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& % UNITED STATES
AT & NUCLEAR REGULATORY COMMISSION
s WASHINGTON, D € 2065¢
A\ \a 2
l....
March 27, 1986
Dear Reader:

This handbook was prepared to assist emergency planrers in developing scenarios
for emergency preparedness exercises at nuciear power plants, In seeking public
comments on this handbook we hope to take advantage of the wide experience of

our licensees, their contractors, and state and local emergency planners in pre-
paring scenarios and conducting and evaluating emergency preparedness exercises.

The official public comment period will end approximately 60 days from the date
of this letter. Your comments will be most helpful if they are received during
this period; however, comments will be accepted at any time. Comments should
be directed to Jonn D, Philips, Chief, Rules and Procedures Branch, Room 4000
MNBB, Washingtor, DC 20555. [1f there are any questions, the agency contact fis
Edward M, Podolak, Jr., Senior Emergency Preparedness Specialist, telephone:
301/492-7290. Thank you in advance for your assfistance.

ér“/ olar .,

Divisigh of !nrmcy Preparedness
and Engineeri sponse
0ffice of Inspec 1oa |M Enforcement



ABSTRACT

A scenario guidance handbook was prepared to assist emergency planners
in developing scenarios for emergency preparedness exercises at nuclear power
plants. The handbook provides guidance for the development of the objectives
of an exercise, the descriptions of scenario events and responses, and the
instructions to the participants. Information concerning implementation of
the scenario, critiques and findings, and generation and format of scenario
data are also included, Finally, examples of manual calculational techniques
for producing radiological data are included as an appendix,
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EXECUTIVE SUMMARY

Current government regulations require that the licensee of a commercia)
U.S. nuclear power plant make provisions for the conduct of emergency pre-
paredness exercises. Such provisions include the development and subsequent
review of a scenario designed to drive the exercise. The purpose of this
report is to provide guidance for the development of such a scenario. The
guidance is intended for an individual in the role of emergency preparedness
coordinator who is generally responsible for scenario development and review,
The guidance is presented as a step-by-step procedure and discussion with
numerous examples designed to facilitate the development of a scenario ade-
quate to test the plant's emergency preparedness objectives.

This report provides a detailed description of the key elements composing
a scenario. The elements include exercise objectives, exercise participation,
event description and data requirements, In addition, guidance is provided
for the scenario's technical review, preexercise instructions and postexercise
activities. Finally, an appendix is included on manual calculational tech-
niques for generating radiological data.

Exercise objectives provide both a basis for developing a scenario and a
means to evaluate the response by the emergency preparedness organization,
Specific exercise objectives may be associated with a need to test aspects of
the licensee's emergency response plan, procedures and or?anization. or to
test those of participating offsite agencies, Consequently, onsite, offsite,
and joint objectives should be developed in areas including notification,
accountability, chemistry analysis, offsite radinlogical monitoring, health
physics support, accident assessment and evaluation, protective action recom-
mendat'- .5, and communications,

Exercise participation fdentifies the appropriate onsite and offsite !
emergency response personnel involved in the exercise, The onsite response \
during an exercise should include accident detection and n1t1’ation. event |
classification, appropriate notification, and communication of protective |
action recommendations to the appropriate offsite authorities, Offsite |
response should ensure that adejuate assistance is provided to support the |
needs of the onsite organization and to effectively implement protective

actions designed to protect the health and safety of the public,

The event description includes the sequence of accident events, the
details and timing of these events, and followup events under reentry and
recovery, A description of peripheral events, such as medical emergencies, is
also included in this section of the report. An essential 1 of the selec-
tion of an accident sequence is to choose those events which will inftiate
player responses designed to satisfy the exercise objectives. The complexity
of the sequence of accident events is frequently dictated by the magn'tude of
the offsite radiological release necessary to satisfy the o‘)octivc of partici-
pating offsite agencies,

Complete, consistent and appropriate data are necessary for a successful
emergen 'y preparedness exercise, When the exercise objectives are finalized
and the sequence of accident events are established, data should be prepared
for instrumentation in the control room, radiation detectors and alarms
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throughout the plant, available meteorological systems, potential coolant
sample analyses, and radiological and contamination data for affected inplant
and offsite areas. In addition, radiological and contamination data thould be
prepared for the reentry and recovery phase as well as any peripheral events,

The selection of a multidisciplinary team to develop and subsequently
review the scenario is recommended., Furthermore, the final review process
should ensure that modifications made during the review process are evaluated
to ensure that internal data consistency is maintained,
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1.0 INTRODUCTION

An emergency preparedness exercise presents a hypothetical accident at a
nuclear power plant involving participants from the utility and from the sur-
rounding community and is designed to test the ability of the onsite and off-
site emergency response organizations to effectively handle an emergency and
to ensure the safety of the public. Exercises are a required part of each
licensee's training program; as such they provide the opportunity for all ele-
ments composing emergency response to function together under realistic
circumstances to test and improve their effectiveness. The emergency pre-
paredness exercise is an important tool used in achieving the go:1 of estab-
lishing and maintaining the best emergency response capability possible,

In order to meet this goal, the emergency exercise should be designed to:

e demonstrate the ability to identify, classify and respond to an abnormal
situation

e demonstrate the ability to notify and activate the appropriate elements
of the emergency organization

e demonstrate the ability of decision makers to provide appropriate pro-
tective action recommendations

e show that appropriate and timely actions can be taken to mitigate the
consequences of an emergency

e provide training and experience in emergency procedures and operations
e exercise the interactions among emergency response organizations

e determine what improvements or changes may be needed to enhance emergency
response

o evaluate the effectiveness of recent changes or improvements
e provide government agencies an opportunity to evaluate capabilities.

