentrations of radon daughters.  However, ventilation may cause increased 


airborne contamination levels if the air stream is directed at dry contaminated material. 


3.8.4  Respiratory Protection 


Respiratory protection may be provided to workers exposed to airborne radioactivity, if an 


acceptable respiratory equipment program is instituted that meets the requirements of USNRC 


Regulatory Guide 8.15, Acceptable Programs for Respiratory Protection.  Respiratory 


equipment should not be used as a substitute for engineering controls.  However, respiratory 


protection may be used to establish such controls, or where these controls are not warranted, or 


as part of an effort to maintain exposures ALARA.  Respiratory equipment shall be selected, 


used, and maintained as discussed in the Respiratory Protection Program contained in 


Section 7.0. 


3.8.5  Action Levels 


The Action Levels are set at 25% of the DAC as follows: 
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Soluble Uranium -  -1.25 E-10 µCi/ml (i.e., 25% of 5.0 E-10 µCi/ml) 


Insoluble Uranium - 5.0 E-12 µCi/ml (i.e., 25% of 2.0 E-11 µCi/ml) 


Radon Daughters - ~ 0.08 WL (i.e., 25% of 0.33 WL) 


In the event that concentrations of uranium particulates or radon daughter concentrations 


exceed the appropriate Action Level, the area will be re-sampled as soon as possible to double 


check the analysis and ensure that elevated concentrations do not persist in the workplace.  In 


the event that elevated concentrations persist in the work place, the following shall be assessed: 


 The potential source(s) of elevated uranium particulates or radon daughters. 


 The need for respiratory protection and/or limited access to the area. 


 The need for additional engineering controls. 


 The need for additional monitoring. 


3.9 DOCUMENTATION 


Records of air sampling activities will be kept on the appropriate data forms and stored for future 


reference.  This includes both the raw information and computer hard copy printouts, or 


equivalent forms.  Included in the information will be the date, sampling interval, radiological 


parameter, location, airflow rates, and any other pertinent information necessary to determine 


the concentration of airborne radioactive material.  The information will be incorporated into the 


exposure database to track internal, external, and annual exposures, as necessary.   
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4.0 EXTERNAL RADIATION PROGRAMS 


4.1 INTRODUCTION 


External radiation monitoring is performed to ensure that external occupational exposures are 


maintained ALARA and to document the adequacy of the personnel protection programs.  The 


external radiation program is designed to adequately monitor and quantify the individual 


external dose rates at the facility and is used to support the external exposure monitoring 


program discussed in Section 8.0.  UAC R313-15-201, Occupational Dose Limits for Adults, 


identifies occupational dose limits.  Dose limits for members of the public are prescribed in 


R313-15-301, Dose limits for Individual Members of the Public.  If a licensee chooses to allow 


visitors access to controlled areas, the limit for members of the public apply to these visitors.   


4.1.1  Gamma Radiation 


As noted in Section 1.0, gamma dose rates at uranium recovery facilities are generally low and 


are usually considered whole body doses.  Pure uranium and uranium compounds emit very 


few gamma rays.  However, certain daughter products of uranium, such as Bi-214 emit gamma 


radiation with significant energy levels.  External exposure to gamma radiation may be 


maintained ALARA by minimizing time in a radiation field, maximizing the distance from a 


radiation source, and/or providing shielding between a source and personnel. 


4.1.2  Beta Radiation 


Beta dose rates are also low at US uranium recovery facilities.  The beta dose from fresh 


yellowcake immediately following extraction is negligible.  Beta dose rates increase as 


yellowcake ages.  Process operations normally do not require that workers come into direct 


contact with large quantities of aged yellowcake.  The beta dose rate increases in yellowcake 


after separation due to the ingrowth of protactinium-234 and thorium-234 and may be significant 


after several months.  Beta exposure is primarily a hazard when aged yellowcake is handled 


directly and may be controlled using personal protective equipment such as rubber gloves and 


eye protection.   
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4.2 REGULATORY REQUIREMENTS 


External radiation surveys and monitoring is performed to meet specific survey and dose 


assessment requirements in UAC regulations.  Specifically, the external radiation program is 


used to meet the following requirements: 


 R313-15-502 Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, requires radiation surveys necessary to comply with the 


regulations and to evaluate potential radiological hazards and specifies the 


conditions requiring individual monitoring of external occupational dose; 


 R313-15-902, Posting Requirements; 


 R313-15-906, Procedures for Receiving and Opening Packages, requires 


surveys of packages of radioactive materials received; 


The following require radiation surveys and documentation: 


 R313-15-1103, Records of Surveys; 


 R313-15-1105. Records of Prior Occupational Dose; 


 R313-15-1106. Records of Planned Special Exposures; 


 


In addition, the NRC has published guidance to assist in developing an acceptable survey 


program.  This guidance is contained in the following document: 


 USNRC Regulatory Guide 8.30, Health Physics Surveys in Uranium Recovery 


Facilities, Revision 1, May 2002. 


4.3 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


4.4 MONITORING EXTERNAL RADIATION LEVELS 


External radiation levels are monitored by performing periodic surveys in areas of the facility 


where the potential exists to encounter elevated radiation levels.  Surveys may be performed for 


gamma and beta dose rates depending on the area and the likelihood for personnel exposure.  


These areas include process piping and vessels where solutions may collect and trap 


radioactive materials containing significant quantities of uranium decay products that may 


contribute to elevated beta and/or gamma exposures.  Radiation surveys determine the 



https://rules.utah.gov/publicat/code/r313/r313-015.htm#T34

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E38

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E50

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E51
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radiation dose rate in an area.  The RSO or designee may use this information to determine 


posting requirements, revise maintenance procedures that may reduce the radiation dose rate, 


determine protective equipment or shielding requirements, or limit worker time in these areas.   


4.4.1  Gamma Surveys 


Gamma surveys are conducted at various locations throughout the facility.  In areas that meet 


the criteria for posting as “Radiation Areas” in Section 4.4.1.3, Regulatory Guide 8.30 


recommends quarterly surveys.  Licensing requirements specific to the facility may require 


alternate survey frequencies.  Additional gamma surveys may be performed at the discretion of 


the RSO or HPT/RST to further characterize gamma dose rates.  These surveys can be 


random, in conjunction with RWPs, to assist in identifying Radiation Areas, or performed before 


or during routine work, during contaminated waste control, or during upset conditions.  


Regardless of the purpose of the survey, the same procedure will be utilized to perform gamma 


surveys. 


4.4.1.1  Instruments and Equipment (or equivalent) 


 Ludlum Model 19 Gamma Meter calibrated in microRoentgen per hour (µR/hr) or 


equivalent. 


 Ludlum Model 3 Gamma Meter with Ludlum Model 44-38 G-M detector or 


equivalent, calibrated in milliRoentgen per hour (mR/hr). 


 Proper survey documentation to record readings. 


4.4.1.2  Survey Procedure 


To perform a gamma survey, use either the Ludlum Model 19 or a Ludlum Model 3 or equivalent 


gamma meter, depending on the radiation dose rates that are expected.  The Ludlum Model 19 


is calibrated in µR/hr and is appropriate for areas with low gamma dose rates, such as for 


environmental surveys.  The Ludlum Model 3 is calibrated in mR/hr and is appropriate for 


process areas where elevated gamma levels are expected.   


Before making the survey, the instrument must be checked to ensure proper functioning and 


calibration.  The surveyor shall check that the instrument is labeled with the current calibration 


information.  The instrument must also be tested to ensure that it is properly functioning.  This is 


performed using the instructions contained in Section 10.0. 
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When the meter has passed the calibration and function check, and when an appropriate 


background reading has been taken, the survey may be initiated.  The survey form should note 


the date, the surveyor’s identity, what is being surveyed and the location of the survey, the 


model and serial number of the instrument, and the appropriate gamma dose rate.  Place the 


instrument multiplier on the lowest scale and adjust to higher scales, as needed, as you perform 


the survey.  Adequate time must be allowed for the instrument to respond to the gamma 


radiation.  The instrument may be set on fast response to allow quicker surveys, but should be 


reset to slow response in areas where accurate readings are desired.  Note the gamma dose 


rate reading on the meter.  In areas in which a drastic rise above pre-determined background is 


noted, investigate the area.  Identify the source of the gamma radiation and record surface 


reading(s) for that item or area.  A surface reading is made by placing the gamma meter near 


the surface of the object and reading the dose rate.  In areas in which the gamma is primarily 


from loose or liquid substances, place the meter as close as possible to the material without 


contaminating the meter and obtain the dose rate reading. 


In areas in which low gamma dose rates are expected, the instrument multiplier should be set to 


the lowest scale.  Perform the survey and note and record all items and areas that are in excess 


of pre-determined background readings. 


Upon completion of the survey, the information is maintained on file for record retention. 


4.4.1.3  Posting Radiation Areas 


One purpose of gamma surveys is to identify radiation areas to maintain proper posting 


requirements.  The UAC, by reference to 10 CFR Part 20, defines a radiation area as an area, 


accessible to individuals, in which radiation levels could result in an individual receiving a dose 


equivalent in excess of 0.005 rem (0.05 msv) in 1 hour at 30 centimeters from the radiation 


source or from any surface that the radiation penetrates.  


If the results of a gamma survey indicate dose rates at or above this level, the area must be 


posted as a Radiation Area.  Areas where gamma dose rates are approaching 5 mrem/hr 


should be carefully surveyed on a more frequent basis to ensure posting requirements are met.  


A list of Radiation Areas should be prepared (or revised) after each survey and maintained by 
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the RSO or designee.  Regulatory Guide 8.30 recommends that the number of areas on the list 


be held to a manageable number. 


Additional general guidance for proper posting is contained in Section 2.12. 


4.4.2  Beta Surveys 


In addition to gamma surveys, beta surveys should be performed before specific tasks that 


involve direct handling of large quantities of aged yellowcake (i.e., older than four months) to 


ensure that extremity and skin exposures for workers performing these operations are not 


unduly high.   


NOTE: Extremity dosimetry is required (R313-15-201) if a worker is likely to receive a dose to 


any extremity in excess of 1250 mR/quarter or to the eye in excess of 375 mR/quarter. 


Beta surveys should be performed before any special maintenance or non-routine operational 


activity with aged yellowcake to determine protective clothing needs and what portion of the 


body may be most exposed.  If appropriate protective clothing and equipment is used (e.g. 


heavy rubber gloves, eye protection, etc.) the beta dose rate may not be a significant factor to 


overall dose.  However, the protective clothing and equipment used must be of sufficient density 


to ensure that significant beta radiation does not reach the skin or the lens of the eye. 


4.4.2.1  Equipment (or equivalent) 


 Ludlum Model 3 Survey Meter with Ludlum Model 44-6 G-M detector, or 


equivalent equipment. 


 Proper survey documentation to record readings 


NOTE:  The detector must be equipped with a beta shield to perform this survey. 


4.4.2.2  Survey Procedure 


Complete the instrument calibration and response check as discussed in Section 10.0.  The 


background for beta surveys must be determined with a second measurement made with the 


beta shield open.  Set the range selector switch to the lowest position.  If the needle deflects to 


full scale, set the switch to the next higher position and press the RESET button to zero the 


meter.  Continue this procedure until the needle no longer deflects full scale. 
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Take a dose rate reading at appropriate location(s) where the closest portion of the worker's 


body (i.e. head, trunk, shoulders) will be positioned.  Measure both the beta-gamma (beta shield 


open) and gamma only (beta shield closed) at approximately one to two inches from the source.  


If hands-on work is to be performed, contact measurements (i.e., as close as possible without 


touching the source) should be performed and the dose rates determined. 


To determine the beta dose rate: 


 Subtract the respective background readings (i.e., beta-gamma and gamma only) 


from the measurements. 


 Subtract the gamma response from the beta-gamma response to determine the 


beta contribution. 


 Apply the appropriate calibration factor as determined using the beta calibration 


procedures in Section 10.0 and record the dose rate. 


 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


5-1 


5.0 CONTAMINATION CONTROL PROGRAMS 


5.1 INTRODUCTION 


Contamination control is an important part of the overall radiological control program.  There are 


three main aspects to this:  


 Control of the release of contamination into the work-place environment; 


 Control of personnel exposure to the contamination present in the work place;  


 Protection of personnel from the intake of contaminants; and 


 Identification of areas of contamination for proper clean up.   


Effective control of personnel exposure to uranium and its decay products is accomplished 


mainly by controlling the potential for inhalation and ingestion of radioactive materials.  


Monitoring provides an indication of the effectiveness of physical design features, good 


housekeeping practices, and administrative controls in controlling exposure to radioactive 


material. 


This section addresses the basic features of an effective contamination control program and the 


technical considerations of implementing the program.  A release of radioactive material from 


containment typically results in surface contamination and airborne dispersion.  Airborne 


contaminants are continuously cleared from the work place by ventilation.  Strategic air 


sampling detects the release of airborne contaminants and provides information to be used 


when assessing the need for controls to minimize personnel exposure and to evaluate 


inhalation exposure.  Considerations of the air monitoring program are contained in Section 3.0.  


This section addresses various aspects of surface contamination control.   


5.2 REGULATORY REQUIREMENTS 


Contamination control in the workplace is necessary to control worker exposure due to the 


ingestion or inhalation of radioactive materials. UAC, by reference, incorporate 10 CFR Part 20 


requirements.  However, licensees are required to implement a contamination control program 


in order to control the spread of radioactive materials.  Specifically, the contamination control 


program is used to meet the following requirements; 


 R313-15-201, Occupational Dose for Adults, 
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 R313-15-202, Compliance with Requirements for Summation of External And 


Internal Doses, 


 R313-15-204, Determination of Internal Exposure, 


 R313-15-206, Planned Special Exposures, 


 R313-15-501, Surveys and Monitoring - General, 


 R313-15-502, Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, 


In addition, NRC has published guidance to assist in developing an acceptable contamination 


control program.  This guidance is contained in the following documents: 


 USNRC Regulatory Guide 8.30, Health Physics Surveys in Uranium Recovery 


Facilities, Revision 1, May 2002. 


 NRC guidance document, Guidelines for Decontamination of Facilities and 


Equipment Prior to Release for Unrestricted Use or Termination of Licenses for 


Byproduct, Source, or Special Nuclear Material, (Annex B) dated May 1987. 


Regulatory Guide 8.30 provides surface contamination limits for the unrestricted release of 


areas, items, or personnel from uranium recovery facilities.  These limits are reproduced below. 


Surface Contamination Levels for Uranium and Daughters on Equipment to be Released 
for Unrestricted Use, on Clothing, and on Non-operating Areas of Uranium Recovery 


Facilities 
 
 
     Average(1)(4)          Maximum(2) (4)      Removable(3) (4)     
 5,000 dpm/100 cm2  15,000 dpm/100 cm2  1,000 dpm/100 cm2 
 
Notes: 
 


(1) Average alpha contamination is the total alpha activity over a 1 square meter area; 
(2) Maximum alpha contamination is the total alpha activity over a 100 cm


2
 area; 


(3) Removable alpha contamination determined by smearing an area of 100 cm
2
 with a soft, 


absorbent paper and counting the activity on the paper. 
(4) Eating rooms, change rooms, control rooms, and offices should be promptly cleaned if the 


contamination levels exceed 25% of the values listed. 


 


5.3 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 



https://rules.utah.gov/publicat/code/r313/r313-015.htm#E6

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E6

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E8

https://rules.utah.gov/publicat/code/r313/r313-015.htm#E21
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5.4 SURFACE CONTAMINATION CONTROL 


Uranium contamination on plant surfaces, such as floors and walls, does not present a 


significant risk to personnel unless the uranium becomes airborne by resuspension and is 


inhaled.  The probability of significant airborne concentrations resulting from resuspension of 


uranium because of normal activities (such as walking) is low.  However, any activity that 


vigorously disturbs the surface (such as floor sweeping) increases the probability of significant 


airborne concentrations of uranium.  Resuspension is a function of both the chemical and 


physical forms of the uranium contamination.  External exposure hazards from surface 


contamination can become an important concern when uranium decay products accumulate on 


surfaces.  In some instances, efforts to decontaminate uranium compounds may leave behind 


insoluble uranium and decay product compounds that could present an external exposure 


hazard.  Good industrial housekeeping practices and normal standards of personal hygiene will 


usually ensure that uranium surface contamination does not present a significant exposure 


hazard.  However, even if the probability of resuspension is low, surface contamination on floors 


can result in contamination of shoes and thereby result in the potential for tracking of 


contamination into uncontrolled areas.  Thus, contamination on surfaces must also be 


adequately controlled to prevent transfer of contamination above acceptable levels. 


Several other contamination control objectives can be accomplished by a program of monitoring 


and control of surface contamination: 


 The program can be designed to provide information to detect containment 


failures or departures from good operating practices. 


 It can provide information that will assist in the design and evaluation of 


personnel monitoring, bioassay, and air monitoring programs. 


 The contamination monitoring and control program will provide information to 


establish guidelines and constraints for radiation protection and operational 


procedures. 


 The program will provide practical assurance that uranium contamination is 


confined to the operating areas of the plant and that the potential is minimized for 


contamination of personnel, the environment, and sensitive analytical areas. 


Contamination control of work surfaces such as tools, equipment to be worked on (disassembly, 


machining, etc.), desks or tables in process areas, etc., is of greater concern than contamination 


on floors.  The likelihood of personnel contamination, ingestion of material through hand 
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contamination, or inhalation of re-suspended uranium compounds through work activities 


represents a significant potential for exposure of personnel.  Work activities that involve the 


destruction of surfaces such as grinding, machining, drilling, or cutting can generate significant 


levels of airborne uranium compounds.  Operations such as welding, burning, heating, etc.  can 


alter the physical and/or chemical state of uranium compounds that are on the surfaces of 


equipment.  Job-specific monitoring is required to establish protection requirements as a 


function of surface contamination levels. 


The primary sources of potential surface contamination in the process plant area are associated 


with precipitation, slurry transfer, drying and packaging activities, and filter press activities.  The 


remaining recovery and elution portions of the process do not present a significant surface 


contamination problem except for dried spills or when special equipment maintenance is 


required.  Any visible yellowcake or production fluid spills must be cleaned up as soon as 


possible to prevent the potential spread by contact or drying and possible suspension into the 


air that could pose an inhalation hazard.  If contamination is detected in a designated clean area 


above specified limits, the RSO will be promptly notified and the area will be cleaned.  An 


investigation into the source of the contamination will be performed. 


Routine surveys in the process areas consist of both a visual inspection for obvious signs of 


contamination (i.e. visible yellowcake) and instrument surveys to determine total alpha 


contamination.  If the total alpha survey indicates that contamination is greater than 200,000 


dpm/100 cm2, the area shall be cleaned and resurveyed.  This level of contamination has been 


determined to be low enough to ensure little contribution to airborne radioactivity and is readily 


visible due to the low specific activity of uranium.   


In designated clean areas, such as lunchrooms, offices, change rooms, and respirator cabinets, 


the target level of contamination is nothing detectable above background.  If the total alpha 


survey indicates contamination exceeds 250 dpm/100 cm2 (25% of the removable limit) a smear 


survey must be performed to assess the level of removable alpha activity.   If smear test results 


indicate removable contamination greater than 250 dpm/100 cm2, the area must be cleaned 


promptly and resurveyed.  The RSO or designee will investigate the cause of the contamination 


and implement corrective action to minimize the potential for a recurrence.  


  







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


5-5 


5.5 Contamination Survey Methods 


5.5.1  Smear Surveys for Removable Alpha Contamination 


Removable surface contamination will be measured by using a smear test.  The smear test will 


be performed by wiping a 100 cm2 area of the surface to be tested with a dry filter paper.  The 


alpha activity on the filter paper will then be measured using gross alpha counting techniques.  


The results will be expressed in units of dpm/100 cm2. 


NOTE: As discussed in Section 9.0, the US Department of Transportation (DOT) requires that 


removable surface contamination surveys be performed for areas of 300 cm2.  Surveys that are 


performed to meet DOT regulations must meet this requirement. 


 Ensure the counting instrument is properly calibrated and checked in accordance 


with the requirements in Section 10.0. 


 Applying moderate pressure, wipe the surface of the area to be monitored with a 


filter paper in a S-shape area approximately one foot in length. 


 Count for at least 1 minute on a laboratory scaler and detector.  Record the 


average counts per minute (cpm). 


 Subtract the background reading from the smear counting results.  Convert the 


result from cpm to dpm (disintegrations per minute) by multiplying the net cpm of 


the smear results by the correction factor (1/Efficiency of the counting system). 


 Properly record the survey results. 


Removable contamination levels above the action levels discussed in Section 0 are cause for 


decontamination actions.  In addition, the RSO or designee should investigate the potential 


cause(s) for elevated contamination levels in designated clean areas. 


5.5.2  Surveys for Total Alpha Contamination 


Total surface activity will be measured with an appropriate alpha survey meter.  A Ludlum Model 


2241 scaler or a Ludlum Model 12 Ratemeter with a Model 43-65 or Model 43-5 alpha 


scintillation probe, or equivalent, will be used for the surveys.   


 Ensure that the instrument is properly calibrated and checked in accordance with 


the requirements in Section 10.0 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


5-6 


 Attach the alpha scintillation probe to the scaler/ratemeter.  Remove the probe 


cover. 


 Before performing the survey, allow the instrument to count for one minute to 


establish the instrument background in cpm. 


 Using caution not to puncture the probe window, place the probe face down upon 


the surface to be surveyed.  The probe should be as close as possible to the 


object (approximately 1/8-inch) without coming into contact to prevent inadvertent 


contamination of the probe face. 


 Establish the count rate at each area to be surveyed.  Record the survey results 


in cpm. 


 Subtract the background reading from the total counting results.  Convert the 


result from cpm to dpm (disintegrations per minute) by multiplying the net cpm of 


the survey result by the correction factor (1/Efficiency of the counting system) 


and size correction (100/probe active size in cm2) to convert the results to units of 


dpm/100 cm2. 


 Record the results in dpm/100 cm2 on an appropriate form for future reference 


and record retention. 


5.5.3 Designated Clean Area Surveys 


Certain areas will be designated as “Clean Areas” by the RSO.  These areas will include offices 


and lunchrooms.  Employees may eat and drink only in designated Clean Areas.  These 


designated areas must be kept free of radiological contamination by proper housekeeping and 


surveys.    


NOTE: The use of tobacco products is not allowed in any process area. 


All employees working with uranium and/or potentially contaminated materials are required to 


perform a personal survey for alpha contamination before entering designated eating and 


drinking Clean Areas, which includes office areas and lunchrooms.  Before eating, all 


employees working with uranium and/or potentially contaminated materials should wash their 


hands and face, and then perform the required alpha survey to ensure that contamination is not 


ingested or transported into clean areas.   







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


5-7 


The RSO or designee will survey designated Clean Areas at least weekly for alpha activity.  


Regulatory Guide 8.30 recommends weekly smear tests for removable activity.  Smear tests are 


also performed in Clean Areas as directed by the RSO. 


5.6 PERSONNEL MONITORING 


Employees who enter an unrestricted area from a restricted area will be required to monitor 


themselves for alpha contamination or take a shower and change their clothing.  The monitoring 


will consist of a visual examination to detect any visible yellowcake and an alpha meter survey 


to ensure that any suspected contamination is below the acceptable limits.  All contamination on 


skin and clothing is considered removable, so the limit of 1,000 dpm/100 cm2 is applied to 


personnel monitoring.  If this limit is exceeded, personnel must decontaminate their skin and/or 


clothing and repeat the alpha survey.  In addition, Regulatory Guide 8.30 recommends that the 


RSO should perform an investigation of the cause of the contamination and take corrective 


action, if appropriate. 


Employees are trained during initial radiation safety training to self-monitor using a rate meter 


with an alpha scintillation detector. 


 Check the ratemeter to make sure that it is turned on and set to the lowest scale. 


 Check the battery and replace, if necessary. 


 Remove the probe from its rest. 


 Check the probe against the thorium source for a response.  Check the full length 


of the probe face. 


 Using caution not to puncture the probe window, survey by placing the probe 


face approximately 1/8-inch from the surface to be monitored and allowing time 


for the instrument to respond.   


 During the survey, pay particular attention to such areas as the boots, clothing, 


and hands.  Make sure that the areas surveyed are dry and free of mud or 


grease.  Wet surfaces will suppress alpha activity and mud or grease will foul the 


probe face and potentially mask activity. 


 If the monitor indicates any contamination, determine the extent.  If the 


contamination level exceeds the allowable limits, decontaminate the affected 


area.  For skin contamination, wash thoroughly with soap and water until the 


allowable contamination limits are met.  If decontamination to the allowable limits 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


5-8 


cannot be accomplished, notify the RSO or designee.  A determination will then 


be made as to the cause and extent of the contamination and additional 


decontamination methods that may be employed. 


 If clothing is contaminated, change into a clean set.  Launder the contaminated 


set in the laundry located in the restricted area. 


 After decontamination, re-monitor yourself and the clothing. 


 If no contamination is apparent, either during the initial survey or during the re-


monitoring survey, return the probe to its holder and exit the area. 


 Note the results of the personnel survey of the form located at the survey station.   


5.7 SPOT CHECKS 


As recommended in USNRC Regulatory Guide 8.30, unannounced quarterly spot checks of 


personnel are conducted to verify the effectiveness of the surveys for personnel contamination.  


The purpose of the personnel spot check is to ensure that employees are adequately surveying 


and decontaminating before taking breaks or leaving the site.  The spot checks will be 


conducted by the RSO or designee of personnel located in clean areas or leaving the facility. 


In addition to spot checks of personnel, periodic vehicle and equipment spot checks may be 


performed.  The purpose of these spot checks is to verify that potentially contaminated items 


are being controlled in accordance with regulatory requirements. 


5.8 EQUIPMENT AND MATERIAL RELEASE 


UAC, by reference, require that materials and equipment used in restricted areas or potentially 


contaminated with radioactive material be surveyed before release from the premises to ensure 


that radioactive contamination release levels are not exceeded.  The alpha survey is the primary 


survey method used to determine surface contamination from uranium and uranium daughter 


products.  The beta-gamma survey is also used to identify contaminated material.  The beta-


gamma survey is especially important when the equipment or material requiring release is of an 


irregular shape(s) and does not readily allow scanning with an alpha detector, or the potential 


contamination could be covered by an alpha absorbing material such as dust, dirt, or paint. 
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5.8.1  Allowable Limits for Removal to Uncontrolled Areas 


Release of equipment, materials, or packages from the restricted area shall be in accordance 


with UAC and 10 CFR Part 20. Reasonable decontamination efforts should be made to 


eliminate residual contamination.  Contamination on interior surfaces (e.g., piping or ductwork) 


may be determined by making measurements at access points if these locations are 


representative of the contamination levels on all surfaces.  Surfaces of premises, equipment, or 


scrap that cannot be surveyed due to size, shape, or accessibility shall be considered 


contaminated in excess of the limits unless process knowledge indicates that the limits would 


not be exceeded.  For example a copy machine that has always been in an office building that is 


free from process materials, i.e. no radioactive materials, would not have to be scanned for 


surface contamination based on process knowledge. 


Contamination limits for specific radionuclides UAC (by reference). The limits are specified for 


average, maximum, and removable contamination levels.  Average contamination levels should 


not be averaged over an area greater than one square meter.  The maximum contamination 


levels apply to areas that are less than 100 cm2.  Compliance with the removable contamination 


limits is determined by performing smear surveys.   


The surface contamination levels in UAC (by reference) for natural uranium and associated 


daughter products are used when surveying any materials potentially contaminated with 


yellowcake, production fluid, or injection fluid.   


5.8.2  Release Survey Procedure 


All equipment to be released from the restricted area to an unrestricted area must be surveyed 


before release.  Tools, equipment, and vehicles that are going to remain on site in mining 


operations may be surveyed out of the restricted area by properly trained personnel.  All 


equipment and materials to be released from the restricted area, or site equipment, materials 


and vehicles with the potential for contamination, which may be used in clean areas or will be 


taken off the site, must be surveyed by a qualified member of the Radiation Safety staff.  The 


results of all surveys will be properly documented.  All contaminated equipment shall be 


decontaminated before release from the restricted area, to comply with the limits in UAC (by 


reference). 
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Any equipment or material that has been in contact with uranium bearing solutions, 


contaminated waste solutions or solids, or yellowcake are potentially contaminated and must be 


surveyed before off-site release.  Specific items include but are not limited to down-hole 


production pumps and associated piping, ion exchange vessels, process pumps, filters, valves, 


filter presses, sump pumps, elution and precipitation tankage, vessels, valves, pumps, filters, 


any equipment or materials within the yellowcake drying and packaging facilities, and rental 


equipment used in process areas containing radioactive material.  If there is a question 


concerning the need for surveying an item, the RSO or designee shall be consulted. 


5.8.2.1  Prerequisites 


The RSO or designee shall make sure that the following is known: 


 Where was the material or equipment used and what is its final destination? 


 What was it used for? 


 What is the likely contaminant, i.e. natural uranium and associated daughter 


products? 


5.8.2.2  Required Equipment (or equivalent) 


 A Ludlum Model 3 rate meter with a Ludlum model 43-5 alpha detector or 


comparable equipment. 


 A Ludlum Model 3 rate meter that reads in mR/hr with a Ludlum model 44-7 


Geiger Mueller probe or comparable equipment.    


 Ludlum Model 3 rate meter with a Ludlum Model 44-6 beta/gamma detector or 


comparable equipment.   


 Decon, Nucon or equivalent swipes for wipe test. 


5.8.2.3  Survey Procedure 


 Perform a survey for total alpha contamination at representative locations.  


Interior and exterior surfaces must be surveyed.  Total contamination survey 


techniques are detailed in Section 5.5.  Record total alpha levels above 


background. 


 If surfaces being surveyed are not grooved, do not have holes, deep recesses, 


etc., and if the total alpha survey results are less than the removable 


contamination limit for uranium UAC (by reference), as appropriate, a wipe test 
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(quantitative method) is not necessary.  A wipe test is mandatory if total alpha 


survey results are greater than the applicable removable limits by reference in 


UAC.  Removable contamination survey techniques are detailed in Section 5.0. 


 Perform a beta-gamma survey with the detector (open window) held at 1 cm from 


the surface.  Record the beta-gamma levels above background. 


 If total alpha, removable alpha, or beta-gamma survey results are greater than 


the limits in UAC (by reference) reject the materials and provide 


recommendations for further decontamination.  If further decontamination is 


performed, the item must be resurveyed.  If the material cannot be 


decontaminated, the item(s) will be treated as byproduct material and disposed 


of properly. 


 Document all survey results on the appropriate release form. 


5.8.3  Solid Waste Release Procedure 


Monitoring of solid waste shall be routinely conducted on wastes stored in commercial-size 


dumpsters located on the plant site.  In addition to routine solid waste monitoring, surveys will 


also be performed as needed on solid waste material located in restricted areas before the 


waste is placed in commercial dumpsters or removed from the site for disposal in a municipal 


solid waste landfill. 


5.8.3.1  Required Equipment 


 A Ludlum Model 3 rate meter with a Ludlum model 43-5 alpha detector or 


comparable equipment. 


 A Ludlum Model 3 rate meter that reads in mR/hr with a Ludlum model 44-7 


Geiger Mueller probe or comparable equipment.    


5.8.3.2  Survey Procedure 


 A beta-gamma survey is conducted to determine if any materials are 


contaminated with uranium or it’s daughter products.  All measurements, 


including background measurements, are made with the probe window in the 


open position.  Readings are recorded on the appropriate form. 


 After determining the background level for beta/gamma, position the probe at 


representative locations in the waste container within several centimeters of the 


material.  If any beta/gamma is detectable above background, survey the 


material within 1 cm of the surface and record the reading.  Subtract the 
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background reading from the total reading to obtain the actual reading.  In the 


event that beta/gamma readings above 0.2 mR/hr at 1 cm are determined, the 


material shall be removed from the dumpster for disposal as contaminated 


waste.  An investigation shall be undertaken to determine the cause for the 


material being improperly disposed. 


 In the event that beta/gamma readings between 0.1 and 0.2 mR/hr are observed, 


the material shall be removed and an alpha survey performed on, or very near, 


the surface to ensure that the material does not exceed the values listed in UAC 


(by reference). Readings are recorded on the appropriate form.  In the event that 


these values are exceeded, the material shall be disposed as contaminated 


waste and an investigation shall be undertaken to determine the cause for the 


material being improperly disposed. 
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6.0 PERSONAL PROTECTION 


This section describes protective clothing, general housekeeping rules, and radiological controls 


to be incorporated into all operations that involve the potential exposure to radioactive materials.  


Controls specific to a given task will be described in the appropriate Standard Operating 


Procedure (SOP) or Radiation Work Permit (RWP). 


6.1 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


6.2 PROTECTIVE CLOTHING 


The purpose of protective clothing is to provide a barrier between the contamination on surfaces 


and the people who must work in a contaminated area.  Clothing that is unfit for use due to 


design or damage should not be used. 


Generally, there are two types of protective clothing that may be used at the facility, disposable 


and non-disposal protective clothing.  Non-disposable protective clothing is that which may be 


laundered on site for the removal of any contamination and then reused.  Disposable clothing is 


that material which is used and subsequently properly discarded. 


The types of protective clothing required will depend on areas of work and the type of work to be 


accomplished.  Work that involves a greater possibility for contamination will require additional 


protective clothing.  If an RWP is written, it includes a list of the necessary clothing 


requirements.  This may include coveralls, hard hats, head covers, gloves, rain suits, and shoe 


covers.  Where the potential for contamination is high, the RWP may also require plastic 


booties, plastic gloves, and taping of cuffs and sleeves. 


The following guideline may be used in the selection of the appropriate personal protection 


equipment.  In any event, it is the responsibility of the RSO or designee to properly evaluate the 


potential for contamination and assign the necessary protective measures accordingly. 


Shoe Covers - Different types of shoe covers are available depending on the type of work to be 


performed.  Rubber boots or plastic booties or canvas shoe covers may be used when 


contamination is likely. 
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Gloves – Surgical or rubber gloves are to be worn as needed. 


Protective Clothing - Protective clothing is required where contamination is likely or when the 


type of work to be accomplished presents a potential for contamination.  Lab coats may be worn 


for inspection type work.  Non-disposable cloth or disposable coveralls may be worn for other 


types of work.  Wet work or work involving acids, caustics, or other chemicals will require 


additional protective clothing features such as acid proof or rubberized slicker/pant suits. 


Head Covers - Hard hats are required throughout the facility except in office areas.  Hard hats 


may not be required in some areas or during certain tasks as discussed in the Industrial Safety 


Manual.  In the event that the RSO or designee so designates, a head cover worn underneath 


the hard hat may be required in conjunction with maintenance or other such work.   


Respiratory Protection - Depending upon air sampling and respiratory equipment protection 


factors, respiratory protective equipment will be selected as outlined by the Respiratory 


Protection Program contained in Section 7.0 


In addition to providing employees protection from contamination while performing the functions 


of their job, it is also important to prevent the spread of contamination after completion of the 


tasks.  As such, it is important that during removal of respirators and potentially contaminated 


clothing the correct removal sequence is followed.  Otherwise, the protection previously afforded 


will be nullified by the spreading of contamination to other areas.  The general sequence for 


protective clothing removal is as follows:  


1. Remove shoe covers/rubber boots; 


2. Remove coveralls and hard hats; 


3. Remove respirators; and 


4. Remove gloves. 


Monitor exposed body surfaces and clothing for contamination.  If additional clothing is worn, 


such as two pairs of coveralls, booties or gloves, in general remove the most contaminated 


items first. 


6.3 HOUSEKEEPING 


Wash protective clothing on a regular basis to remove any possible contamination.    
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Wash down all indoor spills and leaks promptly to minimize the chance of contact with 


contamination. 


If necessary, report, and if possible repair all leaks when found using the appropriate protective 


clothing. 


Wash, dry and put away all tools etc.  when finished with a task. 


All change rooms, locker rooms, control rooms and lunch room floors should be swept and 


mopped on a regular basis. 


All sample ports should be free of salt build up. 


6.4 GENERAL RADIOLOGICAL CONTROLS 


All employees shall endeavor to prevent radioactive contaminants from entering the body or 


migrating through the facility.  This will be accomplished by following all rules and practicing 


good housekeeping and personal hygiene at all times. 


The Processing Plant, worktables, equipment, pipes, tanks, ledges, walls, and floors are to be 


kept as clean as possible.    


Rubber or surgical gloves should be worn at all times when handling process solutions on site 


unless otherwise unfeasible. 


Smoking, eating, drinking, chewing, or applying cosmetics are allowed only in designated areas 


of the facility.  


Eating and drinking will be limited to the designated lunchrooms.  Lunch boxes may be taken 


through the buildings directly to the lunch room, but no open containers of food or drink are 


allowed inside of the Plant. 


All employees that have personal dosimetry issued to them will wear their dosimeter at all times 


while on site. 


The yellowcake storage area could contain enough barreled uranium to emit gamma radiation 


up to the 5 mrem/hr level that requires posting as a “Radiation Area”.   Such areas must be 
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posted with the appropriate Radiation Area warning ropes and signs as discussed in Section 


2.12. 


Appropriate protective clothing should be worn as dictated by the nature of the work and the 


determinations of the RSO or designee. 


All employees with skin cuts, open wounds, and or abrasions must obtain permission of the 


RSO or designee before working in potentially contaminated areas.  The cut, wound, etc. must 


be properly bandaged to prevent contamination. 


All employees leaving the restricted areas will perform a survey for contamination on their 


hands, feet and body or will shower and change clothing before leaving the site.  The action limit 


and instructions are posted on the wall by the alpha meter.  If the counts per minute (cpm) are 


greater than the posted action limit, the employee should wash the affected area or shower, dry 


and re-monitor until the cpm is below the action limit. 


Splashes and spills shall be cleaned up as soon as possible to prevent the possible spread of 


particulates by contaminating shoes, boots, or clothing.  Spilled material may also dry and 


present an airborne hazard if entrained in air due to disturbances such as sweeping, airflow or 


foot traffic. 


All employees performing maintenance or repairs on potentially contaminated pipes, tanks, 


valves, pumps, or equipment shall wear the appropriate protective clothing to place a barrier 


between themselves and the possible contamination.   


