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EXECUTIVE SUMMARY

The question this Regulatory Analysis sought to answer is: Should the
NRC impose additional emergency preparedness requirements on certain fuel cycle
and other radioactive material licensees for dealing with accidents that might
have offsite releases of radioactive material? To answer the question, we
analyzed potential accidents for 15 types of fuel cycle and other radioactive
material licensees.

The most potentially hazardous accident, by a large margin, was determined
to be the sudden rupture of a heated multi-ton cylinder of UFg. Acute fatal-
ities would be possible in the immediate vicinity of the release point. Acute
permanent injuries may be possible for many hundreds of meters, and clinically
observable transient effects that have no known long term consequences may be
-possible for distances up to a few miles. These effects would be caused by the
chemical toxicity of the UFg and the products resulting from its reaction with
moisture. Accompanying radiation doses would not be of significance.

The most potentially hazardous accident due to radiation exposure was
determined to be a large fire at certain facilities handling large quantities
of alpha-emitting radionuclides (i.e., Po-210, Pu-238, Pu-239, Am-241, Cm-242,
Cm-244) or radioiodines (I-125 and I-131). However, acute fatalities or
injuries to people offsite due to accidential releases of these materials do
not seem plausible. A few other radicnuclides are of lesser importance (H-3,
P-32, Sr-90, and Cs-137). If plutonium were to be handled at fuel cycle
facilities, a fire in such a facility may also be of significance.

The only other significant accident was identified as a long-term
pulsating criticality at fuel cycle facilities handling high-enriched uranium
or plutonium in aqueous solutions.

Aside from fires or accidents that lead to fires, UFg releases, or cri-
ticality accidents, no other significant accidents were identified. Explosions
were not seen to yield as large a release unless they were followed by a fire.
Tank ruptures were not identified as having a potential for significant
releases. Earthquakes also were not identified as leading to significant



releases unless they were followed by a fire. Tornados might cause large
release, but would disperse the material so widely that significant doses
would not result.

The criterion for deciding whether an accident was significant is whether
a release could cause a person outside the plant on the plume centerline to
receive an effective dose equivalent of more than 1 rem, a thyroid dose of more
than 5 rems, or an intake of soluble uranium exceeding 2 mg. One rem whole
body or 5 rems thyroid are at the lower end of the range of dose for which the
EPA says protective actions should be considered. A rough screening identified
64 licensees authorized to possess quantities of radiocactive materials for
which an accident release could cause doses exceeding 1 rem effective dose
equivalent, 5 rems thyroid, or intake of 2 mg of soluble uranium. However,
some of these licensees do not actually possess all of the materials authorized
by the license. These licensees are likely to amend their licenses to lower
their possession limits rather than submit a plan. Other licensees could
demonstrate that a significant release is not possible. In actuality, only
about 30 plans would be submitted. .

For most of these licensees the degree of hazard is small. For most such
licensees maximum doses for even the most severe postulated accidents are only
a few rems. The areas within which people should take protective actions are
small - for most licensees much less than a square mile. At most sites these
areas would contain fgw people. And the probability of a major release is
small - less than 10 /yr, for radiological releases (but higher for UFg
releases.) The probability of a major release simultaneous with highly adverse
meteorology is less than 10" /yr. Thus the probability of even a single
person's receiving a dose in excess of 1-rem at most of these facilities has
about the same probability as a core melt accident with containment failure at
a nuclear power plant.

A further feature of major accidents at such licensed facilities is that
airborne releases are likely to occur rapidly with little warning. Ruptures of
UFg cylinders and fires would give little or no warning. Releases could start
before a fire is detected or shortly thereafter. Plume travel time to nearby
pebple is likely to be no more than a few minutes. Releases would, in a major-
ity of cases, end within half an hour to an hour when the fire department con-
trolled the fire. In most instances, actions taken half an hour after accident
detection would be fairly ineffective. Actions taken 15 minutes after accident
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detection could on the average be expected to be roughly 50% effective. Thus
protective actions would have to be taken quickly. This requires prompt

actions by people in the vicinity of the site to notify nearby residents. There
is not likely to be enough time for dose projections or complicated decision-
making during the accident, nor for participation of personnel not in the
immediate vicinity of the site.

An appropriate plan would (1) identify accidents for which protective
actions should be taken by people offsite. (2) list the licensee's respon-
sibilities for each type of accident, including notification of local author-
ities (fire and police generally), and (3) give sample messages for local
authorities including protective action recommendations. This approach more
closely follows the approach used for research reactors than for power reac-
tors. The low potential offsite doses (acute fatalities and injuries not
possible except possibly for UFg releases), the small areas where actions would .
be warranted, the small number of people involved, and the fact that the local
police and fire departments would be doing essentially the same things they
normally do, are all factors that tend to make a simple plan adequate.
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A REGULATORY ANALYSIS

ON

EMERGENCY PREPAREDNESS FOR FUEL CYCLE
AND OTHER RADIOACTIVE MATERIAL LICENSEES

1.  PROPOSED ACTION

1.1 Description of the Proposed Action

This regulatory analysis evaluates the need for a proposed rule to require
additional emergency preparedness for certain fuel cycle and other radioactive
material licensees. The purpose of the rule would be to require, for certain
licensees who are authorized to possess radioactive materials in large quantity,
emergency plans for responding to releases of radioactive materials. These
plans would include:

(1) Facility description: A brief description of the licensee's facility and
area near the site.