The requirements for conducting exercises are specified in Section F of
10 CFR 50, Appendix E, "Emergency Planning and Preparedness for Production and
Utilization Facilities" (1982). The requirements state that each licensee at
each site shall annually exercise its emergency plan and that at least bi-
ennially the exercise will involve either partial or full participation by
State and local governments. In general exercises shall test the adequacy of
implementing procedures and methods, test emergency equipment and communication
networks, test the public notification system, and ensure that emergency res-
ponse pevsonnel are familiar with their duties.

Exercises that involve offsite agencies can be either full or partial
participation. A full participation exercise should be designed to test as
much of the licensee, State, and local government plans as reasonably achiev-
able, Full participation means that appropriate State and local authorities
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and licensee personnel physically and actively take part in testing major
observable portions of the onsite and offsite emergency plans and mobilize
sufficient State, local, and licensee personal and resources to verify the
capability to respond to the accident scenario. Partial participation means
appropriate offsite authorities shall actively take part in the exercise to
sufficiently test direction and control functions such as protective action
decision making and communications capabilities.

The foundation on which an emergency exercise is built is the accident
scenario. The scenario serves as the master plan for an exercise ana .3 ite
driving force. A realistic, well-planned scenario is essential in order to
satisfy all the requirements mentioned above. The purpose of this document is
to provide guidance for those who may be called upon to create a hypothetical
accident scenario for an emergency exercise at a nuclear power reactor. Each
step in preparing an exercise scenario is examined, and suggestions for accom-
plishing each step are offered. Also included are sections concerning the
preparation of instructions for participants, the conduct of postexercise
activities and an aprandix containing considerations and calculational tech-
niques for preparing radiological data.

In preparing this document, we have assumed that drills and partial exer-
cises have already tested individual components of the emergency response
organization; therefore, the scenario development described within is for a
full participation exercise. Since preparing an accident scenario involving
full, partial or no offsite involvement requires basically the same steps,
with appropriate consideration for the exercise objectives, the guidance in
this handbook should apply to all three.
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2.0 SCENARIO DEVELOPMENT

The scenario, as the script for the emergency preparedness exercise,
should contain all the information necessary for the participants o react
realistically to the hypothetical accident. The scenario should present a
realistic and challenging situation to the participants allowing them the
opportunity to test and display their capabilities. A poorly developed or
unchallenging scenario can significantly reduce the learning value and the
display of capabilities, and can fail tu adequately test the necessary
elements of emergency response.

The basic steps in the development of a scenario are as follows: decide
which onsite and offsite organizational elements are to participate, develop
exercise objectives, produce the accident evert description, develop the tech-
nical data, and perform the final technical ~e;iew. These steps are listed in
roughly a logical sequential c~der, fe n siup is not necessarily independent
of the others, and although some ste- cann:t '‘wgin until others are complete,
several could procced in paraliel. Tor the saie of clarity and simplicity,
each of the above mentioned steps +«,11 be i <p2.dently addressed in the
remainder of this chapter,

2.1 EXERCISE PARTICIPATICN

Whichk onsite and o*fsite organizetiona: e ~wents are to participate in
the exercise emergency resphise an” the lzvel o that participation are
affected by regulatory requiveven t, trainin ¢.nsiderations, previons def-
iciencies, workload, and specitic .bjective: of organizational elerents.
Section F of 10 CFR 50, Aprendix 7, states thit a full participation exercise
shall test "as much ¢* tre (izens +  Lyate, local emergency plans as is
reasonably achievable wit'.u. mar wy 07 - sarticipation." Because an
exercise is also a trainini € per.ci ¢, troin ng considerations may influence
participation., The exicti e f o or 4 ic'encies may dictate the partici-
pation of a particuler 2le in urder t. deonstrate that the deficiency has
been remedied. Farti pet: e lev 5 n¥ fougivement of specific organiza-
tional elements may aiso b i fluciiec by wor* ‘oad commitments (e.g., current
outage, o~ specific orgarica. i 4’ Cxevcic» obiectives.

The or-ite respor:e to ¢ exercise snouvld include accident detection and
mitigation, even* ~latsit! ti~n, prrson-2' and agency notification, and for-
mulation of prot _tive act.: rzcommende. s to appropriate offsite authori-
ties. Offsite risps .2 shouid ensure © 3L 4t quat2 assistance is available to

support the needs ¥ <& =nsite organi®:'irr and to implement protective
actions to gre’ “eal e and «~fery v vhe general public and plant
employees.