Catch basins should be maintained under all sight tubes and sample ports.  If buckets are used, 


they should have a minimum of one-inch (1”) water in the bottom and not be allowed to be more 


than three-quarters full.  All buckets should be rinsed out on a regular basis. 


When collecting samples, wear appropriate protective clothing to place a barrier between you 


and the possible contamination.  Wash hands and scan at an alpha station upon completing of 


the task. 


All plant personal should promptly wash any visible yellowcake into a sump to minimize the 


potential of breathing airborne contaminates. 
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7.0 RESPIRATORY PROTECTION PROGRAM 


7.1 INTRODUCTION 


Employees at uranium recovery facilities may be exposed to airborne concentrations of 


radioactive and/or hazardous materials.  The purpose of this program is to protect the health of 


employees who may be exposed to radioactive and/or hazardous atmospheres in the conduct of 


their work and to provide appropriate protection from these hazards, without creating new 


hazards.  This program sets forth the practices for respirator use, provides information and 


guidance on the proper selection, use, and care of respirators, and contains requirements for 


establishing and maintaining a respirator program.   


7.1.1  Scope 


This program applies to all employees who need to wear a respirator to perform assigned 


duties.  Examples of radioactive and hazardous materials at a uranium recovery facility that 


employees may be exposed to and the operations that pose potential respiratory hazards 


include the following. 


 Packaging of yellowcake presents a potential exposure to natural uranium; 


 Tank entries present potential exposures to hazardous process chemicals, such 


as acids and hydrogen peroxide, as well as radioactive materials.   


 If mining or process solutions are present, exposure to uranium, radium-226, and 


radon gas and radon daughters is a potential hazard; and 


 Maintenance activities can expose employees to concentrations of radioactive 


and/or hazardous materials that may be present within the component or caused 


by the maintenance activities themselves. 


7.2 POLICY 


7.2.1  Routine Operations 


Routine operations include normal production activities that are generally repetitive and are 


carried out under acceptable conditions.  For such operations, potential airborne hazards must 


be maintained at acceptable concentrations through the utilization of engineering controls.  The 


use of respirators as a substitute for practicable engineering controls is not acceptable.  


However, respirators may be used while engineering controls are being evaluated, instituted, or 
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on a voluntary basis.  In the event practicable engineering controls cannot be established based 


on the ALARA concept or on the cost in relationship to the benefit, the use of respiratory 


protection is warranted and deemed prudent. 


7.2.2  Non-Routine Operations 


Non-routine operations include activities that occur infrequently or occur at times when 


engineering controls are impractical or inoperable.  This includes maintenance activities that are 


required to maintain or regain control of normal production activities.  For such operations, the 


use of respirators to avoid excessive exposure to airborne hazards is appropriate. 


7.2.3  Emergency Operations 


Emergencies are unexpected occurrences that may require the use of respirator protection to 


limit the inhalation of airborne material, which may potentially pose hazardous health 


consequences.  These situations include but are not limited to shipping accidents and process 


releases. 


7.2.4  Work Periods 


The periods of time that respirators are worn continuously and the overall duration of use should 


be kept to a practicable minimum.  Specific time limits on respirator use cannot be assigned 


because of variability in job requirements, physical capacities, and psychological attitudes of 


individuals.  In order to limit the total time of respirator usage, rotation of maintenance work 


assignments shall be considered whenever practical. 


Each respirator user will be instructed that they may leave the area at any time for relief from 


respirator use in the event of respirator malfunction, physical or psychological distress, 


procedural or communication failure, significant deterioration or operating conditions, or any 


other condition which might require such relief. 


7.2.5  Voluntary Use 


When respirator use is not warranted, employees may request the use of a respirator to allow 


additional protection in an otherwise controlled environment.  This is in keeping with the ALARA 


principle.  However, voluntary use of approved respirators is not intended as a substitute for 
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practicable engineering controls.  Respirator protection credit will not normally be given for 


voluntary use of respirators during normal work conditions. 


7.2.6  Facial Hair 


Individuals who have facial hair that interferes in the area where the respirator seals against the 


face shall not be fitted with a tight-fitting respirator.  This does not imply that all facial hair must 


be forbidden when respirators are worn, since moustaches or sideburns may be permitted 


provided they do not interfere with the sealing surface of the respirator.  Each case must be 


considered individually.  Additionally, the supervisor is obliged to ensure the respirator is both 


properly fitted and worn. 


7.3 REGULATORY REQUIREMENTS 


The use of respiratory protective equipment is specified in UAC R313-15-703, Use of Individual 


Respiratory Protection Equipment.  NRC provides guidance for implementation of an acceptable 


respiratory protection program in Regulatory Guide 8.15, Acceptable Programs for Respiratory 


Protection, Revision 1, October, 1999.  Regulatory Guide 8.15 also references technical 


information contained in NUREG 0041, Manual of Respiratory Protection Against Airborne 


Radioactive Materials. 


7.4 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


7.5 ROLES AND RESPONSIBILITIES 


7.5.1  Respirator Program Administrator (RPA) 


The Respirator Program Administrator (RPA) must have specialized training in respiratory 


protection from radioactive and hazardous materials.  The RPA has overall responsibility for the 


implementation of the Respiratory Protection Program.  The RPA must have specialized training 


about respiratory protection and must maintain an awareness of current regulatory requirements 


and good practices.  Retraining in the requirements of administration of an effective respiratory 


protection program will be performed.  The RPA has the following specific responsibilities. 
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 The RPA performs ALARA evaluations of all operations where the exposure to 


radioactive and/or hazardous materials may not be maintained as low as 


reasonably achievable (ALARA) using administrative and engineering controls. 


 The RPA assigns the proper respiratory protection for each operation that 


involves the use of respirators. 


 The RPA approves and implements the respiratory protection training programs 


for employees. 


 The RPA approves and implements the proper fit test procedures for employees. 


 The RPA approves respirator makes and models for use in accordance with the 


requirements of this program. 


 The RPA supervises the issuance of respiratory protection equipment. 


 The RPA ensures that respiratory protection equipment is properly used, 


maintained, and stored. 


 The RPA ensures that proper documentation of respiratory protection program 


activities is maintained. 


The RPA performs and documents an evaluation of the effectiveness of the program on an 


annual basis. The RSO will normally serve as the Respirator Program Administrator. 


7.5.2  Health Physics Technician/Radiation Safety Technician 


The Health Physics Technician/Radiation Safety Technician (HPT/RST) performs routine 


program activities under the direction of the RPA.  These routine activities include the following. 


 Performs employee exposure monitoring upon initial work in a potentially 


radioactive and/or hazardous atmosphere and whenever work conditions change 


that may affect employee exposure in accordance with the applicable Federal 


regulations, guidance, and licensing requirements. 


 Uses generally accepted sampling techniques and analytical methods, including 


generally accepted quality assurance and control measures as outlined in 


appropriate programs and procedures. 


 Performs surveys and makes recommendations for hazard control. 


 Completes any recommended respirator training before servicing respirators and 


their components. 


 Performs and documents monthly visual inspections of respirators that are 


routinely available for issue. 
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 Removes from service any defective respirators or parts. 


 Performs maintenance and repairs of respiratory protection equipment in 


accordance with the manufacturer’s instructions. 


 Maintains an inventory of respirators and associated parts and equipment in a 


clean, secure area. 


7.5.3  Supervisors 


Supervisors are responsible for maintaining an awareness of the requirements of the 


Respiratory Protection Program and ensuring that their departments implement those 


requirements.  Supervisors are responsible for the following specific requirements. 


 Notify the RPA whenever it is necessary for an employee to enter an area on a 


non-routine basis in which airborne radioactive and/or hazardous contaminants 


may exceed acceptable standards.  The only exception to this notification would 


include tasks that are routinely performed and that routinely require use of 


respiratory protection (i.e., packaging yellowcake). 


 Ensure the proper use of respirators in situations that require respiratory 


protection. 


 Consult with the RPA for evaluation of exposure hazards whenever it is 


suspected that airborne contaminants could exceed acceptable standards. 


 Notify the RPA of any employee known to have an active medical work restriction 


and obtain clearance for such employee before job assignment to a job that 


requires the use of respiratory protection. 


7.5.4  Respirator Users 


 Use respiratory protection in accordance with the instructions and training 


provided. 


 Immediately report any defects in the respiratory protection equipment.  


Whenever there is a respirator malfunction, immediately evacuate to a safe area 


and report the malfunction. 


 Promptly report to the supervisor any symptoms of illness that may be related to 


respirator usage or exposure to hazardous atmospheres. 


 Report any health concerns related to respirator use or changes in health status. 


 Observe any restrictions placed on work activities by the occupational physician. 
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 Ensure that facial hair does not affect the seal of a tight-fitting respirator 


facepiece when worn. 


 Allow no items beneath a respirator seal or head strap assembly that could 


interfere with obtaining a proper respirator fit. 


 Inspect the respirator immediately before each use, in accordance with training 


provided. 


 Perform a user seal check (negative and positive respirator fit check) each time a 


negative pressure respirator is donned in accordance with training provided. 


 Perform no disassembly or modification on respiratory protection equipment 


issued by the RPA or designee, other than changing cartridges, if necessary. 


 When necessary, provide bioassay samples in order that the effectiveness of 


respiratory protection can be assessed. 


7.6 RECOGNITION AND EVALUATION OF AIRBORNE CONTAMINANTS 


Employees will not enter areas where radioactive and/or hazardous contaminants may exceed 


acceptable standards and will not perform maintenance activities that may involve airborne 


releases until the RPA has evaluated the potential for exposure.   


UAC (by reference) standards for concentrations of airborne radioactive materials (aka Derived 


Air Concentrations, or DACs) are contained in 10 CFR Part 20 Appendix B. 


7.6.1  ALARA Evaluation 


ARI is committed to the use of practical administrative and engineering controls to maintain 


occupational doses ALARA.  To implement the ALARA program for respiratory protection, 


ALARA evaluations will be performed by the RPA as described in this section based on the 


recommendations of Regulatory Guide 8.15, Section 2.1. 


Specific ALARA evaluations will be performed to justify the use or nonuse of respirators.  The 


evaluations will consider the following factors: 


 The use of process and engineering controls, filtered ventilation systems, and 


decontamination before the use of respiratory protection devices; 


 Control of access, limitation of exposure time, and the use of other types of 


exposure controls before the use of respiratory protection devices; and 
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 The estimated benefit of the use or nonuse of respiratory protection devices.   


The evaluation will show that the total effective dose equivalent (TEDE) for the job will be 


ALARA; that is, the internal dose avoided by the use of respirator protection is likely to be 


greater than the additional external dose due to the induced inefficiency of respirator use.  The 


evaluation will also consider worker safety factors other than radiological factors, such as heat 


stress and impaired vision and communications. 


ALARA evaluations will be documented by the RPA.  These evaluations may be job-specific or 


general.  Where general evaluations are performed, they will be periodically reviewed by the 


RPA to ensure that assumptions or parameters have not changed. 


A record of an ALARA evaluation will not be maintained for activities which do not meet a 


threshold of 100 mRem for either external deep dose equivalent (DDE) or internal committed 


effective dose equivalent (CEDE).  For tasks where the expected external DDE is less than 100 


mRem or where the expected internal CEDE, assuming no use of respiratory protection, is less 


than 40 DAC-Hours, a recorded ALARA evaluation is not required.  ALARA evaluations are also 


not required if the use of respiratory protection is required as a precautionary measure where 


there is a large uncertainty about the magnitude of the projected concentrations of airborne 


radioactive material, such as a new job with a significant airborne contamination potential and 


no history of previous similar jobs. 


7.7 RESPIRATORY PROTECTIVE EQUIPMENT SELECTION 


7.7.1  Equipment Types 


Respiratory protection equipment is available and has been chosen to offer protection against 


the potential airborne hazards that may be encountered.  Respirator selection is the 


responsibility of the RPA.  The UAC requires that only NIOSH tested and certified respirators 


are acceptable for use for protection against radioactive materials unless specific use has been 


approved as discussed in R313-15-703, Use of Individual Respiratory Protection Equipment. 


Several factors govern respiratory selection.  These include: 


 Nature and extent of the hazard. 


 Work requirements and conditions. 
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 Limitation of respiratory equipment. 


 Vision correction and communication considerations. 


7.7.2  Assigned Protection Factors 


The overall protection given by a certain respirator is defined in terms of its assigned protection 


factor (APF).  The APF is a measure of degree of protection afforded by a respirator defined as 


the ratio of the concentration of contaminants outside the facemask or hood to that inside that 


the equipment under conditions of use. 


APFs are assigned in the appropriate UAC standard (by reference to 29 CFR 1910.134 and 29 


CFR 1926.103).  UAC APFs for protection from radioactive material are identified (by reference) 


in R313-15-703, Use of Individual Respiratory Protection Equipment. MSHA APFs for protection 


from hazardous materials are incorporated from Table 1 of ANSI Z88.2-1992 by reference.  If a 


particular respirator is intended for use in an atmosphere that contains both hazardous and 


radioactive constituents, the lowest APF from these two standards will be applied to the 


exposure.  The following table provides a summary of the APFs for respirators available for use 


from NRC.  The table provides the available APF when the individual is fit tested using 


qualitative fit test (QNFT) or quantitative fit test (QLFT) methods. 
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Description Protection Factor (PF) 


with QNFT 
Protection Factor (PF) 


with QLFT(a) 


   
1. Air Purifying Respirators 
 


  


- Half mask 10 10 
- Full face mask 100 10 
- Powered air purifying respirators, 
full face piece 


1,000 10 


- Powered air purifying respirators, 
helmets/hoods 


1,000 1,000 


- Powered air purifying respirators, 
loose fitting facepiece 


25 25 


   
2. Atmosphere supplying 


respirators 
   a.  Air Line Respirators 
 


  


- Half Facepiece, Demand 10 10 
- Half Facepiece, Continuous Flow 50 10 
- Half Facepiece, Pressure 
Demand 


50 10 


- Full Facepiece, Demand 100 10 
- Full Facepiece, Continuous Flow 1,000 10 
- Full Facepiece, Pressure Demand 1,000 10 
- Helmet or Hood with constant flow 1,000 1,000 
   


   b.  Self Contained Breathing 
Apparatus 


  


   
- Full Facepiece, Demand 100 10 
- Full Facepiece, Pressure Demand 10,000 10 
- Full Facepiece, Demand, 
Recirculating 


100 10 


- Full Facepiece, Positive Pressure 
Recirculating 


10,000 10 


 
(a) Note that in Regulatory Guide 8.15, the NRC limits the APF for use with QLFT fit testing methods 


to 10 (10 CFR Part 20, Appendix A).  Respiratory equipment listed with an APF above this value do not 
require fit testing. 
 


In the case of estimating the intake of airborne radioactive contaminants, the ambient 


concentration in the air is divided by the APF to determine the actual intake.  The APFs are 


based on laboratory tests that show how much leakage can occur between the facepiece seal 


and the face on a cross-section of different facial types and sizes after each wearer was 
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properly fitted with various types of equipment.  Therefore, APFs may only be used on those 


people who are found to have a satisfactory fit with the device they are wearing.   


7.7.3  Air Purifying Respirators 


Air-purifying respirators remove specific gases and vapors or particulates from the ambient air 


to make the air suitable for breathing.  The purifying filters and sorbents are contained in 


cartridges that are periodically replaced to assure continued protection.  Air-purifying media 


consist of fiber filters or sorbents used individually, or in combination.  They are contained in a 


suitable protective casing that is designed for attachment to the respirator facepiece or 


breathing tube.  The filters are used for the removal of airborne solid or liquid particulate from 


the air stream entering the respirator enclosure.  They are classified by three levels of minimum 


filtration efficiency and three categories of resistance to oil aerosols.  Filter media used for 


protection against radioactive particulate contaminants shall be high-efficiency P100 type filters 


(greater than or equal to 99.97% removal efficiency by a 0.185 µm dioctyl phthalate (DOP) 


aerosol test).  Air purifying respirators are only used in atmospheres not deficient in oxygen and 


not containing radioactive gas or vapor respiratory hazards.  They may not be used in 


atmospheres that potentially contain IDLH levels of hazardous substances.  These filters are 


used at uranium recovery facilities for protection against uranium dust (particulates) and radon 


daughter products. 


Sorbents are used to chemically remove toxic gases and vapors from the airstream entering the 


respirator enclosure.  The sorbents may be used singly or in combination to give protection 


against a single gaseous contaminant, a class of contaminants (e.g., organic vapor or acid 


gases), or combination of gases and vapors.  They are not, of themselves, effective against 


particulates.  They are not approved for use for protection against radioactive gases or vapors 


unless their efficiency against the gas or vapor of interest has been well established. 


7.7.3.1  Half-Mask Respirators 


Full-face air purifying respirators are preferred over half-face respirators. 


This respirator does not supply oxygen and it may not be used in any oxygen deficient 


atmosphere.  It will not be used in any atmosphere that is potentially IDLH.  Additionally, this 
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respirator will not protect the eyes in atmospheres containing irritating chemicals or particulates.  


Safety glasses or goggles need to be worn with this type of respirator. 


7.7.3.4  Full-Face Respirators 


This respirator uses aerosol filters, chemical cartridges, or a combination of the two types.  Full-


face respirators provide more protection than half-masks because the respirator seal extends all 


the way around the face.  Because of their shape, they usually form a better face piece-to-face 


seal.  They also provide eye protection in atmospheres containing irritating chemicals or 


particulates.  The full-face respirator will be used when the average concentrations of airborne 


radioactive particulates are expected to not approach 100 times the applicable DAC as set forth 


in UAC (by reference ).  The APF for this respirator when QNFT methods are employed is 100. 


This respirator does not supply air and is therefore not for use in any oxygen deficient 


atmosphere.  They will not be used in any atmosphere that is potentially IDLH.  These 


respirators are to be used only for protection against those contaminants listed on the particular 


cartridge.  A user must leave the area immediately if gas or vapor can be detected inside the 


mask or if the filter clogs.  They will not be worn with standard eyeglasses that interfere with the 


face-to-mask seal. 


7.7.4  Powered Air Purifying Respirators (PAPR) 


Powered air purifying respirators (PAPR) use an air supply pump that passes ambient air 


through a filter to remove specific gases and vapors or particulates to make the air suitable for 


breathing.  The purifying filters and sorbents are contained in cartridges that are periodically 


replaced to assure continued protection.  The air-purifying media is similar to those described in 


Section 7.73.  The pump may be remote from the user and connected by a hose or may be 


mounted on a belt pack. 


7.7.4.1  Full-Face Powered Air-Purifying Respirator (PAPR) 


The Full-Face PAPR is very similar to the Full-Face Respirator but is fitted with battery-operated 


pump(s) that provide positive airflow to the facepiece.  These units may have small battery-


operated pumps in the face piece that continuously pump air through the filters into the face 


piece or a pump and cartridges mounted on a belt providing airflow through a breathing tube.  


This pumping action provides a higher degree of protection because the continuously pumped 
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air provides positive pressure to the face piece.  The continuous air supply also provides greater 


comfort to the user and less fogging of the face piece.  The APF for this respirator is 1000. 


This respirator does not supply air and is therefore not for use in any oxygen deficient 


atmosphere.  They will not be used in any atmosphere that is potentially Immediately 


Dangerous to Life or Health (IDLH).  These respirators are to be used only for protection against 


those contaminants listed on the particular cartridge.  The user must leave the area immediately 


if gas or vapor can be detected inside the mask or if the filter clogs.  They will not be worn with 


standard eyeglasses that interfere with the face-to-mask seal. 


7.7.4.2  Loose fitting Facepiece with Powered Air Purifying Filters 


A loose-fitting facepiece with powered air purifying filters (e.g., Racal Breathe-Easy 1) may be 


used in place of a full-face respirator.  This type of respirator does not have a face piece that 


seals to the face and therefore must provide a continuous supply of filtered air to the facepiece.  


Because this type of respirator does not contain a face sealing apparatus, the user must be 


trained in any required operational checks to ensure that the equipment is working properly and 


adequate airflow is present.  Permission to use this type of respirator requires clearance from 


the RPA or after additional training in the required operational checks and donning and use of 


this respirator.  The APF for this respirator is 25. 


7.7.4.3  Full Facepiece with Powered Air Purifying Filters 


A full facepiece with powered air purifying filters (e.g., Racal Breathe-Easy 7) may be used in 


place of a full-face respirator.  This type of respirator has a face piece that seals to the face, 


providing eye and face protection.  Permission to use this type of respirator requires clearance 


from the RPA or after additional training in the required operational checks and donning and use 


of this respirator.  The APF for this respirator is 1,000. 


7.7.4.4  Hood with Powered Air Purifying Filters 


A hood with powered air purifying filters (e.g., Racal Breathe-Easy 10) may be used in place of 


a full-face respirator.  This type of respirator does not have a face piece that seals to the face 


but uses a lightweight Tyvek hood.  Because this type of respirator does not contain a face 


sealing apparatus, the user must be trained in any required operational checks to ensure that 


the equipment is working properly and adequate airflow is present.  Permission to use this type 
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of respirator requires clearance from the RPA or after additional training in the required 


operational checks and donning and use of this respirator.  The APF for this respirator is 1,000. 


7.7.5  Supplied Air Respirators 


Atmosphere-supplying respirators are available for use in specific applications.  These 


respirators provide breathing air to the user through an airline or from a cylinder of compressed 


air.  The Self Contained Breathing Apparatus (SCBA), which utilizes a cylinder of compressed 


air, is typically only used for emergency purposes.  The quality of the air delivered to all 


atmosphere-supplying respirators must meet the requirements of Grade D air for breathing air 


systems as defined in Compressed Gas Association (CGA) G-7.1-1997, Commodity 


Specification for Air.  The APF for these respirators is dependent on the facepiece employed as 


shown in the Table in Section 7.72. 


7.7.5.1  Self Contained Breathing Apparatus (SCBA) 


The type of SCBA to be used is a full-face mask, pressure demand respirator.  They will be 


used for respiratory protection in hazardous atmospheres where eye and face protection are 


desired.  These respirators are used when atmospheres are unknown and suspected to be 


potentially IDLH.  The assembly includes a wide vision face piece, with a chin mounted stainless 


steel regulator, hose assembly, harness assembly, and air supply cylinder.  The unit is NIOSH 


certified as a pressure demand apparatus, designed to maintain a slight positive pressure of air 


inside the face piece during inhalation and exhalation.  This helps to prevent contaminants from 


seeping in around the face piece. 


Air is supplied through a small diameter flexible neoprene hose secured over the shoulder, held 


snugly across the wearer’s back, and clipped to the belt.  The ends of the hose are pinch proof 


with steel spring windings.  The APF for this respirator is 10,000. 


Before using this unit, an individual will be trained in its use and limitations.  This unit will not be 


worn with standard eyeglasses that interfere with the face-to-mask seal. 


7.7.5.2  Hoods with Constant Flow Airline (Supplied Air) 


A hood with constant flow airline may be used when circumstances will not permit the use of a 


full face respirator.  Such equipment is typically used on an infrequent basis for sandblasting or 
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welding operations.  Permission to use a hood will require clearance from the RPA.  Because 


this type of respirator does not contain a face sealing apparatus, the user must be trained in any 


required operational checks to ensure that the equipment is working properly and adequate 


airflow is present.  Such operational checks must be completed each time the equipment is 


donned.  The APF for this respirator is 1000. 


The user’s travel will be limited by the length of the air-supply hose.  Additionally, the supplied 


air hood provides no protection if the air supply fails; therefore, they will NOT be used in 


atmospheres IDLH unless they are used in conjunction with an escape pack. 


7.7.5.3  Emergency Breathing Apparatus (EBA) 


EBA type respirators, which contain a clear head covering hood and a continuous flow, 10-


minute air supply cylinder, are only used for emergency escape.  They are typically located in 


areas where high hazardous chemical concentrations and/or IDLH conditions could exist and 


emergency escape could be necessary.  Anyone donning an EBA must inform their supervisor 


and the RPA of their use in order that the incident can be investigated and an operational EBA 


can be put into place. 


EBA respirators are only to be used for emergencies where a worker needs to evacuate the 


area.  The air supply cylinder continuously releases air to the hood and will only last 


approximately 10 minutes. 


7.7.6  Respirator Filters 


Recent revisions to NIOSH’s methods of certifying and designating air-purifying respirator filters 


(42 CFR Part 84) have been incorporated into the NRC respiratory protection standard and 


guidance.  Cartridges are now classified according to three categories and three levels of 


efficiency. 


Categories 


· N (non-oil-resistant) 


· R (oil-resistant) 


· P (oil-proof) 
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Efficiencies 


· 95 (95 percent minimum efficiency) 


· 99 (99 percent minimum efficiency) 


· 100 (99.97 percent minimum efficiency) 


Specific requirements for the efficiency of the cartridge, equipment type and APF is incorporated 


into the UAC by reference.  The RPA will determine the appropriate category and efficiency of 


cartridge for a given task. 


The same person may reuse respirator cartridges on the same day without retesting as long as 


contamination control is adequate and the filters do not appear to be damaged.  Reuse beyond 


one day by the same person requires retesting in the form of penetrant or pressure-drop tests.  


These tests cannot be easily performed on site.  Service life limitations specified by the 


manufacturer will be followed.   


7.8 TRAINING 


7.8.1  Respiratory Protection Program Administrator (RPA) 


The RPA must have specialized training in respiratory protection from radioactive materials and 


hazardous materials and have significant experience with the types of operation and hazards at 


uranium production facilities.  This training must be maintained current. 


7.8.2  Maintenance and Repair 


Other individuals assisting with the administration of the program (e.g., HPT/RST) must have 


specialized training and knowledge of respiratory protection.  Personnel that are allowed to 


maintain and repair respiratory protection equipment must have specialized training.  In general, 


training by the manufacturer is not required.  However, maintenance and repair of certain 


components of some respiratory protective equipment, such as SCBA regulators and SCBA 


low-pressure alarms, requires manufacturer-certified training.  These components are identified 


by the manufacturer in the documentation provided with the equipment. 
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7.8.3  New User Training 


The RPA or qualified designee conducts respiratory training for all workers who need, or may 


need, to wear a respirator as part of their job responsibilities.  Training is conducted for all new 


users of respiratory protection equipment.  Refresher training is provided annually.  Outside 


specialists in respiratory protection and appropriate videos may be used as part of the training. 


The training of new respirator users cover at least the following topics: 


 The need for respiratory protection; 


 Nature, extent, and effects of respiratory hazards at the facility; 


 The need to inform supervisors of any problems encountered; 


 A discussion of engineering controls in use and why they may not be adequate to 


eliminate the need for respirator use; 


 A discussion of respirator selection; 


 A discussion of the operation, capabilities and limitations of the respirator that 


has been selected; 


 Instructions for inspecting and donning a respirator; 


 Completion of a fit test; 


 Discussion of maintenance and storage of respirators; 


 Instructions for emergency procedures; and 


 Regulations concerning respirator use. 


The training will provide the respirator user the opportunity to: 


 Handle the respirator; 


 Have the respirator fitted by competent personnel; 


 Test the respirator face-to-facepiece seal under normal face/head movements 


that could cause leakage; 


 Wear the respirator in normal air for a familiarization period; 


 Wear the respirator in a test atmosphere; and 


 Learn how to wear the respirator, adjust it, and test it for proper fit before each 


wearing. 


Training will be conducted by the RPA for all employees who must wear respiratory protection. 
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7.8.4  Annual Refresher Training 


Annual Refresher training will be completed for all respirator users by the RPA.  Training 


provides a broad review of respiratory protection and covers some of the more applicable items 


in Section 7.8.3 above, as well as any important incidents involving respiratory protection.  Such 


training will also cover any new respiratory equipment or practices employed at the project. 


7.9 MEDICAL APPROVAL 


Medical approval is required for anyone who needs or may have the need to wear a respirator.  


This approval must be given at least once every twelve months. 


No employee will be assigned a job that requires respiratory protection until he has been 


medically approved to wear respiratory equipment.  Medical records will be kept private. 


7.10 RESPIRATOR FITTING 


Every respirator wearer must be properly fitted before using a respirator for health protection.  


The fitting process involves trying on different brands of face pieces to identify those that fit well 


and are comfortable to wear. 


The respirator wearer will be allowed to pick the most acceptable respirator from the models 


and sizes available so that the respirator is acceptable to, and correctly fits, the user.  Before 


selection, the respirator wearer shall be shown how to put on a respirator, how it should be 


positioned on the face, how to set strap tension, and how to determine an acceptable fit.  A 


mirror will be available to assist the subject in evaluating fit and positioning of the respirator. 


The respirator wearer will be informed that he is being asked to select the respirator that 


provides the most acceptable fit.  The respirator wearer will be instructed to hold each chosen 


facepiece up to the face and eliminate those that obviously do not give an acceptable fit.  The 


most acceptable facepieces are noted in case the one selected proves unacceptable.  The most 


comfortable mask is donned and worn at least five minutes to assess comfort.  If the respirator 


wearer is not familiar with using a respirator, they will be directed to don the mask several times 


and to adjust the straps each time to become adept at setting the proper tension on the straps. 


The assessment of comfort will include a review of the following points with the respirator 


wearer and allowing them adequate time to determine the comfort of the respirator: 
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 Position of the mask on the nose 


 Room for eye protection 


 Room to talk 


 Position of mask on face and cheeks 


The following criteria shall be used to help determine the adequacy of the respirator fit: 


 Chin properly placed; 


 Adequate strap tension, not overly tightened; 


 Fit across nose bridge; 


 Respirator of proper size to span distance from nose to chin; 


 Tendency of respirator to slip; 


 Self-observation in mirror to evaluate fit and respirator position. 


The respirator wearer will conduct a user seal check (i.e., the negative and positive pressure 


seal checks).  Before conducting the negative and positive pressure checks, the respirator 


wearer will be told to seat the mask on the face by moving the head from side-to-side and up 


and down slowly while taking a few slow deep breaths.  Another facepiece will be selected and 


retested if the respirator wearer fails the user seal check tests. 


7.10.1  Factors Affecting Respirator Fit 


For some types of respirators conditions may exist that will prevent a proper facepiece to face 


seal.  These conditions may include temple pieces on eyeglasses and scarring or irregularity of 


facial features.  The absence of one or more teeth may also seriously affect the fit of a 


respirator. 


For wearers of corrective eyeglasses it may be difficult to obtain a satisfactory fit with many 


types of respiratory devices.  A proper seal cannot be established if the temple bars of the 


eyeglasses protrude through the sealing edge of the face piece.  Some systems have 


accessories that allow corrective lenses to be mounted inside of the face piece.  Employees 


who normally use contact lenses for vision correction may also wear contact lenses during 


respirator use. 
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7.10.2.   Half-Face Fitting 


The half-face respirator may be used when the average concentration of the contaminant(s) 


does not exceed the standards for the contaminant by the APF.  Each wearer will be properly 


trained in the use of a half-face respirator.  In order to ensure a proper fit, the face to facepiece 


seal will be tested annually using an approved fit test method. 


7.10.3  Full-Face Fitting 


The full-face respirator may be used when the average concentration of the contaminant(s) 


does not exceed the standards for the contaminant by the APF.  Each wearer will be properly 


trained in the use of the full-face respirator.  In order to ensure a proper fit, the face to facepiece 


seal will be tested at least annually using an approved fit test method.   


7.10.4  Annual Retesting 


Retesting will be done annually.  A “grace period” of no more than 90 days is acceptable, if 


necessary.  Retesting may also be necessary if a respirator wearer has had a weight change of 


10 percent or more, significant facial injury or scarring, significant dental changes, 


reconstructive or cosmetic surgery or any other condition that may affect the face-to-facepiece 


seal. 


7.10.5  Respirator Selection and Fit Test 


After the respirator user has been trained in the use of respiratory protection, including donning 


of a respirator, the individual chooses the type of facemask that provides the best comfort and 


apparent seal. 


The respirator is worn for at least 5 minutes before the start of either the QLFT or QNFT.  The 


respirator shall not be adjusted once the fit test exercises begin. 


The following test exercises shall each be performed for one minute except for the grimace 


exercise, which shall be performed for 15 seconds. 


 Normal breathing: In a normal standing position, without talking, the subject shall 


breathe normally. 
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 Deep breathing: In a normal standing position, the subject shall breathe slowly 


and deeply, taking caution not to hyperventilate. 


 Turning head side to side: Standing in place, the subject shall slowly turn his 


head from side to side between the extreme positions on each side.  The head 


shall be held at each extreme momentarily so the subject can inhale at each 


side. 


 Moving head up and down: Standing in place, the subject shall slowly move his 


head up and down.  The subject shall be instructed to inhale in the up position. 


 Talking: The subject shall talk aloud slowly and loud enough to be heard clearly 


by the test conductor.  The subject can read from a prepared text, count 


backward from 100, or recite a memorized poem or song. 


 Grimace: The test subject shall grimace by smiling or frowning.  This applies only 


to Quantitative Fit Testing (QNFT) and is not performed for Qualitative Fit Testing 


(QLFT). 


 Bending/Jogging: The test subject shall bend over at the waist or jog in 


place. 


 Normal breathing: Finally, in a normal standing position and without talking, the 


subject shall breathe normally. 


The test subject shall be questioned by the test conductor regarding the comfort of the 


respirator upon completion of the above exercises.  If it has become unacceptable, another 


model of respirator shall be tried.  The respirator shall not be adjusted once the fit test exercises 


begin.  Any adjustment voids the test and the fit test must be repeated. 


7.10.6  Qualitative Fit Testing (QLFT) 


Approved qualitative fit test (QLFT) methods are described in Sections B1 through B5 of 


Appendix A to OSHA’s 29 CFR 1910.134, Respiratory Protection.  NRC accepts these protocols 


for use for protection from radioactive materials.  Approved QLFT challenge agents include 


sodium saccharine, Bitrex (denatonium benzoate), amyl acetate (“banana oil”) and stannic 


chloride (irritant smoke).  Several methods will be available for use since some test subjects 


may not have acceptable sensitivity to one type of challenge agent.  All QLFT methods will 


involve the use of filters with an efficiency of 100 (i.e., 99.97 percent minimum efficiency) since 


the purpose of the test is to measure the face-to-facepiece seal and the cartridge efficiency 


should not be a factor. 
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Irritant smoke (stannic chloride) may be used to complete QLFTs, but banana oil is preferred 


when the RSO has reasonable assurance that the person being fitted is telling the truth about 


smelling bananas.  All tests are conducted in areas with adequate ventilation to prevent 


exposure of the person conducting the test.  No form of test enclosure or hood for the test 


subject shall be used.  Results of the test will be properly documented. 


7.10.6.1 Sensitivity Screening Check 


The person to be tested must demonstrate their ability to detect a weak concentration of the test 


agent.  The test subject shall be allowed to smell a weak concentration of the test agent before 


the respirator is donned to become familiar with its properties and to determine if they can 


detect the properties.  The test operator shall carefully direct a small amount of the test agent in 


the test subject’s direction to determine that they can detect it. 


7.10.6.2 QLFT Procedure 


 The person being fit tested shall don the respirator without assistance, and 


perform the required user seal check(s). 


 For use of irritant smoke, the test subject shall be instructed to keep their eyes 


closed for tests involving a half mask respirator. 


 The test operator shall direct the stream of test agent from the tube toward the 


face seal area of the test subject, using the low flow pump or the squeeze bulb.  


The test operator shall begin at least 12 inches from the face piece and move the 


test agent stream around the whole perimeter of the mask.  The operator shall 


gradually make two more passes around the perimeter of the mask, moving to 


within six inches of the respirator. 


 If the person being tested has not had an involuntary response and/or detected 


the test agent, precede with the test exercises. 


 The exercises shall be performed by the test subject while the respirator seal is 


being continually challenged by the test agent, directed around the perimeter of 


the respirator at a distance of six inches. 


 If the person being fit tested reports detecting the test agent at any time, the test 


is failed.  The person being retested must repeat the entire sensitivity check and 


fit test procedure. 


 Each test subject passing the test agent test without evidence of a response will 


be given a second sensitivity screening check, with the same test agent used 
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during the fit test, once the respirator has been removed, to determine whether 


they still react to the test agent.  Failure to evoke a response shall void the fit 


test. 


 If a response is produced during this second sensitivity check, then the fit test is 


passed. 


7.10.7  Quantitative Fit Testing (QNFT) 


The Portacount Test Instrument, or equivalent, is used to complete QNFT’s.  A qualified 


contractor may conduct the test or the equipment may be acquired and the test performed on 


site.  All QNFT protocols will be performed in accordance with OSHA requirements.   


7.11 FULL FACE AND HALF MASK RESPIRATOR USE 


7.11.1  Pre-use Inspection Procedure 


Respirators must be inspected by the user before each use to ensure that the equipment is in 


good operating condition.  Any damage or defective parts must be repaired or replaced by 


qualified personnel before use.  Check the facepiece for cracks, tears, and dirt.  Check the 


facepiece, especially the face seal area, for distortions.  The face seal area material should be 


pliable - not stiff.  Examine all valves for signs of distortion, cracking or tearing.  Inspect valve 


seats for dirt or cracking.  The head straps must be intact and have good elasticity.  Examine all 


plastic parts for signs of cracking or fatiguing.  All gaskets must be checked for proper seating.  


The lens in the full face mask must be clear and free from cracking or crazing.  Check for 


embrittlement.  When using an air-purifying respirator select the appropriate filter cartridges and 


tightly secure them to the respirator. 


7.11.2  Donning Full Face Respirators 


The following steps are used for donning full face respirators prior to entering the contaminated 


work area. 


 Adjust the head straps to their full extended position. 


 Grasping the head strap harness, spread outward with the thumbs through the 


bands. 
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 Push the harness top up the forehead brushing hair upward from the face seal 


area.  Continue pushing up and over the head until the harness is centered at the 


rear of the head, and the chin is fitted into the chin cup. 


 When the facepiece is centered on the face, pull both lower (neck) head straps at 


the same time towards the rear. 


 Tighten the two upper (temple) head straps together.   


 Tighten the forehead head strap(s). 


7.11.3  Donning Half Mask Respirators 


The following steps are used for donning half mask respirators before entering the contaminated 


work area. 


 Place the respirator over the mouth and nose.    


 Pull the head harness over the crown of the head. 


 Place the bottom straps on back of the neck and hook them together. 