(2) Types of accidents: An identification of each type of accident for which
protective actions may be needed.

(3) Classification of accidents: A classification system for classifying
accidents as alerts or site area emergencies.

(4) Detection of accidents: Identification of the means of detecting each
type of accident in a timely manner.



(5)

(6)

(7)

(8)

(9)

Mitigation of consequences: A brief description of the means and equip-
ment for mitigating the consequences of each type of accident, including
those provided to protect workers onsite, and a description of the program
for maintaining the equipment.

Assessment of release: A brief description of the methods and equipment
to assess releases of radioactive materials.

Responsibilities: A brief description of the responsibilities of licensee
personnel should an accident occur, including identification of personnel
responsible for promptly notifying offsite response organizations and the
NRC; also responsibilities for developing, maintaining, and updating the
plan.

Notification and coordination: A commitment to and a brief description

of the means to promptly notify offsite response organizations and request
offsite assistance, including medical assistance for the treatment of con-
taminated injured onsite workers when appropriate. A control point must
be established. The notification and coordination must be planned so that
unavailability of some personnel, part of the facility, and some equipment
will not prevent the notification and coordination. The licensee shall
also commit to notify the NRC immediately after notification of the appro-
priate offsite response organizations and not later than one hour after
the licensee declares an emergency.

In addition, the licensee shall notify the U.S. Coast Guard National
Response Center immediately after the size of the release has been
assessed if the estimated quantity of material released exceeds the
reportable quantities established by the U.S. Environmental Protection
Agency.

Information to be communicated: A brief description of the types of
information on facility status, radioactive releases, and recommended
actions, if necessary, to be given to offsite response organizations and
to the NRC.



(10) Training: A brief description of the training the licensee will provide
workers on how to respond to an emergency and any special instructions
and orientation tours the licensee would offer to fire, police, medical,
and other emergency personnel. ’

(11) Safe shutdown: A brief description of the means of restoring the facility
to a safe condition after an accident.

(12) Exercises: Provisions for conducting quarterly communications checks with
offsite response organizations and annual onsite exercises to test response
to simulated emergencies. Quarterly communications checks with offsite
response organizations shall include the check and update of all necessary
telephone numbers. The licensee shall invite offsite response organiza-
tions to participate in the annual exercises. Participation of offsite
response organizations in annual exercises although recommended is not
required. Exercises must use scenarios not known to exercise participants.
The licensee shall critique each exercise using individuals not having
direct implementation responsibility for the plan. Critiques must eval-
uate the appropriateness of the plan, emergency procedures, facilities,
equipment, training of personnel, and overall effectiveness of the
response. Deficiencies found by the critiques must be corrected.

(13) Hazardous chemicals: A verification of the applicant's compliance with
the Emergency Planning and Community Right-to-Know Act of 1986, Title III,
Pub. L.99-499, if applicable to the applicant's activities at the proposed
place of use of the special nuclear material.

The question is not whether licensees should have any emergency preparedness.
That question was addressed long ago. The NRC has long required licensees to
be prepared to cope with emergencies. The question is whether there should be
additional requirements. For example, should NRC require formal written state
and local government plans for coping offsite with serious radiation accidents?
Such plans might include provisions for early evacuation by the public or
Vnotifying them to take shelter indoors. '

The question is also not whether State and local governments should have
emergency preparedness capabilities for dealing with radiation accidents.



Police departments, fire departments, state radiological health departments,
and other agencies that are routinely prepared to cope with emergencies already
exist. This rulemaking is intended to assure that, where needed, there exist
emergency procedures for mitigating and coping with offsite releases.

We must also distinguish between emergency response and formal emergency
plans. If an accident happens, the licensee and State and local govern-
ments can be expected to respond to the best of their abilities whether or not
there are any formal written emergency plans for offsite releases.

1.2 Need for the Proposed Action

The NRC has always required that its licensees take steps to reduce the
likelihood of serious accidents to a minimal level, but yet be prepared to cope
with accidents should they occur. However, during the Commission's delibera-
tions on rulemaking concerning nuclear power plant emergency preparedness
following the accident at Three Mile Island, the Commission directed the staff
to evaluate the need to strengthen the emergency preparedness requirements for
fuel cycle and other radioactive material licensees.

In late 1980, the staff reevaluated previously submitted emergehcy plans
for fuel fabrication plants and found some weaknesses in the plans as written.
For example, some plans did not describe (1) timely alerting of potentially
affected public to a hazard, (2) recommendations for specific actions the
public should take to protect itself, such as sheltering or evacuation, and
(3) arrangements for prompt notification of NRC and state and local government
agencies.

In February, 1981, the NRC issued orders to 62 licensees to either submit
comprehensive radiological emergency plans or lower their possession limits
for radioactive material. About half of the licensees submitted plans, and
half lowered their possession 1imits or surrendered their license. Then, an
Advance Notice of Proposed Rulemaking on the subject of offsite emergency pre-
paredness was published in the Federal Register on June 3, 1981 (46 FR 29712).