2.1.1 Onsite ' ~onsg

Emergency . uiovfs soowl Consider o impoc* of onsite response on the
safe operation of *ne ves o “"ant. Pli=* - r5 «ael responding to the



exercise usually include management, operations, engineering, chemistry, and
health physics personnel. The staffing requirements of the exercise should
not reduce the operating staff below minimum required levels nor should exer-
cise involvement distract required staff from their primary functions. The
scenario should summarize the extent of onsite participation by the control-
lers, players, and evaluators and should specify the method of preventing the
exercise from interfering with normal reactor operations.

Players are personnel designated to make up the emergency response organi-
zation during an exercise. Players should be clearly identified to set them
apart from those who are actually operating and maintaining the plant and to
facilitate identification by evaluators and controllers. As a note, all par-
ticipants should be clearly identified to ensure proper communication and an
understanding of responsibilities and duties among participants.

The numbers and kinds of players selected depends on the scope of the
exercise. Enough players should be designated to ensure that each element of
the organization can perform the tasks required by the scenaric. For instance,
if the events in the scenario have extensive radiological consequences, enough
health physics technicians should participate to support all the required sur-
vey efforts and any other actions that might require health physics support.

It is recommended that key members cf the emergency response organization (i.e.,
emergency directors, technical support center ?TSC and emergency operations
facility (EOF) directors) be alternated between exercises to ensure that all
individuals are trained.

No person should be allowed to participate as a player who has been
involved with the scenario generation process or who has been privy to sce-
nario details. Confidentiality of the scenario should be carefully main-
tained. Provisions should be made to maintain this confidentiality throughout
scenario generation, review, and distribution.

Controllers control the flow of a scenario by introducing messages or
data at appropriate times. In addition, controllers guard against actions
that would adversely affect actual plant operations or that would jeopardize
the flow of the scenario. The controllers are usually supervised by a lead
controller who is responsible for the overall flow of the scenario and has the
authority to alter the flow. The success of an exercise depends to a great
extent on the proficiency of the controllers., Because controllers are criti-
cal to the success of in exercise, they should be selected with care. Con-
trollers should be technically proficient in the areas to which they are
assig?ed and should be able to communicate clearly and analyze situations
quickly.

The number of controllers assigned for an exercise depends on the exer-
cise scope. In general, at least one controller is assigned to each event or
sequence of events for which players need information or data, or to each loca-
tion where an action critical to the scenario is to take place, or to where an
action is to be taken that may affect the safety of the plant or personnel.
Some locations from which many teams are dispatched, such as the operations
support center (0SC), may require more than one controller. Tou few control-
lers can lead to a breakdown in the flow of the scenario. Controllers often
are tasked with evaluations; however, they should focus their attention mainly
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on controlling the flow of the scenario with observation as a secondary func-
tion. If possible it is recommended that controllers not be assigned evaluator
responsibilities along with their control functions.

Evaluators observe and evaluate the total response to the scenario, and
their comments provide the basis for postexercise evaluation. Evaluators
should concentrate only on making observations; they have greater mobility
than controllers during the exercise and can position themselves to obtain the
best view of the task being performed. As a result, evaluators often have the
best overview of performance at their assigned location.

Evaluators should be selected for their knowledge of the areas to which
they are assigned and of how those areas fit into the overall emergency
response. The number of evaluators required depends on the complexity of the
scenario; generally, the more evaluators there are, the better the coverage.
While it is difficult for a controller to handle more than one location, an
evaluator can often cover more than one, provided that the activities at the
different locations do not overlap and that time is available for the evalua-
tors to move from one location to the next. Enough evaluators should be sup-
plied to ensure that all activities critical to the achievement of the sce-
nario objectives are covered.

2.1.2 0ffsite Response

For a full participation designed to test as much of the licensee, State,
and local emergency plans as possible, the offsite response may involve many
different organizations. Licensee support organizations may include ambulance
services, hospitals, and laboratory analysis. Local agencies may include
police, fire, and county emergency response organizations. State response may
include state police, the state emergency response organization, or specific
state agencies with authority to respond to radiological emergencies. Federal
agencies that may respond include the Nuclear Regulatoiy Commission (NRC), the
Federal Emergency Management Association [FEMA), the Department of Energy
(DOE), and in some cases the Coast Guard. The greater the number of offsite
participants, the harder it is to design the scenario to meet all of their
objectives, Scenario areas that become more critical are event timing, Tength
of play, and quantity and type of data. Because of the number of organi-
zations involved and the varying response and activation times, it is impor-
tant for events tn be timed so that appropriate organizations can react and
respond, Since some offsite organizationc are not activated until late in the
scenar’o when the most serious emergencv levels are encountered, it is
important to ensure that play continue, long enough for them to accomplish
their opjectives, To fully involve rome organizations (such as medical, fire,
police), special peripheral events .nd data may need to be created, It is
important when coordinating the participation of offsite agencies to establish
contact early in the scenario development process to establish a clear line of
communication, to determine each organization's exercise objectives, and to
resolve potential conflicts.