 Pull the ends of the head harness and the neck straps until an adequate face to 


face piece seal is obtained. 


7.11.4  User Pressure Seal Checks 


The positive-pressure test and negative-pressure test are performed to help the respirator user 


assess respirator function and to find leaks between the face and the facepiece.  The positive-


pressure test checks the presence and functioning of the respirator inhalation valves and the 


negative-pressure test checks the presence and functioning of the respirator exhalation valve.  


Both tests will indicate leakage due to improper cartridge seal or respirator face fit.  Both seal 


checks must be completed by the respirator user each time a face-sealing respirator (i.e. full 


face or half mask) is donned before entering an area containing a radioactive and/or hazardous 


atmosphere.  These checks ensure that the respirator is properly fitted to the face and the 


design protection can be expected. 


7.11.4.1 Positive Pressure Fit Check 


Place the palm of the hand over exhalation valve cover and exhale gently.  If the facepiece 


bulges slightly and no leaks between the face and facepiece are detected, a proper fit has been 


obtained.  If air leakage is detected, reposition the respirator on the face and/or readjust the 
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tension of the head straps to eliminate the leakage.  Repeat the above steps until a tight seal is 


obtained.  If one cannot achieve a proper fit, do not enter the contaminated area and contact 


your supervisor or the RPA. 


7.11.4.2 Negative Pressure Fit Check 


Place the palms of the hands (alternatively, either pieces of cardboard or plastic) over the open 


area of the filter cartridge, inhale gently and hold your breath for five to ten seconds.  If the 


facepiece collapses slightly, a proper fit has been obtained.  If air leakage is detected, reposition 


the respirator on the face and/or readjust the tension of the head straps to eliminate the 


leakage.  Repeat the above steps until a tight seal is obtained.  If one cannot achieve a proper 


fit, do not enter the contaminated area and contact your supervisor or the RPA. 


7.12 RACAL POWERED AIR-PURIFYING SYSTEM USE 


The Breathe-Easy systems employ a variety of headpieces and a selection of cartridges, 


canisters, and filters for use with a powered air-purifying pump unit.  All systems use the 


Breathe-Easy Turbo Unit.  This section provides general instructions for use of these units.  The 


user should receive detailed instruction from the RPA based on the Instruction Manual provided 


by Racal Health and Safety, Inc. 


Caution: The Racal Breathe-Easy System is not designed for use in atmospheres that are 


IDLH or contain less than 19.5% oxygen.  In addition, the unit has not been evaluated as an 


ignition source by MSHA/NIOSH and should not be worn as protection from gases or vapors 


with poor warning properties or those that generate high heats of reaction with the sorbent 


materials in the cartridge/canister. 


7.12.1  Breathe-Easy Principle of Operation 


7.12.1.1 Breathe-Easy 1 Principle of Operation 


The Breathe-Easy 1 Powered Air-Purifying system provides respiratory, facial/eye, and head 


protection with a lightweight helmet assembly and Tyvek face seal.  The complete system 


includes a helmet assembly, belt-mounted turbo unit, battery pack, breathing tube and filter 


media.  Filtered breathing air from the turbo unit passes through the breathing tube and enters 
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the rear of the helmet assembly, releasing fresh air over the forehead and face.  Air is expelled 


at the edge of the face seal.  The PF for this system is 25. 


7.12.1.2 Breathe-Easy 7 Principle of Operation 


The Breathe-Easy 7 Powered Air-Purifying system provides respiratory and facial/eye protection 


with a full facepiece.  The facepiece meets ANSI Z87.1-1989 for eye and face protection.  The 


complete system includes a full facepiece assembly, belt-mounted turbo unit, battery pack, 


breathing tube and filter media.  Filtered breathing air from the turbo unit passes through the 


breathing tube and enters the facepiece.  Air is expelled at an exhalation valve.  The PF for this 


system is 1,000. 


7.12.1.3 Breathe-Easy 10 Principle of Operation 


The Breathe-Easy 10 Powered Air-Purifying system provides respiratory protection with a 


lightweight Tyvek hood.  The complete system includes a disposable hood, belt-mounted turbo 


unit, battery pack, breathing tube and filter media.  Filtered breathing air from the turbo unit 


passes through the breathing tube and enters the rear of the hood, releasing fresh air over the 


forehead and face.  Air is expelled at the base of the Tyvek cape.  The PF for this system is 


1,000. 


7.12.2  Breathe-Easy Pre-Use Inspection Procedure  


7.12.2.1 Turbo Unit Pre-Use Inspection Procedure 


Before using the Racal Turbo unit, complete the following pre-operational inspection to assure 


proper operation.  If any components are missing or damaged, replace them immediately.   


 Ensure that the filter media are properly fitted to the Turbo Unit. 


 Confirm the battery pack is fully charged.  The pack should be charged for 14-16 


hours using the Racal charging station.   


 Ensure the power lead from the turbo unit is plugged into the battery pack, the 


battery pack is turned on, and the air is flowing through the system.   


 Check the airflow using the airflow indicator that is supplied with each unit.  With 


the breathing tube disconnected from the turbo unit and the system still running, 


insert the base of the airflow indicator into the turbo unit outlet.  Ensure that the 


center of the float rests at or above the appropriate mark.  These units need a 
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minimum airflow of 6 cfm.  If there is insufficient airflow, replace the filter media 


and properly dispose of the used filters.   


7.12.2.2 Breathe-Easy 1 Helmet Pre-Use Inspection Procedure 


Perform the headpiece inspection by making sure that there are no deep scratches, cuts, or 


discoloration in or on the helmet.  The visor must be properly installed in the helmet and 


secured at all twelve lug locations.  The Tyvek® face seal must be properly installed on the visor 


with the upper edges of the face seal fitting snugly against the temple seals.  The head seal and 


temple seals must be properly installed and in good condition.  There can be no holes, cracks, 


breaks, tears, or other damage in the breathing tube.  A sufficient supply of air must be flowing 


through the system. 


7.12.2.3 Breathe-Easy 7 Full Facepiece Pre-Use Inspection Procedure 


 Perform the facepiece inspection by making sure that the head harness straps 


are not torn and that a gasket is fitted in the threaded cavity in the front of the 


facepiece.  The inhalation and exhalation valves should be inspected to ensure 


that they are not worn, torn, bent, dry, or sticky.  The visor must not be cracked 


and should be checked for proper installation in the facepiece.  There can be no 


holes, cracks, breaks, tears, or other damage in the breathing tube.  A sufficient 


supply of air must be flowing through the system. 


7.12.2.4 Breathe-Easy 10 Hood Pre-Use Inspection Procedure 


Perform the hood inspection by making sure that the hood is clean and there are no holes or 


tears in the fabric or visor.  There can be no holes, cracks, breaks, tears, or other damage in the 


breathing tube.  A sufficient supply of air must be flowing through the system. 


7.12.3  Breathe-Easy System Assembly and Donning 


NOTE: The Racal Breathe-Easy system must only be assembled in non-contaminated 


environments.    


 Connect the breathing tube to the helmet, full facepiece, or hood assembly using 


the supplied hose clamps.  Tighten the clamp so the breathing tube is secured to 


the air inlet and the end of the tube is visible between the clamp and the 


assembly.   


 Connect the other end of the hose to the turbo unit in the same manner.    
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 Place the turbo unit back cover against the lower back with the breathing tube 


extending upward.  Fasten the belt around the waist.  Plug the turbo unit into a 


fully charged battery pack and attach the battery pack to the belt.    


 For the Breathe-Easy 1 Helmet: Adjust the headband and cradle assembly 


of the helmet to fit.  A proper fit is achieved if the visor is all the way down (an 


audible click will be heard when the visor reaches this position) and the Tyvek 


seal is pulled as far as possible under the chin. 


 For the Breathe-Easy 7 Full Facepiece: Hang the facepiece neck strap 


around your neck.  Loosen the head harness straps and fit the facepiece by 


placing the chin into the chin cup and pulling the straps over the head.  Tighten 


the straps, beginning with the lower straps first.  Do not over tighten the straps. 


 For the Breathe-Easy 10 Hood: Remove the protective covering from the 


visor.  Pull the hood over the headband and adjust so the headband wraps 


around the head and the elasticized edge of the face seal fits under the chin.  


Tuck the inner cape under the protective clothing and allow the outer cape to 


hang over the chest and back. 


7.13 RESPIRATOR CLEANING, MAINTENANCE, AND STORAGE 


The primary purpose of the respirator maintenance program is to ensure that respiratory 


protection equipment is kept ready for use as designed.  This part of the program is very 


important to ensure the safety of the wearer.  Respirators are cleaned and maintained under the 


direction of the RPA.  Employees that are responsible for maintenance and cleaning of 


respiratory equipment must have specialized training as discussed in Section 7.13.1. 


The maintenance program includes the following elements: 


 Employee training in the approved methods for maintenance and cleaning of 


respiratory equipment; 


 The decontamination, cleaning and disinfecting of respiratory protective 


equipment; 


 Inspection and testing of the respirator components for integrity and operability; 


 Replacement of defective components, when necessary; 


 Maintenance of auxiliary equipment; 


 Appropriate storage for respiratory protective equipment; 
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 Spot checks by the RPA for respirator contamination, proper respirator usage, 


respirator component integrity, correct cleaning practices and proper respirator 


storage. 


7.13.1  Respiratory Protection Equipment Cleaning, Sanitizing and Maintenance 


Hygienic procedures are required for respirators being used in environments containing airborne 


radionuclides or other air contaminants.  When operating in the dryer and packaging areas, the 


respirator will require frequent cleaning to avoid the potential for radioactive material 


contaminating the inside of the facepiece.   


Procedures for cleaning respirators are as follows: 


 Remove filter cartridges from respirators before washing. 


 Utilize a respirator washer or clean respirator by hand.  If using a respirator 


washer, ensure that respirators showing large amounts of splattered yellowcake 


or other materials on them are prewashed at a sink that drains to contaminated 


waste disposal.  Respirators are placed with the lens up in the washer. 


 If the respirator is washed by hand, use a clean sink or bucket and add the 


appropriate amount of a detergent/disinfectant to warm water.   


 Gently scrub all the respirator parts, taking care not to damage any. 


 Following the wash, thoroughly rinse and dry all parts. 


 Inspect all components for wear or deterioration, especially the inhalation and 


exhalation valves and seats.  If any parts need to be replaced, contact the RPA 


or HPT/RST. 


 Store the respirator in a clean plastic bag.  If available at a particular workstation, 


the respirator should be stored in the appropriate respirator locker in a plastic 


bag.   


IMPORTANT - Respirators put into storage in plastic bags will be considered "clean" and shall 


be free of any visible uranium on all parts. 


7.13.2  Contamination Surveys of Respirators 


When the respirator is returned after use, a swipe sample of the inside surface of the face piece 


is taken to determine if alpha contamination is present.  Gross alpha activity in excess of 100 


dpm/100 cm2 will indicate a potential exposure due to leakage of the seal or failure of other 


respirator components.  The RPA and/or RSO or designee should investigate the cause of the 
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elevated contamination level.  A urine sample may be collected from the respirator user if 


contamination is found to be present.    


Regulatory Guide 8.30 recommends that, before being reused, an appropriate contamination 


survey must be performed on respirators.  The standard survey method for respirators uses a 


smear or wipe technique with a contamination limit of 100 dpm/100 cm2.  The post-use swipe 


sample noted in the preceding paragraph will meet this requirement. 


The RPA or designee may also perform random alpha swipe surveys on the inside of 


respirators to ensure that respirators are sufficiently cleaned.  If any respirator survey indicates 


removable alpha activity greater than 100 dpm/100 cm2, the respirator will be cleaned and 


resurveyed.  The RPA and/or RSO should investigate the cause of elevated contamination 


levels and whether the last user of the respirator should submit bioassay samples. 


7.13.3  Respiratory Protection Equipment Inspections 


7.13.3.1 Inspection after Cleaning 


Each respirator will be inspected after washing and before packaging for proper working 


condition by properly trained personnel.  Included in the inspection will be: 


 Cracking or deterioration of rubber or plastic parts; 


 Elasticity and unity of holding straps; 


 Proper seating and unity of inhalation or exhalation values; 


 Proper tightness and correct fitting of connecting tubes; 


 Checking shelf-life date(s) where applicable; 


 Proper function of regulators and gauges; and 


 Proper sealing and seating of cartridges and canisters. 


In the event that the respirator fails any of the inspection items, that piece of equipment will be 


immediately removed from service.  It will be returned to service only when it has been repaired 


and meets the qualifications as outlined by the respirators approval number. 
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7.13.3.2 Routine Inspections 


Respirator facepieces that are routinely available for issue should be visually inspected prior to 


use.  If the devices are stored in clear plastic bags, they should be handled and examined, but 


need not be removed from the bags for this inspection as long as the inspector can determine 


that the device is ready for use.   


7.14 PROGRAM EVALUATION 


In addition to ongoing surveillance, the implementation of the respiratory protection program will 


be audited annually.  This audit may be accomplished in conjunction with the annual ALARA 


Audit.  The audit will ensure that the program reflects current applicable regulations and industry 


standards and that the program is being implemented as described in the written program. 


The audit will focus on the following areas: 


 Program administration; 


 Training; 


 Medical evaluations; 


 Fit testing; 


 Air sampling and proper classification of hazards; 


 Selection and issuance of respiratory protective equipment; 


 Use of respiratory protective equipment; 


 Equipment cleaning, maintenance, inspection, and contamination control; 


 Breathing air supplies; 


 Storage; 


 Emergency preparedness; and 


 Special problems. 


The correlated results of the air sampling program and bioassay program are an effective 


means of evaluating a respiratory protection program.  Any evidence of a rise in exposure levels 


that could possibly be linked to respiratory protection shall be investigated immediately.  At the 


discretion of the RSO, potentially affected personnel may be required to submit an immediate 


bioassay sample if one has not already been submitted subsequent to the incident. 
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8.0 EXPOSURE MONITORING PROGRAMS 


8.1 PURPOSE 


This section provides the acceptable methodology for establishing and operating an external 


dosimetry program that will comply with UAC requirements specified in R313-15-502, 


Conditions Requiring Individual Monitoring of External and Internal Occupational Dose. Due to 


the types of material handled or processed at uranium recovery facilities, low-level, chronic 


occupational exposures to external ionizing radiation are difficult to avoid, necessitating an 


external dosimetry program.  An external dosimetry program generally consists of three 


elements: 


 An area monitoring program, using portable survey devices as described in 


Section 4.0 


 An individual monitoring program, using personnel dosimeters; and 


 A dose evaluation program that evaluates the data collected by the area and 


individual monitoring programs to determine the magnitude of individual doses. 


This section also provides the acceptable methodology for establishing and operating an 


internal dosimetry program that will comply with UAC requirements. Radiation protection 


programs for limiting intakes of radioactive material are based on the policy of controlling 


radioactive material at the source.  It is, nonetheless, recognized that low-level, chronic, or 


intermittent occupational exposures to some materials may be difficult to avoid due to the types 


of material handled or processed, their chemical or physical forms, and the nature of operations, 


and that incidents may cause unplanned releases of radioactive material. UAC R313-15-204, 


Determination of Internal Exposure requires internal dosimetry programs (including routine 


urinalysis (bioassay) programs) be conducted for radiological workers, declared pregnant 


workers, occupationally exposed minors, and members of the public entering controlled areas 


who are likely to receive intakes that exceed specified levels for committed effective dose 


equivalent in a year.   


An internal dosimetry program generally consists of three elements: 


 An air monitoring program as described in Section 3.0, using a combination of 


real-time, fixed, and portable devices, as appropriate; 
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 An individual monitoring program, using direct and/or indirect bioassay, and 


personal breathing zone air monitoring, as appropriate; 


 A dose evaluation program that evaluates the data collected by the air and 


individual monitoring programs to determine the magnitude of individual doses. 


8.2 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


8.3 REGULATORY REQUIREMENTS 


Exposure determinations are performed to meet specific requirements in UAC (by reference) 


regulations.  Specifically, the exposure determination program is used to meet the following 


requirements: 


 R313-15-101. Radiation Protection Programs  


 R313-15-201. Occupational Dose Limits for Adults 


 R313-15-203. Determination of External Dose from Airborne Radioactive Material 


 R313-15-204. Determination of Internal Exposure 


 R313-15-206. Planned Special Exposures 


 R313-15-207. Occupational Dose Limits for Minors 


 R313-15-301. Dose Limits for Individual Members of the Public 


NRC has published guidance to assist in developing an acceptable program.  This guidance is 


contained in the following document: 


 USNRC Regulatory Guide 8.30, Health Physics Surveys in Uranium Recovery 


Facilities, Revision 1, May, 2002. 


 USNRC Regulatory Guide 8.34, Monitoring Criteria and Methods to Calculate 


Occupational Radiation Doses, July, 1992. 


 USNRC Regulatory Guide 8.36, Radiation Dose to the Embryo/Fetus, July, 1992. 


8.4 MONITORING PERSONNEL FOR EXTERNAL RADIATION EXPOSURE 


Occupational exposure to external gamma and beta radiation is measured using personnel 
dosimeters such as thermoluminescent dosimeters (TLD) or optically stimulated luminescence 
(OSL) dosimeters.  With two exceptions, dosimeters must meet UAC R313-15-501, Surveys 
and Monitoring – General, requirements, which state that a contract vendor must be certified by 
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the National Voluntary Laboratory Accreditation Program (NVLAP) of the National Institute of 
Standards And Technology (NIST).  The exceptions to this requirement are direct and indirect 
reading pocket ionization chambers and dosimeters used to measure the dose to extremities.  
The dosimeters consist of a clip-on badge worn by workers.  The badge contains a chip that is 
constructed of a material that senses total exposure to external radiation.  When the chip is 
properly developed, the radiation dose received by an individual during the period of time that 
the badge was worn may be determined. 


8.4.1  Requirements for Personnel Dosimetry 


The UAC, R313-15-502, Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, provides the minimal requirements for monitoring occupational external 


exposure.  Monitoring must be performed for: 


 Adults likely to receive an annual dose in excess of 10% of the occupational dose 


limit; 


 Minors likely to receive an annual dose in excess of 0.1 rem, a lens dose 


equivalent in excess of 0.15 rem, or a shallow dose equivalent to the skin or 


extremity dose in excess of 0.5 rem, R313-15-207, Occupational Dose Limits for 


Minors; 


 Declared pregnant women likely to receive a deep dose equivalent in excess of 


0.1 rem during the entire pregnancy; and 


 Individuals entering a High or Very High Radiation Area. 


The RSO is responsible for determining the dosimetry requirements based on the facility 


radiation levels, worker job locations and tasks, and specific licensing requirements.  For each 


category of workers, the RSO must determine whether it is likely that a worker’s dose may 


exceed the criteria in R313-15-502, Conditions Requiring Individual Monitoring of External and 


Internal Occupational Dose. If it is determined that dosimetry is required, the RSO will determine 


the exchange frequency for the dosimetry (i.e., monthly or quarterly).  Contractors, depending 


upon the task to be performed, may also be issued dosimeters at the discretion of the RSO.   


It is usually not necessary for all individuals at a facility to wear dosimeters unless there is a 


documented technical basis.  Unnecessary issuance of dosimeters should be avoided.  If an 


individual does not enter areas where there is a likelihood of external exposure resulting in a 


dose near or in excess of the regulatory monitoring thresholds, the issuance of a dosimeter to 


that individual is discouraged.  For reasons of practicality and uniformity, decisions regarding 
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those individuals to whom dosimeters are issued should be made based on the work group, the 


type of work to be performed, and/or the areas to be entered. 


UAC, R313-15-502, Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, establishes individual monitoring requirements based on the likelihood of an 


individual receiving a dose in excess of the regulatory monitoring threshold.  In determining the 


likelihood of potential exposures, the use of professional judgment is necessary.  This judgment 


should include consideration of the following: 


 Areas to which the individual will have access; 


 The individual's previous occupational dose during the current year; 


 Activities taking place in the areas to be entered; 


 Restrictions on areas entered or time in these areas; 


 Design basis radiological conditions in the areas to be entered; 


 Data of actual radiological conditions in the areas to be entered, obtained 


through prior individual and area monitoring; and 


 Potential for changes that may affect the radiological conditions. 


It is not necessary to include consideration of accidents or emergencies, because these events 


are not considered likely. 


The RSO is responsible for reviewing the dosimetry results and comparing them with past data 


and regulatory exposure limits.  Upon receipt of the dosimetry results from the NVLAP 


laboratory, the individual exposure records are to be maintained on hard copy and/or a 


computer system.  In case of lost or damaged badges, doses are estimated as discussed in 


Section 8.4.1.1 


The control personnel dosimeters used by the NVLAP processor to subtract background 


exposure from the personnel badges, are to be stored in areas away from areas where elevated 


gamma dose rates may be present.  It is important that control badges are returned to the 


NVLAP processor with the personnel dosimeters.  In the event that a control badge is damaged, 


any unused personnel dosimeter may be designated as a control badge as long as it has been 


stored away from areas where gamma activity is mostly likely to occur. 
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8.4.1.1  Lost or Damaged TLD Badges 


When a TLD badge is lost or damaged, the employee's dose will be calculated taking into 


consideration the historical doses for that job position, the employees' previous dose rates, and 


any factors such as current facility dose rates that may be appropriate.  In many cases, the RSO 


may use the highest exposure dose rate of an employee having the same job description and 


who worked during the quarter in the same general area(s).  The RSO will document the basis 


for any estimated doses due to lost or damaged dosimetry. 


When an external exposure is estimated, a letter will be sent to the dosimetry vendor requesting 


an amended TLD report using this data to calculate the employee's exposure history. 


8.5 BIOASSAY PROGRAM 


8.5.1  Purpose and Scope 


The objective of the Bioassay Program is to monitor internal exposures, limit the amount of 


internal exposure, ascertain the effectiveness of the health physics program, and to qualify the 


success of the respiratory protection program. 


The bioassay program is to be used in conjunction with the air sampling program described in 


Section 3.0 to insure that exposures are maintained As Low As Reasonably Achievable 


(ALARA).  In those cases in which air sampling results indicate that an action level has been 


exceeded, the bioassay program will ultimately help to decide the course of action to be taken 


by the RSO. 


In order to qualify those individuals required to submit bioassay samples, certain provisions 


must be set forth regarding the job assignment, circumstances involving potential exposures, 


and sampling results from the health physics program.  These provisions are outlined in Section 


2.0 


This section provides general guidance for dispensing, collecting, analyzing, reporting, and 


taking positive actions to monitor and prevent or minimize exposures from ingestion or 


inhalation of radioactive materials.  The areas covered within this guide include a general policy 


statement, operating procedures, sample preparation, quality assurance, action levels, and 


administration of the program.  The program also defines the employees including yellowcake 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


8-6 


operators, maintenance personnel, respirator users, and other individuals deemed necessary by 


the RSO to submit a bioassay. 


8.5.2  Regulatory Requirements 


Bioassay procedures are an acceptable method for meeting specific monitoring and dose 


assessment requirements in UAC regulations.  Specifically, the bioassay program is used to 


meet the following requirements: 


 R313-15-202, Compliance with Requirements for Summation of External and 


Internal Doses, allows estimates of worker intakes based, in part, on the amount 


of radioactive material contained in the body or excreted from the body; 


NOTE: Internal exposure is determined using airborne radioactive material sampling results.  


Bioassay measurements provide a valuable indication of the effectiveness of the respiratory 


protection program and an indication of unanticipated exposures due to ingestion or inhalation. 


 R313-15-202, Compliance with Requirements for Summation of External and 
Internal Doses, to demonstrate compliance with the dose limits by summing 
external and internal doses 


 R313-15-204, Determination of Internal Exposure, to determine compliance with 


occupational dose equivalent limits 


 R313-15-501, Surveys and Monitoring – General, requires radiation surveys 


necessary to comply with the regulations and to evaluate potential radiological 


hazards; 


 R313-15-502, Conditions Requiring Individual Monitoring of External and Internal 


Occupational Dose, to monitor exposures from sources of radiation at levels 


sufficient to demonstrate compliance with the occupational dose limits of Rule 


R313-15.  


 R313-15-703, Use of Individual Respiratory Protection Equipment, requires 


surveys and bioassays, as necessary, to evaluate actual worker intakes when 


using respiratory protection. 


NRC has published guidance to assist in developing an acceptable bioassay program.  This 


guidance is contained in the following documents: 


 USNRC Regulatory Guide 8.9, Acceptable Concepts, Models, Equations and 


Assumptions for a Bioassay Program, Revision 1, July 1993; 
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 USNRC Regulatory Guide 8.11, Applications of Bioassay for Uranium, June 


1974; 


 USNRC Regulatory Guide 8.15, Acceptable Programs for Respiratory Protection, 


Revision 1, October, 1999 


 USNRC Regulatory Guide 8.22, Bioassay at Uranium Mills, Revision 1, August 


1988. 


8.5.3  Policy 


Radiological workers who could likely receive intakes or greater than 0.1 ALI in a year shall 


participate in an internal dose evaluation program.  Declared pregnant workers, occupationally 


exposed minors, and members of the public allowed access to restricted areas may be required 


to participate in internal dosimetry programs as determined by the RSO.   


Situations may arise where a decision is made to monitor radiological workers who are not likely 


to receive intakes that exceed 0.1 ALI.  Such monitoring may be useful for demonstrating 


compliance with 3UAC or may be established for other purposes.  The internal dosimetry 


program documentation should clearly identify those individuals or groups of individuals being 


monitored for such purposes. 


8.5.3.1  Baseline and Termination Samples 


Prior to assignment, all new employees and contractors who will routinely handle uranium or 


contaminated materials are required to submit a urine specimen, which will be analyzed to 


determine baseline uranium concentrations.  At termination, these same employees are 


requested to submit a termination urine specimen. 


8.5.3.2  Routine Operations 


It is the policy of this program that all individuals who are assigned duties involving work in the 


yellowcake precipitation and/or packaging areas will be required to submit bioassay samples.  


Routine operations include normal production activities that are generally repetitive and are 


carried out under acceptable conditions.  For such operations, potential airborne hazards should 


be maintained at acceptable concentrations using engineering controls.  Employees working in 


other areas (i.e. external to the mill, maintenance, administration, etc. areas) may be required to 
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provide urine samples on a random basis, according to their work group, as specified by the 


RSO. 


Yellowcake dryer/packaging operator duties are considered a routine operation, and as such, 


bioassay samples are required from all dryer/packaging operators.  NRC Regulatory Guide 8.22 


suggests a frequency of at least once per month for these workers.  Regulatory Guide 8.22 also 


recommends an increase in the monitoring frequency if exposure to natural uranium exceeds 


that resulting from an exposure to 1 E-10 µCi/ml for a 40-hour work week or if air sampling data 


is not available. 


8.5.3.3  Non-Routine Operations 


Non-routine operations include non-production activities that occur infrequently or occur at times 


when engineering controls are impractical or inoperable.  This includes maintenance activities 


that are required to maintain or regain control of normal production activities.  For such 


operations, the use of respirators to avoid excessive exposure to airborne hazards may be 


appropriate.  The work would normally be controlled by a Radiation Work Permit (RWP).  


Accordingly, all personnel performing non-routine duties may be required to submit bioassay 


samples if required by the RWP. 


Non-routine samples may be obtained from workers conducting activities under an RWP or in 


the circumstance where a worker is suspected of potentially being exposed to uranium.  In the 


case that breathing zone air sample results for uranium show that the uranium concentration in 


the atmosphere exceeds the applicable DAC, a bioassay sample will always be required.   In 


the event that such air sample results do not exceed the applicable DAC, the RSO will 


determine the need for a bioassay sample. 


In the event of an unexpected potential exposure to uranium, the RSO may require the 


collection of a bioassay sample approximately 24 hours after the potential exposure occurred to 


assist in the determination of an intake and dose to the potentially affected worker. 


8.5.3.4  Emergency Operations 


Emergencies are unexpected occurrences that may require the use of respirator protection to 


limit the inhalation of airborne material that could potentially pose hazardous health 
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consequences.  These situations include but are not limited to shipping accidents, tailings 


failures, and process releases.  In each of these cases, the seriousness of the emergency and 


the potential health hazard shall dictate the appropriateness of a bioassay sample.  The final 


determination will be made by the RSO. 


8.5.4  Bioassay Collection Procedures 


All bioassay equipment used in this program shall be issued to individuals by the RSO or 


designee.  Only trained Radiation Safety personnel will be responsible for maintaining the 


equipment in proper working order, sample preparation, and sending samples out for analyses. 


Supervisors have the ultimate responsibility for insuring that employees submit required 


bioassay samples. 


Only radiation safety personnel may issue bioassay sample bottles to individuals.  Within the 


sample bag, the bottle will have a label marked with the appropriate information.  The individual 


shall void into the bottle the morning he or she is scheduled to return to work after their regular 


scheduled days off.  In any event, the collection should be between 36 and 96 hours after the 


last work assignment. 


It is very important that the bioassay bottles be protected from contamination.  Samples must be 


collected in a clean area before the worker enters the work area.  Hands must be washed prior 


to collection of urine samples. 


Bioassay results should be available to the RSO within 20 calendar days after the sample was 


collected.  If the analysis is conducted by an outside laboratory, any bioassay results that are 


greater than 35 µg/L uranium should be reported to the RSO by telephone. 


8.5.5  Quality Assurance Procedures 


As discussed in Regulatory Guide 8.22, at least three quality control samples will be submitted 


with each batch of routine samples sent to the contract lab for analysis.  The control samples 


should be taken from individuals who have not been occupationally exposed to natural uranium 


and should be divided into at least three uranium concentrations, i.e., uncontaminated (a 


“blank”); 10 to 20 µg/L; and 40 to 60 µg/L (“spikes”).  Additionally, it is recommended that other 


urinalysis samples be periodically collected and analyzed from individuals who are not 
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connected with the operations.  The quality control samples may be provided by an outside 


laboratory. 


When the results of the spike analysis are received, the RSO should correct the spike value by 


the result for the corresponding blank.  The net value is then compared with the actual 


concentration and an average of the percent deviation from the “true” value is determined.  If the 


results of the analyses of the quality control samples are in error by more than 30 percent of the 


control sample concentration, the RSO will investigate.  The investigation should include a 


review of the preparation of the control samples, whether performed in-house or by an outside 


laboratory.  The RSO should also notify the contract lab of the discrepancies and request that 


the most recent batch of samples be rerun.  Should it be discovered the problem exists at the 


contract laboratory and the problems continue to persist, then analytical services will be 


redirected towards another accredited lab.  The RSO should document the results of any 


investigations made concerning inaccurate results for control samples. 


8.5.6  Action Limits 


Bioassay results shall be carefully reviewed and appropriate action will be taken if the results 


exceed predefined levels, and are determined to be correct.  If there is doubt as to the 


correctness of a bioassay result, an investigation will be initiated which may include a 


conference with the affected employee and or his/her immediate supervisors.  The following 


table describes the action levels and the appropriate action that will be taken. 


8.5.7  Calculation of Potential Uranium Intake and Dose 


In the case that an elevated bioassay analysis above 15 mg/L is obtained, the RSO will 


investigate the conditions potentially leading to the employee’s exposure, including the 


performance of respiratory protection equipment, if utilized.  The RSO will determine the need 


and procedures to calculate a potential dose for the worker from available air sample data.  In 


the case that air sample data is not available, the bioassay result may be used to calculate a 


potential dose.  NRC Regulatory Guides 8.22, 8.11, and 8.9 will be utilized by the RSO for this 


procedure. 
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8.6 DETERMINATION OF PRIOR OCCUPATIONAL EXPOSURE 


As part of the training and hiring process, all new employees will be asked to provide their past 


radiological exposure history and will sign an Exposure Release Form so previous radiological 


exposure history may be obtained as required in R313-15-1105, Records of Prior Occupational 


Dose. This will allow documentation of occupational exposure received during the current year 


to ensure compliance with regulatory exposure limits.  An attempt will be made to obtain records 


of previous radiation exposure history from former employers.  From the list of previous 


employers, where there was the possibility of radiological exposure, each entity will be sent a 


copy of the Exposure Request Form.  These forms will be used to update the current year's 


record to ensure present occupational exposure limits are not exceeded.  They will also be used 


to update the employee’s lifetime exposure. 


To obtain the necessary radiation history information, it is important that the new employee sign 


the "Exposure Request Form" in accordance with the Privacy Act of 1974.  A copy of the signed 


request form will be maintained and the original sent to the employee’s previous employer(s).  


The copy is to be filed until receipt of the completed exposure history form.  Upon receipt of the 


completed radiation history form, the new employee's radiological exposure history will be 


updated to ensure the current year's exposure limits have not been exceeded. 


8.7 EXPOSURE DETERMINATION AND RECORDS 


Employee exposure to radiation is monitored and recorded in accordance with standards for 


protection against radiation, R313-15-502, Conditions Requiring Individual Monitoring of 


External and Internal Occupational Dose and USNRC Regulatory Guides 8.30, Health Physics 


Surveys in Uranium Recovery Facilities and 8.34, Monitoring Criteria and Methods to Calculate 


Occupational Radiation Doses.  Routine employee external exposures are determined and 


recorded for those employees likely to receive more than 10% of the allowable occupational 


dose limit (i.e., 0.5 rem).  External exposures are determined using personnel dosimetry.  


Administration of the personnel dosimetry program is discussed in Section 8.7.  Routine 


employee internal exposures are determined and recorded for those employees likely to receive 


more than 10% of the Annual Limit of Intake (ALI) for internal exposure from radon daughters or 


uranium. 
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Non-routine exposures are determined and recorded for all employees conducting non-routine 


work activities that require the issuance of a Radiation Work Permit (RWP).  In the event that an 


employee has routine and non-routine exposures determined, both exposures are summed to 


determine the total exposure.  In accordance with UAC, internal exposures are summed yearly 


and the Total Effective Dose Equivalent (TEDE) determined and recorded. 


A bioassay program consistent with USNRC Regulatory Guide 8.22, Bioassay at Uranium Mills 


has been implemented as a means of ensuring the adequacy of the respiratory protection and 


monitoring programs. 


8.7.1  External Radiation Exposures 


Occupational exposure to external gamma and beta radiation is measured using personnel 


dosimeters such as Thermoluminescent Dosimeters (TLD) or Optically Stimulated 


Luminescence (OSL) dosimeters.  Consistent with R313-15-501, Surveys and Monitoring – 


General, and Regulatory Guide 8.34, occupational exposure to external radiation is used to 


determine the TEDE for employees whose work locations or functions may be expected to 


exceed 10% of the occupational exposure limits.  The RSO uses historical and current 


monitoring and survey data to ensure that external radiation exposures are less than 10% of the 


occupational dose limit for all other workers.  Results of the external radiation monitoring 


program are recorded and reviewed annually to ensure that unmonitored employees have not 


exceeded 10% of the dose limit.   


8.7.2  Internal Radiation Exposure 


Internal radiation exposure to airborne uranium and radon daughters is determined and 


recorded for employees likely to exceed 10% of the ALI.  Non-routine exposures to uranium and 


radon daughters are determined for all employees conducting non-routine work activities that 


require an RWP and/or have the potential to expose the employee to elevated concentrations of 


airborne uranium and/or radon daughters.  Occupational doses to exposed employees will be 


calculated anytime monitoring data indicates concentrations in excess of the UAC (by 


reference) derived air concentrations (DAC). 


8.7.2.1  Airborne Uranium Exposure 
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There is potential for exposure due to ore dust at Shootaring Canyon Mill due to airborne 


uranium in certain areas of the facility; ore processing (grinding), drying and packaging areas.  


There is also the potential for exposure to airborne uranium in the precipitation and clarification 


areas, although the potential is considerably less than in the grinding, drying and packaging 


areas.  Uranium is classified as insoluble if it has been dried at a temperature in excess of 400° 


C, if dried at less than 400° C, it is classified as soluble. 


Air sampling is required for airborne uranium concentrations when respiratory protection is used 


during operations in the drying and packaging areas.  The sampling must be adequate to 


identify potential hazards, allow selection of respiratory equipment, estimate doses and allow 


evaluation of actual intakes.  The occupancy time for routine operations may be an actual 


measurement of the time or may be obtained from a time study.  The occupancy times for 


non-routine operations, such as those authorized under an RWP will always be from actual 


measurement of the time involved in the operation. 


The intake of yellowcake by individual employees will be calculated using the following 


equation: 


  


I
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where: 
 


Iu  =  uranium intake, g or Ci 
 
ti  =  time that the worker is exposed to concentrations Xi 


 (hr) 
 
Xi  = average concentration of uranium in breathing zone, 


 g/m3, Ci/m3 
 
b = breathing rate, 1.2 m3/hr 
 
PF = the respirator protection factor, if applicable 
 
n = the number of exposure periods during the week or quarter 
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8.7.2.2  Radon Daughter Exposure 


The concentration of radon daughter products is routinely monitored throughout the plant 


facilities.  Time studies or actual occupancy times are used to estimate the employees' 


exposure times in the particular work areas.  When non-routine maintenance or operations are 


performed, accurate time records are kept.  From the occupancy times and the results of the 


monitoring programs, the employees' exposure to radon daughters is calculated using the 


following equation: 


The exposure to radon daughters will be calculated using the following equation: 


 


I
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where: 
 


Ir  =  radon daughter intake, working-level months 
 
ti  =  time that the worker is exposed to concentrations Wi (hr) 
 
Wi  = average number of working levels in the air near the 


worker's breathing zone during the time (ti) 
 
170 = number of hours in a working month 
 
PF = the respirator protection factor, if applicable 
 
n = the number of exposure periods during the year 
 


8.7.3  Reports of Overexposure 


The UAC requires in R313-15-1203, Reports of Exposures, Radiation Levels, and 
Concentrations of Radioactive Material Exceeding the Constraints or Limits and R313-15-1205, 
Reports to Individuals of Exceeding Dose Limits, that overexposure be reported to the Agency.  
The RSO is responsible for submitting this report. 


8.7.4  Exposure Action Levels 


Exposure action levels are set at 25% of the regulatory limit from UAC (by reference) and are 


required on a quarterly basis.  If the action level is exceeded, the RSO will initiate an 
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investigation into the cause of the occurrence and initiate corrective actions that may reduce 


future exposures. 