In the Advance Notice the Commission proposed to codify, with some modifi-
cations, the radiological emergency requirements set forth in the orders. A
public comment was that there is no need for emergency plans for those facili-
ties because the offsite consequences of a credible accident would be so small.




On April 20, 1987, the NRC published a Notice of Proposed Rulemaking to
establish in its regulations a formal basis for the plans required by order.
Seventeen public comments were received. Nine were from licensees who would be
affected by the regulation, and three were from States who would have a role
in responding to an accident.

The comments raised two types of significant policy questions. The first
type said that the rule should not be adopted because it was not needed or not
useful. These comments generally stated that the analyses and accident scenar-
jos were too conservative, that actual doses would be far lower than those
calculated, that credit should be given for engineered safeguards, that plans
should only be required if doses could exceed 5 rems instead of 1 rem, that the
costs far outweight the benefits, or that accident would happen so quickly that
no offsite response could be effective at reducing offsite exposures, regard-
less of cost.

In the end, the staff rejected these arguments. The staff agreed that the
calculations are conservative, that doses in an actual accident would probably
be Tower than calculated, that the probability of a large release is very small,
and that some accidents could happen so quickly that the response would not be
effective at lowering doses. Nevertheless, the Commissioners considered that
an emergency plan to be an integral part in protecting public health and safety.
There is no assurance that emergency response would always be effective at
reducing exposures offsite or that specified dose levels must not be exceeded.
The requirement should be that the licensee must be prepared to take practical
steps that could, in favorable circumstances, reduce radiation exposures of the
ybublic. '

The other type of comment said that the rule should require the licensee
to have a system to promptly warn the public offsite of an accident and be
required to give information brochures annually to people near the facility.

These arguments were also rejected. The licensee has the responsibility
to prevent serious accidents. Should that fail, the responsibility for pro-
tecting the public near the facility is considered to belong to offsite public
safety authorities. The rule would require the licensee to immediately notify
those authorities of serious accidents. It is expected that, in general, the
authorities would then notify the public in a manner similar to what is done
for truck and rail accidents involving hazardous chemicals. Similarly,
the rule would leave the decision on public information brochures to local
authorities.



2.  TECHNICAL BASIS FOR THE PROPOSED RULE

2.1 Methodology

This regulatory analysis identifies the classes of fuel cycle and other
radioactive material licensees that could have accidents that might result in
radiation doses to the public exceeding protective action guides established
by the EPA. (Chemical toxicity is also considered for the special case of
uranium hexafluoride and soluble uranium releases.) The plausibility of
exceeding the EPA's protective action guides was considered from two points of
view: (1) the accident history of fuel cycle and byproduct material licensees,.
and (2) theoretical calculations of the releases and offsite doses of accidents
considered to be possible.

2.1.1 The Accident History Approach

The history of accidents involving radioactive byproduct material (Part 30
licensees), source material (Part 40 licensees), special nuclear material
(Part 70 licensees), and spent fuel storage (Part 72 licensees) was surveyed.
In summary, we found no evidence that any accidental release of radioactive
material from facilities of these types has ever caused an effective dose
equivalent to any individual offsite exceeding even 1% of the EPA's 1l-rem
protective action guide.

The value of the historical review is that it identifies types of accidents
that have occurred and draws our attention toward accidents similar to those
that have occurred. In addition, accidents that have happened cannot have
violated the physical laws of nature. This statement cannot be made about
theoretical calculations. Theoretical calculations can use simplifying assump-
tions that are internally inconsistent or inconsistent with the laws of nature.

More information on the nature, causes, and frequency of accidents is
available for fuel cycle and other radioactive material licensees than is
available for nuclear power plants because there are so many more fuel cycle
and other radioactive material licensees than nuclear power plants. Currently
the NRC regulates about 9,000 non-reactor licensees. In addition, Agreement
States regulate roughly another 12,000 non-reactor licensees. A large number
of these licensees have operated for many years, and the combined experience



of these licensees approaches half a million licensee-years. By contrast, there
are only about 110 U.S. nuclear power plants operating with about 1,000 plant-
years of combined operating experience. Thus more experience exists for fuel
cycle and other radioactive material licensees than exists for nuclear power
plants.

Operating experience may be more relevant for these licensees than for
nuclear power plants because of the nature of the accident driving force. 1In
nuclear power plants the driving force is the enormous amount of heat in the
reactor. The available energy is so large that some unique occurrences are
conceivable, such as molten cores, large-scale metal-water reactions, and
rupturing the containment by overpressurization. Because these events have
never happened they can only be studied theoretically. The dominant driving
forces for accidents at non-reactor licensees are common industrial accidents--
fires, chemical explosions, leaks, and the like. A great deal of industrial
accident experience can be drawn upon in analyzing these potential accidents.