Offsite technical support orgarizations and laboratories sometimes par-

ticipate in an exercise. Unless the scenario specifically states that par-
ticipation by these support groups is to be simulated, the onsite players
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may activate these organizations and some interaction may result. If these
organizations are nct to be inc'uded in the exercise, then the scenario should
state that participation by these groups will be simulated, and the informa-
tion and support normally supplied by these organizations should be provided
by the scenario as controller messages.

Organizations that are not participating in, but may be affected by, the
exercise should be informed. For instance, if helicopters are to be used,
then local airports may need to be notified, and if emergency vehicles are to
be used or if traffic may be disrupted, then local police should be informed.
Any agency that may be contacted by the public with questions concerning exer-
cise related activities should be provided with appropriate informatiun,

Extensive publit involvement in an exercise is not recommended because it
is of doubtful value in increasing preparedness for emergencies. However, the
public can be involved in limited ways, for instance during the testing of
procedures for operating relocation centers or the testing of public notifi-
cation, alerting, or warning systems,

When offsite participation is likely to generate activities that may
impact or be observed by the general public, such as traffic controls, offsite
monitoring activities, or siren activation, the following types of irformation
should be publicized through the news media before the exercise to improve
public understanding and confidence:

e It should be publicized that exercises are required to be conducted
periodically.

e The date of any exercise involving offsite participants and the type of
offsite activities involved should be made known to the putlic well in
advance,

e On the day of the start of an exercise involving offsite participants,
the public should be reinformed.

2.1.3 Control of Participation

The need for both free play (undirected response) and a structured time
Tine in the scenario should be considered when the sequence of events and
chronology are being developed. The scenario should provide the players sig-
nificant opportunity for free play in their responses to the developing time
Tine, yet provide sufficient structure to ensure that the exercise progresses
on schedule to the desired conclusion. The larger the participatior by off-
site organizations, the less flexible the schedule becomes since so many other
persons and activities are predicated on the utility's response. As a mini-
mum, the scenario should not dictate the player's actions; rather, if the
action is inappropriate or insufficient, then & controller can intervene with
a "contingency message" to ensure tnié: the desired response occurs after the
player has had the opportunity to perform. On ihe other hand, if players are
given too much freedom, they wili typically olve problems too quickly, thus
rerminating the event and preventing the rore serious conditions in the sce-
rario from developing. A balance between frce play and structure is necessery
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and will allow the greatest amount of freudom for the players yet ensure the
smooth progression of scenario events,

Controllers with extremely comprehensive knowledge uf the plant, who are
able to analyze situations quickly, should be selected for the control room
positions t~» permit the maximum amount of free play and yet ensure that they
will be able to diver. the quick fixes of the operators. Tabletop reviewing
of the scenario to uncover and forecast all the possible operator branching
paths will help prevent a premature termination of the sequence, and the
attendant unrealistic declaration by the controller that the corrective action
did not work,

Guiding the flow of the scenario without restricting free play lies in
the ability of the controller(s) tc direct the player's actions subtly, by
redirecting efforts vith contingency messages if actions go too far awry and
by using a scenario time line that contruls the scenario events and the avail-
ability of systems and equipment.

In preparing the scenario, planners should decide whether actions and
activities should be real or simulated. The actual operation of the plant
should nct be altered for the emergency exercise. In reality, the plant may
be in any state of operation from nonoperational tec full power. For the safety
of the plant and personnel, actual manipulation of most plant systems is not
recommended, However, this does not preclude the actual performance of many
activities during an erercise,.

When activities can actually be performed, the demands placed on person-
nel, equipment, and resources are more realistic and provide a better learning
experience, Actions that do not affect plan: operatien should be performed to
the maximum extent possible. However, simulation may be the only practical
means of accomplishing actions that are too time consuming, too dangerous, or
too costly to be performed during an exercise,.

The scenario planners should use their discretion when deciding how much
simulation to use during an exercise, keeping in wind that two of the main
purposes for conducting an exercise are to demonstrate the adequacy of emer-
gency response and to uncover weaknesses in the response structuve. Too much
simulation may leave the evaluators unable to evaiuate the adequacy of response
in certain areas and also reduce the responding organizations ~f the opportun-
ity to demonstrate their capabilities under pressure,

Equipment and personnel operations that should be considered for actual
performance include:

e donning of fire brigade clothing; operation of fire fighting equipment
such as extinguishers and hoses outside of corfined spaces

e operation of first-aid equipment, such as respirators, splint kits,
gurneys, stretchers, etc.

e performance of vital-sign monitoring on victims
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e operation of meters, portable pumps, and other repair equipment

e obtaining postaccident samples and containment/stack grab samples
e operation of all communications systems

e operation of dose assessment equipment

e establishing control points, performing personnel decontamination, operat-
ing survey instruments, and wearing anticontamination gear including
self-contained breathing apparatus (SCBAs).