 An internal administrative action level is set at 0.0625 ALI (125 DAC-hours) for 


exposure to insoluble uranium or radon daughters for a calendar quarter.  An 


administrative action level is set at 2.5 mg of soluble uranium for any calendar 


week.  For the dose equivalent to an embryo/fetus of a declared pregnant 


woman, the corresponding action level is set at 0.00625 ALI (12.5 DAC-hours) 


for exposure to insoluble uranium or radon daughters and 0.25 mg of soluble 


uranium for a calendar quarter. 


 The results of the dosimetry badges are reviewed on a quarterly basis and an 


administrative action level has been set at 312 mrem per quarter.  For the dose 


equivalent to an embryo/fetus of a declared pregnant woman, the corresponding 


action level is set at 31 mrem for a calendar quarter. 


 The results of the bioassay program are also used to evaluate the adequacy of 


the airborne radioactivity monitoring program and the respiratory protection 


program at the facility.  An abnormally high urinalysis will be investigated to both 


determine the cause of the high result and whether exposure records indicate 


that such an exposure may have actually occurred.  See the Bioassay Program 


in Section 8.5 for bioassay requirements and procedures. 


8.7.5  Records 


The results of all radiation monitoring are recorded as directed by the RSO.  Routine and non-


routine external and internal exposures are recorded in the employee exposure database.  


Reports for individual employee exposures are printed out at least quarterly, upon request from 


the employee. 


All monitoring data is reviewed on an annual basis to assess trends and ensure that potential 


exposures to individuals for which monitoring is not required remains below 10% of the 


applicable standard. 


In accordance with UAC R313-18-13, Notifications and Reports to Individuals, monitored 


employees are advised in writing on an annual basis of their calculated TEDE.  Additionally, any 


employee may request a written report of their exposure history at any time.  These reports 


must be provided within 30 days of the request and must provide the information outlined in the 


listed UAC. 
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9.0 TRANSPORTATION OF RADIOACTIVE MATERIALS 


9.1 PURPOSE 


ARI will routinely ship radioactive materials to and from its uranium production facilities.  These 


shipments typically fall into one of three categories.  The most common type of shipment 


consists of dried yellowcake (slurry may be shipped) form that is shipped by truck for further 


processing at one of several locations.  ARI also accepts radioactive materials shipments in the 


form of empty drums containing residual yellowcake from the fuel processing facilities.  The 


Department of Transportation (DOT) regulates all of these types of shipments under 49 CFR 


Subchapter C, “Hazardous Materials Regulations”.  UAC (by reference) also has requirements 


for transportation of radioactive materials that conform to US DOT and USNRC regulations. 


This section describes actions that will be taken to ensure that the receipt and shipment of 


radioactive materials meets the applicable regulations.  This section provides the applicable 


regulatory references for each section in parenthesis. 


9.2 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


9.3 RESPONSIBILITIES 


9.3.1  General Manager 


The General Manager will ensure that the individuals responsible for oversight of handling 


radioactive material have knowledge of the health and safety protocols associated with the task.     


9.3.2  Plant Manager/Superintendent 


The Plant Manager/Superintendent will ensure the individuals loading or handling radioactive 


materials for shipment are aware of the necessary procedures to initiate and complete the task.  


The Plant Manager/Superintendent will also be responsible for shipping arrangements and the 


necessary documentation to ship radioactive materials on public highways.  The Plant 


Manager/Superintendent will be responsible for arrangements with the consignee to receive the 


shipment including sending consignee a list containing the weight and contents of each 


container, pre-shipment notification of departure and estimated arrival of the shipment. 
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9.3.3  Radiation Safety Officer (RSO) 


The Radiation Safety Officer (RSO) is responsible for ensuring the radioactive material 


shipment is acceptable for shipment including the necessary documentation, radiological 


surveys, and placarding prior to release.  


9.3.4  Health Physics Technician/Radiation Safety Technician (HPT/RST) 


The Health Physics Technician/Radiation Safety Technician (HPT/RST) is responsible for the 


radiological surveys associated with radioactive material shipments to comply with UAC, NRC 


and DOT regulations.  The HPT/RST will ensure that applicable placarding is displayed on the 


required sides of the trailer before release. 


9.3.5  Supervisor 


The Supervisor is responsible for ensuring the individuals assigned the task of loading or 


handling radioactive material have the required DOT Hazardous Materials Regulations (HMR) 


training and the knowledge of the standard operating procedures and safety protocols 


associated with the loading or handling of radioactive material. 


9.3.6  Individual 


The individual performing work is responsible for the safe and proper loading and handling of 


radioactive materials as outlined in the appropriate procedures. 


9.4 RECEIPT AND INSPECTION OF EMPTY DRUMS 


9.4.1  General 


Empty drums are supplied by the fuel processing facility.  These drums are reused as much as 


possible to minimize the generation of byproduct material.  The fuel processing facility is 


responsible to ensure that drums that are shipped for reuse are acceptable for the intended use 


and meet the requirements of DOT and NRC for packaging for radioactive materials.  Similarly, 


it is the responsibility of ARI to ensure that any drum used for packaging yellowcake meets 


these same regulatory requirements.  Therefore, it is important that incoming shipments of 


drums be inspected during unloading for physical condition and compliance with the regulations. 


9.4.2  Drum Receiving and Inspecting 
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Upon arrival, an incoming shipment of returned drums will be moved to the unloading area.  The 


employee accepting the shipment will review the shipping papers.  Drum shipments are made in 


exclusive-use vehicles as “excepted packages for limited quantities of radioactive materials”.  


These shipments are excepted from shipping paper requirements other than they must have a 


notice stating that the package conforms to 49 CFR 173.428 for radioactive material, excepted 


package-empty package, UN2910. 


Upon opening the trailer, to the extent practical, a visual inspection will be performed before 


unloading the drums.  The contents will be inspected to ensure that the load has not shifted 


during shipment, that the visible drums are in an unimpaired condition and securely closed so 


that there is no leakage of radioactive material.  Spot radiation and contamination surveys may 


be performed at the discretion of the RSO or designee using the instructions contained in 


Sections 4 and 5, respectively.  This monitoring is to ensure that the empty drums meet the 


following limits (49 CFR §173.421). 


Radiation level on external package surface:  0.5 mRem/hr (0.005 mSv)   


Loose contamination, low toxicity alpha emitters: 24 dpm/cm2 (2,400 dpm/100 cm2) 


The RSO or designee will determine whether air monitoring is required during the unloading 


operation.  Any air monitoring for airborne radioactive material will be performed in accordance 


with the instructions contained in Section 3.0. 


Due to the unknown extent of potential uranium contamination on the drums and in the trailer, 


other potential airborne contaminants from other types of shipments, and the confined nature of 


the trailer, the RSO or designee will determine if workers who enter the trailer to unload drums 


or sweep it out, must wear a full-face respirator. 


Drums will be unloaded and placed in the drum storage area.  Drums will not be subjected to 


rough handling during unloading operations that could cause damage or the leakage of 


radioactive material.  Drums will be inspected for evidence of damage or leakage.  The RSO or 


designee may perform surveys at any time during unloading operations to ensure that the 


radiation limits (contamination & surface) as listed in Section 9.4.2. If visible yellowcake is 


detected on the outside surface of the drums, unloading operations will cease and the RSO will 


be notified. 
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Drums will be visually inspected during unloading for proper labeling (if required) and 


specification marking.  The specification marking indicates that the drum conforms to DOT 


specifications and is permanently stamped on the side of the drum.  The marking will include 


“1A1” (steel drum, open-top).  The specification marking will also contain the maximum net 


weight in kilograms.  Drums intended for yellowcake packaging should be marked with “400S” 


(or higher), indicating a design specification of 400 kg (886 pounds) of solids. 


Any drums that do not meet the requirements for physical integrity, labeling (if required), 


specification marking, radiation level, or loose alpha contamination will be segregated.  The 


RSO will be notified and appropriate action will be taken.  Drums that do not meet the physical 


integrity requirements may not be used for packaging yellowcake unless they are properly 


reconditioned (49 CFR §173.28(c)).  This type of reconditioning is typically performed by a 


company specializing in drum reconditioning. 


Following completion of unloading operations, the interior of exclusive-use trailers must be 


surveyed for radiation levels and loose radioactive material.  The trailer must meet the radiation 


and loose contamination limits as listed in Section 9.4.2. 


After completion of the survey, the truck will be released or prepared for loading with full drums 


for shipment to the fuel processor. 


9.5 ION EXCHANGE RESIN SHIPMENTS 


Ion exchange resin shipments will be rare.  If these shipments are made on public highways, the 


requirements of UAC, DOT and NRC apply. 


9.5.1  Surveys 


Fill in required information on appropriate form, including: 


 Date, name of surveyor, and resin tractor number or resin load number. 


 Alpha and gamma meter serial numbers and calibration date. 


 Check to show if required placards are in place. 


 Record in the middle of the form whether resin is loaded or unloaded and 


whether it is from a Satellite or the Central Plant (circle the correct location). 


Perform pre-trip gamma and alpha surveys and record results on the appropriate form. 
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Perform the gamma survey using the Model 3 survey meter equipment with a gamma probe, or 


equivalent. 


 The Model 3 (or equivalent) meter is equipped with a detector that has a beta 


window.  When the beta window is open, the G-M detector is visible.  With the 


window closed, the G-M detector is not visible, thereby limiting the measurement 


to only gamma radiation.  Perform gamma surveys with the window closed. 


 Conduct a battery check by selecting ”BAT”.  The meter scale should deflect to 


the battery check portion of the meter scale.  If the response is not acceptable, 


replace the batteries or contact the Radiation Safety Department for assistance. 


 Conduct the instrument response check by selecting the lowest scale and placing 


the detector next to an appropriate gamma check source.  The instrument must 


respond to the source to be considered in working condition.  If response is 


obtained, check the box labeled “Response Check” in the upper left hand corner 


of the form. 


 Perform the gamma survey at the surface and 2 meters from the trailer 


containing ion exchange resin at the locations shown on the form.  Also, perform 


the survey at the driver’s seat within the tractor.  Record all readings in mR/hr on 


the form.   


NOTE: It is not necessary to obtain a background gamma measurement. 


Perform the alpha survey using the Model 3 rate meter with the Model 43-5 alpha detector, or 


equivalent. 


 Conduct battery check as above for the gamma meter. 


 Conduct an instrument response check by holding the probe adjacent to an 


appropriate alpha check source. 


 If the alpha meter does not appear to be operating properly, obtain a different 


meter and contact the Radiation Safety Department. 


 Holding the probe in the air determine background rate in cpm. 


 Survey the tractor and trailer at the locations shown on the survey form by 


holding the probe within ⅛ to ¼ inches of the surface.  The probe should not be 


moved until the reading stabilizes.  Subtract background from the survey reading 


and record on the form. 


 Record the survey results on the survey form and then calculate the dpm/100 


cm2 using the following formula: 
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   dpm/100 cm2 =  cpm x Size Correction Factor   
         Efficiency 
 
   Also record dpm/100 cm2 on the form for each location. 
 


 If the survey results indicate alpha activity greater than the limit of 2,400 dpm/100 


cm2, the contaminated area(s) must be cleaned and resurveyed to ensure 


contamination has been removed. 


9.6 YELLOWCAKE SHIPMENTS 


9.6.1  General 


Yellowcake shipments are made in exclusive-use van shipments.  Exclusive-use means that the 


shipment is for the sole use of the shipper and that any loading or unloading is carried out at the 


direction of the consignor (shipper) or consignee (the fuel processor).   


Specific instructions must be provided to the carrier to maintain the exclusive-use status of the 


shipment.  Shipping papers must meet the DOT requirements. 


Yellowcake is typically packaged in 55-gallon drums that must meet the DOT definition of 


“strong, tight” containers.  These containers must be capable of containing the yellowcake under 


“conditions normally incident to transport”.  All drums must be sealed and not have any damage 


that could allow yellowcake to leak during shipment. 


Shipments of slurry may also be made in a slurry trailer or in drums. 


Shipments must meet UAC, DOT and NRC requirements for radiation levels and loose 


radioactive contamination for exclusive-use shipments.  Drums of yellowcake will not exceed the 


radiation limit of 200 mRem/hr (2 mSv/hr) on contact for non-exclusive use shipments.  The 


loose alpha contamination limit for drums at the beginning of transport is 24 dpm/cm2.  Drums 


must be properly labeled. 


9.6.2  Prerequisites Before Shipment 


Drums are prepared for use before loading them with yellowcake.  This preparation includes 


inspection for damage to the integrity of the drum.  Drums must not have damage that could 


affect the integrity of the container.  The lids must have competent sealing rings and an intact lid 
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gasket.  Following inspection, the exterior surfaces of the drums are cleaned to remove any rust 


or foreign material.  The drums may be painted and stenciled in preparation for loading, or this 


step may be performed after they are loaded.  Any drums that do not meet the requirements for 


a strong, tight package may not be used for shipment of yellowcake unless a qualified drum 


reconditioner has reconditioned them (49 CFR §173.28(c)).  These drums may be properly 


disposed of, used at the facility in an appropriate application, or may be used as a waste drum, 


provided all markings and labels are removed. . 


After packaging, check the lid ring and closure bolt for proper fit and tightness.  Ensure the lid 


gasket is properly seated and there are no air leaks.  Proper tightening of the lid ring may be 


checked by striking the bolt of the ring with a rubber mallet to determine if the ring moves.  If a 


leak is detected, the drum needs to be removed to the packaging room where an operator will 


remove the lid and reseat the gasket properly.  If this does not solve the problem, the lid and/or 


gasket should be replaced. 


NOTE: Reseating the gasket and lid must be done in the packaging area to minimize and 


control the potential for airborne radioactive material. 


After loading with yellowcake, the external surfaces of the drums are cleaned to remove any 


loose radioactive material.  Initial cleaning is typically performed as the drum is removed from 


the packaging area.  More thorough cleaning is performed at least once before shipment using 


a pressure washer or other suitable washing mechanism.  Loose water is removed from the top 


of the drums with a sponge after washing.  All visible yellowcake is removed during the cleaning 


operations. 


Before shipment and after cleaning, all drums are surveyed for radiation levels and radioactive 


contamination.  Drums must be completely dry before performing alpha contamination surveys.  


Particular areas requiring attention during surveys include the drum bottom, the lid, around the 


drum ring, and at the bolt closure.  If the total alpha contamination survey results exceed an 


action level of 1,800 dpm/100 cm2 (75% of the removable contamination limit of 2,400 dpm/100 


cm2), a removable contamination survey will be performed.   


Drums must be properly labeled.  For domestic shipments, packages are excepted from the 


labeling and marking requirements.  However, they must be stenciled or marked “Radioactive – 
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LSA”.  International shipments must be labeled “Radioactive – Yellow II” (49 CFR §172.402) on 


two sides.  Label location on each drum is to be between the top drum chine and the lid, 


approximately 180 degrees apart, with the wording running horizontally.  The label blanks must 


be filled with the following data: 


 Contents: Natural Uranium/LSA  


 Activity: 8 GBq  


 Transport Index: As required 


The Transport Index on the label refers to the maximum gamma dose rate at one meter from 


the package in mrem/hr.  Drums are also marked with production information such as Lot 


Number, weight, etc.  The net weight in kilograms must not exceed the maximum net weight of 


the drum contained on the specification marking.  


9.6.3  Making Yellowcake Shipments 


Ensure that all of the preparations before shipment listed in Section 9.6.2 above have been 


completed for each of the drums to be shipped. 


A gamma survey and an alpha contamination survey will be performed on the empty trailer 


before loading. The trailer must meet the limits discussed in Section 9.4.2  The results will be 


documented on the appropriate survey form.  A total alpha contamination survey will be 


performed.  If results indicate contamination in excess of 1,800 dpm/100 cm2 (75% of the limit of 


2,400 dpm/100 cm2), a removable alpha contamination survey will be performed.  Removable 


alpha surveys must cover 300 cm2 to meet DOT requirements (49 CFR §173.443). 


Drums of yellowcake will be loaded on the trailer.  Drums will be handled in such a manner that 


will not cause damage to the drum.  Drums must be loaded or braced such that they will not 


shift during transportation. 


After completion of loading operations, a gamma survey will be performed on the truck.  The 


results of the survey will be properly documented.  The tractor and trailer will be surveyed to 


ensure that they meet the following limits: 


Surface of the Trailer:    200 mRem/hr maximum (2 mSv/hr) 
2 meters (6.6 feet) from Trailer:  10 mRem/hr maximum (0.1 mSv/hr) 
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Normally occupied space in cab: 2 mRem (0.02 mSv/hr) maximum; (may be higher if 
driver has dosimetry). 


 


The truck will be properly placarded on four sides.  Shipments of yellowcake require a 


“Radioactive - 7” placard.  The identification marking (i.e., UN2912) is optional for non-bulk 


shipments and may be placed adjacent to the Radioactive placards using orange labels or white 


square-on-point signs. 


Shipping papers will be prepared.  The completed package consists of the following documents: 


 Bill of Lading; 


 Shipping Paper cover sheet with description of contents and Exclusive Use 


instructions (domestic shipments); 


 DOE/NRC Form 741, Nuclear Material Transaction Report; 


 DOE/NRC Form 740 (M), Concise Note (international shipments); 


 Shipper’s Export Declaration (international shipments); 


 Import License (international shipments); 


 Radioactive Materials Shipment Survey form; 


 Drum Survey Form; 


 Removable Alpha Survey Form (if required); 


 Emergency Telephone Number List; 


 Accident Questionnaire; 


 Emergency Procedures; and  


 Driver Responsibility Statement. 


Ensure that the driver has a current copy of the emergency procedure and contact list. 


9.6.4  Making Yellowcake Slurry Shipments 


The slurry trailer is loaded with yellowcake and decanted of excess water before measuring the 


quantity of yellowcake in the trailer.  Slurry may also be shipped in 55-gallon drums meeting the 


requirements of Section 9.4.2.  When shipping slurry in 55-gallon drums, an appropriate drum 


liner may be used and the sealing system for the drum lid will be closely inspected.  After it has 


been determined that the slurry trailer is fully loaded and decanted, the top manhole covers are 
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bolted in place and the trailer is washed down.  The drain valves to the manhole sumps are 


opened and the manhole covers and sumps are washed down with a garden hose to clean up 


any yellowcake that may have been splashed during loading operations.  The drain valves are 


left open until all of the water has drained out.  After the manhole sumps have been cleaned, the 


entire trailer is washed with the power washer and allowed to dry. 


Once the trailer has dried, a visual inspection is performed to ensure that no visible yellowcake 


remains.  At this time, the lids to the manhole sumps and the drain valves should all be closed.  


Padlocks and security seals should be placed on each lid to prevent tampering after the trailer 


has left the plant.  The placarding of the trailer will also be examined during the visual inspection 


to verify that appropriate placards are in place and clearly visible.  Bulk shipments must be 


marked with the identification number, UN2912. 


Instrument surveys for total alpha contamination and gamma dose rate are then performed on 


the trailer.  The action level for alpha contamination is 1,800 dpm/100 cm2.   If this limit is 


exceeded a smear sample for removable alpha is taken to determine if it is necessary to re-


wash the trailer.  Smear sample results in excess of 50 percent of the action level will require 


that the trailer be re-washed and resurveyed before release.  Removable alpha surveys must 


cover 300 cm2 to meet DOT requirements. 


After acceptable survey results are received, the trailer is released.  The driver is provided with 


copies of all of the required (ARI, UAC, DOT & NRC) documents. 


9.7 Byproduct Material Shipments 


9.7.1  General 


Due to the tailings pond cell, byproduct material shipments will be rare, however, if required, 


they are usually made in exclusive-use van or roll-off container shipments.  Exclusive-use 


means that the shipment is for the sole use of the shipper and that any loading or unloading is 


carried out at the direction of the consignor or consignee (the disposal site).  The shipper must 


provide specific instructions to the carrier to maintain the exclusive-use status of the shipment.  


Shipping papers must meet the DOT requirements. 
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Under the agreement with the disposal site, the waste may consist of soil, sand, rocks, 


demolition debris, concrete rubble, filters, liners, pipe and other material and equipment.  Each 


item may be limited in total volume and dimension by the disposal agreement. 


The byproduct material may be packaged in 55-gallon drums that meet the DOT definition of 


“strong, tight” containers.  These containers must be capable of containing the byproduct 


material under “conditions normally incident to transport”.  All drums must be sealed and not 


have any damage that could allow waste to leak during shipment.  Waste may also be shipped 


in other packaging with similar containment capabilities.  Bulk material may be shipped with 


proper containment of loose material.  Bulk shipments typically involve roll-off containers 


designed for bulk waste materials.  The roll-off container must meet DOT requirements for 


strong, tight containers if used for unpackaged bulk materials. 


Shipments must meet UAC, DOT and NRC requirements for radiation levels and loose 


radioactive contamination for exclusive-use shipments.  Waste containers will not exceed the 


radiation limit of 200 mRem/hr (2 mSv/hr) on contact for non-exclusive use shipments.  The 


loose alpha contamination limit for packages at the beginning of transport is 24 dpm/cm2.  


Packages must be properly labeled. 


9.7.2  Waste Packaging and Preparation 


Waste should be prepared for shipment before arrival of the transport vehicle.  This preparation 


includes inspection of the package for damage.  Drums that have been found to be 


unacceptable for reuse for yellowcake shipping may be used as a waste drum under the 


following conditions (49 CFR §173.12(c)): 


 The waste must be properly packaged; 


 Transportation must be by highway only; 


 Package is not offered for transportation less than 24 hours after it is finally 


closed; 


 Each package is inspected for leakage and is found to be free from leaks 


immediately prior to shipment; 


 Package is loaded by the shipper and unloaded by consignee (disposal site) 


unless the carrier is a private or contract carrier; 
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 Package may be used only once and may not be reused unless it is 


reconditioned as described in 49 CFR §173.28(c). 


The RSO or designee shall confirm that the waste meets the disposal site acceptance criteria 


including specifications such as allowable void volume, pretreatment requirements (e.g., 


chipping or crushing), presence of liquid, and allowable radioactivity concentrations for specific 


radionuclides.  These criteria are generally contained in the agreement with the disposal site.   


The personnel loading the drum (or package) will complete the appropriate inventory form.  


Contents will be described.  Following loading, the package will be weighed and the weight will 


be recorded.  The net weight packaged in drums must not exceed the maximum net weight in 


kilograms contained on the specification marking discussed in Section 9.4.2 


The waste generator is responsible for performing sampling and having waste samples 


analyzed for radionuclides, hazardous (RCRA) contaminants, and other characteristics as 


required by the disposal site.  The amount and type of sampling is typically determined in 


consultation with the disposal site based upon the completed waste inventory.  Samples from 


specific packages will be taken and analyzed as determined necessary.  An original report of 


the analysis must be provided to the disposal site before scheduling delivery of the waste 


shipment. 


After loading with waste, packages must be cleaned to remove any loose radioactive material.  


Packages are typically stored in the byproduct material storage area until a full shipment of 


material is available. 


Before shipment and after cleaning, all packages are surveyed for gamma levels and loose 


radioactive contamination.  Packages must be completely dry before performing alpha 


contamination surveys.  Survey results for each package are properly documented. 


Packages must be properly labeled.  For domestic shipments, packages are excepted from the 


labeling and marking requirements.  However, they must be stenciled or marked “Radioactive – 


LSA”. 


Byproduct material packages must be inspected for leaks immediately before shipment.  For 


drums that were not acceptable for yellowcake shipments and that were not reconditioned, 


these drums must not be finally sealed less than 24 hours before shipment. 
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The disposal site must be notified before actual delivery of the waste shipment in accordance 


with the disposal agreement. 


9.7.3  Making Byproduct Material Shipments 


Ensure that all of the preparations before shipment listed in this Section have been completed 


for the shipment. 


A gamma survey and alpha contamination survey will be performed on the empty trailer before 


loading.  The trailer must meet the limits as previously discussed   The results will be properly 


documented.  A total alpha contamination survey will be performed.  If results indicate 


contamination in excess of 1,800 dpm/100 cm2, a removable alpha contamination survey will be 


performed.  Removable alpha surveys must cover 300 cm2 to meet DOT requirements. 


Waste packages will be loaded on the trailer.  Packages will be handled in such a manner that 


will not cause damage to the package.  Packages must be loaded or braced such that they will 


not shift during transportation. 


After completion of loading operations, a gamma survey will be performed on the truck.  The 


tractor and trailer will be surveyed to ensure that they meet the following limits: 


Surface of the Trailer:    200 mRem/hr maximum (2 mSv/hr) 
2 meters (6.6 feet) from Trailer:  10 mRem/hr maximum (0.1 mSv/hr) 


Normally occupied space in cab: 2 mRem (0.02 mSv/hr) maximum; (may be higher if 
driver has dosimetry). 


The truck will be properly placarded.  Shipments of byproduct material require a “Radioactive - 


7” placard.  Bulk shipments must be marked with the identification number, UN2912. 


Shipping papers will be prepared.  The completed package consists of the following documents: 


 Bill of Lading; 


 Shipping Paper cover sheet with description of contents and Exclusive Use 


instructions; 


 Radioactive Materials Shipment Survey form; 


 Radioactive Materials Shipment Total Alpha Survey Form; 


 Removable Alpha Survey Form (if required);  
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 Drum Inventory Log; 


 Emergency Telephone Number List; 


 Accident Questionnaire; 


 Emergency Procedures for byproduct material; and  


 Driver Responsibility Statement. 


Ensure that the driver has a current copy of the emergency procedure(s) and contact list.   


9.8 DOCUMENTATION 


All surveys and other documentation required by this Section will be documented on forms 


approved by the RSO.  All documentation will be maintained on file. 
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10.0 RADIOLOGICAL LABORATORY PROGRAMS 


10.1 PURPOSE 


ARI uses various types of field survey and laboratory counting instruments to determine 


concentrations of radioactive material and radiation levels.  These surveys are conducted in 


order to meet the requirements contained in UAC R2313-15.  This Section sets forth the 


requirements and instructions for operating these survey and counting systems and for 


performing routine radiological instrument checks and calibrations to ensure that instrument 


indications are accurate.  This Section also contains instructions for ensuring that samplers 


used to determine concentrations of radioactive material in air are functioning properly.   


10.2 DEFINITIONS 


Definitions of terms used in this section are found in the Glossary contained in Appendix A. 


10.3 INSTRUMENT CALIBRATION 


10.3.1  Survey Instrument Calibration 


The manufacturer, a trained ARI employee, or a properly licensed calibration facility shall 


calibrate portable survey instruments, counter/scalers, mass flow meters and/or dry cell 


calibrators, and calibration sources.   Radiological survey instruments are to be calibrated at a 


frequency specified in the radioactive materials license, or as specified by the manufacturer 


when the instruments are in use.  Instruments that require  electronic calibration shall be 


calibrated  using a pulser, as a secondary traceable to NIST. Instruments that require calibration 


by using a radiation source. shall be calibrated with a source traceable to NIST.  The specific 


calibration requirements for various types of instrument are given in the following sections. 


10.3.1.1 Linear and Digital Readout Instruments 


Linear readout instruments with a single calibration control for all scales shall be adjusted at the 


point recommended by the manufacturer.  Instruments with calibration controls for each scale 


must be adjusted on all scales.  After adjustment, the instrument must be checked near the end 


points (approximately 20% and 80% of full scale). 


10.3.1.2 Logarithmic Readout Instruments 
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Logarithmic readout instruments normally have two or more adjustments.  The instrument must 


be adjusted for each scale as recommended by the manufacturer.  After adjustment, the 


instrument must be checked at a minimum of one point on each decade. 


10.3.1.3 Surface Contamination Measurement Instruments 


Alpha and beta-gamma detection instruments usually consist of a count rate meter and a 


separate detector.  The electronics and the detector may be calibrated together or separately.  


The detector should be calibrated with the radionuclide to be detected, if possible, or with 


radionuclides of similar energies.  When the instrument is calibrated as an integral unit, a 


minimum of one point on each scale is calibrated.  When calibrated separately, the count rate 


meter is calibrated with an electronic pulser.  Exchange of detectors is allowed if the response 


to a calibrated check source is within the range of acceptable counts for the original probe and 


check source  


10.3.1.4 Radioactive Calibration Sources 


Calibration sources are to be used to determine instrument operating parameters such as high 


voltage setting, reliability factor, and efficiency.  Depending on the half-life of the radionuclide 


used for the source, decay correction may also be necessary during use to ensure accuracy.  


Decay correction of sources is discussed in further detail in Section 10.4.2.6. 


10.3.1.5 Calibration Records 


The calibration vendor shall provide a record of all calibration, maintenance, repair, or 


modification.  Calibration records will be filed with all previous records for the same instrument.  


In addition, each instrument will be labeled with the following information: 


 Date of most recent calibration; 


 Initials of calibrator; 


 Date that primary calibration is again required; 


 Special use or limitations (if applicable); 


 Serial number of the instrument. 


10.3.1.6 Calibration Frequency 
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Calibration frequency is annually + 15 days or at the frequency recommended by the 


manufacturer, whichever is more frequent.  Where instruments are subjected to extreme 


operational conditions, hard usage, multishift use, or corrosive environments, the RSO should 


consider increasing the calibration frequency.  The calibration vendor should provide the as-


found calibration condition for each instrument.  If greater than 10% of the instruments are out of 


calibration when received by the calibration vendor, consideration should be given to increasing 


the calibration frequency. 


10.3.2  On-Site Calibration 


On site calibration of air samplers is performed using procedures found in Section 10.6.  


Regulated air samplers (Eberline RAS-1 or equivalent), breathing zone samplers and high 


volume air samplers are calibrated semiannually or at the manufacturer’s recommended 


frequency, whichever is more frequent.  Air samplers should be labeled with the date of 


calibration, correction factors (if applicable), date of next calibration, and initials of the calibrator. 


10.4 FUNCTIONAL TESTS 


Functional tests are performed at the uranium recovery facility to ensure that an instrument is 


acceptable for use.  The functional tests are checks that are often qualitative and consider the 


physical condition of the instrument (e.g., battery condition) and response of the instrument to a 


radioactive source.  These checks are compared to the known response of the instrument after 


the most recent calibration to ensure instrument accuracy. 


10.4.1  Initial Instrument Checks 


Initial instrument checks are performed initially after receipt of the instrument from the 


calibration vendor.  The results of these initial instrument checks are recorded and are used to 


ensure that a system continues to operate in as-received condition until the next scheduled 


calibration.  These functional tests are also performed after any repair or if the response of the 


instrument to a known source is questioned. 


10.4.1.1 Instrument Reliability Factor 


The instrument reliability factor (RF) will indicate whether an instrument is operating properly 


within the statistical limits of counter reliability.  The reliability factor is determined initially after 
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receiving the appropriate type of instrument from the calibration vendor.  The reliability factor 


should also be determined for an instrument that has not been in service for an extended period 


or for an instrument that has a daily source check count that falls outside the acceptable range.  


Determine the reliability factor as follows: 


 Perform ten 1-minute counts of a source of known activity.  Record the total 


counts for each measurement (C1 through C10). 


 Determine the average (Cave) of the ten 1-minute counts:  


 


Cave = (C1 + C2 + ...C10)     or C 


   10      n 
 


 Calculate the sum of the squares (SS) as follows: 


 
Subtract the average counts (Cave) from each of the ten measurements and square 
each difference.  Add together the ten results (each will be a positive number). 


 


SS = (C1- Cave)
2 + (C2- Cave)


2 + ...(C10- Cave)
2 


 


 Calculate the observed standard deviation (Sn): 


 
 
Where:  SS = Sum of the Squares 
  n = Number of Observations (10) 
 


 Calculate the theoretical standard deviation (n): 


 


n =    Cave 
 


Where:  Cave = Average source count rate 


 


 Calculate the resulting reliability factor (RF): 


 


1



n


SS
Sn
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RF = observed standard deviation  = Sn 


  theoretical standard deviation   n 


 


 The reliability factor should be between 0.64 and 1.22.  This implies that the 


instrument is operating reliably.  A reliability factor between 0.50 and 0.64 or 1.22 


and 1.40 will be investigated by the RSO or designee.  A reliability factor less 


than 0.50 or greater than 1.40 is unsatisfactory and the instrument will be 


removed from service.   


10.4.1.2 Acceptable Range 


The acceptable range should be determined for an instrument each time that the reliability factor 


is determined as discussed in previous section.  The acceptable range will allow a quick 


determination that the daily source count performed for a specific instrument is within 


satisfactory limits.  Note that the daily source count must be performed using the same 


calibrated source that was used to determine the reliability factor.  Determine the acceptable 


range as follows: 


 Determine the average source counts (Cave) for the source . 


 Determine the lower limit of the acceptable range by multiplying the average 


source counts (Cave) by 0.80. 


Lower acceptable counts = Cave  x  0.80 
 


 Determine the upper limit of the acceptable range by multiplying the average 


source counts (Cave) by 1.20. 


Upper acceptable counts = Cave  x  1.20 
 


 Record the upper and lower limits of the acceptable range for the instrument on 


the appropriate instrument daily check form. 


10.4.1.3 High Voltage Plateau 


The instrument high voltage plateau will indicate whether or not the high voltage applied to the 


instrument detector is set at the appropriate point for maximum sensitivity with minimal influence 


from background radiation levels.  The high voltage plateau is performed initially after receiving 


the appropriate type of instrument from the calibration vendor.  The purpose of this high voltage 


plateau is to confirm the high voltage selected by the calibration vendor is appropriate.  A 
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secondary purpose is to ensure that the setting was not affected by shipment of the instrument.  


A high voltage plateau should also be performed on an instrument when a new detector is 


installed or when there is a noticeable degradation in instrument performance as indicated by 


the daily functional tests.  Performance problems would include a decrease in the instrument 


efficiency over time or erratic results indicated by a daily source check count that falls outside  


the acceptable range determined in Section 10.4.1.2  Perform the high voltage plateau as 


follows: 


NOTE: This section contains general instructions for performing a high voltage plateau.  Consult 


the appropriate instrument technical manual for specific instructions. 


 Check that the power is OFF and that the high voltage setting is set at 0 or a 


setting where no counts are detected.  Ensure that the detector is connected to 


the instrument with the proper cable. 


 Insert an appropriate calibrated radiation source in the sample counting position. 


 Turn the power switch and the HV switch (if appropriate) to ON. 


 Slowly increase the high voltage until counts begin to register on the instrument.  


This is the counting threshold. 


 Starting at the nearest even volt increment above the counting threshold, take 


one to two minute counts for every 0.5 HV increment until the counts start to 


increase.  For each data point, plot the total counts (or count rate) versus the 


high voltage setting.  (Smaller HV increments may be used if necessary to 


produce a smoother curve).   


 Draw a smooth curve through the data points.  A region should be indicated 


where very little change in count rate occurs with successive changes in the high 


voltage.  This region is the high voltage plateau. 


 Repeat the previous steps without a source in the counting position.  Plot the 


data on the same graph that the source data was plotted on. 


 The operating high voltage should be chosen to be in the middle or upper 2/3 of 


the high voltage plateau but not in the area of the background curve where 


source counts are increasing exponentially.  The operating high voltage is 


chosen to optimize sensitivity and efficiency. 


 The chosen high voltage should be compared with the high voltage setting 


selected by the calibration vendor.  Any significant differences between these two 


high voltage settings should be investigated by the RSO or designee.. 
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10.4.1.4 Lower Limit of Detection (LLD) 


The instrument lower limit of detection (LLD) is the smallest concentration of radioactive 


material that has a 95 percent probability of being detected.  The LLD will determine whether 


the instrument and counting procedures are capable of detecting the presence of radioactive 


material below the allowable regulatory limits (i.e., allowable air concentrations or removable 


activity concentrations).  The LLD is a determination of sensitivity for a measurement system 


and is not intended to be calculated for individual samples.   


If the LLD is at or above the allowable limit, adjustments will be made to reduce it to an 


acceptable level.  Typically, the counting system LLD should be 10 percent of the allowable 


limit.  In no case should the LLD be above 50% of the allowable limit.  Increasing the sample 


count time, increasing the sample volume, or reducing background levels will lower the LLD.     


The LLD is determined initially after receiving the instrument from the calibration vendor.  LLD 


should also be determined for an instrument that has not been in service for an extended period 


or for an instrument that has required repairs or a high voltage plateau.   


Determine the LLD for air, liquid, or solid samples as follows: 


LLD =  3 + (4.65 Sb)   


   (3.7 x 104) EVYe-t 
 


Where:  
 


LLD  = Lower Limit of Detection (µCi/ml or µCi/g) 
Sb  = the standard deviation of the background count rate (cps) 
3.7 E4  = the number of disintegrations per second per µCi (dps/µCi) 
E  = the counting efficiency (counts per disintegration) 
V  = sample volume (milliliters or gram) 
Y  = the fractional chemical yield (if applicable) 


  = Decay constant for the particular radioisotope 
t  = Time elapsed between sample collection and counting 


 


For determining the LLD for radon daughters, do not use the factor to change units from dps to 


µCi (3.7 x 104).  Determine the LLD in dpm/liter.  Then, use the correction factor discussed in 


NRC Regulatory Guide 8.30 to correct from dpm/liter to Working Levels (WL).   


Determine the LLD for surface contamination samples as follows: 
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LLD =  3 + (4.65Sb)  


   (3.7 x 104) EAYe-t 
 


Where:  
 


LLD  = Lower Limit of Detection (µCi per unit area) 
Sb  = the standard deviation of the background count rate (cpm) 
3.7 E4  = the number of disintegrations per second per µCi (dps/µCi) 
E  = the counting efficiency (counts per disintegration) 
A  = area sampled, usually 100 cm2 
Y  = the fractional chemical yield (if applicable) 


  = Decay constant for the particular radioisotope 
t  = Time elapsed between sample collection and counting 


 


The result in µCi/area may be converted to dpm using the conversion of 2.22 x 106 dpm/µCi.  


This equation may also be used to determine the LLD for direct measurements with a portable 


instrument (i.e., total surface contamination).  If a rate meter is used, t = instrument response 


time (i.e., 1 to 10 seconds). 