Much information on the accident history of fuel cycle and other radio-
active material licensees is available. NRC regulations require the reporting
of all significant events. A1l licensees must notify NRC of (1) the overexposure
of any individual to radiation [10 CFR §20.403 and §20.405], (2) the airborne
release of large quantities of radioactive material [10 CFR §20.403 and
§20.405], (3) the loss of one day or more of the operation of any facility
[10 CFR §20.403], (4) damage to property in excess of $2000 [10 CFR §20.403],
(5) the loss or theft of licensed material [10 CFR §20.402], (6) excessive
radiation levels or contamination on packages received [10 CFR §20.205], and
(7) major defects in equipment or noncompliance with regulations that have
major safety significance [10 CFR §21.21]. 1In addition, there are other
reporting requirements in NRC regulations'that apply to specific classes of
licensees. The reports that licensees have filed provide extensive information
for evaluating the history of accidents in this part of the nuclear industry.

Since January 1975, the NRC has carefully and systematically published
reports describing accidents of significance, "Report to Congress on Abnormal
Occurrences," NUREG-0090. Accidents in the fuel cycle and at byproduct mate-
rial facilities are included for NRC licensees and Agreement State licensees.
A1l these reports for the period from January, 1975, to December, 1986, were
reviewed for this Regulatory Analysis.



Also, a comprehensive file of over 5,000 events from the period of 1950
through 1978 was compiled at Argonne National Laboratory. The file includes
primarily events from NRC licensees (formerly AEC licensees) and government-
owned laboratories run by DOE (formerly ERDA and AEC), and some reports on
accidents from Agreement State licensees and facilities in foreign countries.
The file includes events from nuclear power plants, the nuclear fuel cycle,
and other radioactive material usage. A brief summary of 1634 events in the
commercial nuclear fuel cycle was published in 1981.* The Argonne file also
includes some events from 1379, but is not complete for that year.

In addition, other sources were searched for this analysis, such as NRC's
annual reports on radiation exposures, NRC's preliminary notification of
unusual event reports, the memory of NRC staff members, and accounts published
in the open literature. ,

Using all these sources of information this analysis should include most
significant accidents for the years from 1950 through 1986. Although some v
events may have been omitted, it is believed that all relevant events in the
United States that caused a significant release of radioactive material outside
a restricted area have been included.

2.1.2 Accident Source Terms

Many plausible accident scenarios were considered for various types of
facilities. The NRC considers in Safety Evaluation Reports a number of possible
accidents and their effects on public -health and safety before issuing licenses
for fuel cycle facilities. The NRC requires applicants to evaluate possible
accidents. Additionally, the NRC performs its own analyses of several severe
accidents to determine whether there is adequate protection of public health
and safety. The NRC's analyses are then issued when the license is issued.

This regulatory analysis makes use of those NRC staff analyses in developing
accident source terms.

*Deborah J. Bodeau et al., Data Base for Radiation Events in the Commercial

Nuclear Fuel Cycle, 1950-1978, Arqonne National Laboratory, NURE - ,
ANL/ES-123, March 1982.




The significant accidents were determined to be UFg releases, fires, and
criticality accidents. Aside from the special cases of UFg releases and cri-
ticalities, the release fractions for fires were considered to be larger than
the ré]ease fractions for other types of accidents. Thus, release fractions
for fires, as described in Section 2.3.1.2, are used to determine the need for
emergency preparedness.

2.1.3 Calculations of Doses

Doses from airborne releases were calculated by assuming release fractions
for radioactive materials, assuming a atmospheric dispersion model, and calcu-
lating doses from three pathways-inhalation, cloud-shine, and ground-shine from
particulates deposited on the ground. In general, the highest doses come from
inhalation.

" Two kinds of doses were calculated: effective dose equivalent and child's
thyroid dose.* The effective dose equivalent is the sum of the 50-year dose
equivalent commitment to each body organ multiplied by a weighting factor for
each organ as given in ICRP Publication 26 and, for the skin, ICRP Publica-
tion 28.** For the inhalation pathway, dose conversion factors from ICRP
Publication 30*** were used. Thyroid dose is the dose equivalent delivered to
the thyroid by inhaled radioiodines. The child's thyroid dose is calculated
by multiplying the value calculated for an adult by two.

For the two external dose pathways dose conversion factors from Kocher****
were used. An 8-hour ground exposure time and a 0.7 shielding factorT (30%

*David E. Bennett et al., Preliminary Scresning ¢ Fuel Cyﬁle ﬁnd Byproduct
Material Li 1 ing, "1a National Laboratories,
VOKEE) 2k 1S5S EaA. BUBRCCRY. ' qopna.” Sanc s Matlonal Laber

**Statement from the 1978 Stockholm Meeting of the ICRP, Publication 28,

International Commission on Radiological Protection, Pergamon Press,
Oxford, 1978.

**x imits for Intakes of Radionuclides by Workers, Publication 30,
International Commission on Radiological Protection, Pergamon Press,
Oxford, 1979 and 1980.

xxxxp. €. Kocher, "Dose-Rate Conversion Factors for External Exposure to Photon
and Electron Radiation from Radionuclides Occurring in Routine Releases from
Nuclear Fuel Cycle Facilities," ORNL, NUREG/CR-1918, 1981. Also D. C.
Kocher, "Dose-Rate Conversion Factors for External Exposure to Photons and
Electrons, "Health Physics, 45, 665, 1983.

t"Reactor Safety Study," NRC Report WASH-1400, Appendix VI, page 11-23, 1975.




reduction) for a not perfectly flat surface were used to calculate the external
exposure from radionuclides deposited on the ground. The basis for the 8-hour
exposure to ground shine is that even if there is no pre-existing offsite
emergency preparedness it should be possible to locate areas with high dose
rates due to ground shine (greater than 100 mR/hr) and move people out within
.8 hours. The contaminated areas from which people would need to relocate would
be small and generally near the site.