The use of a simulator, if available, reduces the need for control room
simulation by making engineering data input more realistic and allowing opera-
tors to respond realistically. The simulator also aids in event timing,
creates a log of operator actions, which is helpful during pcstexercise eval-
uation, and limits the impact of the exercise on plant operations by moving
the action out of the real control room. Another consideration, if a simulator
is to be used realistically, is whether or not it is capable of representing
key control room data transmission and communications capabilities. For in-
stance can all existing data transmission links, such as a safety parameter
display system (SPDS) or meteorological data link, between the control room
and other response facilities be driven from the simulator? Also, are all the
communication and notification capabilities of the control room, such as plant
paging, dedicated phone lines, or automatic notification equipment, available
from the simulator?

During the performance of an exercise, safety measures, including the
ability to recognize and respond to a real emergency, should be maintained.
The assigned operating shift personnel responsible tor the startup, power, or
shutdown operation of the plant should not be participants in the exercise.
Exercise activities should not excessively distract personnel from their
assigned duties of monitoring and controlling the safe oneration of the power
plant. In addition, the exercise scenar~io should not degrade the condition of
vital systems, equipment, and supplies, or affect the ability of equipment or
personnel to detect, assess, or respond to a real emergency. An ex2mple would
be the use of a significant portion of the plants cupply of SCBA cylinders
without recharging during the exercise, leaving only 2 few or none to combat a
real fire. The scenario should not contain any actions that endanger partici-
pants. other personnel, members of the public, or the environuent.

The intent of the exercise is to allow the players as much freedom as
possible to identify solutiins to problems and to perferm these tasks as
requived during an emergency. However, because no action that reduces plant
or public safety should be taken, simulation of actions should be considered
in situations where there is a conflict between these principles. The poten-
tial for adversely affecting plant operations, raciolonical or otherwise,
shoulid e considered and specifically avoided in the scenario design.

If during the conduit of an exercise an actual emergency condition occurs,
then exercise play should be terminated immediately and the full resources of
the utility should be directed towurd mitigatinn the emergency. A1) partici-
pants should have clear instructions concernin, their responsibilities in such
a situation. If appropriate, «fter the actua: emergency cor“itions are over,
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the exercise can be resumed smoothly if preplanned agreements exist to provide
authority for restarting the exercise and to cover other administrativi details
(such as clock time, repositioning personnel, etc.).

2.2 EXERCISE OBJECTIVES

The objectives provide both a basis for developing the scenario and a
yardstick against which to gauge exercise performance. Some general objec-
tives of a full participation are to:

e test the overall response capability

e test the adequacy of the emergency plan and implementing procedures
o develop the skills of emergency response personnel

e evaluate organizational interactions

e ensure that personnel know their emergency dutiz2s

e evaiuate the suitability of assignments for individuals

e test communications

e evaluate equipment and facilities

o develop the confidence of personnel who should make decisions

e objectively critique the emergency response and identify significant
deficiencies.

Specific exercise objectives can be prepared and grouped into main areas
such as onsite objectives, offsite objectives, and joint objectives; these can
be further broken into subcategories, such as communications, accident
assessment and evaluation, health physic=, offsite monitoring, etc. Onsite
objectives are for the utility's emergency response organization; offsite
objectives are related to the various offsite emergency response organiza-
t-ons; and jnint objectives concern the coordination among onsite and offsite
urganizations.

Each area should contain as many specific objectives as appropriate for
the des‘red performance. The more specific the objectives are to the desired
purformance, tne easier it will be fuor the evaluators to determine whether the
objectives were met or to identify deficiencies that prevented them from being
achieved. For example, an objective to "demonstrate the deployment of environ-
menital monitoring teams" is fundamentally differenc from the objective to
"demcnstrate the ability to rapidly and accurately assess environmental radia-
tion fields." Likewise, "demonstrate the activation of the TSC" falls far
short of "verify that the statf of the TSC is capable of timely and correct
assessmen*s of accident conditions.” Some examples of scenario objectives are
contaf-. - .n Table 2.1.

~ The detailed vhjectives shouid reflect not only the areas that should be
evaluated as required by 10 CFR 50, Appendix E, and as recommended in the
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TABLE 2.1. Examples of Exercise Objectives
Onsite Objectives

Demonstrate the adequacy of the plant's communications system
including: internal plant communications; communication links
to offsite utility emergency centers; and communication links
to county and state emergency centers and authorities.

Demonstrate the ability to orgenize and implement an integrated
radiological emergency response, including data gathering,
receipt and analysis of data, sharing of data among ‘the
licensee, state and county for evaluation and verification.

Demonstrate the capability of emergency personnel to de-esca-
late the emergency classification and institute reentry and
recovery. This should include the ability to identify de-es-
calation criteria, assess and implement procedures for reentry,
identify and designate staff assignments for a long-term
recovery organization, and discuss and set priorities for a
plan of action for recovery.