10.4.2  Instrument Checks 


Regulatory Guide 8.30 specifies requirements for routine maintenance and calibration of 


radiological surveys instruments.  Regulatory Guide 8.30 also references the standards 


contained in ANSI N323-1978, Radiation Protection Instrumentation Test and Calibration.  ANSI 


is in the process of a major revision of this Standard that will result in three separate Standards 


that apply to radiological instrumentation.  The first revision, ANSI-N323A-1997, Radiation 


Protection Instrumentation Test and Calibration, Portable Survey Instruments, was incorporated 


in this Section.  Where conflicts arise between Regulatory Guide 8.30 and the ANSI Standard, 


the Regulatory Guide recommendations should be followed. 


10.4.2.1 Calibration Verification 


Any survey or counting equipment in use shall have a current calibration sticker in place.  


Calibration stickers shall be checked before use of these instruments.  Calibration date and due 


date will be recorded on the appropriate form. 


Air samplers shall have a current calibration sticker in place.  Calibration stickers shall be 


checked each day before use of these regulated air samplers.  Breathing zone samplers do not 
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require calibration stickers if they are calibrated before each use.  Calibration results will be 


recorded on the appropriate form. 


10.4.2.2 Physical Check 


Before each use, all instruments and samplers shall be inspected for physical condition.  The 


inspection should include determining whether there are any loose or damaged knobs, buttons, 


cables, or connectors.  Meter movements or displays should be inspected for damage.  


Instrument cases should be inspected for dents or corrosion.  Probes should be inspected for 


damage such as punctured or deformed probes or probe windows. 


An instrument that has any physical damage should not be placed in service.  Repairs shall be 


made and documented. 


10.4.2.3 Battery/High Voltage Check 


The battery check is performed to determine the condition of the instrument’s batteries.  This 


check is important to ensure that there is sufficient voltage being supplied to the detector and 


the instrument circuitry.  The battery check will be performed in accordance with the instructions 


contained in the appropriate instrument technical manual.  If the battery check is unsatisfactory, 


refer to the technical manual for instruction for replacement of batteries and repeat the check.  If 


results are still not satisfactory, remove the instrument from service until repairs can be made.  


Repairs shall be made and documented. 


High voltage checks shall be performed in accordance with the appropriate instrument technical 


manual.  The purpose of the high voltage check is to ensure that the proper voltage is being 


applied to the detector.  The high voltage setting is provided by the instrument calibration 


vendor on the calibration certificate or is determined by performing a high voltage plateau. 


10.4.2.4 Response Source Check 


The response source check is made to ensure that the instrument in use will respond to a 


known source of radiation.  The response check does not result in determination of efficiency or 


the instrument correction factor.  The response check is typically performed before each day or 


before each use and indicates that the instrument has not sustained damage that would prevent 
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it from detecting radiation.  An example of a response check would be checking an alpha 


contamination survey meter at a restricted area access point with a check source. 


Perform a response source check as follows: 


 Determine background radiation level.  Background must be low enough to allow 


a measurable response to the source being used. 


 Ensure that the instrument is on the appropriate scale for the activity of the 


source in use. 


 Ensure that the instrument audible device is on (if applicable). 


 Slowly move the instrument detector towards the source and observe for an 


increase in the audible response and/or visual indicator reading. 


 If the instrument has a large area probe (e.g., Ludlum 43-5 alpha detector with 50 


cm2 surface area), ensure that the detector responds to the check source through 


its entire active surface area. 


10.4.2.5 Background Measurement 


Background measurements for radiation survey instruments are performed as 


scheduled in Section 10.4.2.4.  Local background may need to be determined 


before a particular use, such as performing a gamma radiation survey for 


characterization of potential contamination.  Perform this type of background 


measurement as follows: 


 Place the instrument in the lowest scale and press the reset button (if applicable). 


 Allow adequate time for the instrument reading to stabilize.   


 Record the instrument reading and compare it to previous background readings. 


Background measurements for scaler type instruments are used to evaluate the radiation level 


in the area where the instrument is located.  High background radiation levels will affect the 


sensitivity of scaler type instruments and will adversely affect the lower limit of detection (LLD).  


Perform a background determination on a scaler type instrument as follows: 


 Ensure that the sample tray or holder is clean (if applicable).  The detector and 


sample holder geometry should be in the same configuration as that which will be 


used when counting samples. 
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 Select the desired counting time.  The selected time must be consistently used 


thereafter to perform the source count and the sample and/or smear counting 


operations.  Since the counting time directly affects the instrument’s LLD, it must 


be long enough to obtain the desired LLD, but should be short enough to be 


practical. 


 Count the background for the selected time period and record the total counts 


measured. 


 Repeat the background measurement a number of times.  A guideline is the 


count time x the number of measurements should equal 20 minutes or ten 


measurements, whichever is less. 


 Calculate the average background reading (Cb) in counts per minute (cpm): 


 


Cb = C1 + C2 +..  C10 
   t       t          t 
   n 


 
Where: C1 through C10 = Total counts for each background measurement; 
  t = Counting time; 
  n = Number of measurements made. 
 


 Record the average background reading, the count time, and the number of 


counts. 


10.4.2.6 Determination of Efficiency and Correction Factor 


Instrument efficiency (E) is determined to check instrument performance when measured with a 


source of known activity of a particular radioisotope.  A correction factor (CF) is determined that 


allows conversion of instrument counts per minute (cpm) to disintegrations per minute (dpm) 


and is the inverse of the known efficiency (i.e., 1/E). 


Determine the instrument efficiency as follows using a source of known activity: 


 Correct the source activity for decay (if necessary) as follows: 


A = Ao e
-t  ;  = ln (2) 


         T1/2 


 
Where:  A = Present source activity in dpm; 


Ao = Initial source activity at time of assay; 


 = Decay constant for source radioisotope; 
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t = Time elapsed since initial source assay (hours); 
  T1/2 = Source radioisotope half life (in hours); 
  ln (2) = Natural logarithm of 2 (approximately 0.693). 
 


 Count the source for the same period of time as used in the background 


measurement. 


 For surface contamination survey probes, place the probe face down against the 


active side of the source.  For an Eberline AC-3 or Ludlum 43-5 alpha probe, 


perform three counts, one on each third of the probe face (i.e., toe, center, and 


heel).  Determine the average of the three counts to use in determining efficiency 


and correction factor.  For smaller probes such as the Ludlum 43-65, perform 


one source count in the center of the probe. 


 Record the total counts, divide by the counting time period, and subtract the 


background cpm to calculate the efficiency (E) using the following formula: 


 
E =  Net cpm Measured   = cpm 
  Actual Source Activity (decay corrected)  dpm 
 


Where:  Net cpm = Total measure source cpm – Background (Cb) 
 
 


 Calculate the corresponding correction factor (CF): 


 
 


CF =  1    = dpm 
  Efficiency (E)     cpm 


 


 


 Record the calculated efficiency and correction factor on the appropriate form. 


 Compare the source counts with the acceptable range for the specific instrument 


and source as discussed in Section 0.  If the source counts do not fall within the 


acceptable range, do not place the instrument in service and notify the RSO. 


The instrument dpm Factor may be determined for contamination survey instruments to correct 


the indicated cpm to dpm per 100 cm2.  This factor is typically determined for instruments that 


are used for performing total surface contamination surveys since the action levels and 


regulatory limits are expressed in units of dpm/100 cm2.  Determine the dpm factor as follows: 


 Divide 100 by the effective surface area of the probe face to obtain the multiplier 


that will convert the results into dpm/100 cm2.  The effective surface area of the 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


10-13 


probe will always be listed in the instrument technical manual.  For example, the 


effective surface area of the Eberline AC-3 alpha scintillation probe is 59 cm2 so 


the multiplier for the AC-3 is 1.7.  The effective surface area for the Ludlum 43-5 


and the 43-65 probes is 50 cm2 so the multiplier for both probes is 2.0.  


Multiplying this number by the correction factor will obtain the dpm factor.  The 


dpm factor will correct indicated cpm to dpm/100 cm2. 


10.4.3  Instrument Check Schedules 


Routine checks of radiation survey and counting instruments are made to ensure that the 


instrument is responding accurately and is in proper condition for field use.  This section 


provides the check schedule for each type of instrument based on the guidance contained in 


Regulatory Guide 8.30. Specific instructions for performing these checks on each instrument are 


contained in the appropriate instrument technical manual. 


10.4.3.1 Radiation Survey Instruments 


Radiation survey type instruments include the Ludlum Model 3 Gamma Survey Meter and the 


Ludlum Model 19 microR Meter or equivalent.  These instruments require the following checks 


at the noted frequency: 


 Physical check – Daily when in use 


 Battery Check (if applicable) – Daily when in use  


 Response source check – Daily when in use  


 Calibration verification – Daily when in use 


 Background measurement – Daily or before each use, 


 


10.4.3.2 Surface Contamination Instruments 


Surface contamination instruments are used to measure alpha and beta-gamma surface 


contamination levels and include the Ludlum Model 2241 Ratemeter/Scaler Survey Meter.  


These instruments require the following checks at the noted frequency: 


 Response source check – Before each use  


 Battery Check (if applicable) – Daily when in use  


 High Voltage Check (if applicable) – Daily when in use ; 
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 Calibration verification check – Daily when in use  


 Background measurement – Daily or before each use ; 


 Determination of efficiency/correction factor – Daily when in use 


 Determination of instrument reliability factor – Initially after calibration  


10.4.3.3 Scaler Type Instruments 


Scaler type instruments are used to analyze the alpha contamination on air filters and loose 


surface contamination (“smear”) samples.  These instruments consist of a detector and a scaler 


and include the Ludlum Model 2000 Scaler or equivalent. These instruments require the 


following checks at the noted frequency: 


 Physical check – Daily when in use  


 Battery Check (if applicable) – Daily when in use  


 High Voltage Check (if applicable) – Daily when in use ; 


 Calibration verification check – Daily when in use ; 


 Background measurement – Daily when in use ; 


 Determination of efficiency/correction factor – Daily when in use ; 


 Determination of instrument reliability factor – Initially after calibration, after repair 


or if instrument response is questionable ; 


 Determination of lower limit of detection – Initially after calibration, after repair or 


if instrument response is questionable ; 


 High voltage plateau – Initially after calibration, after repair or if instrument 


response is questionable. 


10.4.3.4 Alpha Survey Meters 


Alpha survey meters are used to measure alpha surface contamination levels on skin and 


equipment and include a rate meter such as the Eberline RM-19 and the Ludlum Model 12 or 


177 Frisker or equivalent.  These instruments require the following checks at the noted 


frequency: 


 Response source check – Before each use  


 Battery Check (if applicable) – Weekly  
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 High Voltage Check (if applicable) – Weekly ; 


 Calibration verification check – Weekly ; 


 Background measurement – Weekly ; 


 Determination of efficiency/correction factor – Weekly .   


 Determination of instrument reliability factor – Initially after calibration . 


10.4.4  Beta Calibration 


Periodic beta detector calibration checks should be performed using aged yellowcake (i.e., at 


least 4 months old).  The calibration should be performed at the surface and at 2 cm 


(approximately one inch) from the surface of the yellowcake source. 


Surface measurement (used if contacting yellowcake): 


 Place the axis of the detector on the surface of the aged yellowcake source. 


 Perform closed shield and open shield measurements and obtain the difference 


between the two measurements (this is the observed dose rate) 


 Calculate the CFsur using an actual surface dose rate of 150 mrem/hr (from NRC 


Regulatory Guide 8.30, Appendix C). 


 
CFsur =   150 mrem/hr          


Observed dose rate (mR/hr) 


 


 Multiply all surface beta survey responses by CFsur to obtain actual dose rate 


Two-centimeter measurement (used if yellowcake will not be directly contacted): 


 Place the axis of the detector at 2 cm (approximately one inch) from the surface 


of the yellowcake 


 Perform closed and open shield measurements and obtain the difference 


 Calculate the CF2cm using an actual dose rate at 2 cm of 75 mrem/hr (from NRC 


Regulatory Guide 8.30, Appendix C). 


 
 CF2cm =   75 mrem/hr          


Observed dose rate (mR/hr) 
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 Multiply all survey responses measured at 2 cm or greater from the source by 


this CF2cm to obtain the actual dose rate. 


10.5 POTENTIAL DETECTION PROBLEMS 


In the course of performing instrument checks and reviewing records, the RSO or designee will 


be aware of the following observations that may indicate a detection problem: 


 Background drift in a continuous direction, either up or down; 


 Alpha background rates greater than 0.5 cpm; 


 A calculated LLD that is greater than 50 percent of the appropriate regulatory 


limit; 


 A ratemeter instrument that does not zero; 


 A battery check that does not respond; 


 Reliability factors greater than 1.40 or less than 0.50; 


 A daily response source check that does not fall within ± 20 percent of the 


calculated mean. 


If any of the potential problems listed above are noted, the RSO or designee will remove the 


instrument from service and investigate until the source of the problem can be determined and 


corrected. 


10.6 AIR SAMPLER CALIBRATION 


Calibration of field flow rate measurement instruments (typically rotameters) is performed by 


comparing the flow rate measured by the field instrument with the flow rate measured by a 


primary standard instrument or a properly calibrated secondary standard instrument.  Primary 


measurements generally involve a direct measurement of the volume based on the physical 


dimensions of an enclosed space, such as a “frictionless” piston meter (i.e., soap film flowmeter 


or dry cell calibrator).  Secondary standards are reference instruments or meters that trace their 


calibration to a primary standard, such as a mass flow meter. 


Calibration should be performed semiannually as recommended in Regulatory Guide 8.30 or at 


the manufacturer’s recommended frequency, whichever is shorter.  Calibration should be 


performed with air filters in place to properly account for the reduction in flow due to solid 


material deposited on the filter. 
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The following instructions apply to the use of the specified calibration technique for any type of 


sampler.  Volumes and flow rates will vary depending on the type of sampler, ranging from low 


flow rates for lapel samplers to high flow rates for high volume area samplers. 


10.6.1  Calibration Using the Soap Film Technique 


The soap film technique involves using a graduated burette and a soap solution to measure the 


volume of air drawn through the buret during a measured time.  The pump is started and 


connected to the burette, which is then dipped into a soap solution to form a bubble.  The 


bubble will move along the burette.  The time that it takes the bubble to move between volume 


graduations is measured, resulting in an indicated flow rate that is corrected to liters per minute 


(LPM).  This measurement is then compared to the volume indicated by the air meter on the 


sampler.  The comparison results in a correction between the indicated and the actual flow rate. 


 Turn the pump to be calibrated on and run it for at least five minutes before 


calibration. 


 Materials required: Appropriate size graduated burette (bubble tube), soap 


solution, filter holder, filters, and stopwatch. 


 Rinse the buret with soap solution to wet the surfaces. 


 Install an in-line filter holder between the burette and the pump. 


 Use an appropriate filter for the type of sampler to be calibrated. 


 With the pump on and attached to the filter and burette, dip the base of the buret 


into the soap solution until a bubble forms in the burette.  Allow several individual 


bubbles to reach the top of the bubble tube before beginning the calibration to 


assure that the glass is sufficiently lubricated. 


 Using a stopwatch, measure and record the time it takes the bubble to travel a 


specified volume in the burette.  Lapel samplers are generally calibrated based 


on the time it takes the bubble to move 1 L.  RAS pumps generally use 10 L.  


Perform this operation at least three times. 


 Adjust the pump to move the desired volume of air per minute (e.g., 2 LPM for 


lapel samplers and 55 LPM for RAS samplers).  Do not adjust the rotometer after 


calibration.  Adjustment of the rotometer during normal use will require the pump 


to be re-calibrated.   


 Document each calibration and label the pump with volume setting, date the 


calibration was performed and initials of the person performing the calibration. 
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10.6.2  Calibration Using a Dry Cell Calibrator 


A dry cell calibrator is a primary air flow calibrator that is a variation on the wet cell technique.  


The calibrator consists of a flow cell using a near-frictionless piston to measure the volume of air 


pumped.  The flow cell is made of dimensionally stable borosilicate glass with a sensing 


encoder.  The cell dimensions and crystal timing device are NIST traceable which allows use of 


the unit as a primary standard.  Depending on the design flow rates, these units may be used 


for low and high flow samplers. 


 Turn the pump to be calibrated on and run it for at least five minutes before 


calibration. 


 Connect the calibrator to the sampling pump with the provided hose and a filter 


holder containing the correct filter. 


 Turn the dry cell calibrator on and complete the startup sequence specified in the 


operating manual. 


 After the sampler flow rate has stabilized, begin recording flow readings.  The dry 


cell calibrator is programmed to take ten consecutive readings to determine an 


average flow rate.  A minimum of three readings is required. 


 Adjust the pump to move the desired volume of air per minute (e.g., 2 LPM for 


lapel samplers and 55 LPM for RAS samplers).  Do not adjust the rotometer after 


calibration.  Adjustment of the rotometer during the survey will require the pump 


to be re-calibrated.   


 Document each calibration and label the pump with volume setting, date the 


calibration was performed and initials of the person performing the calibration. 


 Calibration Using a Linear Mass Flow Meter 


Linear mass flow meters may be used to calibrate sampling pumps.  The linear mass flow meter 


measures the differential temperature of a gas drawn through a heated capillary tube and is 


considered a secondary standard.   


 Assemble the mass transducer in-line downstream of the filter element. 


 Connect the vacuum gauge and install a clean filter in the filter holder. 


 Connect the transducer to the flow meter with the patch cord supplied. 


 Check the wiring, then plug the meter into a 110 VAC outlet and turn the meter 


ON.  Allow 20 to 30 minutes to warm up to operating temperature. 


 Zero the flow meter readout. 
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 Turn the sampler pump on and allow five minutes to warm up. 


 Adjust the flow as indicated by the rotometer to the values given on the air 


sampling pump calibration data sheet.  At each flow setting, record the flow 


indicated by the digital mass flow meter and the reading on the vacuum gauge. 


 Complete the information and calculations on the calibration data sheet. 


 Remove the Mass Transducer and vacuum gauge and reconnect the filter. 


 Set the rotometer to the appropriate setting for normal use.  The mass flow meter 


reading is the value of the actual flow rate in standard liters per minute (SLPM) 


with the rotometer set at the appropriate setting.  Enter this value on the air 


sampling pump calibration data sheet. 


 Remove the vacuum gauge. 


10.6.4  Adjustment for Pressure and Temperature 


Many variables affect the accuracy of air sampling measurements.  Two of these are 


temperature and pressure variations.  USNRC Regulatory Guide 8.25 states that corrections to 


the measured flow rate should be made if there are differences exceeding five percent in either 


the absolute pressure or absolute temperature between the calibration situation and the 


sampling situation.   


Differences in the absolute pressure are common when calibration is performed at a different 


altitude (and thus a different air pressure) than that at which the instrument will be used.  An 


example of this would be the calibration of a secondary standard at sea level and then use to 


calibrate rotameters at a higher elevation.  Differences in pressure may be evaluated by 


comparing the barometric pressure readings at the calibration location with those at the 


sampling location.   


Similarly, differences in temperature between the calibration location and the sample location 


will adversely affect accuracy of flow meters.  Since calibrations are generally made at room 


temperature (i.e., approximately 72°F), corrections should be made to account for sampling 


conditions if the ambient temperature is expected to exceed the five percent limit.  Based on 


absolute temperature, five percent of a calibration temperature of 72°F would correspond to an 


ambient temperature less than 45°F and greater than 98°F. 


The following equation should be used to adjust sample volume to calibration conditions: 
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Where:  Vc = Volume under calibration conditions (m3) 
   Vs = Volume under field sampling conditions (m3) 
   Pc = Absolute pressure during calibration (mm Hg) 
   Ps = Absolute pressure during sampling (mm Hg) 
   Tc = Absolute temperature during calibration (°K) 


      Ts = Absolute temperature during sampling (°K) 
 
and °K = °C + 273 or 
 °K = [(°F – 32)/1.8] + 273 
 


   mm Hg = in.  of water x 1.87 
 
 


10.7 SAMPLE ANALYSIS PROCEDURES 


10.7.1  Analyzing Area Airborne Uranium Samples 


Uranium airborne particulate samples are determined by counting alpha emissions using a 


scaler ratemeter or equivalent.  The scaler is used with an alpha detector such as a Ludlum 43-


10, Ludlum 218, Eberline SAC-R5, or equivalent.  Some detectors, such as the Eberline SAC-


R5, require the use of scintillation paper to detect alpha activity.  The following general 


instructions apply regardless of the type of detector used.  The analyst should review the 


specific manufacturer’s instruction manual to ensure familiarity with the detector operating 


requirements. 


NOTE: Samples must age for 24 to 48 hours after sampling to allow decay of short-lived 


radionuclides. 


 Ensure the counting instrument is properly calibrated and checked. 


 Before counting filter sample, make sure zinc sulfide paper (if necessary) is 


clean. 


 Place a clean filter on the zinc sulfide paper (if necessary) and place cover on 


detector. 
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 Count the background for the sample count time determined by the RSO as 


necessary to meet LLD requirements. 


 Divide the net background counts by the count time and record background cpm 


on the sampling form. 


 Place the sample filter in the detector. 


 Count the sample for the sample count time determined by the RSO as 


necessary to meet LLD requirements.  Record the net counts on the sampling 


form. 


 Divide the net counts by the count time and record the sample cpm on the 


sampling form. 


 Subtract the background cpm from the sample cpm and record the result on the 


sampling form. 


 Calculate uranium activity in µCi/ml as follows: 


 
µCi/ml Uranium = (cpmS - cpmB)(4.5E-7 µCi/dpm) 


(E)(V) 
 
 


Where:  cpmS  = Sample count rate 
cpmB  = Background count rate 
E  = Instrument efficiency (cpm/dpm) 
V  = Sample volume (ml) 


 


 Record the calculated activity on the sampling form. 


NOTE:  If glass fiber filters are used, filter self-absorption must be considered (see Section 0. 


10.7.2  Analyzing Breathing Zone Samples 


Because breathing zone samples are typically collected over relatively short durations (i.e., less 


than a full work shift) it is necessary to utilize longer count times for both background and the 


sample in order to achieve the desired LLD.  It should be noted that Regulatory Guide 8.25 


recognizes that breathing zone samples may not be able to detect 10% of the appropriate DAC, 


but that such samples are still acceptable for measuring potential uranium exposure to workers.  


Breathing zone samples are counted  with the following additions: 


 Ensure that the instrument background is as low as possible by cleaning the 


instrument before counting the sample. 
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 Both background and sample count times should of an adequate duration to 


achieve the LLD.  Count times for breathing zone samples may be one hour 


instead of the typical shorter durations for higher volume samples. 


10.7.3  Radon Daughter Counting Procedure (Modified Kusnetz) 


Radon daughter samples are analyzed using the modified Kusnetz method.  Samples are 


collected on fiberglass or membrane filters using a lapel sampler or equivalent pump pulling a 


minimum of 2 liters per minute.  Samples are collected for exactly five minutes, resulting in a 10 


liter sample.   


The sample filter is allowed to decay between 40 and 90 minutes after the end of collection 


before counting..  After 40 minutes, only alpha particles from the decay of Po-214 are counted 


because virtually all of the Po-218 (3.05 minute half-life) has decayed.   


The sample is counted with a scaler rate meter and an alpha scintillation detector at a count 


time determined by the RSO as adequate to meet the LLD requirements of 0.03 WL.  The 


resulting gross counts are divided by the count time to arrive at a count rate (cpm). 


Working levels are derived by dividing the count rate, minus background, by the product of the 


counter efficiency, the volume of air sampled, and the time factor.  Calculation is according to 


the following formula: 


 
Working Level (WL) = Sample cpm - background cpm     


                (Eff) (Vol) (TF) 
 


where:  cpm = Counts per minute (Sample – background) 
Eff = Instrument counting efficiency 


   Vol = Total air volume pumped through filter 
      (flow rate in liters x sample time in minutes) 
   TF = Time factor 
 


The time factor (TF) is dependent on the time elapsed between end of sampling and the 


beginning of counting.  These time factors are determined as shown in the following table and 


should be based on the midpoint of the elapsed time between sample collection and the time in 


counting.  The time factor is based on the assumption that equilibrium existed between Po-218, 


Pb-214, and Bi-214 at the time of sampling.  The time factor relates dpm per liter of air from 40 
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to 90 minutes after sampling to the decay activity that would be present from an initial 


concentration of 1 WL. 


10.7.4  Analyzing Smear Samples 


Smear samples are taken to quantify the amount of removable contamination present on a 


surface or object   Following sample collection, smears are analyzed using a scaler rate meter 


and an alpha scintillation detector as follows. 


 Ensure the counting instrument is properly calibrated and checked. 


 Count for at least 1 minute on a laboratory scaler and alpha scintillation detector.  


Record the average counts per minute (cpm). 


 Subtract the background count rate from the smear count rate (cpm).  Convert 


the result from cpm to dpm (disintegrations per minute) by multiplying the net 


cpm of the smear results by the correction factor (1/Efficiency of the counting 


system). 


 Properly record the survey results. 


10.7.5  Filter Self Absorption Calculation 


Regulatory Guide 8.25 requires that counting results be corrected for self-absorption of radiation 


by the filter collection media would reduce the count rate by more than 5 percent.  The following 


comparison should be made as necessary as determined by the RSO or designee.  The self-


absorption is determined using the following formula: 


 
% Self Absorption  =   C2 - C3  x 100 


2C1+C2-C3 
 


where:   C1 = cpm on front of filter 
C2 = cpm on back of filter 
C3 = cpm on front of filter covered by new filter of the 


 same type 
 


The three counts should be performed as quickly as possible at a count time of one minute.  


The calculated uranium activity must be adjusted if the filter self-absorption is determined to be 


greater than 5 percent.  For example, if the calculated activity is 5.0 E-11 µCi/ml and the filter 


self-absorption is 15 percent, the actual activity is (5.0 E-11)(1.15) = 5.75E-11 µCi/ml. 
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10.8 RECORDS 


10.8.1  Calibration Records 


The calibration vendor will provide a certificate of calibration for all instruments.  These 


calibration certificates will be maintained by the RSO on file for that instrument.  Records of 


repairs completed by the calibration vendor will also be maintained in the instrument file. 


Documentation of calibration of air samplers performed on site will be maintained.  This 


documentation will be maintained by the RSO in the sampler file. 


10.8.2  Instrument Check Records 


Records of instrument checks including all daily checks and initial checks will be maintained in a 


format determined by the RSO.  These records will be readily available and in a format that will 


allow the RSO to review the records for  potential problems.. 


10.8.3  Record Retention 


All records of instrument calibration and checks will be retained until UAC license termination.  


The RSO will be responsible for record retention. 
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11.0 REFERENCES (or current approved standards) 


American Conference of Governmental Industrial Hygienists (ACGIH), Air Sampling 
Instruments, 7th Edition. 
 
American National Standards Institute (ANSI), Radiation Protection Instrumentation Test and 
Calibration, ANSI-N323-1978. 
 
American National Standards Institute, Radiation Protection Instrumentation Test and 
Calibration, Portable Survey Instruments, ANSI-N323A-1997. 
 
Compressed Gas Association, G-7.1-1997, Commodity Specification for Air. 
 
National Council of Radiation Protection (NCRP), Report No.  58, A Handbook of Radioactivity 
Measurements. 


 
US Department of Energy, Guide of Good Practices for Occupational Radiological Protection in 
Uranium Facilities, DOE-STD-1136-2000, December 2001. 
 
US Department of Energy, G 441.1-10, Posting and Labeling for Radiological Control Guide, 
1999. 
 
US Nuclear Regulatory Commission, Air Sampling in the Workplace, NUREG-1400. 
 
US Nuclear Regulatory Commission Regulatory Guide 4.14, Radiological Effluent and 
Environmental Monitoring at Uranium Mills, Revision 1, April 1980. 
 
US Nuclear Regulatory Commission Regulatory Guide 4.15, Quality Assurance for Radiological 
Monitoring Programs (Normal Operations) - Effluent Streams and the Environment, Revision 1, 
February 1979. 
 
US Nuclear Regulatory Commission Regulatory Guide 4.20, Constraint on Releases of Airborne 
Radioactive Materials to the Environment for Licensees Other Than Power Reactors, December 
1996. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.7, Instructions for Recording and 
Reporting Occupational Radiation Exposure Data, Revision 1, June 1992. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.9, Acceptable Concepts, Models, 
Equations, and Assumptions for a Bioassay Program, Revision 1, July 1993. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.10, Operating Philosophy for 
Maintaining Occupational Radiation Exposures As Low As Is Reasonably Achievable, Revision 
1-R, September 1975. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.11, Applications of Bioassay for 
Uranium, June 1974. 
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US Nuclear Regulatory Commission Regulatory Guide 8.13, Instruction Concerning Prenatal 
Exposure, Revision 3, June 1999. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.15, Acceptable Programs for 
Respiratory Protection, Revision 1, October 1999. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.22, Bioassay at Uranium Mills, 
Revision 1, August 1988. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.25, Air Sampling in the Workplace, 
Revision 1, June 1992. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.29, Instruction Concerning Risks from 
Occupational Radiation Exposure, Revision  
 
US Nuclear Regulatory Commission Regulatory Guide 8.30, Health Physics Surveys in Uranium 
Recovery Facilities, Revision 1, May 2002. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.31, Information Relevant to Ensuring 
That Occupational Radiation Exposures at Uranium Recovery Facilities Will Be As Low As Is 
Reasonably Achievable, Revision 1, May 2002. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.34, Monitoring Criteria and Methods to 
Calculate Occupational Radiation Doses, July 1992. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.36, Radiation Dose to the 
Embryo/Fetus, July 1992. 
 
US Nuclear Regulatory Commission Regulatory Guide 8.37, ALARA Levels for Effluents From 
Materials Facilities, July 1993. 
 
US Nuclear Regulatory Commission Regulatory NUREG-1159, Training Manual for Uranium 
Mill Workers on Health Protection from Uranium, January 1986. 
 
Utah Division of Waste Management and Radiation Control, Laws and Rules, Utah Code Title 
19 Chapter 3, Rule R313-12-70, where applicable. The following are examples: 
 
Utah Division of Waste Management and Radiation Control, Laws and Rules, Utah Code Title 
19 Chapter 3, Rule R313-15 Standards for Protection Against Radiation. 
 
Utah Division of Waste Management and Radiation Control, Laws and Rules, Utah Code Title 
19 Chapter 3, Rule R313-24 Uranium Mills and Source Material Mill Tailings Disposal Facility 
Requirements. 
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11e(2) Byproduct Material: All contaminated wastewater, sludges, and discrete surface 
wastes resulting from the uranium recovery processes or any material contaminated as a result 
of the operation\maintenance of the uranium facility. 
 
Abnormal situation: Unplanned event or condition that adversely affects, potentially affects, or 
indicates degradation in the safety, security, environmental or health protection performance or 
operation of a facility. 
 
Absorbed dose: The energy absorbed by matter from ionizing radiation per unit mass of 
irradiated material at the place of interest in that material.  The absorbed dose is expressed in 
units of rad (or gray) (1 rad = 0.01 gray). 
 
Action Limits: Predefined limits that dictate a course of action based on survey or analytical 
results. 
 
Activity: The rate of disintegration or decay of radioactive material per unit time.  The units 
of activity are the curie (Ci) and the Becquerel (Bq). 
 
Activity median aerodynamic diameter: The diameter of a sphere having a density of 1 g 
cm-3 with the same terminal settling velocity in air as that of the aerosol particle whose activity 
is the median for the entire aerosol. 
 
Air Line Respirator: An air-supplied respirator wherein respirable air is supplied to a respirable 
inlet covering by means of a small diameter hose connected to a positive pressure supply of 
respirable air. 
 
Air purifying respirator (APR): A type of respirator that removes specific contaminants from air by 
use of filters, cartridges or canisters by passing ambient air through the air-purifying element.  
APRs do not supply oxygen. 
 
Air sampling: A form of air monitoring in which a sample representing a known quantity of air is 
collected and analyzed at a later time, sometimes referred to as retrospective air monitoring. 
 
Air monitoring: Actions to detect and quantify airborne radiological conditions by the collection of 
an air sample and the subsequent analysis either in real-time or in off-line laboratory analysis of 
the amount and type of radioactive material present in the workplace atmosphere. 
 
Airborne radioactive material: Radioactive material in any chemical or physical form that is 
dissolved, mixed, suspended, or otherwise entrained in air. 
 
Airborne radioactivity area: Any room, enclosure, or area where the measured concentration 
of airborne radioactivity, composed wholly or partially of licensed material, exists in Appendix B 
of 10 CFR 20.1001 to 20.2402, (2010), which is incorporated by reference into the UAC, 
concentrations in excess of the derived air concentration (DAC) values listed in or to such a 
degree that an individual present in the area without respiratory protection could exceed, during 
the hours an individual is present in a week, an intake of 0.6 percent of the annual limit on 
intake (ALI) or 12 DAC-hours. 
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Alarm set point: The count rate at which an instrument will alarm, usually set to 
correspond to a specific radiological limit. 
 
Allowable limit: The maximum concentration of a substance in air that is permitted by 
regulation or voluntary standards to protect employee health.  For radioactive materials, these 
limits are expressed as derived air concentrations (DACs).  For hazardous materials, these 
concentrations may be expressed in terms of an 8-hour time-weighted average (TWA8), a 15-
minute short term exposure limit (STEL) or as an instantaneous upper ceiling limit.  An example 
is the OSHA permissible exposure limits (PEL). 
 
Ambient air: The general air in the area of interest (e.g., the general room atmosphere) as 
distinct from a specific stream or volume of air that may have different properties. 
 
Annual limit on intake (ALI): The derived limit for the amount of radioactive material taken into 
the body of an adult worker by inhalation or ingestion in a year.  ALI is the smaller value of 
intake of a given radionuclide in a year by the reference man (ICRP Publication 23) that would 
result in a committed effective dose equivalent of 5 rem (0.05 sievert) or a committed dose 
equivalent of 50 rem (0.5 sievert) to any individual organ or tissue.  ALI values for intake by 
ingestion and inhalation of selected radionuclides are based on UAC R313-15. 
 
Approved Respirator: A respirator tested and listed as satisfactory for a specific use by either 
(1) National Institute for Occupational Safety & Health (NIOSH) or (2) Mine Safety and Health 
Administration (MSHA). 
 
As low as reasonably achievable (ALARA): The approach to radiation protection to manage 
and control exposures (both individual and collective) to the work force and to the general public 
to as low as is reasonable, taking into account social, technical, economic, practical, and public 
policy considerations.  ALARA is not a dose limit but a process that has the objective of 
attaining doses as far below the applicable limits of as is reasonably achievable. 
 
Assigned protection factor (APF): The expected workplace level of protection that would be 
provided by a properly functioning respirator worn by a properly fitted and trained user.  
Operationally, the inhaled concentration can be estimated by dividing the ambient airborne 
concentration by the APF.  NRC and OSHA assign this factor in specific standards. 
 
Atmosphere-supplying respirator: A type of respirator that supplies the user with breathing air 
from a source independent of the ambient atmosphere, and includes supplied-air respirators 
(SARs) and self-contained breathing apparatus (SCBA) units. 
 
Becquerels: Activity units (SI).   One Curie equals 3.7e10 becquerels.   


 
Bioassay: The determination of kinds, quantities, or concentrations, and, in some cases, 
locations of radioactive material in the human body, whether by direct measurement or by 
analysis, and evaluation of radioactive materials excreted or removed from the human body. 


 
Breathing zone air monitoring: Actions conducted to detect and quantify the radiological 
conditions of air from the general volume of air breathed by the worker, usually at a height of 1 
to 2 meters. 







Document Title: 
Radiation 
Protection 
Reference Manual 


Issue Date: 
MARCH 1982 


ANFIELD RESOURCES, INC. 


Revision 1.0 
 
Date: 
04/01/2017 


Document: 
Volume 1  


 


ANFIELD RESOURCES, INC. 
HANDBOOK OF RADIOLOGICAL AND ENVIRONMENTAL MONITORING PROCEDURES REVISION 1.0 
 April 1, 2017 


APPENDIX A - 4 


 
Canister or cartridge:  A container with a filter, sorbent or catalyst, or combination of 
these items, which removes specific contaminants from the air passed through the container. 
 
Carrier: An entity or organization that accepts an offer to transport lading to a specific 
destination.   


 
Class 7 Radioactive Material: As defined by the DOT, any material having specific activity 
greater than 70 Bq per gram (0.002 microcurie per gram) of a radionuclide uniformly distributed 
per unit mass of that nuclide. 
 
Committed dose equivalent (HT,50): The dose equivalent to organs or tissues of reference (T) 
that will be received from an intake of radioactive material by an individual during the 50-year 
period following the intake. 
 
Committed effective dose equivalent (HE,50): The sum of the products of the weighting factors 
applicable to each body organs or tissues that are irradiated and the committed dose equivalent 
to these organs or tissues (HE,50 = Σ WT HT,50). 
 
Consignee: The receiver of a radioactive material shipment.   
 
Consignor: The originator of a radioactive material shipment.   
 
Contract Laboratory:  An independent laboratory not associated with the company that 
performs the analytical work on radiological samples. 
 
Control Sample: A sample which has a predefined concentration of radioactive material 
that is used for quality control comparisons. 
 
Controlled area: An area outside of the restricted area but inside the site boundary, access 
to which can be controlled for any reason. 
 
Controlled Yellowcake Area: As used in this guide, the yellowcake dryer and packaging areas 
are classified as controlled yellowcake areas. 
 
Declared pregnant woman: A woman who has voluntarily informed the licensee, in writing, of 
her pregnancy and the estimated date of conception. 
 
Decontamination: The process of removing radioactive contamination and materials from 
personnel, equipment, or areas. 
 
Deep dose equivalent (HD): As applied to external whole-body exposure, the dose equivalent 
at a tissue depth of 1 cm. 
 
Demand respirator: An atmosphere-supplying respirator that admits breathing air to the 
facepiece only when a negative pressure is created inside the facepiece by inhalation. 
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Department of Transportation (DOT): U.S. governmental department charged with the 
regulation and enforcement of transportation of goods. 
 
Derived air concentration (DAC): For the radionuclides listed in UAC-R313-15, by reference, 
the airborne concentration that equals the ALI divided by the volume of air breathed by an 
average worker for a working year of 2000 hours (assuming a breathing volume of 2400 cubic 
meters per year based on a breathing rate of 2,000 ml per minute).   
 
Detector: A device or component that produces a measurable response to ionizing radiation.   
 