The atmospheric dispersion model is a standard Gaussian plume model. Doses
were calculated for two sets of meteorological conditions: stability class F
with 1 m/s wind speed and stability class D with 4.5 m/s wind speed. The F,

1 m/s assumptions are those traditionally used by NRC in hazard evaluations and
represent very adverse weather conditions. The D, 4.5 m/s assumptions are

those traditionally used by DOT in calculating evacuation distances for accidents
involving toxic chemicalst and represent more typical weather. DOT considers
evacuation distances based on D, 4.5 m/s adequate to protect public health and
safety as demonstrated by experience with toxic chemical releases. The NRC's
proposed rule associated with this analysis bases the need for emergency
preparedness on the traditional NRC assumptions if F, 1 m/s. The doses calcu-
lated using the DOT assumptions of D, 4.5 m/s are included for perspective to
show doses that would be expected under more typical or realistic conditions.

* The intercept fraction for inhalation of 10-® is considered to be about
the maximum value likely to be inhaled in an accident.* Using F, 1 m/s meteor-
ology and the assumptions described below, 10-8 corresponds to a distance of
100 meters for the entire duration of the accident. Limiting the intake to 10-6
in effect means that a person on the plume centerline in dense smoke closer than
100 meters from the release point will move out of the smoke before the release
ends. Thus, the distance at which doses were calculated was taken to be 100 m
from the release point in our mathematical model. This distance results in an
intercept fraction of 0.89 x 10-® for radioactive materials that deposit on the

t+"Hazardous Materials-Emergency Response Guidebooks," Materials Transportation
Bureau, U.S. Department of Transportation, DOT Publication DOT-P5800.2, 1980.

*"Upgraded Emergency Preparedness for Certain Fuel Cycle and Material Licensees,"
46 Federal Register 29712, 1981; “Criteria for Selection of Fuel Cycle and
Major Materials Licensees Needing Radiological Contingency Plans," NUREG-0767,
1981; and Allen Brodsky, "Resuspension Factors and Probabilities of Intake
of Material in Process (or Is 10-® a Magic Number in Health Physics?)"

Health Physics, 39, 992, 1980.
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ground. In other words a person on the plume centerline is assumed to inhale
at most about one one-millionth of the material released.

Doses were calculated for a person standing in an open field in the down-
wind direction on the plume centerline breathing at a rate of 2.66 x 10-4 m3/s.
Atmospheric stability class F and wind speed of 1 m/s were assumed. Doses to
people in buildings would be smaller than the doses given in this analysis
because buildings provide shielding and some respiratory protection. Doses to
people standing outside in urban and suburban areas or wooded areas would be
less than those given here because obstacles to wind flow would cause the plume
to broaden. '

Doses were calculated using a slightly modified version of the CRAC2
computer code.* The CRAC2 code has been used extensively by the NRC for calcu-
lations of doses that could result from nuclear power plant accidents.

The key input parameters for the CRAC2 calculations are building size,
release duration, release height, dose conversion factors for each radio-
nuclide, radioactive halflife of each radionuclide, and deposition velocity
for particulates.

Building size determines the building wake factor or the initial plume
dimension. In most cases the building size was assumed to be 25 m wide by
10 m high. For buoyant releases no building wake factor was used. At close
in distances the building wake effect from a 250 m2 building significantly
reduces the concentrations of airborne materials from a release. At distances
of 1000 m, the building wake factor is relatively unimportant.

The release duration determines the amount of plume meander. Plume meander
was not included at 100 m because the plume is considered to be still in the
building wake.

Release height determines plume height and thus affects ground level
concentrations. Greater release heights cause lower ground level air
concentrations. In this regulatory analysis, the release height was assumed
to be ground level except that buyancy was considered for UFg release.

XL.T. Ritchie et al., "CRAC2 Model Description," Sandia National Laboratories,
NUREG/CR-2552, SAND82-0342, April 1984.
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The CRAC2 code accounts for the radioactive decay of materials in transit.
In most cases this correction is negligible. However, Kr-89 with a 3-minute
half-1ife dominates the external dose from a criticality accident, so that in
this case the decay correction is significant.

The CRAC2 code does not calculate radioactive decay while a material is
held up in a building before release. A separate correction factor was devel-
oped to account for radioactive decay before release to the atmosphere. This
factor was used to reduce the quantities of short-lived radionuclides for cri-
ticality accidents. _

In calculating external dose due to clouds, the CRAC2 code performs the
calculation for a finite-size cloud rather than an infinite-size cloud. The
difference between the two can be substantial at distances as close as 100 m for
stable atmospheric conditions. For example, failure to correct for this factor
at 100 m from a point release (i.e., no building wake) during class F stability
would cause external doses to be overestimated by a factor of almost 40. How-
ever, the finite cloud correction factor is much smaller when building wake
factors are used.