Offsite Objectives

Demonstrate the capability of federal, state, and county emer-
gency response agencies to identify and provide for resource
requirements,

Demonstrate the capability of the county and the state to alert
and notify the affected permanent and transient public within
the plume exposure emergency planning zone (EPZ) of an incident
at the plant and to follow up with information as required.
This will include activation of the prompt notification system
(sirens and tone alert radios) and the Emergency Broadcast
system (EBS)

Demonstrate the capability of elected and appointed officials
to implement appropriate radiological emergency response
actions.

Joint Objectives

Demonstrate the ability of the licensee, state and county to
calculate dose projections, compare the projections to the
protective action guides (PAGs) and determine appropriate
protective actions.

Demonstrate the activation and staffing of the Emergency News
Center by utility, state, and county public information per-
sonnel, and provide for periodic public information releases
ard rumor control.
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TABLE 2.1, (contd)
Joint Objectives (con*d)

e Demonstrate the ability to administer first-aid treatment to a
contaminated victim, provide for transportation to a hospital,
provide medical treatment at the hospital, decontaminate the
victim, and provide contamination control and health physics
support throughout the exercice,

criteria of NUREG-0654/FEMA-REP-1, Revision 1 (NRC 1980a), but also the areas
that the utility or offsite organizations and agencies may wish to evaluate
for their own information or to demonstrate that a past problem has been
resolved. For example, objectives for evaluating a new set of procedures, a
new agreement with an offsite agency, the correction of previous faults, or a
generic area of national interest or regional concern could be developed.

The emergency planner should work with utility management personnel to
establish the onsite objectives and should obtain from each participating off-
site organization a detailed list of its objectives for the exercise. All
joint objectives should be arrived at by agreement between the utility and the
offsite organizations. Participating organizations should be contacted during
the initial stages of scenario development so that each can establish its own
objectives for the exercise. The objectives of each offsite organization
should be compared with the objectives of the utility to determine whether any
conflicts exist and to ensure that agreements are reached on the extent of
participation by each organization., Agreements on the timing and logistics
for scenario events should also be made. Depending on the exercise objec-
tives, the types of organizations that might participate include fire depart-
ments, ambulance services, police, and local, county, state, and federal
agencies.

Once determined, the objectives establish the scope of the exercise and

are used to determine the level of participation, the selection of events, and
the technical data to be generated,

2.3 EVENT DESCRIPTION

A scenario development team that includes expertise in all disciplines
necessary for an adequate scenario should be established early in the process.
The team should normally be led by the emergency planning coordinator; other
team members should include personnel from operations, engineering (reactor,
mechanical, and electrical), health physics, and safety engineering (medical
and fire). Adequate authority and resources should be provided so that the
team can produce an effective exercise, Table 2.2 will assist scenario
planners in developing and preparing for an exercise, from the time it is
first discussed to the day before the exercise begins (T-1 Day).
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TABLE 2.2, Suggested Checklist and Timetable for Exercise
Scenario Develupment

T-5 to 6 Menths

Reach agreement with local, county, and state agencies on the scope and
objectives of the exercise.

Reach agreement with NRC on date of r~xercise,

Place orders or requests for any reference material required for scenario
writing (e.g., vendor documents on reactor core source terms).

Begin negotiations with consultants for sceviario development if required.

T-4 to 6 Months

Establish main scenario seqguence.
Establish peripheral scenario sequences,
Select the lead and assista"t controllers,

Determine sources of data, reference material, and computational aids to
be used in the scenario development.

Compleie contract negov.ations for the services of a consultant, if
required, to assist in scenario development and exercise ccntrol,

Begin preparing the ccenario,

T-2.5 to 4 Months

Submit jeint exercise objectives to FEMA and NRC Regional Offices.

Review emergency plan implementing procedures for consistency with
recently installed or purcha<ed emergency equipment, regulatory guidance,
and other plant procedures,

Review personne! training ov recent changes to equipment or procedures.
Review emergency onersting procedures.

Review agreements with local governments and service organizations (e.g.,
ambulance, fire, police, laboratories, etc.).

Perform independen. audit of emergency equipment and replace m\ssin? or
damaged equipment (e.g., respirators, field monitoring kits, portable
‘adios, fire-fighting equipment, assembly area signs, TSC reference
material, ERF clerical supplies).

2.10



TABLE 2.2. (contd)

e Arrange to use facilities Lhat are not owned and controlle¢ by the
licensee (possible examples include a remote assembly area and a news or
media center).

e Perform a table-top review of the scenaric to identify events for which
expert plavers will devise imaginative corrective actions or where actions
may not occur as rapidly as first planned. Check data for gaps, format,
form, etc. Revise the scenario as necessary. This review should be per-
formed by personnel knowledjeable in scenario subjects and who are not
participants in order to maintain scemario security.

T7-1.5 to 2.5 Months

o Completo final draft of exercise scenario and data and obtain final
approval from NRC and other participating agencies.

e Receive and incorporate, if appropriate, review comments into exe ‘cise
scenario,

e Establish distribution list fov exercise scenavio books.

e Conduct a thorough page check of emergency exercise ccemarin broke,

e Make preliminary arrangements with mass media (newspapers, te evision
stations, radio stations) to provide final notification to the public
concerning the exercise during the last few days before the scheduled
exercise date.