Disposable Respirator: An air purifying respirator which removes particulate matter from 
ambient air prior to inhalation and which is designed to be discarded after a single use or after 
one day's use. 


 
Dose: The amount of energy deposited in body tissue due to radiation exposure. 
 
Dose equivalent (HT): The product of the absorbed dose in tissue, quality factor, and all other 
necessary modifying factors at the location of interest.  The units of dose equivalent are the rem 
and sievert (Sv). 
 
Effective dose equivalent (HE): The sum of the products of the dose equivalent to the 
organ or tissue (HT) and the weighting factors (WT) applicable to each of the body organs or 
tissues that are irradiated (HE = Σ WT HT). 
 
Emergency Respirator Use: Wearing a respirator during an emergency situation when a 
hazardous atmosphere suddenly occurs that requires immediate use of a respirator either for 
escape from the hazardous atmosphere or for entry into the hazardous atmosphere to carry out 
maintenance or some other task. 
 
End-of-service-life indicator (ESLI): A system that warns the respirator user of the approach of 
the end of adequate respiratory protection, for example, that the sorbent is approaching 
saturation or is no longer effective. 
 
Escape-only respirator: A respirator intended to be used only for emergency exit. 
 
Evaluation Level: The level at which an intake should be evaluated beyond the initial 
bioassay measurement.  The evaluation level as defined in NRC Regulatory Guide 8.9 is 0.02 
times the annual limit on intake (ALI), which is equivalent to 40 derived air concentration (DAC) 
hours. 
 
Exclusive Use:  As used for radioactive materials shipments, exclusive use means 
the sole use of a conveyance by a single consignor and for which all initial, intermediate, and 
final loading and unloading are carried out in accordance with the direction of the consignor or 
consignee.   Specific instructions for maintenance of exclusive use shipment controls must be 
issued in writing and included with the shipping paper information provided to the carrier by the 
consignor.   
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Exhalation Valve: A device that allows exhaled air to be expelled from a respirator while 
preventing outside air from entering the respirator through it. 
 
Exposure: The general condition of being subjected to ionizing radiation, such as by 
exposure to ionizing radiation from external sources or to ionizing radiation sources inside the 
body.   
 
External dose: The portion of the dose equivalent received from radiation sources external to the 
body. 
 
Extremity: As used in dose limits, the hand, elbow, arm below the elbow, foot, knee, or leg 
below the knee. 
 
Fit factor: A quantitative estimate of the fit of a particular respirator to a specific individual 
that typically estimates the ratio of the concentration of a substance in ambient air to its 
concentration inside the respirator when worn. 
 
Fit test: Use of a protocol to qualitatively or quantitatively evaluate the fit of a respirator 
on an individual. 
 
Fixed contamination: Radiological contamination that is not easily removable from a surface 
through conventional decontamination techniques. 
 
Fixed-location sampler: An air sampler located at a fixed location in the workplace. 
 
Full Facepiece: A tight-fitting device that covers the wearer's nose, mouth, eyes, and face, 
making an airtight fit with an individual's face. 
 
Grab sampling: A single sample removed from the workplace air over a short time 
interval, typically less than 1 hour. 
 
Hazardous atmospheres: An atmosphere that contains a contaminant(s) in excess of the 
allowable limit or contains less than 19.5 percent oxygen. 
 
Health Physics: A branch of science dealing with the protection of the environment and 
workers from radiological hazards. 
 
Health Physics Technician/Radiation Safety Technician (HPT/RST): Individual responsible 
for implementing the health physics programs through performance of surveys and sampling 
within the confines of a restricted uranium fuel cycle operation. 
 
High-efficiency particulate air (HEPA) filter: Throwaway extended pleated medium dry-type 
filter with a rigid casing enclosing the full depth of the pleats and a minimum particle removal 
efficiency of 99.97% for thermally generated monodisperse di-octyl pthalate smoke particles 
with a diameter of 0.3 µm. 
 
Hood: A respiratory inlet covering that completely covers the head and neck and may cover 
portions of the shoulder and torso. 
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Immediately dangerous to life and health (IDLH): An atmosphere that poses an immediate 
threat to life, would cause irreversible adverse health effect, or would impair an individual’s 
ability to escape from a dangerous atmosphere. 
 
Inhalation Valve: A device that allows respirable air to enter the respirator through the inlet 
covering of a respirator and while preventing air movement back through the same respiratory 
inlet cover. 
 
Internal dose: The portion of the dose equivalent received from radioactive material taken into 
the body. 
 
Intake: The amount of radionuclide taken into the body by inhalation, absorption through intact 
skin, injection, ingestion, or through wounds.  Depending on the radionuclide involved, intakes 
may be reported in units of mass (e.g., µg, mg) or activity (e.g., µCi, Bq). 
 
Investigation Level: The level at which an intake should be investigated.  The investigation 
level as defined in NRC Regulatory Guide 8.9 is 0.1 times the ALI, which is equivalent to 200 
DAC hours. 
 
In Vivo Measurements: The measurement of gamma or X-radiation emitted from 
radioactive material located within the body, for estimating the quantity of radioactive material 
present in the body. 
 
Lens dose equivalent: The external exposure of the lens of the eye. 
 
Loose fitting facepiece: A respiratory inlet covering that is designed to form a partial seal 
with the face. 
 
Low Specific Activity (LSA-I) Material: As used to define the transport of radioactive 
materials applied to company operations, LSA-1 includes ores containing only naturally 
occurring radionuclides (e.g.  uranium, thorium) and uranium or thorium concentrates of such 
ores. 
 
Lower Limit of Detection (LLD): The instrument lower limit of detection (LLD) is the 
smallest concentration of radioactive material that has a 95 percent probability of being 
detected.  The LLD will determine whether the instrument and counting procedures are capable 
of detecting the presence of radioactive material below the allowable regulatory limits (i.e., 
allowable air concentrations or removable activity concentrations).  The LLD is a determination 
of sensitivity for a measurement system and is not intended to be calculated for individual 
samples.   
 
Minimum detectable activity (MDA): The smallest amount/activity of a radionuclide in a sample 
that will yield a result above the decision level with a probability of non-detection while accepting 
a probability of erroneously detecting that radionuclide in an appropriate blank sample (Type I 
error).  The MDA is computed for individual samples. 
 
Minor:  As applied to dose restrictions, an individual less than 18 years of age. 
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Negative pressure respirator (tight fitting): A respirator in which the air pressure inside the 
facepiece is negative during inhalation with respect to the ambient air pressure outside the 
respirator. 
 
Nonstochastic effect: Health affects, the severity of which varies with the dose and for which a 
threshold is believed to exist.  Cataract formation is an example of a nonstochastic effect. 
 
Occupational exposure: An individual’s exposures to ionizing radiation (external and 
internal) as a result of that individual’s work assignment.  Occupational exposure does not 
include planned special exposures, exposure received as a medical patient, background 
radiation, or voluntary participation in medical research programs. 
 
Oxygen deficient atmosphere:  An atmosphere with oxygen content below 19.5 
percent by volume. 
 
Personal air monitoring: The monitoring of air for radioactive particles in the immediate 
vicinity of an individual radiation worker’s nose and mouth, usually by a portable sampling pump 
and collection tube (such as a lapel sampler) worn on the body.  Personal air monitoring is a 
special case of breathing zone air monitoring. 
 
Personnel Dosimeter: A device used to measure and record and individual’s exposure to 
ionizing radiation. 
 
Physician or other licensed health care professional (PLHCP): As used in respiratory 
protection programs, an individual whose legally permitted scope of practice (i.e., license, 
registration or certification) allows him or her to independently provide or be delegated the 
responsibility to provide some or all of the health care services required by this respirator 
program. 
 
Portable air sampler: An air sampler designed to be moved from area to area. 
 
Positive pressure respirator: A respirator in which the pressure inside the respiratory inlet 
covering exceeds the ambient air pressure outside the respirator.   
 
Powered air-purifying respirator (PAPR): An air-purifying respirator that uses a blower to 
force the ambient air through air-purifying elements to the inlet covering.   
 
Pressure demand respirator: A positive pressure atmosphere-supplying respirator that admits 
breathing air to the facepiece when the positive pressure is reduced inside the facepiece by 
inhalation.   
 
Qualitative fit test (QLFT): A pass/fail fit test to assess the adequacy of respirator fit that 
relies on the individual’s response to the test agent. 
 
Quantitative fit test (QNFT): An assessment of the adequacy of respirator fit by numerically 
measuring the amount of leakage into the respirator. 
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Quality factor (Q): The modifying factor that is used to derive the dose equivalent from 
absorbed dose. 
 
Radiation area: Any area accessible to individuals in which radiation levels could result in 
an individual receiving a deep dose equivalent in excess of 0.005 rem (0.05 millisievert) in 1 
hour at 30 cm from the source or from any surface that the radiation penetrates. 
 
Radiation Safety Officer (RSO): The individual assigned the responsibility for the 
implementation, maintenance, and direction of health physics programs within the confines of a 
restricted uranium fuel cycle operation. 
 
Radioactive material: Radioactive material includes any material, equipment, or system 
component determined to be contaminated or suspected of being contaminated.  Radioactive 
material also includes activated material, sealed and unsealed sources, and material that emits 
radiation. 
 
Radioactive material area: An area where radioactive material is used, handled, or stored. 
 
Radiological worker: A general employee whose job assignment involves operation of radiation 
producing devices or working with radioactive materials, or who is likely to be routinely 
occupationally exposed above 0.1 rem (0.001 sievert) per year total effective dose equivalent. 
 
Radiation work permit (RWP): The permit that identifies radiological conditions, 
establishes worker protection and monitoring requirements, and contains specific approvals for 
radiological work activities.  The Radiation Work Permit serves as an administrative process for 
planning and controlling radiological work and informing the worker of the radiological 
conditions. 
 
Real-time air monitoring: Collection and real-time analysis of the workplace atmosphere using 
continuous air monitors (CAMs) such as the Alpha Nuclear PRISM for radon daughter 
concentrations. 
 
Refresher training: The annual training required for all radiological workers. 
 
Removable contamination: Radioactive material that can be removed from surfaces by 
nondestructive means, such as casual contact, wiping, brushing, or washing. 
 
Representative air sampling: The sampling of airborne radioactive material in a manner such 
that the sample collected closely approximates both the amount of activity and the physical and 
chemical properties (e.g., particle size and solubility) of the aerosol to which the workers may be 
exposed. 
 
Resistance: Opposition to the flow of air, as though a canister, cartridge, particulate filter, 
orifice, value or hose. 
 
Restricted area: An area, access to which is limited by the licensee for the purpose of 
protecting individuals against undue risks from exposure to radiation and radioactive materials. 
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Self-contained breathing apparatus (SCBA):  An atmosphere-supplying respirator for 
which the breathing air source is designed to be carried by the user. 
 
Service life: The period of time that a respirator, filter or sorbent or other respiratory 
equipment provides adequate protection to the wearer. 
 
Shallow dose equivalent (HS): The external exposure of the skin or extremity, taken as a 
dose equivalent at a tissue depth of 0.007 cm averaged over an area of 1 square centimeter. 
 
Shipper: entity or organization that offers lading to be transported to a specific destination. 
 
Sievert: Standard International (SI) unit of dose equivalent, one sievert = 100 rem. 
 
Source Material: Uranium or thorium or any combination of uranium and thorium in any 
physical or chemical form, or ores that contain, by weight, one twentieth of 1 percent (0.05 
percent), or more, or uranium or thorium, or any combination of uranium or thorium. 
 
Stochastic effect: Health effects that occur randomly and for which the probability of the 
effect occurring, rather than its severity, is assumed to be a linear function of dose without 
threshold.  Hereditary effects and cancer are examples of stochastic effects. 
 
Supervisor: Individual charged with the task of directing and overseeing the performance of 
subordinates in the operations of the licensee. 
 
Supplied-air respirator (SAR) or airline respirator: An atmosphere-supplying respirator for 
which the source of breathing air is not designed to be carried by the user.   
 
Surface Contaminated Object (SCO): As used in transportation of radioactive material, an 
object that is not radioactive but has Class 7 (radioactive) material distributed on any of its 
surface.   
 
Survey:  An evaluation of the radiological conditions and potential hazards incident 
to the production, use, transfer, release, disposal, or presence of radioactive material or other 
sources of radiation.  When appropriate, such an evaluation includes a physical survey of the 
location of radioactive material and measurements or calculations of levels of radiation, or 
concentrations or quantities of radioactive material present. 
 
Tight-fitting facepiece: A respiratory inlet covering that forms a seal with the face. 
 
Total effective dose equivalent (TEDE): The sum of deep dose equivalent (for external 
exposures) and the committed effective dose equivalent (for internal exposures). 
 
Unrestricted area: An area, access to which is neither limited nor controlled by the licensee. 
 
User seal check: An action conducted by the respirator user to determine if the respirator is 
properly seated to the face. 
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Weighting factor (WT): The proportion of the risk to an organ or tissue of stochastic effects 
resulting from irradiation of the organ or tissue to the total risk of stochastic effects when the 
whole body is irradiated uniformly, as defined in 10 CFR §20.1003. 
 
Whole body: In terms of radiation external exposure, means the head, trunk (including male 
gonads), arms above the elbow, or legs above the knee. 
 
Working level (WL): Any combination of short lived radon daughters (for radon-222, these 
include polonium-218, lead-214, bismuth-214, and polonium-214) in 1 liter of air that will result 
in the ultimate emission of 1.5 x 105 MeV of potential alpha particle energy. 
 
Working level month (WLM): An exposure to 1 working level for 170 hours. 
 
Workplace monitoring: The measurement of radioactive material and/or direct radiation 
levels in areas that could be routinely occupied by workers. 
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ANFIELD RESOURCES, INC. 


SHOOTARING CANYON MILL 
 


Exhibit B.7 


 


Disaster, Emergency & Radiological Preparedness Plan 
Rev 1.0 


 
 


The following is a compilation of documents previously utilized by the Shootaring Canyon Mill site.  


Future document revisions will include formatting and site specific application once the project advances to operational 


status from “standby” status. 
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Disaster, Emergency & Radiological Preparedness Plan 


 


Introduction This plan was developed to address foreseeable situations at the Shootaring 


Canyon Mill, and to provide appropriate emergency preparedness guidelines for 


site employees, contractors and visitors.  This plan also provides site employees 


and contractors with procedures for informing the local emergency response 


organizations. 


The plan is divided into twelve (12) separate sections, which address each 


reasonably foreseeable emergency situation, and provides the reader with 


appropriate guidelines for handling emergency situations at the Shootaring 


Canyon Mill. 
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 Disaster and Emergency Preparedness Plan 


Required 


Training 


All employees and contractors will receive a safety training session on 


Emergency Response once each year.  All new employees and contractors 


will receive safety training on Emergency Response during orientation 


training.  This plan will be tested each year. 


   


Responsibilities Plant Manager, Safety Coordinator or designees 


Anfield 


Resources, Inc. 


Plant Manager 


The Shootaring Canyon Mill Plant Manager or equivalent is responsible for 


the implementation of this plan and for accounting for all site employees, 


contractors and visitors.  The Plant Manager or designee is also responsible for 


communication with the media and the corporation. 


Emergency 


Wardens Duties 
Emergency Wardens are responsible for recognizing the audible fire alarm.  


When the alarm is heard and recognized, the Wardens will proceed to check 


their assigned area, inform employees, contractors and visitors of the alarm, 


and inform the employees, contractors, and visitors to proceed to the 


designated assembly area immediately via the primary exit or pathway or by 


the secondary exit or pathway if the primary exit route is blocked.  Emergency 


wardens will shut all doors or restrict access to the affected area of the site as 


they check each room or site location. At the present time the emergency 


contact system is Plant Radios. 


 Emergency Warden No. 1 Plant Manager (or designee). Emergency 


Warden No. 1 is responsible for checking and taking appropriate action 


(see tabbed sections for specific emergency information) in the area 


designated on the Assembly Area Map, as the non-restricted area which 


consists of the mobile offices, contractor trailers, restrooms, and storage 


areas. 


 Emergency Warden No. 2 – Safety Coordinator, RSO (or designee).  


Emergency Warden No. 2 is responsible for checking and taking 


appropriate action (see tabbed sections for specific emergency 


information) in the area designated, as the restricted area which consists 


of the open areas of the mill buildings and tailings disposal areas. 


 Contractor Emergency Warden – Contractor Project Superintendent (or 


designee).  Contractor Emergency Warden is responsible for gathering 


up their work force and accounting for all personnel under their 


supervision.  The Contractor Emergency Warden will provide 


Emergency Warden No.1 an account of personnel gathered at the 


Contractor Assembly area.  
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Employees 
 


All site employees must recognize and understand the audible emergency 


alarm, and the procedure when the alarm system is heard.  Proceed directly 


and immediately to the assembly area. At the present time plant radios are 


utilized as the emergency notification system. 


 Know the location of the fire extinguisher closest to their work 


station, know how to use the fire extinguisher and know the fire 


extinguisher limitations. 


 


 Know the primary and secondary escape route out of the building or 


work area. 


 


 Contractor personnel will know the primary and secondary assembly 


areas as identified in (Figure 1). 


 


 Know the location of the assembly area outside of the building or 


work area (Figure 1). 


 


 Know the location of the first aid kits. 


 
 


Reporting Fires or 


Other 


Emergencies 


 Immediately notify the Plant Manager or his designee at the office 


trailer or by radio and give the location and nature of the emergency. 


 


  The Plant Manager or his designee will dial 911 (if necessary) and will 


activate the emergency alarm.  DO NOT ACTIVATE AN 


ELECTRONIC FIRE ALARM OR USE RADIOS IF 


EMERGENCY IS A BOMB THREAT. 


 


  Notify all site personnel in the immediate area of the fire or other 


emergency and proceed to the assembly area or begin any emergency 


responsibilities you are assigned. 


 


  In case of a bomb threat, notify the emergency wardens to begin 


evacuation procedures verbally. 
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Fire or Other 


Emergency 


Evacuation 


Procedure 


 Upon being notified of a fire or other emergency, proceed to the 


primary exit or evacuation route and assemble in the designated 


assembly area.  DO NOT leave the assembly area until you are 


accounted for and DO NOT go back into the building or area for any 


reason.  Use the closest secondary exit or route if the primary route is 


blocked or otherwise inaccessible (Figure 1). 


 


 


 


Foreseeable 


Emergency 


Scenarios 


Subject 


Fire 


Fire Prevention and Protection 


Chemical Release 


Flash Floods 


High Wind 


Lightning 


Tornado 


Threats of Violence 


Bomb Threats 


Earthquake 


 


 


Base Station A Base Station will be set up by the Plant Manager or designee, in the office, 


unless that structure is somehow involved or could be involved in the 


emergency situation.  At that point the Plant Manager or designee will specify 


an alternate Base Station location. 


 


 







Anfield Resources Inc. Shootaring Canyon Mill 
Disaster, Emergency & Radiological Preparedness Plan Disaster Emergency Prepare Plan.doc 


 


Revised:  04/09/2017;    Page 7 


 


Corporate 


Notification 


Once the site personnel are safe and accounted for, emergency personnel have 


been notified, and a Base Station has been established, the Plant Manager or 


designee will notify the appropriate Anfield Resources, Inc. Personnel 


(Attachment 1, “Internal Reporting of Significant Events”). 


 


Fire Emergency Procedures 


 1. Notify Plant Manager or designee of the fire emergency.  Response 


efforts are to be limited to the evacuation and, if necessary, rescue of 


threatened personnel.  Any fire fighting attempts will be of a first 


response nature only, with hand-held fire extinguishers.  Under no 


conditions are personnel to be put in harm’s way to save property. 


 2. If deemed necessary, the Plant Manager or designee will call 911 and 


with the assistance of two-way radios, inform all employees, 


contractors, and visitors of the fire emergency.  Based upon the 


location and type of fire, the Plant Manager or designee will direct all 


persons to the primary or secondary assembly location. (Figure 1). 


 3. When contacted, all persons on-site will report immediately to the 


primary or secondary assembly area (Figure 1) and stay there until 


accounted for and told by the Plant Manager or designee that they can 


either evacuate, or return to their work area.  IF THE FACILITY IS 


THREATENED BY A BRUSH FIRE, assemble only long enough 


to account for all persons on the facility.  Once all persons are 


accounted for, the Plant Manager or designee will determine if the 


site should be evacuated and to what alternate location the 


evacuation will take place.  DO NOT EVACUATE TO A 


HAZARDOUS DOWNWIND LOCATION. 


 4. A fire response Base Station will be set up by the Plant Manager or 


designee in the Office or at another location if the Office is, or will be, 


threatened by the fire. 


 5. Following the fire emergency, the Plant Manager or designee will 


notify the appropriate personnel (Attachments 1 and 2) and if 


applicable, assess and respond to the damage as per the Resumption of 


Normal Operations. 


Fire Prevention and Protection 


 1. Major workplace fire hazards at the Shootaring Canyon Mill are 


presented in the following summary. 
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 a. Maintenance Shop:  There are chemicals common to equipment 


maintenance, servicing and repair periodically found in the shop.  


A copy of the SDS for these products is maintained at the site.  


This information is utilized to properly store and use these 


products.  There are flammable storage cabinets in the shop for 


storage of flammable materials.  Welding curtains are available for 


use in the shop as required while performing welding.  Portable 


fire extinguishers are located at various locations within the shop 


building and are identified with signs.  Spill kits are present in the 


shop area for use in the event of a spill to provide prompt cleanup 


and disposal. In addition there are tanks that may be used for 


storage of used oils and antifreeze products outside the east shop 


bay doors and behind the building.   


______________________________________________________________ 


b. Mill Building:     Chemicals present in the mill are common for 


the extraction of uranium from ore. A copy of the SDS for these 


reagents are maintained at the site. Typical reagents utilized are 


sulfuric acid, chlorate, and anhydrous ammonia, lubricating 


greases and oils, diesel fuel for dryer burners and propane. 


Portable fire extinguishers are located at various locations 


throughout the mill building. Spill kits are present on site for use 


in the event of a small quantity spill of lubrication oils or 


petroleum products.  


______________________________________________________________ 


c. Solvent Extraction:    Large volumes of kerosene and amines are 


utilized in this building. Because of the fire potential associated 


with these reagents each extractor and tanks have a fire foam 


suppression system in addition to the sprinkler system for the SX 


building. Copies of the SDS for these reagents are maintained at 


the site. Portable and wheeled fire extinguishers are located 


throughout the SX circuit.  


______________________________________________________________ 


d. Laboratory:      A wide variety of chemicals are utilized and stored 


in the laboratory. Chemicals range from acids to bases to reagents 


utilized for analysis performed associated with plant operations. 


Copies of the SDS for these chemicals are maintained on site. 


Portable fire extinguishers are located throughout the laboratory. 


Spill kits are present in the laboratory for use on cleanup of small 


spills.  
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 e. Fuel Storage Area:  There are above grade tanks at the Shootaring 


Canyon Mill used for storage of diesel and gasoline fuels.  The 


tanks are contained within a bermed fuel containment basin for 


control of fluids in the event of a tank rupture.  Fire extinguishers 


and a spill kit are located near the fuel storage area. 


 f. Office:  Fire hazards in the office are primarily limited to paper 


waste that would be common to an office environment.  Fire 


extinguishers are located at various points in the office. 


 2. Responsible personnel at the Shootaring Canyon Mill are the site plant 


manager and other site management as designated by Anfield 


Resources, Inc. management.  In the event of a fire, directions for 


response will be given as the situation dictates.  Control of fires at 


Shootaring Canyon Mill is limited to a first response nature, and at no 


time will place people in harm’s way to protect property. 


 3. Fire extinguisher training is provided on an annual basis to employees 


at the Shootaring Mill. 


 4. Fire extinguisher inspections and annual maintenance are performed 


in accordance with site Inspections and Audits procedure. 


 5. Housekeeping is emphasized at the Shootaring Mill on the need to 


maintain a clean workplace as a means of preventing fires. 
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Chemical Release Emergency Procedures 


 1. If a chemical spill or other release has occurred, the area should be 


immediately evacuated to an upwind, and if possible, an uphill 


location.  The Plant Manager or designee should be notified as 


soon as personnel in the immediate area are safely out of harm’s 


way. 


 2. Upon notification, the Plant Manager or designee will determine if 


the chemical release poses a significant respiratory, fire, or contact 


contamination risk to the on-site personnel and if necessary inform 


all employees, contractors and visitors of the chemical release 


emergency.  Based upon the location and type of chemical release, 


the Plant Manager or designee will direct all persons to a primary 


or secondary assembly location (Figure 1). 


 3. If personnel are injured, or exposed to the chemical release, or the 


chemical release has the potential to create significant 


environmental damage, the Plant Manager or designee will assess 


the potential for rescue and mitigation efforts, and will allow only 


qualified, and properly protected personnel to enter the area to 


perform rescue and/or mitigation activities.  If the proper PPE is 


not on the site, and/or qualified rescue personnel are not 


immediately available, no rescue or mitigation attempts will be 


made until qualified and properly protected personnel are on-


site. 


 4. As soon as possible, the Plant Manager or designee will, in a safe 


location, establish a Base Station, notify the appropriate 


authorities and rescue personnel, and describe the situation and 


suspected contamination risks in as detailed a manner as possible. 


 5. Constant monitoring of the wind direction should be 


maintained, as any wind shift may threaten areas previously 


deemed safe. 


 6. Once all site personnel are safe and accounted for, emergency 


personnel have been notified, and a Base Station has been 


established, the Plant Manager or designee will notify the 


appropriate Anfield Resources, Inc. personnel (Attachment 1). 
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Flash Flood Emergency Procedures 


 If it is determined by the Plant Manager or designee that a flash flood 


emergency is occurring or imminent, a site-wide flash flood emergency will 


be declared.  This will consist of the following steps and actions as 


applicable: 


 1. If a flash flood emergency is occurring or determined to be 


imminent, the Plant Manager will set up a Base Station in the 


Office, and with the assistance of a radio, inform all employees, 


contractors, and visitors of the flash flood emergency.  At that 


time, all personnel will be informed as to the assembly and on-site 


personnel accounting procedure to be followed. 


 2. If possible, any energized equipment or utility lines which are in 


danger of being inundated or undermined by flood waters or mud 


flow debris will be de-energized by qualified personnel. 


 3. The Plant Manager or designee will determine if the site can be 


evacuated safely during the flash flood emergency.  This requires 


close contact with local emergency authorities as well as 


assessment of the on-site flooding conditions and the road and 


bridge conditions leading from the site to the towns of Ticaboo 


and Hanksville, Utah. 


 4. If it is determined by site management and the local authorities 


that travel is too hazardous to leave the site, the Anfield Resources 


Inc. Plant manager or designee will designate safe areas on-site 


which can be used for assembly and shelter until travel is deemed 


safe enough for site evacuation. 


 5. If it is determined by site management and the local authorities 


that travel is too hazardous to leave the site, the Plan Manager or 


designee will designate safe areas on-site which can be used for 


assembly and shelter until travel is deemed safe enough for site 


evacuation. 


 6. Any areas of flowing water should be avoided both on foot and in 


an automobile, as it is often impossible to judge the speed and 


depth of the flowing water. 


 7. The Plant Manager with assistance from the staff will determine 


when the flash flood emergency is over.  Any damage which has 


occurred on the facility will be assessed and determination made 


as to whether or not site personnel can return to all or a portion of 


the facility. 
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 8. If the damage to the facility is severe, resumption of activities will 


be conducted per “Resumption of Normal Operations Plan”. 


 


High Winds 


 


Emergency Procedures 


 


If it is determined by the Plant Manager or designee that a high wind emergency is occurring 


or imminent, a site-wide high wind emergency will be declared.  This will consist of the 


following steps and actions as applicable: 


1. If a high wind emergency is occurring or determined to be imminent, the Plant Manager 


or designee will, set up a Base Station in the Office (if secured) and with the assistance of 


a radio, inform all employees, contractors, and visitors of the high wind emergency.  The 


Plant Manager or designee will then direct the site personnel to take cover in the 


appropriate buildings or low profile vehicles and account for all personnel at each shelter 


location.   


2. The Plant Manager or designee will warn all persons to avoid any area where debris may 


be subject to high winds, such as metal roofing, loose construction materials, etc. 


3. If time and safety allows, any high profile vehicles on the site will be turned into the wind 


to avoid being tipped over by high wind gusts. 


4. All electrical equipment such as computers, etc., will be turned off to avoid being 


damaged by a power outage or electrical spike during the high wind event. 


5. If evacuation of the site is required or work is halted at the site for the day and employees 


are allowed to leave the site, the Plant Manager or designee will determine whether or not 


the high profile vehicles will be allowed to be driven off the site during the high wind 


event. 


6. The Plant Manager or designee will determine when the high wind emergency is over and 


assess whether the site is safe to allow a return to work by all or some of the employees.  


(Some tasks may have to be postponed until the wind speeds diminish.) 


7. If minor damage such as downed power lines, etc., has incurred during the high wind 


event, the Plant Manager or designee will assess the damage and determine if repairs are 


needed before site personnel return and safely resume normal site activities. 


8. If extensive damage such as downed power lines, etc., has been incurred during the high 


wind event, resumption of activities shall be conducted as per the guidelines stated in the 


Resumption of Normal Operations Plan at the end of this document.  
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Lightning Emergency Procedures 


 


1. If lightning is sighted near the facility, its distance from the facility can be estimated by 


counting the number of seconds after the lightning flash until thunder is heard.  The 


equation is 1 mile = 5 seconds.  Therefore, if ten seconds is counted off after a lightning 


flash, the bolt was approximately 2 miles from the observer. 


2. Dependent on job assignment each employee is responsible in determining if a lightning 


danger exists at the facility by estimating the distance of the storm from the facility, 


whether or not the storm is producing lightning, and if possible, whether or not the storm 


is moving in the direction of the facility. The most dangerous lightning of course is 


cloud-to-ground lightning, and should receive the utmost attention of all personnel on the 


site. 


3. If it is determined by the Plant Manager or designee that a lightning emergency may 


occur, all employees will be notified by radio, alarm, or verbally, that all persons are to 


seek shelter in either a grounded structure such as a building or a vehicle.  This status will 


remain in effect until the Plant Manager or designee has determined that the threat of 


lightning strike has passed and an all clear notification has been given. 


4. If persons are caught away from any structures, vehicles, etc., during a lightning storm 


the Plant Manager or designee will direct them to a low area and, if necessary, to lie 


down to lower their profile and thus their potential for lightning strike.  The Plant 


Manager or designee will also direct that any electrical appliances such as computers will 


be shut down and, if possible, unplugged to avoid electrical damage by the storm. 


5. Any work taking place in and around water such as tailings ponds, evaporative 


ponds, wheel wash facilities, towers, trees, or ridge lines, etc., will immediately be 


shut down and all persons removed from the area during any lightning activity 


which is deemed by the Plant Manager or designee to be threatening.  Any employee, 


contractor, or visitor, who feels that lightning causes the area to be unsafe, may notify the 


Plant Manager or designee who will act on their advice accordingly. 


6. If the lightning strike occurred on the site during a storm event, the Plant Manager, 


designee and/or other qualified personnel will inspect any damage and determine if 


repairs are needed before personnel can return to the site or affected work area (see also 


Resumption of Normal Operations Plan). 
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Tornado Emergency Procedures 


 


1. If a tornado is spotted in the area, the Plant Manager or designee will, with the assistance 


of a radio alarm, inform all employees, contractors, and visitors of the tornado 


emergency.  The Plant Manager or designee will then direct evacuation of the site office 


and other site structures to the safest location(s) on the site and conduct assembly and 


personnel accounting procedures at that location(s).   


2. While the safest location during a tornado is a storm cellar or similarly constructed 


underground room, the safest location on the Shootaring mill will likely be the cinder 


block building, ditches and culverts located on and around the property. 


3. If outside the safest way to take cover will likely be to lie down in a ditch, culvert, or 


other low area.  Cover your head with your hands.  This location and posture will help 


personnel avoid injury by flying objects. 


4. If in a permanent building, the safest location is in a basement, or in a closet or inner 


hallway that is far from an outside wall.  Crouch on your knees near an inner wall.  Bend 


over and clasp your hands behind your head.  MOST IMPORTANT:  BE SURE TO 


KEEP FAR AWAY FROM GLASS WINDOWS. 


5. DO NOT TRY TO OUTRUN A TORNADO IN A CAR.  Get out and find a ditch or 


low area as recommended in step Number 3 above. 


6. The Plant Manager or designee should also warn all persons on-site, that lightning is a 


common occurrence with tornadoes and all persons should avoid any areas with water or 


metal items such as pipes and rails, or power and telephone lines. 


7. Following a tornado or high winds associated with a tornado, the Plant Manager or 


designee should not allow access to the site until it is determined by qualified personal 


that no power lines, utility lines, or other equipment have been damaged which might 


make site ingress hazardous for any employee, contractor, or visitor. 


8. If the site has sustained significant damage, the Plant Manager or designee will call 911 


and alert the necessary emergency personnel as to the extent of damages and injuries to 


personnel.  The Plant Manager shall also be responsible for notifying the appropriate 


Anfield Resources, Inc. personnel as specified in the Internal Notification Flowchart 


(Attachment 1) 
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Threats of Violence Emergency Procedures 


1. Upon receiving a phone threat, be calm and courteous, and notify the Plant Manager or 


nearby employee of the threat using a prearranged signal while the caller is on the line 


(DO NOT ACTIVATE THE FIRE ALARM).  The other employee or Plant Manager 


or designee should immediately call 911 (use a separate phone line!) and follow law 


enforcement personnel instructions explicitly. 


 


2. If the threat is in person and the person is not armed, remain calm and ask the person to 


leave the premises.  If the person complies, call 911 immediately after he or she leave the 


vicinity.  If the person refuses, have a fellow employee, or the Plant Manager or designee 


call 911 from another location. 


 


3. If the person is armed, remain calm, and listen carefully to their instructions and comply 


with all their demands.  The Plant Manager or designee should, if possible, or necessary 


verbally (DO NOT USE THE FIRE ALARM) Initiate site evacuation procedures and 


immediately call 911.  Do not assemble site personnel in an area which could be 


threatened by hostile activity. 
 


4. If the person is willing to listen, refer him to someone off site, where, once the person has 


left the site, authorities can be notified and the person can be dealt with by law 


enforcement personnel when he or she arrives at that location. 


 


5. Once the threat of violence emergency is over, site personnel are safe and accounted for, 


and emergency personnel have been notified, the Plant Manager or designee shall notify 


the Anfield Resources, Inc. Management personnel as per the Internal Notification 


Flowchart and phone list (Attachments 1 and 2). 


 


Bomb Threat Emergency Procedures 


1. Upon receiving the bomb threat, be calm and courteous, and notify the Plant Manager or 


nearby employee of the bomb threat using a prearranged signal while the caller is on the 


line.  (DO NOT ACTIVATE AN ELECTRONIC FIRE ALARM OR USE TWO-


WAY RADIOS). 


2. Open the checklist on the following page, and complete the form as per the 


instructions. 


3. If possible, have the Plant Manager or designee call 911 on a separate line and begin 


verbally evacuating the affected buildings or area.  While the caller is still on the phone 


and, if safe, have the employees assemble in the designated assembly areas.  If the 


primary assembly area(s) is not safe the Plant Manager or designee will select an 


alternate, safe, assembly location. 


4. FOLLOW ALL LAW ENFORCEMENT INSTRUCTIONS EXPLICITLY. 
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5. During evacuation proceedings, if time permits, open all windows and doors in the 


building.  (DO NOT UNDER ANY CIRCUMSTANCES TAKE ANY CHANCES). 


6. Once all of the on-site employees, contractors and visitors have been accounted for, make 


sure they are in a safe location until the Plant Manager or designee informs them that they 


can leave the site, or return to their work areas. 


7. The Plant Manager or designee will set up a bomb threat response Base Station.  In the 


case of a bomb threat this may be in a vehicle or other off-site structure in a convenient 


location to control access to the site  


8. Have an emergency rescue crew (if available), standby at the location but in a safe area. 


9. Once all site personnel are safe and accounted for, emergency personnel have been 


notified, and a Base Station has been established for information and access control, the 


Plant Manager or designee will notify the appropriate Anfield Resources, Inc. 


Management personnel as per the Internal Notification Flowchart and phone list 


(Attachments 1 and 2). 


 


Earthquake Emergency Procedures 


 


Since no earthquake warning system currently exists which can reliably predict an impending 


earthquake, any earthquake emergency procedures are naturally limited to pre-quake 


personnel education efforts, and post-quake rescue and damage assessment capabilities.  


Therefore, the yearly, emergency response training should include information such as areas 


to avoid or evacuate during an earthquake emergency and precautionary measures which can 


be taken during an earthquake. 


As stated above, there will little or no warning to indicate that an earthquake is about to hit 


the facility, therefore the emergency procedures listed below are reactive in nature. 


1. The Plant Manager or designee should immediately call 911 and set up a Base Station in 


an undamaged building or other available location if the facility has experienced an earth 


quake event which results in damage and/or injuries. 


2. The Plant Manager or designee should then coordinate and evacuation of the facility to 


the predetermined assembly areas or secondary assembly are if the primary area is 


deemed unsafe or inaccessible (Figure 1).  All employees, contractors and visitors will be 


accounted for and not allowed to leave the site until given permission by the Plant 


Manager or designee. 


3. If a significant earthquake event does occur, the most likely place for injuries or fatalities 


on the facility will be in locations where falling debris or soil collapse can occur, and/or 


energized equipment and utilities can be damaged.  Therefore, once the quake has 


stopped or slowed to only minor aftershocks any response efforts should focus on those 
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locations where personnel were in or near, collapsed buildings, open trenches, steep 


slopes or tailings piles, and energized equipment or utility lines. 


4. If any personnel are missing, the Plant Manager or designee will immediately help 


coordinate search efforts with local emergency crews (if they can reach the site) and on-


site employees and/or contractors.  Site personnel will explicitly follow all directions 


from the emergency personnel and the Plant Manager or designee and will not be 


allowed to initiate search and rescue efforts if conditions are dangerous, or if the 


personnel are unqualified to conduct rescue efforts (for instance, if tanks are damaged 


and acidified solutions or reagents are present, or if an electrician or other specialist is 


required to de-energize utility lines). 