The results of the atmospheric dispersion calculations for inhalation are
shown in Figure 1 for both F, 1 m/s and D, 4.5 m/s assumptions. Figure 1,
giving x/Q in s/m3, can be used to calculate inhalation dose D in rems due to
a released quantity Q in uCi by using the equation:

D=DCF x B x x/Q x Q
where: DCF = dose conversion factor, ‘rems/uCi inhaled, as given in
Table 13 and
B = breathing rate, which is 2.66 x 10-4 m3/s.

The doses due to ground-shine and cloud-shine should be added to the
inhalation dose to obtain a person's total dose. As a practical matter, however
ground-shine and cloud-shine doses will be considerably smaller than the inhala-
tion dose except for a few radionuclides (xenon, krypton, Na-24, Mn-56, Tc-99m,
and Ru-105).
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Figure 1. Atmospheric dispersion versus distance.
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2.1.4 Protective Action Guides

Protective action guides are expressed in terms of projected doses to
individuals in the population which warrant taking protective action. The EPA
has published draft guides for taking protective action in order to avoid expo-
sure to radiation as the result of an accident at a nuclear power plant.* The
EPA recommends that protective actions should be considered by responsible
officials if projected whole body doses are in the range of 1 to 5 rems. The
lower dose of 1 rem is a level which "should be used if there are no major
local constraints in providing protection at that level, especially to sensi-
tive populations" (children and pregnant women). The EPA believes that "in no
case should the higher value (5 rems) be exceeded in determining the need for
protective action." Put another way, protective actions may be considered
optional at 1 rem, to be taken if readily feasible, but are highly recommended
at 5 rems if at all feasible. Note that the l-rem and 5-rem doses are projected
doses that might occur after the protective action decision. Doses received
prior to the decisionmaking and during the protective action implementation
time are not considered in the decisionmaking. Only dose savings as a result
of taking a protective action are to be used in determining whether such protec-
tive action is warranted.

For radioactive materials that deliver dose to the body nonuniformly after
they are inhaled, the resulting effective dose equivalent is compared to the
EPA's protective action guides. The effective dose equivalent, as defined in
the previous section, is the sum of the external gamma dose equivalent, the
dose equivalent delivered to each body organ multiplied by a weighting factor
for the organ from ICRP Publication 26, and the external beta dose equivalent
delivered to the skin multiplied by the weighting factor from ICRP Publication 28.
The factors used to convert intake of radionuclides to an effective dose equiva-
lent are taken from ICRP Publication 30.

The Commission's policy on the use of the EPA's protective action guides
to establish planning zones for nuclear power plants is stated in NUREG-0654.**

XEPA-520/1-75-001, "Manual of Protective Action Guides and Protective Actions
for Nuclear Incidents," Draft Revision of June, 1980.

**NUREG-0654/FEMA-REP-1, Revision 1, "Criteria for Preparation and Evaluation
of Radiological Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants," joint NRC/FEMA Report, 1980, page 12.
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"The size (about 10 miles radius) of the plume exposure emergency planning
zone was based primarily on the following considerations:

a. projected doses from the traditional design basis accidents would
not exceed protective action guide levels outside the zone;

b. projected doses from most core melt sequences would not exceed
protective action guide levels outside the zone;

c. for the worst core melt sequences, immediate 1ife threatening doses
would generally not occur outside the zone;

d. detailed planning within 10 miles would provide a substantial base
for expansion of response efforts in the event that this proved
necessary."

For nuclear power plants the traditional design basis accident assumes the
containment does not fail. In other words, one major barrier to a radioactive
release remains. Failure of all engineered safeguards is evaluated with respect
to life threatening doses rather than protective action guides in the 1 to 5 rem
range. In addition, emergency preparedness does not guarantee there will be no
loss of 1ife for the worst case imaginable. ’

A later report elaborates on the Commiss{on policy. NUREG-0771* states:

"For the small releases, the lower ranges of the protective action
guides (PAG) would be used as the appropriate measure to base plan-
ning. For somewhat larger releases, the criteria shift to the upper
ranges of the PAG and levels of exposures which would.still be less
than medically detectable. For intermediate level releases early
injuries would be used as the measure to base the EPZ distance judg-
ment on. Finally, for the most severe accidents, early fatalities
become the immediate concern and therefore the measure to base the
criteria upon..."

*NUREG-0771, “Regulatory Impact of Nuclear Reactor Accident Source Term
Assumptions," for comment, June, 1981, page 35.
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For application to fuel cycle and byproduct material licensees, the lower
end of the range (1 rem) of the EPA's protective action guides is used in con-
junction with calculations of releases and offsite radiation doses due to severe
accidents, such as a major facility fire, to establish the need for a plan.

Thus the lower range of the protective action guides is used to determine the
need for offsite emergency preparedness.