T-1.5 to 2.0 Months

e Submit complete exercise scenario to NRC and FUMA Regions for review.
e Lead controller: begin training the controller team.

e Prepare public information explaining the exercise, for distribution to
the public in the area to be affected by the exercise. The nuimber of
copies prepared should be based on an updated distribution list.

e Arrange for a shift rotation in the operations department to provide for
a second set of control room operators (drill crew) on the day of the
exercise (do 1ikewise for any other positions deemed necessary).

e Reproduce adequate copies of exercise scenario books for all controllers
and evaluators. Some sections may be omitted for selacted controllers
although all controllers should be knowledgeable of the entire scenario.

e Distribute copies of scenario books to controllers, evaluators, and NRC
observers.
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T-2

TABLE 2.2. (contd)

Prepare identification (e.g., badges, arm bands, hats, etc.) for all
participauts.

to 4 Weeks

T-1

Provide irformation to the public in the area to be affrcted by the exer-
cise, informing them of the times they may expect unusual events to occur
(e.g., warning system activation, field monitoring team activities, road
blocks).

Continue controller training.

to 2 Weeks

Ensure that clearance and/or approval letters for NRC observers and other
official visitors are 'eld by the security department and that names on
list match list of cobservers.

If necessary, arrange for meals to be provided for players, controliers,
and evaluators.

Lead controller should conduct final reviews and briefing on the scenario
with controller team,

Conduct final training for simulated victims and actors (e.g., contamin-
ated injured personnel, missing personnel, tervorists).

Brief site security personnel on enough of the scenario content to avoid
confusion during the exercise and to ensure that real security matters
that arise during conduct of the exercise are responded to properly.
Ensure that any props to be used (e.g., moulages) are available,

Assign and train personnel to be evaluators.

Perform firal test of any complex equipment to be used in the exercise

(e.g., dose assessment computer, multiple-station call-up systems,
post-accident sampling systems).

T-3 Days

Make arrangements with the mass media (television, radio, newspapers,
handbills, etc.) for final reminders (on the day of the exercise) to the
public in the area to be affected by the exercise,

T-2 Days

Provide any additional scerario data and any materials requested by the
NRC observation team leader, who usually arvive in the area two days
before the scheduled exercise date.
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TABLE 2.2. (contd)
T-1 Dav

o Be prepared to conduct training and vadging of the NRC observation team
and other official visitors (if required).

e Conduct briefing for NRC observation team on the contents of the exercise
scenario book and respond to any questions.

o Conduct preexercise briefing for utility controllers and evaluators,

2.3,1 Summary of Key Events

The scenario development team should write a general description of the
events in the scenerio. This can be a chronological 1ist of the major events
that will cause a Site Area Emergency or General Emergency condition to develop
and cause the major response organizations to react. The list is an overview
of initial plant conditions, siwulated faults and status of reactor systems,
key points concerning reactor system and containment integrity, and ex;ected
emergency classification levels. Table 2,3 is ar example of a summary list
for an exercise,

TABLE 2.3, Exercise Chronology/Key Events Summary List

Time Fvent Summary

Scenario Day 1

January 25, 198

0600 (EDT) Unit 1 is in 4 mrintenance outage that has existed for
several months, U'nit 2 {5 operating at 100% power and has
been at that level for the past 5 months since the last
startup. All equipment is in a normal lineup and in
normal operating condition except C Charging Pump, which
fs ou*t of comicsion for motor bearing replacement and
will not oe rustored for at least 48 hours. A1l control
rods are ou*. ex-ept Group & rods, which are at 102" for
flux shaning. The load dispatcher has indicated that the
grid can use a\l the power the plant can produce. At
0500, an RCS chemistry sample was ordered following a
minor plant transient. The nuclear p'ant supervisor (NPS)
is aweiting the results, A severe weather advisory has
beer issued by the National Weather Ser,ice (NWS) for
Harricane Peter moving west-northwesterly toward the
Florida coast at 15 mph, And due to arrive at 2400 hours.
The wind is rurrently from the nort'east at 5 mph,
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Time

TABLE 2.3. (contd)

Event Summary

Scenario Day 1 (contd)

0620

0630

065%

0730

0810

0839

0900

1100

1118

1200 (avprox)

1245 (approx)

Scenario Day 2

1300 + 28 hrs

1800 (approx)

Chemistry results indicate 1.0 uCi/gm 1311 dose equivalent
(DE) and 13.1 uCi/gm gross activity, indicating possible
{ue1)element problem but not an emergency action level
EAL).

National Hurricane Center in Miami, Florida, advises hur-
ricane ("Warning") approaching with sustained winds up to
120 mph. Alert classification required due to predic-
tion of high winds.

Contaminated injury occurs in the hot machine shop.
Control elenent assembly ejection. LOCA greater that
chavging pump capacity; Site Area Emergency declared.
Site evacuation initiated. Reactor tripped.

Low lube oil pressure in turbine-driven auxiliary feed
pump, Emergency repair teum dicpatched.