5. Following the earthquake emergency, the Plant Manager or designee will notify the 


appropriate Anfield Resources, Inc. Management personnel as per the flowchart and 


phone list (Attachments 1 and 2).  If the facility has sustained damage, the Plant Manager 


or designee will follow the  Resumption of Normal Operations Plan. 


 


 Resumption of Normal Operations Plan 


 


Resumption of Normal Operations Plan 


Introduction 


Once an emergency situation has been dealt with, and the site has been determined to be safe, 


resumption of normal operations may be extremely difficult, depending upon the nature of 


the emergency situation.  In addition, employees and contractors may be reluctant and/or 


unable to return to work at the site until certain damage is repaired and equipment and 


buildings are once again operable.  If this is the case, the individual supervisors, employee or 


contractor will be responsible for notifying the Plant Manager and informing him/her of their 


work resumption problems. 


Site Reconnaissance and Damage Assessment 


Before any employees, contractors, or visitors will be allowed on-site after an emergency 


situation, the appropriate Health and Safety, Site Management, Procurement, and/or other 


personnel will perform site reconnaissance.  The site tour(s) will be conducted in order to 


characterize the “state of the facility”, and determine what tasks will be required to resume 


normal operations and in what order those tasks will be required to resume normal operations 


and in what order those tasks will need to be performed.  Typical items which will be noted 


are damaged or de-energized equipment, damaged buildings and contents, and minimum 


required repairs needed to safely open the site or affected work area. 


The complete list of the site damage and items requiring repair will be submitted by the 


Anfield Resources, Inc. Plant Manager or designee to the appropriate Health and Safety, 


Procurement and other personnel to ensure that all necessary repairs and replacement are 
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completed before site personnel are allowed back into the area.  If no damage was incurred to 


the site during the emergency situation, only a list of the necessary startup procedures will be 


required. 


Site Restoration and Operations Startup 


Using the aforementioned damage assessment list, all necessary repairs will be completed 


and verified by the appropriate Management, Health and Safety, and Operations personnel 


before the site can be accessed by other employees, contractors, or visitors.  If no damage 


was incurred, but certain equipment or utilities were de-energized during the emergency 


situation, appropriate lockout/tagout measures will be followed by qualified personnel when 


re-energizing any deactivated equipment or systems. 


Once all repairs have been made and the systems are back on line, appropriate tests will be 


conducted before normal operations can be resumed.  These tests will be conducted by the 


appropriate operations personnel in conjunction with any ancillary personnel (electricians, 


plumbers, etc.), which might be required to initiate additional repairs or should it be 


necessary, to activate and/or deactivate other operations or systems.  All repairs, reactivation 


and testing activities will be verified by the appropriate Management and Health and Safety 


personnel.  A verification sign-off sheet with the appropriate signatures will be kept for the 


permanent project records. 


Resumption of Operations 


Once all repairs and reactivation has been completed and verified, operations employees will 


be allowed back into the work area(s) and normal operations will resume.  If additional 


repairs or equipment replacement is required, this will be completed as per normal 


operational guidelines. 
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Medical Emergency 


Contact List 
National Park Service 


  Emergency……………… (800) 582-4351 


  Dispatch ………………… (520) 645-8301 
 


  Bullfrog Clinic …………. (435) 684-2288 
 


  Blanding Clinic ………… (435) 678-2254 


  Emergency ……………… (435) 678-3434 
 


  Green River Clinic ……… (435) 564-3434 


  Wayne County Clinic …… (435) 425-3202 


 


Notify 


 
   Steve Morrill, Mill Supervisor 


  Home …………………….. (435) 542-3409 


  Mobile ………………….... (435) 641-0715 


   Sheryl Garling, RSO 


  Mobile …………………… (307) 277-3861 


 Home …………………….. (307) 237-4188 
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Anfield Resources, Inc. 


INTERNAL NOTIFICATIONS 


 


Mill Supervisor Steve Morrill   


 Home (435) 542-3409   


  Mobile (435) 691-0715  


Radiation Safety Officer & 


Environmental Manager Sheryl Garling  


 Home (307) 237-4188


 Mobile (307) 277-3861 


Director of Regulatory Affairs Toby Wright  


 Work (970) 231-1160


 Mobile (970) 231-1160 


Chief Executive Officer Corey A. Dias  


 Work (416) 827-8064 
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REGULATORY CONTACT 


 INFORMATION 


 
MSHA 


 


Immediate Notification  1+ (800) 746-1553 


Salt Lake Field Office   1+ (801) 524-3450 


 


 


UTAH DEPARTMENT OF WASTE MANAGEMENT AND RADIATION CONTROL 


 


UDWMRC 24 Hour Emergency Spill/Incident  1+ (801) 536-4123 


 


During Business Hours after Business Hours use above Emergency Number 


 


Division of Air Quality    1+ (801) 536-4000 


Division of Radiation Control    1+ (801) 536-4250 


Division of Drinking Water    1+ (801) 536-4200 


Division of Solid Hazardous Waste   1+ (801) 538-6170 


Division of Water Quality    1+ (801) 538-6146 


 


ENVIRONMENATAL PROTECTION AGENCY 


 


EPA Region 8      1+ (800) 227-8917 


 


 


 


 


 


 


 


 


 


  







Anfield Resources Inc. Shootaring Canyon Mill 
Disaster, Emergency & Radiological Preparedness Plan Disaster Emergency Prepare Plan.doc 


 


Revised:  04/09/2017;    Page 22 


 


 







Exhibit B.7 Radiological Emergency Action Plan Rev.1 
Page 1 of 8 


ANFIELD RESOURCES, INC. 


SHOOTARING CANYON MILL 


 


 


Exhibit B.7 


 


Radiological Emergency Action Plan 


Rev.1 


 


Table of Contents 


 


Page 
Introduction                                                                                                                                                2 


I. Responsibilities                                                                                                                                               2 


II. Organization                                                                                                                                                          3 


III. Manpower & Equipment Resources                                                                            3 


IV. Response Instructions - Mill Site Accidents                                                                  5 


V. Response Instructions - Transportation Accidents                                                          6 


Notification Checklist Form                                                                                                                       7 


  







Exhibit B.7 Radiological Emergency Action Plan Rev.1 
Page 2 of 8 


RADIOLOGICAL EMERGENCY ACTION PLAN 


INTRODUCTION 


The occurrence of accidents associated with the operation of the Shootaring 


Canyon Uranium Processing Facility will be minimized through the proper design, 


manufacture, and operation of process components in conjunction with a quality 


assurance program designed to establish and maintain safe operations. 


Despite these precautions, some small probability of accidents occurring resulting 


in the release of radioactive materials to the environment still exists. 


Assessments of the relative probabilities of accidents and the resultant 


potential radiological impacts have been made by Anfield Resources, Inc., Utah 


Division of Waste Management and Radiation Control, the USNRC, and others. 


The accident with potentially the most significant radiological impact would 


involve a truck carrying refined uranium oxide (U308) from this facility to a 


conversion plant, for the chemical transformation prior to isotopic enrichment. 


Additionally, some small probability exists for an accident at the mill site itself 


which might result in the release of significant quantities of radioactive materials. 


Accordingly, some contingency plan is necessary to ensure that personnel, 


equipment, and materials are available to contain spilled radioactive materials, to 


minimize the exposure of workers and the public, and to decontaminate the accident 


area. 


 
I. RESPONSIBILITIES 


The responsibilities for dealing with a radiological emergency in transport are 


divided among several agencies and persons, while those dealing with an emergency at 


the mill site are Anfield Resources, Inc's. 


The carrier of the source material has legal responsibility for action in all aspects 


of a transport accident. Title 49, Code of Federal Regulations, requires that the carrier 


take action to: notify, at the earliest practicable moment, the Department of 


Transportation, state and local authorities, the shipper, and the driver's own 


management; contain or confine the source material; and make a final cleanup of the 


contaminated area. 


Anfield Resources, Inc. responds to such transport accidents upon request by the 
carrier. 


The shipper is required pursuant to 49 CPR 172.202 and 172.203 to provide 


to the carrier, when shipment is made, information that should include any special 
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precautions required for dealing with his shipment. If called in case of an accident, the 


shipper is also required to provide whatever details about his shipment that are 


necessary and helpful. 


 


For the purposes of this plan, it is presumed that the carrier requests the manpower 


and equipment resources available to Anfield Resources, Inc., and approves their use to 


the extent of this plan. 


II. ORGANIZATION 


Anfield Resources Inc's radiological response team will consist of the Radiation 


Safety Officer (RSO), Radiological Technician(s), and other support personnel deemed 


necessary. Their responsibilities include: 


A. Radiation Safety Officer 


1. Conduct radiation measurements or other evaluations to 


determine the extent of the accident as outlined in Section IV. 


2. Decontaminate personnel and the area as necessary to 


eliminate the immediate emergency as outlined in Section 


IV. 


3. Provide a documented report of the accident as outlined in 


Section IV. 


4. Utilize the resources listed in Section III to any extent necessary 


to abate the radiological effects of the accident. 


5. Maintain communications with local, state, and federal 


officials as necessary. 


B. Radiological Technicians and Support Personnel: 


1. Employ radiological procedures as directed by the RSO, e.g., 


use of protective equipment. 


2. Monitor the area and personnel as directed by the RSO to 


evaluate environmental contamination parameters, individual and 


public exposures, and contamination levels. 


3. Post or mark all areas, equipment, or materials with appropriate 


radiation warning signs, as indicated by radiation surveys. 


4. Provide a broad base of resources upon which the ERHS can 


draw. A list of these groups and their areas of expertise appears 


in Section DI. 


III. MANPOWER AND EQUIPMENT RESOURCES  


1. Anfield Resources, Inc. 


Telephone: (780) 920-5044,  


 


Uranium mining and milling manpower and equipment 
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2 .  Ludlum Measurements  Inc.  


Sweetwater, TX 


Telephone: 800-622-0828; 325-235-5494 


Radiation equipment and repair services 


 


3. Intermountain Laboratories, Inc. 


Sheridan Analytical Lab 


1673 Terra Avenue 


Sheridan, Wyoming 82801 


(307) 672-8945 


 


Complete laboratory services, instrument calibration, bioassay services 


 


4 . L a n d a u e r  I n c .  


2 Science Road 


Glenwood, IL 60425 


Telephone: (708) 755-7000 


 


OSL and Radon Analysis 


 


5 .  R  and  D Enterpr ises ,  Inc .  


P.O. Box 3321 


Casper, WY 82602 


Telephone: (307) 237-4188 


 


Radiation Safety & Technical Services consultant services 


 


6. Hall's Crossing, Utah, Airport 


Telephone: (801) 684-2491 


 


Charter air service and rental 


 


7. Department  of Environmental Quality  


Division of Waste Management and Radiation Control 


168 N. 1950 West 


P.O. Box 144850 


Salt Lake City, UT 84114-4850 


Telephone: (801) 536-4250 


 


State of Utah Regulatory Control 
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8. High-level Waste & Uranium Recovery Branch MS-T-74-9 


Division of Waste Management 


Office of Nuclear Materials Safety and Safeguards 11545 Rockville Pike 


Rockville, MD 20852 


Telephone: (301) 415-6699 


 


Federal Regulatory Control 


 


9. EMERGENCY KIT 


9.1 PRS-2 scaler or equivalent 


9.2 AC 3-8 scintillator or equivalent 


9.3 HP-210 Geiger-Muller tube or equivalent 


9.4 Cables for all scaler/detector combinations 


9.5 BDX-44 portable air sampler or equivalent with spare battery packs 


9.6 25 mm filter holders 


9.7 Gelman AE 25 mm filters or equivalents 


9.8 Size D flashlight batteries (6 each) 


9.9 Nu-con smears or equivalents 


9.10 Air sampling line with clip 


9.11 Norton model 7000 full-face respirators or equivalents (3 each) 


9.12 Norton Model 7100-30 M half-face respirators or equivalents (3 


each) 


9.13 Radionuclide filters for 11 and 12 above (24 each) 


9.14 Disposable coats, shoe covers, and gloves 


9.15 Large plastic trash bags (100 each) 


9.16 Several rolls (
-
100' x 25') plastic sheeting, tent stakes, 100 feet of 


nylon cord 


9.17 Flashlights (3 each) 


9.18 Small folding spade 


9.19 Signs: "Danger - Radioactive Materials" and "Danger - Airborne 


Radioactivity Area" 


9.20 Sample bags (100 each) 


9.21 Notebooks, pens, pencils, and sampling forms 


9.22 Th-230 and Tc-99 traceable sources 


9.23 Cs-137 check source 


9.24 Alpha radiation scintillator 


9.25 Beta/Gamma scintillator 


9.26 Megaphone 


 


IV. RESPONSE INSTRUCTIONS - MILL SITE ACCIDENTS 


A. Begin decontamination and radiation surveys of injured individuals as is 


practicable prior to the medical transport. Assign a decontamination team to accompany 


the injured during medical transport if necessary. 
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B. Begin decontamination and radiation surveys of nonessential 


personnel. 


C. Begin airborne uranium and area gamma radiation surveys with emphasis 


on the packaging and drying area and the CCD area, respectively. 


D. Begin confinement of product contamination by covering spills with plastic 


sheeting. Concurrent air sampling is important as concentrations of natural uranium in air 


may be significant, i.e., E-7 pCi/m1 or 2000 times the Derived Air Concentration (DAC) . 


E. Complete accident site decontamination.  


F. Complete radiological evaluation of the accident in the form of a formal 


written report. 


G. Refer to "Guidelines for Decontamination of Facilities and Equipment 


Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct or Source 


Materials, "dated September, 1984; and Table 5.5-6 of this license renewal document for 


contamination limits. 
 


 


V. RESPONSE INSTRUCTIONS - TRANSPORTATION ACCIDENTS 


A. Upon notification of the accident, presumably by telephone from the 


carrier or local law enforcement officials, the call will be transferred directly to the 


Radiation Safety Officer (RSO) or in his absence the Radiological Technician (RT). 


The RSO or RT shall acquire as much information from the notifier as possible to 


determine if a radiological emergency exists. See the attached check list. If conditions 


warrant, the RSO shall provide the notifier with whatever details that are necessary to 


institute confinement measures while minimizing personnel radiological exposures. 


B. The RSO or RT shall promptly notify the Radiological Technicians and 


other support personnel as deemed necessary. 


C. The RSO or RT shall promptly contact air charter service to arrange 


for the necessary aircraft, if necessary. 


D. Equip personnel with personal air samplers and protective equipment. 


Begin confinement of spilled U308 product by covering with plastic sheeting. 


E. Restrict access to the contaminated area. 


F. Decontaminate all non-essential personnel at the site. Obtain names, 


addresses, and social security numbers of all individuals who may have been exposed to 


radioactive materials. 
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G. Decontaminate all thoroughfares as necessary to restore normal traffic 


patterns. 


H. Complete accident site decontamination.  


I. Complete radiological evaluation of the accident in the form of a 


formal written report addressing the following: 


1. Estimated quantities of radioactive materials released. 


2. Summary of air concentrations and levels of contamination on 


personnel, equipment, and materials. 


3. Bioassay results and estimated radiological doses to workers and 


the public as a result of the accidents. 


4. Recommendations for mitigating the effects of future 


transportation accidents. 
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TRANSPORT ACCIDENT NOTIFICATION CHECKLIST 


1 .  D a t e :  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Time:_______________________________  


2 .  Not i fying par t y and  locat ion:   


3 .  Precise accident location (describe if necessary):  


4 .  Condition of  the t ruck and load:  


5 .  Est imated area contaminated:  


6 .  M eteo ro lo g i ca l  cond i t i on s :   


7 .  Number of injured individuals and location transported to for treatment:  








 
 
 
 
 
 
 
 
 


EXHIBIT B.8 
 


ANFIELD RESOURCES, INC. 


RADIOLOGICAL SAFETY TRAINING MANUAL 


FOR OPERATIONAL PROCEDURES 


 
Portions of the following document have been previously referenced in training materials at the Shootaring Canyon 


Mill site.  This document will be incorporated into the future training program with appropriate updates, proper 


formatting and site specific application once the project advances to operational status from “standby” status. 
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SHOOTARING CANYON MILL 


 
Exhibit B.9 


 


Respiratory Protection Program  


Rev 1.0 


 


 
The following is a compilation of documents previously utilized by the Shootaring Canyon Mill site.  


Future document revisions will include formatting and site specific application once the project advances to operational status from 


“standby” status. 
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RESPIRATORY PROTECTION PROGRAM I. APPLICABILITY 


This Respiratory Protection Program sets out the Mill's procedures regarding: 


 selection, fitting, issuance, maintenance, and testing of respirators, including testing for operability 


immediately prior to each use; supervision and training of personnel; monitoring, including air 


sampling and bioassays; and record keeping; and 


 Determination by a physician that the individual user is medically fit to use the respiratory protection 


equipment. 


1.1 Respiratory Protection Policy 


The Respiratory Protection Program is established for the Mill to protect its workers from occupational 


exposure to harmful concentrations of radioactive and/or toxic materials in the air. 


As noted in United States Nuclear Regulatory Commission ("NRC") Regulatory Guide 8.15, and in Utah 


Department of Waste Management and Radiation Control (“UDWMRC”) R313-15-701, 702 and 703, "it 


is widely recognized among safety professionals that the use of respiratory protection devices in the 


workplace can impose physiological and psychological stresses on workers, obstruct their vision, hinder 


their movements, and make effective communications difficult. These factors increase the risk of physical 


injury to respirator wearers that, in many cases, far exceeds any potential risk associated with the 


inhalation of a small quantity of airborne radioactive material." Therefore, process or engineering controls 


should be used to the extent practical to control the concentration of radioactive material in air, and the use of 


respiratory protection devices should be contemplated only after other measures to limit intake have been 


considered. 


The following is the Mill's policy with respect to respiratory protection: 


a) Process or other engineering controls will be used whenever feasible to reduce the need for use of 


respirators; 


b) For work in areas in which respirators must be routinely used to reduce exposures, standard 


operating procedures ("SOP's") will detail use of respiratory protection. Non-routine use of 


respirators will be performed under Radiation Work Permits. Self Contained Breathing 


Apparatus ("SCBA") respirators will only be used for evacuation and emergency response 


situations; 


c) Due to the added physical stress of working while using a respirator, work periods will be 


alternated with rest periods; and 


d) Respirators will not be issued to workers unless they are to be used. Respirators are provided to 


workers for their personal protection and the proper use of respirators in areas in which such protection 


is required is a condition of their employment. Violating the established rules for respirator use may 


result in disciplinary action up to and including dismissal. 


1.2 Supervisory Positions and Responsibilities 
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In general, the Mill Manager is responsible for providing the equipment and resources necessary for the 


successful implementation of this Respiratory Protection Program and for facilitating the application of 


engineering controls to reduce the need for the use of respiratory protection devices. 


The Mill's Radiation Safety Officer ("RSO") has primary responsibility for implementation and 


oversight of all aspects of the respiratory protection program, including supervisory and technical 


responsibilities. The RSO is assisted by one or more Radiation Technicians or other Radiation Safety 


Department staff. 


The Mill Manager and the RSO will coordinate efforts to use, to the extent practical, procedures and 


engineering controls based on sound protection principles to maintain radiation exposures as low as 


reasonably achievable ("ALARA"). 


1.2.1 Radiation Safety Officer 


The RSO is responsible for the implementation and direct control of the respiratory protection program. 


The RSO's responsibilities include: 


a) Supervision of respirator selection procedures;  


b) Establishment of training sessions about respiratory equipment for workers;  


c) Establishment of a continuing program of cleaning and inspecting the  


equipment; 


d) Designation of proper storage areas for respiratory equipment; 


e) Establishment of issuance and accounting procedures for uses of respiratory  


equipment; 


f) Establishment of medical screening programs and procedures for workers assigned to wear 


respiratory equipment 


g) 11111Establishment of a periodic inspection schedule of those work places/conditions requiring 


respiratory equipment to determine exposure and/or changing situations; 


h) A continuing evaluation of the above aspects to ensure their continued  functions and 


effectiveness. 


 


1.2.2 Radiation Technicians and Other Radiation Safety Department Staff 


In administering the program, the RSO will be assisted by one or more Radiation Technicians, who may 


perform supervisory and technical functions, as determined by the RSO, and one or more other members of 


the Radiation Safety Department Staff, who may perform technical functions. Each such individual must 


have adequate training to undertake his or her assigned responsibilities, as determined by the RSO. 


1.2.3 Respirator Program Administrator 
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The RSO is the Respiratory Program Administrator. However, the RSO may appoint a Radiation Technician 


as Respirator Program Administrator, in his stead, to administer the program under the direction and 


supervision of the RSO. 


1.2.4 Training and Re-Training Requirements 


The RSO and any Radiation Technician will be required to have satisfied the requirements for those 


positions as set out in UDWMRC Ad. Code R313-15-703 (and NRC Reg. Guide 8.31) and to be current in 


their refresher training as set out in those Reg. Guides. Any other member of the Radiation Safety 


Department who has been given technical responsibilities under this program will have adequate training in 


order to undertake those responsibilities, as determined by the RSO. Each Radiation Technician will also 


have completed the training specified in Section 2.2 below. 


1.2.5 Qualifications for Appointment 


The RSO and, if so appointed by the RSO, one or more Radiation Technicians, will have supervisory 


responsibility and may also have direct responsibility for various technical aspects of this program. Such 


individuals will meet the requirements for the position of RSO and Radiation Technician as set out in 


NRC Reg. Guide 8.31, and will have completed the training specified in Section 2.2 below. 


Any other members of the Radiation Safety Department who perform technical functions under this program 


will have the qualifications and training required to perform the function, as determined by the RSO. 


1.3 Policy Regarding Facial Hair (Face to Face-piece Seal Integrity) 


Anything in the face-to-face-piece seal area of a tight-fitting respirator that is under the control of the 


respirator user is prohibited. Materials in this area might interfere with the seal of the respirator, might 


prevent proper exhalation valve function, or might impair the operation of a face-piece-mounted air regulator. 


Leakage of air into the mask will nullify the purpose of the respiratory device. 


The list of prohibited materials includes (but is not necessarily limited to) facial hair of any kind (e.g., 


beards, mustaches and long sideburns) in the seal area (the worker must be clean-shaven), hair from the 


head intruding into the seal area, cosmetics, spectacle temple-bars, protective clothing, and equipment. A 


respirator wearer is not required to shave more than once during each 12-hour period. 


The policy of the Mill concerning facial hair is: 


As a condition of employment, those workers who may at any time be required to wear a 


respirator as part of their employment will not have any facial hair or other features that 


will restrict the proper fitting of a respiratory device. 


1.4 Physiological or Psychological Limitations to Respirator Use 


This Section describes physiological and psychological (including emotional) factors, which may limit an 


individual's ability to wear or work in a respirator. Any questions or problems concerning respirators or their 


use, such as the types described in this Section, should be addressed to the RSO. 


1.4.1 Physiological Limitations 







Draft Date: September 28, 2009, Revised 03/18/2017, Rev 1.0      Page 6 of 30 
 


As described below in Section 3.1, medical qualification will be required of each worker that might be using 


a respirator in his or her normal work duties. This is necessary to evaluate the individual's limitations to 


wearing respirator devices. A licensed physician will perform the medical evaluation and will determine if 


the individual user is medically fit to use the respiratory protection equipment. The physician will 


report on any physiological factors that may limit an individual's ability to wear a respirator. 


1.4.2 Psychological Limitations 


Mental factors must also be taken into consideration when workers are required to wear respirators. Some 


individuals become claustrophobic when wearing a respirator. These individuals should not be required to 


wear respirators if the condition is severe enough to cause panic. 


1.4.3 Other Factors 


Other factors, which may cause problems in respirator sealing, must be considered when performing fit testing. 


These may include such factors as facial structure, scars, skin creases, or dentures. 


1.5 Equipment 


Only National Institute for Occupational Safety and Health ("NIOSH") tested and certified and Mine 


Safety and Health Administration ("MSHA") approved respiratory protection devices will be used at the 


Mill. In addition, these devices must be used, maintained, and stored in such a manner that they are not 


modified and are in like-new condition at the time of issue. A reasonable amount of wear that does not 


affect performance is acceptable. 


The Mill will provide adequate equipment or material, as necessary to supplement respiratory protective 


equipment, to reduce the likelihood that respirator use might contribute to workplace accidents or injury. 


Examples of such equipment are: 


Spectacle adapters; 


Voice amplification equipment; and 


Material or equipment to prevent or reduce fogging of respirator lenses. 


Safety or protective equipment used in conjunction with respirators should not interfere with the proper fit or 


operation of the respirator. Manufacturer-supplied equipment (e.g., welder's shields, communications devices) 


specified on the approved subassemblies list for the respirator may be used in accordance with the 


manufacturer's instructions. Equipment or devices supplied by a company other than the respirator 


manufacturer may be used as long as they do not alter the form, fit, or function of the respirator. Any such 


device that attaches to or requires penetration of the respiratory inlet covering is likely to void the NIOSH 


approval for the device and should not be used. 


2. PROCEDURES FOR RESPIRATOR USE 


 2.1 Supervision of the Program, Including Program Audits 


This Respiratory Protection Program is administered by the RSO. Quarterly ALARA Reports from the RSO 


are sent to members of the ALARA Committee. The effectiveness of the Respiratory Protection Program is 


reviewed and exposure data evaluated during annual ALARA audits. 
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 2.2 Training and Minimum Qualifications of Respiratory Protection Program 


Supervisors and Implementing Personnel 


A supervisor, that is, a person who has the responsibility of overseeing the work activities of one or more 


persons who must wear respirators, shall be given adequate training to ensure the proper use of respirators. 


Supervisor training shall include but shall not necessarily be limited to the following subjects: 


a) Basic respiratory protection practices; 


b) Nature and extent of respiratory hazards to which persons under his/her supervision may be 


exposed; 


c) Principles and criteria of selecting respirators; 


d) Training of respirator wearers; 


e) Issuance of respirators; 


f) Inspection of respirators; 


g) Use of respirators, including monitoring their use; 


h) Maintenance and storage of respirators; and 


i) Regulations concerning respirator use.  


 2.3 Training of Respirator Users 


Each worker who may wear a respirator will be required to receive training for the proper use of the device, 


including the requirement for each user to inspect and perform a user seal check on a respirator each time it 


is donned. Such training shall cover the topics necessary to ensure that each trainee will: 


a) Be informed of the hazard to which the respirator wearer may be exposed, the effects of 


contaminants on the wearer if the respirator is not worn properly, and the capabilities and 


limitations of each device that may be used; 


b) Be shown how spectacle adapters, communications equipment, and other equipment that will be 


used directly in conjunction with the respirator are to be attached and operated properly; 


c) Be able to demonstrate competency in donning, using, and removing each type of respiratory 


protective device that may be used; 


d) Be instructed in how to inspect each type of respiratory protective device that may be used and be 


instructed to perform such an inspection before donning any device; 


e) Be instructed in how to perform a user seal check on face-sealing devices and be instructed to 


perform this user seal check each time this type of device is donned; 
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f) Be informed that any respirator user may leave the work area at any time for relief from 


respirator use in the event of equipment malfunction, physical or psychological distress, 


procedural or communications failure, significant deterioration of operating conditions, or 


any other condition that might necessitate such relief; and 


g) Be advised that in case of respirator malfunction or wearer distress, the respirator may be 


removed as the respirator user exits the airborne contamination area. 


 2.4 Fit Testing 


Fit testing must he performed for all face sealing respirators, even if they will be used in a positive pressure 


mode in the field. The worker should be fit-tested with the same make, model, style and size of respirator that 


will be used in the field. 


Each person being fit-tested should already have been trained in how to properly don, and perform a user seal 


check on, a face-sealing respirator. Therefore, during the test, no person (including the person 


administering the fit-test) should assist or coach fit-test subjects who are not obtaining a satisfactory face-


piece seal. 


Qualitative fit-testing and quantitative fit testing must be accomplished with the face piece operating in 


the negative pressure mode, regardless of the mode of operation in which it will be used in the field. 


Filters used during fit-testing should be at least 99.97% efficient, even if less efficient filters will be used in 


the work place. The fit-test is intended to measure only face-to-face-piece leakage, so filter efficiency on the 


test respirator should be as high as possible. 


During training or operation, perceptible outward leakage of breathing gas from the face to-face-piece seal 


area of any SCBA is unacceptable, and the wearer should not be permitted to continue to use the device. 


Such leakage will quickly deplete the available breathing gas and if used in an emergency could easily place 


the wearer in jeopardy. 


2.4.2  Frequency of Testing and Re-testing 


Fit testing must be performed annually for every worker who is required to wear a respiratory protective 


device. 


Retesting should be performed before the next respirator use when the RSO has knowledge that a 


potential respirator wearer, since the last fit-test, has had: 


a) A weight change of 10% or more;  


b) Significant facial injury or scarring in the area of the face-piece seal; 


c) Significant dental changes (e.g., multiple extractions without prosthesis or acquisition of new 


dentures; 


d) Reconstructive or cosmetic surgery in the area of the face-piece seal; or 


e) Any other condition that might change the fit of a face-sealing respirator. 
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The Mill will advise respirator users of these retest criteria either during general training sessions or during 


initial fit-testing, and will advise users to advise the RSO of any of the foregoing circumstances. 


 2.4.3 Quantitative Fit Testing 


 2.4.3.1 General 


Quantitative fit testing is acceptable for testing all face-sealing devices. 


If quantitative fit testing is used to test face-pieces that will be operated in the negative pressure mode in 


the field (e.g., full face respirators), an overall fit factor of at least 10 times the assigned protection factor 


("APF") should be demonstrated. Requiring that the overall fit factor meets the acceptance criterion means 


that the fit factor for one or more of the individual test exercises might be less than the acceptance 


criterion, but a satisfactory overall fit-test can still be achieved. 


If quantitative fit testing is used to test face-pieces that in the field will be operated only in a positive 


pressure mode, an overall fit factor of at least 500 (not 500 times the APF) should be demonstrated with 


the face-piece operating in negative pressure mode. Face sealing devices that operate in a positive 


pressure mode are powered air purifying respirators ("PAPRs") and SCBA. 


During all quantitative fit-tests, the sample point inside the face-piece should be midway between the mouth 


and the nose of the test subject. 


 2.4.3.2 Quantitative Fit Testing Procedure 


Quantitative fit testing measurements will be performed in accordance with 29 CFR 1910.134 using the Fit 


Tester 3000, or equivalent, as follows: 


a) Input the worker's name, style of respirator and size;  


b) Select "perform fit test" — the computer will walk you through a series of five tests; 


c) During the testing program, the computer will evaluate the worker;  


d) If there is a failure during any test, the worker will adjust the respirator and try again; 


e) If after several attempts to pass a test and the worker still fails, try a different size respirator; 


f) Once the worker passes each of the five tests, a document will be printed certifying the 


successful completion of the examination; 


g) The document will then be signed by both the worker and the facilitator of the examination; 


h) The document will then be filed with the worker's other Safety documents in the Radiation 


Safety Department. 


 2.4.4 Qualitative Fit Testing 
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 2.4.4.1 General 


While no numerical measure of face-piece leakage is directly obtained from qualitative fit- testing protocols, 


they are designed and validated quantitatively. NRC Reg. Guide 8.15 and UDWMRC Ad. Code R313-15-


703 requires that a qualitative fit test must be capable of verifying a fit factor of 10 times the APF for full 


face (negative pressure) respirators and a fit factor of 500 (not 500 times the APF) for PAPR and SCBA 


(positive pressure) respirators. Currently, qualitative fit testing methods are only capable of verifying a fit 


factor of 100. Therefore, qualitative fit testing methods are only appropriate for respirators having an APF 


of 10 (such as half face respirators), and are not capable of verifying a fit factor of 500 (i.e., 10x50) needed 


for full face respirators, or 500 for PAPRs and SCBA. However, the use of qualitative fit-testing in 


conjunction with (but not in lieu of) the quantitative fit testing procedures described above is considered to 


be advisable and is performed at the Mill. It is recognized that only credit for an APF of 10 will be taken 


based on the qualitative fit test alone, even though the APF is higher for the device. 


 2.4.4.2 Qualitative Fit Testing Procedure 


Qualitative fit testing measurements will be performed in accordance with 29 CFR 1910.134 using an 


MSA ventilation smoke tube, Part No. 5645 or equivalent, aspirator bulb. Steps for respirator issuance fit 


testing are as follows: 


a) Respirators equipped with high-efficiency filters will be used for this test  


(red/green filters); 


b) Both ends are broken on an MSA ventilation smoke tube. One end is inserted into the tube 


connected to the positive pressure of a two-way aspirator bulb and the other end covered by a 1/2 


inch length of tygon, surgical or rubber tubing. The test aerosol is generated by squeezing the 


aspirator bulb; 


c) The test subject will don the respirator and a visual inspection of the face-piece to face seal made 


by the tester. An obvious leak in the face-piece to face seal shall be reason to abort the test 


and record the mask as unsatisfactory. Expression of discomfort created by the mask shall also 


be reason to abort the test; 


d) The smoke will be generated in all areas surrounding the mask. The smoke is not harmful 


however it is sufficiently irritating that if there is a leak in the seal of the mask, it will be 


discovered immediately; and 


e) Any indication of detection of the smoke by the test subject during fitting indicates a failure 


of that respirator. If leakage is detected the face-piece to face seal shall be visually inspected for 


obvious leakage. If any doubt about the condition of the respirator or the filter exists, another 


like respirator shall be tested to ensure the leakage was due to the face-piece to face seal. 


2.4.4.3 Irritant Smoke 


Only stannic chloride smoke tubes, such as the MSA ventilation smoke tube, Part No. 5645, will be 


used. Similar tubes that generate smoke of a different chemical composition may not be sufficiently 


irritating to the test subject to be sensed at low concentrations. Smoke tubes that use chemicals other than 


stannic chloride are not acceptable 







Draft Date: September 28, 2009, Revised 03/18/2017, Rev 1.0      Page 11 of 30 
 


If irritant smoke is used as the challenge aerosol during qualitative fit-testing, the RSO must take steps to 


protect the person administering the test from repeated exposures to the irritant smoke. These steps could 


include using a containment chamber around the head and torso of the fit-test subject to contain the 


smoke, providing the test area with a ventilation or air filtration system, performing the test outdoors, 


assigning a respiratory protection device to the person performing the fit-testing, or other measures. The fit-test 


protocol will also be performed to limit the test subject's exposure, especially when performing the 


sensitivity screening checks that determine whether the test subject can detect the irritant smoke. 


2.5 Selecting Respirators 


2.5.1 General 


Respirator selection will be determined by the type of environment in which the worker will be working. 


The concentration of oxygen and the type and concentration of hazardous contaminants in the work 


area atmosphere must be considered during the selection process. 


2.5.2 Types of Respirators Available for Use at the Mill 


Three types of respiratory protection are used at the Mill. These are: 


a) full face respirators (which are air purifying respirators);  


b) PAPRs (which are air purifying respirators); and 


c) SCBAs (which are supplied air respirators). The SCBA devices used at the Mill are full face 


respirators with an attached hose mechanism that draws air from a compressed air tank worn on 


the back of the worker. The Mill does not use supplied air hoods or supplied air suits. 


The Mill does not use half face or quarter face respirators. Dust masks may be used occasionally at the 


Mill, for protection against non-radioactive dust, but such masks are not part of the respiratory protection 


program. 


One model of respirator from one manufacturer is adequate, so long as different sizes of face-pieces are 


available and adequate fit factors are obtained for greater than 99% of test subjects who are free of facial 


characteristics that preclude an adequate respirator fit. For individuals who achieve a fit factor >500 with a 


negative-pressure full face-piece but who are unable to achieve a fit factor 10 times the APF, consideration 


will be given to assigning a positive pressure face-sealing device or to a device for which a face seal is not 


necessary if the individual will be put into a work situation where the use of a respirator may be necessary. 


 2.5.3 Application of Assigned Protection Factors 


The APF for each of the three types or respirators in use at the Mill are as follows: 


 Full face respirators have an APF of 50; 


 PAPR respirators have an APF of 1,000; 
 SCBAs have an APF of 10,000. 


Use of the APF assumes that: 
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 The respirator user has been trained to properly don the device; 


 The user has been satisfactorily fit-tested; 


 The user properly performs a user seal check to ensure that there is no gross seal leakage; and 


 The respirator performs properly. 


APFs are to be used for selecting a specific type of respirator to be used in the performance of a 


specific task, to keep the total effective dose equivalent ("TEDE") of exposed workers ALARA, and to 


be applied in the derived air concentration ("DAC")/hour calculation to determine the dose from 


exposure to air particulate. Using APFs to estimate intake and then dose, in conjunction with air survey 


data and the application of the applicable DAC, is the method of choice for determining the intake and dose 


for workers at the Mill. Bioassay measurements are taken in order to corroborate such calculations (see 


Section 2.13.3 below for a summary of the Mill's bioassay program). 


In estimating the dose to individuals from intake of airborne radioactive materials, the concentration of 


radioactive material in the air that is inhaled when respirators are worn is initially assumed to be the ambient 


concentration in air without respiratory protection, divided by the assigned protection factor. If the dose is 


later found to be greater than the estimated dose, the corrected value must be used. If the dose is later found 


to be less than the estimated dose, the corrected value may be used. 


 2.5.4 Survey Program 


A survey program that is adequate to identify potential respiratory hazards, to permit selection of the proper 


respiratory protection method and to evaluate actual or suspected intakes is contained in the Mill's Radiation 


Protection Manual, and described in part in Section 2.13 below. 


 2.5.5 Procedures to be Followed When Selecting a Respirator 


 2.5.5.1 General 


Prior to selecting a specific type of respirator, the work environment must be thoroughly evaluated for 


respiratory hazards. The following questions must then be answered: 


 a) What are the hazards the worker will be exposed to? 


 b) What are the contaminants and their concentration? 


 c) Are there any contaminants in the workplace environment that may damage or 


irritate the eyes, nose, or skin? 


(i) Yes — a full-face style is recommended; 


d) Is the oxygen concentration in the workplace atmosphere between 19.5% to 


23%? 


(i) Yes — combination cartridges will be used if the concentration of the contaminant is within 


the acceptable limits for the cartridge; 


(ii) No — The workplace or area may only be entered if the 02 concentration is between 19.5 


and 23%. The workplace environment will be remediated (i.e., ventilated) by safety 
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engineering controls such that the oxygen concentration falls between these limits before it 


may be entered; 


e) Do the contaminant concentrations in the work environment exceed the limits 


listed for the combination cartridge being used? 