The actual assumptions that were used for each facility type are discussed
in separate sections in the remainder of this report. The reasons for selecting
the assumptions are also discussed. '

2.1.5 A Discussion of the Conservatism in the Calculations

The Commission's policy is that, "Emergency planning should be based on
realistic assumptions regarding severe accidents."*

The doses calculated in this Regulatory Analysis have been conservatively
calculated. Doses to people near a plant experiencing a severe accident are
Tikely to be far below the doses in this analysis, probably by an order of mag-
nitude or more, except in very unusual circumstances. The accident history of
such facilities in the U.S. is that there is no known case of a member of the
public receiving even as much as 1¥ of the doses calculated in this analysis
as the result of an accidental airborne release from any nonreactor facility.**

A number of factors which cause this analysis to be conservative are discussed
below.

*"J.S. Nuclear Regulatory Commission Policy and Planning Guidance - 1985,"
U.S. Nuclear Regulatory Commission, NUREG-0885, Issue 4, 1985, page 6.

**For a 1962 release of high-enriched UFg from the NFS plant, Erwin, Tennessee,
a plume centerline dose equal to 4% of the l-rem effective dose equivalent
guide was calculated using conservative assumptions (no deposition, open
field diffusion parameters, no wind direction shift, etc.) However, the
report stated, "No specific information regarding the presence of individuals
during the releases was available." Because no one is known to have stood
on or near the plume centerline, we can say there are no known exposures
exceeding 1¥ of l-rem. The dose calculations are contained in an unpublished
report, “"Dose Assessment of Airborne Releases from NFS-Erwin Fuel Facility -
1972-1981," U.S. Nuclear Regulatory Commission, Region II, Atlanta, Georgia,
May, 1983.
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2.1.5.1 Conservative Factors

1. Entire possession limit assumed to be involved. In calculating the
quantities of radioactive material for which an emergency plan would be needed,
this analysis generally assumed that the licensee's entire or nearly entire
possession limit would be involved. In actuality, most licensees at any
particular time possess much less material than they are legally authorized
to possess. In many cases the possessed material will be located at different
locations and will not all be subject to release during a particular accident.
For example, the National Institutes of Health is authorized to use and store
licensed material in more than 1,000 different laboratories.

2. VWorst-case release fractions. The release fractions due to fires

(the accidents with highest potential release) were determined from experiments
designed to maximize releases. In such experiments a finely powdered material
is typically placed on top of a large amount of combustible material. Having
the entire licensed inventory unenclosed on top of a large quantity of combusti-
ble material would be most unusual. Radioactive materials are usually within
shielded "pigs" and kept in metal safes or well shielded hot cells or glove
boxes. Amounts of combustible materials present are generally kept low.

3. No credit for engineered safeguards or response efforts. No credit
is generally given for design or operating features that could reduce releases.
No credit is given for sprinkler systems designed to stop fires. Generally, no
credit is given for filter systems during a fire. No credit is given for fire
fighting efforts to stop the fire before it reaches radioactive materials.
Little or no credit is given for holding up the release of the material by means
of deposition or plateout. For UFg releases outdoors, no credit is given for
knocking the uranium out of the air using fire hoses.

4. The exposed individual makes no response. In the case of fires and

UFg releases, the dose is calculated for a person who stands directly on the
plume centerline for 30 minutes. Such a person would be standing in dense smoke
or irritating acid fumes. Realistically, people can be expected to move from
such positions to avoid smoke inhalation. People close in would only have to
move about 20 meters to get completely out of the plume.

5. No plume-rise for smoke. Even where the assumed accident is a large
fire no credit is given for plume rise due to buoyancy in calculating the
quantities of radioactive material for which an emergency plan would be needed.

The smoke is assumed to be released at and remain at ground level.
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6. Conservative dosimetry. The material is assumed to have the solubil~
ity which would result in the highest dose per curie inhaled. Particulates are
generally assumed to have a size of 1 micron making them highly respirable and
transportable.

7. Adverse meteorology. Quantities of radioactive material for which
an emergency plan would be needed were calculated for atmospheric stability
class F with a 1 m/s windspeéd. These conditions result in minimal dilution
and high plume centerline doses, but also very narrow plumes. It is probable
that the actual weather would cause lower doses. For example, doses during a
moderately sunny day with average winds would be a factor of 50 times smaller
than the doses calculated for the analysis.

8. Open-field site assumed. A rural cpen-field site is assumed. Greater
atmospheric dispersion and thus lower doses would occur at an urban or suburban
site. Buildings, trees, or other obstacles in the plume path would broaden the
plume. Heat sources would increase the plume height.

9. No wind shifts. Doses are calculated only on the plume centerline.

It is assumed that no wind direction shifts occur during the accident.  In addi-
tion, correction factors for plume meander are conservative; the factors were
selected to envelope the experimental data.- Normally greater plume meander
would be expected. |

10. 8-hour criticality. The source term assumes a pulsating criticality
with a total of 48 bursts occurring over 8 hours (see Section 2.2.5.2). This
is a highly conservative source term.

11. There may be no one standing on the plume centerline. The doses are
calculated for single point, and they fall off rapidly as one moves away from
the point. Even with no protective actions, the highest dose anyone would
receive is likely to be well below the assumed dose.

2.1.5.2 Nonconservative Factors

On the other hand there are certain assumptions in the dose calculations
that may be nonconservative in certain instances. These factors are discussed
below:

1. Adult doses. Doses are calculated for adults rather than children
(except for radioiodine doses which are calculated for children). This is
because dose conversion factors for children using modern dosimeter models are
generally not available. For some inhaled radionuclides a child standing in
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the plume may pefhaps receive a dose 2 or 3 times higher than an adult standing
at the same location.