(i) Yes —Modify the air contaminant concentration by safety engineering measures; 


(ii) No — combination cartridges may be used if oxygen concentration is between 19.5% and 


23%. 


Limitations appropriate to the type and mode of use of the respirator will also be considered. When 


selecting respiratory devices provision will be made for vision correction (see Section 2.15), 


adequate communication (see Section 2.14), low temperature work environments (see Section 2.16), 


and the concurrent use of other safety or radiological protection equipment. Equipment will be used in such 


a way as not to interfere with the proper operation of the respirator 


 2.5.1.1 Air Purifying Respirators 


The inventory of air purifying respirators will consist of full face and PAPR units. 


There is only one type of air purifying respirator cartridge used for air contaminants for  the full-face 


respirators. This is a red/green GME-H universal cartridge, which is normally effective for removing all 


air contaminants and atmospheric hazards, and is approved by NIOSH for use under the following conditions: 


a) Organic Vapors — less than 1,000 ppm; 


b) P e s t i c i d e s ;  


c) Mists of Paints, Lacquers, and Enamels;  


d) Dust — less than 0.5 mg/m
3
 (99.97% efficient against all particulate aerosols including oil-based 


aerosols); 


e) Fumes — less than 0.5 mg/m
3
; 


f) Mists — less than 0.5 mg/rn
3
; 


g) C h l o r i n e ;  


h) Hydrogen chloride;  


i) Sul fur  diox ide;  


j) A m m o n i a ;  


k) M et h yl a m i n e ;  


1) Chlorine dioxide; 
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m) Hydrogen sulfide (escape only);  


n) Formaldehyde;  and  


o) Hydrogen fluoride.  


The PAPR units are not designed for areas that may come in contact with chemical mists or high humidity. 


The PAPR units use an Optifilter XL Filter Assembly HE that is only good for dusty environments. 


These units are ideal for the packaging enclosure, Yellowcake Dryers, Ore Storage, and Tails. 


The PAPRs must have the battery fully charged prior to usage. The battery charge on each unit will last 


approximately eight continuous working hours. All maintenance and cleaning techniques utilized with the full-


face respirators will be used for the PAPR units. 


2.5.1.2 SCBA and Supplied Air Apparatus 


SCBA will be appropriate for use in emergency situations when the length of the work will not exceed 20 


minutes. 


If at any time the atmosphere contains materials that might be corrosive to the worker or respiratory device, 


the area will be evacuated. The area must be ventilated until the corrosive materials fall to a safe level 


before work may resume. 


 2.6 Maintaining Breathing Air Quality 


The quality of air delivered to all SCBA and supplied-air respirators shall meet the requirements for 


Grade D air for breathing air systems as defined in Compressed Gas Association (CGA) publication G-7.1, 


"Commodity Specifications for Air." 1997 ed. And included in 29 CFR 1910.134(i)(1)(ii)(A) through (E), 


(2007). Grade D quality breathing air criteria include: oxygen content (volume/volume) of 19.5 to 


23.5%; hydrocarbon (condensed) content of 5 mg/rn
3
 of air or less; carbon monoxide (CO) content of 10 


ppm or less; carbon dioxide content of 1,000 ppm or less; and the lack of a noticeable odor. 


 2.7 Seal Tests 


Each respirator wearer must perform both the Positive-Pressure and Negative-Pressure seal checks, set out 


below, each time a face-sealing respirator is used (which includes any time a face shield is removed or the seal 


is broken and re-donned), A user seal check is performed immediately prior to exposure to ensure that the 


respirator is properly seated on the face. 


a)  Posit ive-Pressure Check  


Close off the exhalation valve and exhale gently into the face-piece. The face fit is considered 


satisfactory if a slight positive pressure can be built up inside the face-piece without any evidence of 


outward leakage of air at the seal. For most respirators this method of leak testing requires the wearer to 


first remove the exhalation valve cover before closing off the exhalation valve and then carefully replacing 


it after the test. 


b)  Negative-Pressure Check  
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Close off the inlet opening of the canister or cartridge(s) by covering with the palm of the hand(s) or by 


replacing the filter seal(s), inhale gently so that the face-piece collapses slightly and hold the breath for ten 


seconds. The design of the inlet opening of some cartridges cannot be effectively covered with the palm of 


the hand. The test can be performed by covering the inlet opening of the cartridge with a thin latex or 


nitrile glove. If the face-piece remains in its slightly collapsed condition and no inward leakage of air is 


detected, the tightness of the respirator is considered satisfactory. 


It should be noted that a user seal test is not a substitute for a fit test. See Section 2.4 above for the fit test 


requirements. 


 2.8 Inventory Control and Issuance of Respiratory Protection Equipment 


Mill Radiation Safety Staff shall maintain positive control over the issuance of respiratory protection 


devices, such that persons not authorized to wear such devices are effectively prevented from obtaining them. 


To this end, the following procedures will be followed: 


a) Respirators will not be issued to workers unless they are to be used;  


b) Storage cabinets that will be used for routine respirator issuance will be located in the respirator 


cleaning facility. Only persons authorized to use respirators are to access the storage cabinets; 


c) When a worker needs a clean respirator, he or she will obtain one from the storage location 


where clean respirators are packaged and kept. After obtaining a clean respirator, the worker will 


enter the pertinent information on the log sheet that is kept in the cabinet with the clean 


respirators; 


d) When a used respirator is exchanged for a clean unit, the dirty respirator will be placed in the 


receptacle provided for such use; 


e) All workers who wear a respirator must exchange their respirators daily; and 


0 Workers that need to be issued a PAPR unit will need to see the RSO or his 


designee to be checked out on the proper usage of the unit. All PAPR's are inventoried and only 


key operators or Radiation Work Permit ("RWP") individuals will be issued one of these units. 


Personnel who issue respirators must ensure that each person issued a respirator has been medically screened 


(see Section 3.1), trained (see Section 2.3) and fit-tested (see Section 2.4) within the period prescribed. 


Persons may only be issued respirators for which they have been fit-tested (i.e., same make, model, style 


and size). 


 2.9 Storage of Respiratory Protection Equipment 


When in storage and not available for use, respirators and component parts of respiratory protection devices will 


be stored in such a way as to prevent damage to such components and devices. The following procedures 


shall be followed: 
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a) Respirators shall be stored in a manner sufficient to protect the device against dust, sunlight, extreme 


cold, excessive moisture, or damaging chemicals; 


b) The cleaned respirators will be stored in cabinets in the respirator cleaning facility outside the 


safety department. The respirators will be stored in layers with the face-pieces and exhalation 


valves in a more or less normal position to prevent the rubber or plastic from cracking; 


c) When respirators are not being used, they must be stored in the plastic bags in which they were 


issued. Dirty respirators will be placed in receptacles located in the respirator storage room. They 


will be gathered from these locations for cleaning and repairs; 


d) All respirator users must exchange their respirators daily;  


e) The cabinets containing emergency respirators will be located in areas that are readily accessible 


and in areas in which a hazard may arise. Emergency cabinets are located on the north side of 


the Mill building outside of the SAG Mill doors, outside the SX on the north wall, on the south end 


of SX on the fire cabinet and at the fire hose station at the front gate. All workers should be 


made aware of these locations; and 


f) The cabinets will not be locked, but they will have seals attached to the hasps. The seals will 


prevent workers from using the respirators for routine use, but will allow emergency access. 


During emergencies, the seal will be broken and a respirator may be selected in a matter of 


seconds. 


2.10 Maintenance, Repair, Testing, and Quality Assurance of Respiratory Protection 


Equipment 


 2.10.1 Maintenance and Repair 


Respirators and component parts will be maintained and repaired only by persons specifically trained to 


perform this work. Repairs and maintenance will be performed in accordance with the procedures detailed 


below. Parts used for repairs will be purchased only from the manufacturer of the unit being repaired or 


from their agents. 


Each used respirator must be disassembled before cleaning; the cartridges must be removed and 


discarded and any hoses or regulators must be removed and washed separately. Some of the units have 


elastic head straps; these should also be removed and washed separately. 


 2.10.2 Cleaning 


Mill staff will decontaminate and disinfect respirators and associated equipment in accordance with the 


manufacturer's instructions, paying particular attention to the cleaning or sanitizing agents used and to the 


maximum temperature of the water used for cleaning, to avoid degradation of the respirator. Chemical 


residues should not be hazardous or irritating to the user. Radiological limits for re-use of respirators after 


they have been cleaned and sanitized have been established at the Mill and are set out in Section 2.10.3.1 


below. 
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For full face respirators, PAPRs and SCBAs, the respirators will be cleaned and rinsed in a commercially 


available washer. The radiation and safety staff will perform cleaning and washing of respirators. The 


respirators will be washed and then aired dried. 


2.10.3 Inspection and Testing of Respirators 


Inspections of all respiratory devices will be conducted as set out below. Under no circumstances will a 
device that is known to be defective be used. 


2.10.3.1 General 


Respirator face-pieces that are routinely available for issue will be visually inspected at least every month 


or in accordance with manufacturer's instructions. If such devices are stored in clear plastic bags, they 


should be handled and examined, but need not be removed from the bags for the inspection as long as the 


inspector can determine that the device is ready for issue. 


Equipment used in conjunction with face-piece respirators (e.g., belt- or face-piece mounted air 


regulators, air-supply hoses, portable distribution manifolds) will be inventoried and functionally tested 


periodically or prior to use. 


Repair and replacement parts for respiratory protection devices will be inventoried and inspected 


periodically. The goal is to ensure that there are sufficient functional parts available to support the 


respiratory protection program when it is operating at full capacity. 


Devices in storage will be inspected quarterly and before they are made available for issue. Equipment 


stored for periods of a year of more will be re-cleaned annually to ensure that they are in good condition in 


case they are needed unexpectedly. 


Each reassembled respirator must be inspected for radiation contamination before it is used. An instrument 


survey or a swipe test may be conducted to determine if any item is contaminated. The equipment check must 


indicate levels of less than 100 dpm/100 cm
2
 of alpha radiation or 1,000 dpm/100 can


e
 of beta-gamma 


radiation to be serviceable. If repeated washings do not decrease contamination to acceptable levels, that item 


must be disposed of. 


Freshly cleaned and inspected respirators will be placed in plastic bags and sealed (see Section 2.10.3.1). 


The individual who serviced the respirator shall write the date on each bag and initial it to indicate the work 


has been done properly. 


The following conditions should be checked during any type of inspection: 2.10.3.2 Air 


Purifying Respirators 


Routinely used air purifying respirators (full face respirators and PAPRs) should be checked as follows 
before and after each use. 


a) Examine the face-piece for: 


( i )  E x c e s s i v e  d i r t ;  


( i i )  Cracks, tears, holes, or distortion from improper storage;  


( i i i )  Inflexibility (stretch and massage to restore flexibility);  


( i v )  Cracked or badly scratched lenses in full face-pieces; 
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( v )  Incorrectly mounted full face-piece lens or broken, or missing mounting  


clips; and 


( v i )  Cracked or broken air purifying element holder(s), badly worked threads,  


or missing gasket(s), if required; 


b) Examine the head straps or head harness for: 


( i )  B r e a k s ;  


( i i )  Loss  o f  e l as t i c i t y;  


( i i i )  Broken or malfunctioning buckles and attachments; and 


( i v )  Full face-pieces only — excessively worn serrations on the head harness  


which might permit slippage; 


c) Examine the exhalation valve for the following after removing its cover: 


(i) Foreign material such as detergent residue, dust particles, or human hair under the valve 


seat; 


(ii) Cracks, tears, or distortion in the valve material;  


(iii) Improper insertion of the valve body in the face-piece; 


(iv) Cracks, breaks, or chips in the valve body, particularly in the sealing surface; 


(v) Missing or defective valve cover; and  


(vi) Improper installation of the valve in the valve body;  


d) Examine the air purifying elements for: 


(i) Incorrect installation, loose connections, missing or warn gaskets, or cross-threading in 


holder; and 


(ii) Cracks or dents in outside case of filter, cartridge, or canister;  


e) If the device has a corrugated breathing tube, examine it for: 


(i)  Broken or missing end connectors;  


(ii)  Missing or loose hose clamps; and  


(iii)  Deterioration (determined by stretching the tube and looking for cracks); 


f) Examine the harness of a front or back mounted gas mask for: 


(i) Damage or wear to the canister holder which may prevent its being held securely in place; and 


(ii) Broken harness straps or fastenings; and 


 


g) Blower mechanism on the PAPR units only: 


(i) Damage to the outer casing of the blower unit will result in the replacement of the 


blower; and 


(ii) Missing or broken pins that connect the blower to the battery pack will result in replacing 


of damaged pieces. 
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2.10.3.3 Supplied Air Respirators 


The following shall be checked: 


a) If the device has a tight fitting face-piece, use the procedures outlined above for air purifying 


respirators; and 


b) Examine the ai r supply for  


(i) Integrity and good condition of air supply lines and hoses including attachments and 


end fittings; and 


(ii) Correct operation and condition of all regulators, valves, or other air flow regulators. 


A visual inspection of the SCBAs shall be performed monthly, and a thorough examination shall be 


performed two or three times per year. See Section 2.10.3.5 below. 


Breathing air cylinders, including SCBA cylinders, must be tested as prescribed in the Shipping Container 


Specification Regulations of the Department of Transportation (49 CFR 173 and 178). Each breathing air 


cylinder will be permanently and legibly marked "Breathing Air" or "Compressed Air". 


2.10.3.4 Re-use of Respirator Filters 


Respirator filters can be re-used by the same person on the same day without being retested, as long as 


contamination control is adequate and the filters do not appear to be damaged. Filters to be re-used during 


the same day should not have any apparent damage and should meet the Mill's criteria for residual 


contamination, set out in Section 2.10.3.1. Filters will be discarded after each day's use. 


2.10.3.5 Respirators Used for Emergency Use 


Respirators specifically designated for emergency use are visually inspected once per month, and removed 


from any protective container and thoroughly examined periodically (e.g., 2 to 3 times per year). Such 


monthly and periodic inspections will be recorded. 


2.10.4 Quality Assurance 


 2.10.4.1 New Equipment 


All new equipment will be thoroughly inspected before it is put into service (see Section 2.10.3 above). Only 


MSHA/NIOSH approved equipment will be used (see Section 1.5 above). Parts used for repairs will be 


purchased only from the manufacturer of the unit being repaired or their agents (see Section 2.10.1 above). 


 2.10.4.2 Cleaning and Repairs 


All respiratory devices will be inspected before and after cleaning and before and after repairs are made. 


The inspection procedures that are to be used are listed above under Section 2.10.3. 


Any replacement items that will be used for repairs will be inspected prior to assembly.  
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 2.10.4.3 Periodic Checks of Items in Storage 


At least once during each quarter, all of the respirators that are in storage will be checked for serviceability 


and to make sure that they will be ready for immediate use. See Section 2.10.3.1. 


 2.10.5 Service Life Limitations 


If the respirator equipment manufacturer specifies a shelf life or service life limit on one or more 


components of a respiratory protection system the Mill will comply with the recommendations of the 


manufacturer. This will ensure that the device continues to operate properly and that the "like-new 


condition" is maintained (see Section 1.5 above). 


2.11 Recordkeeping 


Records of all required activities in this program will be kept in a manner that shows compliance with the 


requirements of the applicable regulations. Specifically, the following records will be kept: 


a) A log sheet for issuance and return of respirators; 


b) A log sheet for damaged and defective respirators and the disposal of such devices; 


c) A log sheet for cleaning, issuance and release of nose cups;  


d) A removable alpha survey sheet for respiratory devices; and 


e) Freshly cleaned and inspected respirators will be placed in plastic bags and sealed (see Section 


2.10.3.1 above). The individual who cleaned and inspected the respirator will write the date on 


each bag and initial it to indicate the work has been done properly. 


2.12 Limitations on Periods of Respirator Use and Relief from Respirator Use 


As noted above under Section 1.1, the NRC has noted that the use of respiratory protection devices in 


the workplace can impose physiological and psychological stresses on workers, obstruct their vision, 


hinder their movements, and make effective 


communications difficult. In consideration of this, a respirator wearer will be permitted to leave the work 


area for any respirator-related cause. Reasons which may cause a respirator wearer to leave a work area, 


include, but are not limited to, the following: 


a) Failure of the respirator to provide adequate protection;  


b) Malfunction of the respirator;  


c) Detection of leakage of air contaminant into the respirator;  


d) Increased resistance to breathing; 


e) Severe discomfort in wearing the respirator;  
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f) Illness of the wearer including: sensation of dizziness, nausea, weakness, fatigue, breathing 


difficulty, coughing, sneezing, vomiting, fever, or chills; and 


g) Claustrophobia, anxiety, or other psychological factors that may affect the wearer. 


2.13 Monitoring, Including Air Sampling and Bioassays  


 2.13.1 Evaluation of Respiratory Hazards 


Before a respiratory protective device is used, the work area must be evaluated as to the type of hazards 


that may be encountered. The type of respiratory protection may be selected only after the hazard has been 


classified. 


Most areas of the Mill have been evaluated for hazards during routine work assignments.  


Signs will be posted in the different areas that will indicate the type of respiratory device to be used under normal 


conditions. Equipment needed: 


a) Oxygen and Combustible Gas Detector;  


b) MSA Orion or  equivalent;  


c) MSA Samplair Pump Kit (or similar) with the following detector tubes: 


( i )  C a r b o n  D i o x i d e ;  


( i i )  C ar b o n  M o n o x i d e ;  


( i i i )  S u l f u r  D i o x i d e ;  


( i v )  A m m o n i a ;  


( v )  H yd r o gen  Su l f i d e ;  


( v i )  N i t r o u s  O x i d e ;  


( v i i )  Halogen Gases  (Chlor ine) ;  


( v i i i )  Acid  fumes  and  mist s ;  and  


( i x )  Organic  vapors ;  and  


d) Detector tubes for HF and any other potential gas, as determined by the RSO. 


Many environmental designs were incorporated into the Mill's construction to keep exposures to most 


hazards at a minimum. This environmental equipment is checked frequently to ensure that it is functioning 


properly. 


To ensure the reliability of these controls, monthly gross alpha and radon daughter samples will be 


collected at numerous locations throughout the Mill. 


The routine samples have already identified some areas that require respirator use at all times during normal 


working conditions. These areas are inside the yellowcake dryer and packaging enclosures and the vanadium 


dryer area and the packaging area. Other areas that may require respirator use may include, but would not 


be limited to, the sample bucking room, and the SAG mill. 


Respirators need not be worn routinely during normal working conditions in other areas of the Mill. At 


these locations, usage will be determined by the hazard level or at the worker's request. Occasionally, a 
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condition may exist that the environmental controls cannot handle. At that time, the appropriate respirator 


must be used until the workplace atmosphere is returned to normal. 


Infrequently, maintenance work will have to be performed in areas that are not normally sampled or areas that 


may have questionable air quality. Prior to anyone entering one of these areas, the environment must be 


evaluated to determine what hazards exist. 


A Safe Work Permit is issued for all work tasks that are anticipated to present unidentified or 


unusual hazardous environmental conditions. A Radiation Work Permit (RWP) is issued for work in 


unassessed areas or for nonrecurring tasks for which engineering controls are not in place or practical. 


The Radiation Safety Department will be responsible for the evaluation of the areas before work begins. 


When the oxygen concentration is listed as potentially hazardous, a portable detector will be used to 


determine the exact oxygen-air mixture. NIOSH defines that air which contains less than 19.5% 02 is an 


oxygen-deficient atmosphere, and attempting to breathe such air is considered to present a hazard that would 


be immediately dangerous to life and health. Any area having less than 19.5% 02 will not be entered until or 


unless the 02 concentration returns to and is maintained at a level above 19.5%. If an area is identified as 


having an oxygen-deficient atmosphere, the oxygen levels must be remedied by engineering controls 


prior to entry by personnel. The use of a SCBA will only be for emergency escape or emergency response 


purposes. 


Other atmospheric hazards will be identified and quantified by using air sampling equipment, such as 


the MSA Samplair Pump (or similar device) with detector tubes for the specific contaminant in question. 


The instructions must be carefully read for every test, as each type of detector tube is handled differently. 


After exposure to the atmosphere, the tubes will indicate the presence and concentration of the chemical 


for which that tube is designed. Chemical cartridges are good only in atmospheres in which the chemical 


concentration is less than the limit set by the manufacturer and the oxygen concentration is equal to or 


greater than 19.5%. As noted above, the Mill's policy is for workers not to enter an area in which the 02 level 


is below 19.5%, but to enter such areas only in emergency situations, such as to retrieve an injured worker, and 


then with the use of a SCBA. 


There are many other hazards that are very obvious but are often overlooked. The following are 


examples: 


 dust concentrations have an adverse affect on breathing and/or the comfort of the individual; and 


 some substances may cause irritation to the eyes, nose, throat, etc., but may not be chemically toxic. 


These and other such conditions should always be considered in evaluating respiratory hazards. If there is 


any doubt about the conditions within the work area, a respiratory device should be used. Always be 


conservative. 


 2.13.2 Breathing Zone Air Samples 


Breathing zone samples are collected to determine the air contamination concentration an individual may be 


exposed to during the execution of his job. The respiratory protection factor is used to calculate the 


individual's exposure during the work task duration. The application of a respiratory protection factor 


assigned to the particular respiratory device is used to reduce an individual's exposure to an air 


contaminant concentration as determined by breathing zone sampling. Routine breathing zone samples are 
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collected by the use of a small belt-mounted pump attached to a hose that is, in turn, attached to the person's 


clothing close to the head (or breathing zone). The sample is collected for a period of time that would be 


representative of one eight hour workday. They are collected in such a manner that the material collected 


will be representative of that being inhaled by the individual wearing the sampler. See Section 1.1.2 of the 


Mill's Radiation Protection Manual for the detailed procedures to be followed for breathing zone samples. 


 2.13.3 Bioassay Program 


Evaluation of the effectiveness of the respiratory protection program will be accomplished by air 


sampling (described above in 2.13.2) and by the Mill Bioassay Program. 


Those workers who are working in areas that require the use of respirators will submit a urine specimen for 


analysis on a biweekly basis. Workers who use respirators during maintenance may also be required to 


submit specimens after maintenance ceases. The samples will be collected from individuals who have 


performed maintenance tasks in atmospheres that are significantly elevated in contaminant concentration 


or they are working in such an area for an extended period of time. 


The specimens will be analyzed for uranium content. 


See Section 1.4 of the Mill's Radiation Protection Manual for the detailed procedures to be followed for 


bioassays. 


2.14 Communication 


Respiratory protection devices limit the wearer's ability to communicate. However, all respirator users must 


be able to communicate well enough to be able to work safely and to keep radiation doses ALARA. The 


RSO will use his judgment in determining how these goals can best be satisfied. In many situations, 


adequate communication can be maintained by training the respirator wearers to speak slowly and 


distinctly. In other situations, especially where ambient noise levels are high or where respirator wearers 


must communicate across long distances, voice-amplification devices or other types of systems might have 


to be employed. 


If voice-amplification devices are attached to the respirator or require a modification of the respirator, 


they must be listed on the manufacturer's schedule of approved subassemblies. This ensures that the 


NIOSH approval for the device remains in force with the addition of the communications equipment. 


After-market communications devices supplied by a company other than the respirator manufacturer may be 


used as long as they do not alter the form, fit, or function of the respirator. Any such after-market device that 


attaches to or requires penetration of the respiratory inlet covering is likely to void the NIOSH approval for 


the device. 


2.15 Vision 


Some types of respirators prevent the wearer from using standard spectacles or from using them properly. 


The ear pieces of standard spectacles pass through the seal area of full-face-piece respirators and are 


therefore not allowed. However, respirator users must be able to see well enough to be able to work safely 


and to keep radiation doses ALARA. The RSO will use his judgment in determining how these goals can 


best be met. 
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Most manufacturers of full-face-piece respirators offer a spectacle adapter kit. Non-manufacturer 


supplied adapters may be acceptable if they do not interfere with the face-piece seal and if they do not 


cause any distortion of vision, damage the lens of the face-piece, or cause any harm to the wearer during 


use. Home-made adapters are not acceptable, not is it acceptable to simply tape the spectacles inside the 


face-piece. 


2.16 Use of Respirators in Low Temperatures 


The RSO should recognize the potential problems associated with respirator use in subfreezing 


environments, discussed below, and take special care when respirators are used in subfreezing 


temperatures. 


 2.16.1 Lens Fogging 


Fogging of the inside of the respirator lens is commonly experienced in full face-piece respirators. The 


fogging is caused by the condensation of the moisture in exhaled breath that comes in direct contact with 


the inside of the lens. Most full face-piece respirators have air inlet ducts positioned to direct the inhaled 


air across the inside of the lens as it enters the face-piece. This clears off the accumulated condensation, 


but the lens fogs again during exhalation. The cooler the ambient air temperature, the less effective the 


lens clearing provided during inhalation. At temperatures below freezing, lens frosting can occur that will 


not be removed during inhalation and may eventually seriously obscure the wearer's vision. Lens 


fogging and frosting, therefore, can present a significant safety hazard by restricting the wearer's 


ability to see clearly in the work place. Some possible solutions to the fogging and frosting problem, 


that can be employed by the RSO in his discretion, are: 


a )  N o s e  C u p .  


Most full-face-piece manufacturers provide an optional component called a nose cup. It is attached to the 


inside of the face-piece in such a way that it directs the stream of exhaled air directly into the exhalation 


valve, minimizing the amount of moist air contacting the interior of the lens. 


b )  Anti-Fog Applications.  


Most full-face-piece manufacturers provide an anti-fog material that limits fogging when applied to the 


interior of the respirator lens. 


c )  Plas t ic  Inser t s  


Thin plastic inserts that are applied to the inside of the face-piece lens to form a double- pane insulating 


barrier may effectively reduce fogging. 


Before using commercial anti-fogging products (that are not supplied by the respirator manufacturer), the 


RSO should check with the respirator manufacturer regarding the compatibility of these products with their 


face-pieces. 


NIOSH requires that face-pieces used with SCBA be designed to prevent lens fogging. This means that, in 


order to maintain the NIOSH certification of the device, a nose cup or some other method must be used when 


fogging might be a problem. 
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2.5.2 Exhalation Valve Freezing 


Another potential problem when using any type of face-sealing respirator in subfreezing temperatures is the 


possibility that the exhalation valve could freeze. If the valve freezes shut, exhaled air will be exhausted 


through the face-to-face-piece seal area and the respirator wearer will be aware of the malfunction. In 


this case, the respirator will probably provide adequate protection as the wearer exits the work area. 


If the valve freezes in the open position, or if ice forms on a portion of the exhalation valve seat, a path is 


created for contaminated ambient air to enter the respiratory inlet covering. If the device in use were a 


PAPR or a continuous-flow supplied-air respirator, it is likely that the respirator wearer would not be aware 


of the malfunction, although the internal dose consequences of this type of failure would probably be limited. 


If the device in use were a pressure-demand supplied-air device (e.g., air line-supplied or SCBA), it is likely 


that the respirator wearer would recognize that a malfunction had occurred since air would leak out of the 


face-piece through the exhalation valve. Even though the wearer would continue to be adequately 


protected, he or she should exit the work area immediately since a respirator malfunction has occurred. If 


the device in use is a SCBA, the duration of the air supply will be reduced because of the loss of breathing 


gas from the supply cylinder. 


If the device in use is operated in the negative pressure mode, it is unlikely that the respirator wearer 


would be aware of the malfunction. The air breathed by the wearer would, at least in part, be unfiltered 


ambient air entering the respiratory inlet covering through the open exhalation valve during the negative-


pressure (inhalation) portion of the breathing cycle. 


3. PROCEDURES FOR MEDICAL EVALUATIONS AND AUDITS 3.1 Performing 


and Documenting the Required Medical Evaluation 


Medical qualification will be required of each worker that might be using a respirator in his or her normal 


work duties. This is necessary to evaluate the individual's limitations to wearing respirator devices. 


3.1.1 The Mill's Physician 


The medical evaluation will be performed by a licensed physician, selected by the RSO, to determine that 


the individual user is medically fit to use the respiratory protection equipment. The RSO will choose a 


physician with an appropriate specialty (e.g., internal medicine, industrial medicine, family practice), and the 


physician will be licensed to practice medicine in the United States.


3.1.2 Establishing and Performing the Evaluation 


The medical screening process and tests and acceptance criteria will be determined by the physician and will 


include a medical history and will be sufficient (in the opinion of the physician) to identify any person who 


should not use respiratory devices for medical reasons, or who should be limited to the use of specific 


types of respirators. The physician will report any medical restrictions the worker has that would limit 


the individual's ability to use a respirator. Based on the physician's recommendations, any worker may be 


subject to additional or more frequent medical evaluation as deemed necessary by the physician. 
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ANSI Z88.6-1984, "Respirator Use — Physical Qualifications for Personnel," provides guidance that is 


acceptable to the NRC staff for the physician to use in determining medical fitness. The screening method 


may include a medical history questionnaire and spirormetry testing. The physician, however, establishes the 


precise screening method. 


The medical evaluation program should be carried out by the physician, or by a certified, medically trained 


individual such as a registered nurse (RN), licensed practical nurse (LPN), emergency medical technician 


(EMT), or someone who, in the judgment of the physician, has adequate experience education, training, and 


judgment to administer the screening program. 


Medical evaluations performed by a physician other than the Mill's designated physician may be acceptable 


as long as comparable screening tests and acceptance criteria are used for screening individuals. 


3.1.3 Timing of Medical Evaluations 


The initial medical evaluation to determine a worker's fitness to use respirators must be accomplished prior to 


respirator fit-testing. 


The worker must be re-evaluated medically every 12 months thereafter or at some other frequency established 


by the Mill's physician. The Mill's physician has established the following frequency for re-evaluation: 


 Every five years for workers under the age of 45; and 


 Every year for workers 45 years or older. 


3.1.4 Failure to Meet the Acceptance Criteria 


Individuals whose screening results fall outside the range of the criteria established by the Mill's physician 


may have their cases evaluated by the physician. This evaluation might consist only of a review of the 


written record, or it might involve a hands-on examination. In these situations, the physician might 


permit the individual to use one or more types of respirators judged to impose less stress, and prohibit the use 


of other more stressful devices. The Mill's physician may confirm the outcome of the screening by 


prohibiting the individual from using any respirator. 


3.1.5Privacy of Medical Records 


Medical records and the results of medical screening tests will be kept private to the extent possible. The 


only information that will be transmitted from the RSO and any other respiratory program supervisory 


personnel to the non-supervisory personnel in the respirator department is whether or not an individual may 


use respirators, or which devices may be used and which may not be. 


3.2 Maintaining TEDE ALARA and Performing ALARA Evaluations of Respiratory 


Protection 


3.2.1  ALARA Evaluations 


As stated in the Policy Statement in 1.0, the Mill will use, to the extent practical, procedures and 


engineering controls based on sound protection principles to achieve exposures to radiation ALARA, and 
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shall limit intakes by means of engineering controls or procedures, along with the use of respirators, 


consistent with maintaining the TEDE ALARA. 


The Mill will endeavor to limit the use of respirators to situations in which respirator use has been shown to 


keep TEDE ALARA. Other methods of protection against airborne radioactive material, such as the use of 


process or other engineering controls, limitation of exposure times, decontamination and so on, will be 


considered before the use of respirators. 


Mill staff will perform an ALARA evaluation of the types of situations that will require the use of 


respirators and, if necessary, for unusual or non-recurring circumstances. As mentioned above, there are 


undesirable effects from the use of respiratory protection. The use of respiratory protection devices in the 


workplace can impose physiological and psychological stresses on workers, obstruct their vision, hinder 


their movements, and make effective communications difficult. These factors increase the risk of 


physical injury to respiratory wearers that, in many cases, far exceed any potential risk associated with the 


inhalation of a small quantity of airborne radioactive material. Therefore, when performing an ALARA 


analysis for the use of respiratory protection in any circumstances, and the results do not show a clear, 


obvious indication (to use or not use respirators), the RSO will use professional judgment as to whether or 


not to assign respirators in the circumstances. 


When a specific ALARA evaluation is performed to justify the use or nonuse of respirators, the 


evaluation will consider the following elements: 


a) The use of process and engineering controls, filtered ventilation systems, and 


decontamination before the use of respiratory protection devices; 


b)  Control of access 


c)  The estimated benefit. 


In performing an ALARA evaluation, when deciding which respirator is to be considered for assignment 


during a specific task, the RSO will divide the average ambient concentration of radioactive material in 


work place air (or the estimated average) by the appropriate DAC value for the contaminants present. The 


number obtained may be considered initially as an ideal minimum APF for the selected device. If the 


ALARA evaluation determines that use of a respiratory protection device might be justified, the RSO 


should consider a device with this APF or greater. If selection of a respirator with this APF is inconsistent 


with ALARA, however, the RSO may select a device with a lower APF. Worker safety factors other than 


radiological factors, such as heat stress or impaired vision, should be taken into account when 


performing such an ALARA evaluation. Consideration should also be given to the possibility that the 


planned work will cause re-suspension of radioactive material, thus increasing the average 


concentration during the task. 


The extent and level of detail addressed in TEDE ALARA evaluations should be commensurate with 


the potential radiological and physical risks involved in the activity. The RSO should consider the 


following factors in an evaluation of whether respirator use is ALARA: 


 Environmental conditions; 


 Protective equipment and clothing, including the respirator, that would be required for the 


activity being evaluated and their effects on worker efficiency; 


 Comfort level of the workers regarding the use of respirators; 
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 Experience and skill level of the individual with respect to the task;  


 Process and engineering controls to be used; 


 Specific details of the tasks to be performed (e.g.. dose rates, estimated average airborne 


concentrations); and 


 Potential post-activity negative impacts (e.g., personnel decontamination and skin dose assessments, 


portal monitor alarms). 


Such evaluations may either be job-specific or be performed for general job types. ALARA evaluations 


performed for general job types will be reviewed periodically, as necessary, to ensure that none of the 


assumptions or parameters upon which the evaluation is based have changed. 


The RSO should be able to support the decision to use or not to use respirators in each circumstance. 


Supporting information could include the results of surveys, measurements and calculations, 


previous history with this or similar jobs, or other pertinent data. The judgment of individuals, such as the 


RSO, with extensive knowledge and experience in the field may also be sufficient in circumstances that are 


not amenable to quantitative analysis. 


For ALARA evaluations, a respirator-induced worker inefficiency factor of up to 15% may be used 


without further justification. Larger worker inefficiency factors may be used, but the RSO should have test 


data to support them. 


3.2.2 Estimated ALARA Benefit 


The evaluation should demonstrate whether or not the TEDE for the job will be ALARA; that is, whether the 


internal dose avoided by using the respiratory protection equipment is likely to be greater than or less than any 


additional external dose that may result from the use of these devices from respirator-induced and other 


factors. Non-radiological factors should be included. 


3.2.3 ALARA Evaluation — Records 


The Mill has established 0.50 mrem/hr for prospective external deep dose equivalent from a task or job 


below which a record of an ALARA evaluation for the use of respirators is not needed. A Radiation 


Work Permit (RWP) may serve as the record of an ALARA evaluation for the use of respirators for a specific 


task or job. 


Regardless of the magnitude of the projected external and internal dose, the RSO does not need to perform 


or record ALARA evaluations before requiring the use of respiratory protection equipment as a precautionary 


measure when there is a large uncertainty about the magnitude of the projected concentrations of airborne 


radioactive material to which the workers will be exposed (e.g., a new job with significant airborne 


contamination potential, but with no history of previous similar jobs). 


3.2.4 Exceptions to ALARA Requirements for Respirators 


The RSO may require the use of respirators in any situation where, in his judgment, respiratory protection 


would be appropriate, even though a dose assessment would indicate that respiratory protection is not 


required. 
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However, when the use or non-use of respirators has no clear impact on TEDE, the RSO should opt to not use 


respirators in most circumstances. 


A reduction in TEDE for a worker would not be reasonable if an attendant increase in the worker's industrial 


health and safety risk (e.g., from a vision limitation or other respirator-related problem) would exceed 


the benefit to be obtained by reducing the risk associated with the reduction in TEDE. 


4. PROCEDURES FOR RESPIRATOR APPLICATIONS 


4.1 Routine Respirator Use 


Donning a respirator must be performed in accordance with the training provided. 


Procedures for routine respirator use are set out in detail in the foregoing Sections of this Program. 


4.2 Non-routine Respirator Use 


Non-routine Respirator Use shall be defined as use of respirators in un-assessed areas or for nonrecurring 


tasks for which engineering controls are not in place or practical. The same procedures apply to non-routine 


respirator use as apply to routine respirator use, as detailed in this Program. 


4.3 Emergency Respirator Use 


Emergency Respirator Use shall be for recovery of an injured person from an area where air concentrations 


of radioactive material may be high, the breathing quality of the ambient air has not been assessed, or the 


area may become immediately dangerous to life or health because of the presence of nonradiological 


hazards. 


Respirators designed for emergency use will be stored in areas that are readily accessible to all workers. 


The equipment preferred for emergency entry into an un-assessed environment, or into an area with high 


concentrations of a chemical hazard, is the SCBA operated in the pressure- demand mode, with a minimum 


rated service life of 30 minutes. For other emergency use against airborne radioactive material, the full 


face air purifying respirators normally used at the facility will be adequate. 


The use of demand SCBA in emergency firefighting situations is not permitted, because such respirators do 


not meet National Fire Protection Association standards. 


4.4 Safety 


4.4.1 General 


Procedures intended to ensure the safety of the worker are set out in detail in the foregoing Sections of 


this Program 


4.4.2 Un-Assessed Environments 
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For entry into areas where the level of hazard has not been assessed because of the existence of unusual 


conditions, or in response to unanticipated releases of radioactive material, workers must use only SCBA 


operated in pressure-demand mode. However, the use of SCBA to circumvent the pre-exposure 


sampling requirement (R313-15-703(3)(a), 10 CFR 20.1703(c)(1)) is not permitted for non-emergency 


activities. 


4.4.3Emergency Escape may be used so long as it provides adequate short-term protection against the type of 


hazard that might be encountered. 
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