2. Breathing rates. The breathing rate used in the dose calculations
(2.66 x 10-* m3/s) represents an average breathing rate. Breathing rates for
above average activity would be higher.

3. Site-specific factors not considered. The table of quantities of
material for which emergency planning should be considered was based on assump-
tions (for example building wake) that would usually be conservative, but may
not be conservative for all instances. For example, the building wake factor
for a particular building could be less tnan assumed although it would generally

be larger. This should be a minor factor. Any increases in dose due to such
factors would not be significant in size by comparison with the sizes of the
conservatisms discussed above.

2.2 Fuel Cycle Facilities

2.2.1 Uranium Mining

Uranium mining is not considered in this report because the NRC has no
regulatory jurisdiction over uranium mining. Uranium mining is regulated
instead by the Mine Safety and Health Administration, the Environmental Protec-
tion Agency, and the individual states.

2.2.2 Uranium Milling

Uranium mills extract uranium from ore that typically averages about 1 part
per 1000 uranium. The mills produce concentrated uranium compounds, which are
shipped out in 55 gallon drums, and waste "tailings," which contain radium-226
and thorium-230 not removed from the ore by the mill processes. In late 1984
there were about 10 full-scale uranium mills operating in the U.S. In addition,
there are smaller facilities that perform some of the processes found in milling.
Roughly half the mills are licensed by the NRC. The others are licensed by
Agreement States.

In addition, this section considers "in-situ" solution uranium mining,
in which a solution that has leached uranium from the ground is pumped up and
uranium extracted from the solution.

19



2.2.2.1 Accident History

Uranium mills have experienced major fires and accidental releases from
tailings ponds due to dam failures or tailings line breaks.

Uranium mills have a potential for large fires because large quantities
of kerosene are used as a solvent to extract uranium in one mill process. The
kerosene contains dissolved uranium and is contained in large open tanks. Two
large fires in solvent extraction circuits have occurred. Table 1 lists fires
known to have occurred. It is notable that the fires that have occurred have
caused little release of radioactive material even though two of the fires
were very intense.

Aside from fires, the other notable type of accident at uranium mills
has been tailings pond releases. There have been at least 16 instances where
uranium mill tailings solids and 1iduids were released from tailings impound-
ments. Table 2 describes these releases. In no instances were there radiation
dose rates that would cause doses to the public in the range of the EPA's
protective action guides. In no case was drinking water contaminated above
NRC limits (Appendix B of 10 CFR Part 20).

2.2.2.2 Accident Source Terms

Potential releases of radioactive materials and potential doses that
could result from accidents at uranium mills are shown in Table 3. The largest
potential releases were determined to occur as a result of: (1) fires,
(2) undetected failures of air cleaning systems, (3) tailing pond releases,
and (4) tornadoes. Some reported calculations of the quantities released and
projected offsite doses are shown in Table 3.

These calculations show that the largest offsite radiation doses would be
due to a fire in the solvent extraction circuit or an undetected failure-of
the air cleaning system servicing the yellowcake drying area. However, the
undetected failure of the air cleaning system servicing the yellowcake drying
area does not provide a basis for actions to protect the public. As long as
the failure remains undetected no emergency plan can be activated and no protec-
tive actions can be taken. As soon as the failure is detected, the release
can be stopped by turning off the ventilation blowers. Airborne concentrations
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Table 1. Fires in Uranium Mills through 1986.
Fire
Date Mill Description Offsite release
3-19-59 Vanadium Corp., Fire in yellowcake None detected
of America, dryer
Durango, CO
6-25-65 American Metal, Fire in ore None detected
Grand Junction, dryer for 3-5 min.
Co $2600 damage
2-68 Western Nuclear, Workers started a None detected
Jeffery City, WY fire to thaw a frozen
ore dryer. Fire
ignited propane from
a leaking tank.
11-10-68 Petrotomics Co., Solvent extraction None detected
Shirley Basin, WY circuit.
$300,000 damage
12-25-68 Atlas Corp., Solvent extraction None detected
. Moab, UT circuit. Cause
"~ unknown.
$1,000,000 damage
10-23-80 Minerals Exploration, Major fire burned None. Radioactive
Sweetwater, WY in mill before it material was
started operation not yet being
processed.
1-2-81 Atlas Corp., Fire in yellowcake None detected

Moab, UT

scrubber stack for
15 min
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Table 2.

Uranium Mil} Tailings Releases, 1959-1986

Date

Mill

Type of Incident

Release

8-19-59

8-22-60

12-6-61

6-11-62

8-17-62

6-16-63

11-17-66

2-6-67

Union Carbide
Green River, UT

Kerr-McGee
Shiprock, NM

Union Carbide
Maybell, CO

Mines Develop-
ment, Inc.
Edgemont, SD

Atlas-Zinc
Minerals
Mexican Hat, UT

Utah Construction

Riverton, WY

VCA
Shiprock, NM

Atlas Corp.
Moab, UT

Tailings dam washed

out
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