National Hurricane Center, Miami, Florida, adviscs Hurri-
cane Peter veering tc the North, will not strike coast
directly. Level of severity reduced to hurricane "Watch."

Faiiure of shield building equipment Katch results in
initiation of an atmospheric radioactive release.

Federal agencies complete activation procedures; some
respond to site and begin 2o provide offsite support.

Containment pressure reduzes sufficiently to permit shield
uilding eqripment hatch to reseal. Atmospheric celease
is terminated.

Briefing for all players to be conducted in anticination
of edercise c'ock peing advanced.

A1l EOCs are activated,

Exercise clock is advanced 24 hours. Plume is dispersed.
Plant is in stable condition. Play regumes for recovery
and reentry,

Exercise concluded by leau controller(s).
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The summary esvablishes the simulated conditions that are to be used *o
exercise the emergency plan, The similated conditions should be of cufficient
scope to require tne desired responses as established by the exercise
objectives.

Two approache. to selecting a sequence that will cause escalation through
the emercency clissifications to » Site Area or Gen ral Emergeriy are avail-
abl~, The first appvoach is to simulate somewhat unrelated events that result
in deciaration of an Unusual Event or Klert, For example, in Table 2.3, a
hurricane "Warning" at 0630 required declaration of Alert, which activites the
ERFs, and then at 0745, a contrCl rod ejection accident, unrelated %o the
weather, required declaration of a Site Area Emergency. In this case, the
Site Area and General Energencies are simu'ated tu have oCcurred as che result
of unexpected catastrop®ic events,

The second approach is to start with minor events that ultimately affect
*he ability of operators and systews to prevent core damage and the release of
radiocactive materials. A serfes of minor events, usually multiple failures,
can be simulated that build to a cundition where the release would occur. It
1s possible, although not necessarily desirable, to start the exercise with a
catastropnic event that immediately places the plant in a Site Area or General
Emergency. One of the disadvantages of starting with a catastrophic event is
that many accident detection, mitigation, classification, notification, and
protectiye action recommendations could not be demonstrated by the emergency
ecrganization,

The Emergency Plan and Emergency Procedure EAL cables or matrices suggest
the instrument readings and plant cunditions that are the bases for declaring
emergencies in each plent's emeraency plan and iiwn ¢menting procedures. These
tables can be useful when selecting triggering events and qererating required
plant data. (See section 2.4.7 for more sources.)

Ideally, i"e event sequence s"ould be as credibl : as possible and should
satisfy all the objectives estan'ished for the exer ive., Scenario planners
should consider the following questions:

e Does the selected event sequence activate all desired organizations and
parts of the eme-gency plan and fulfill all exercise objectives?

e Are enough data provided, or can they be generated readily, to adequately
simulate the parameters of the plant and environs?

e Is the sequence of events reasonably credible? (Note: For all of the
objecrives of the axercise to be accomplished in the limited time,
several events that may be credib’e individually ure . ften combivied into
a series of events that when combined are nut credible.)

e Can the fiow of events be structured sucn :hat the time frame is con-
sistent with the time a'lotted for the exercise? (Note: To accomplish
this, careful compression or expansion of time by simulatien may be
necescary.

e s the scenario schedule vulneratle to perturbations from player cor-
rective actions or errors?
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During any exercise, unforeseon problems can develop. The ability to
anticipate potential problems can e .minate the need for improvisions by the
controllers., selacted experts from each functionzl area should examine the
scenario in great detail for direct and interactive problems that would upset
the fiow of the exercise. The scenarfo writers shou'd predict what informa-
tior,, data, personnel, and equipment .ure ne 'ded to make each segment run
smoothly and consistently. They shoul’ anticipate operator actions an” dacide
if those actions would lead to the desired results. They should also strp
throuah the pertinent plant procedures *o uncover 27y potential flaws i~ the
scenario, The writers should try to find potential problems that would hin-
dev, alter, or impair tr. fiow of the scerario and eliminate, where possiule,
*he need for controller intervention,

Operations personnel base their decis jons for corrective action on many
discr. te data describing plant status. If the data is insufficient or incon-
sistent, it can lead to misinterpretations and improper corrective actions,
These problems can be avoided when the scenario planners anticipate and pre-
pare for the potential reactions of the players by providing sufficient ana
consistent data, and by developing contingerncCy plans or messages. The quan-
tity of data required, their rormat, and their consistency with plant s*atus
and equipment should be reviewed cavefully. Several sets of data may be
necessary to match potent’al actions of the players if branching paths of
corrective action are availabl:,

The exercise objectives establish the level of participation or pliy by
the various organications. Once the level of participation is established for
offsite crganizations, the amount of simulated risk to the public and the
severity of the protective action recommendations may be formulated. For a
full participation, the utility should determine in their first meetings with
the State and local governments, in accordance with *their joint wojectives,
thelradiation exposure to the public. The amount of sfmulated public expousure
includes:

e whole~body dose
o dose commitment to child thyroid

e airborne activity in excess of maximum permissible concentrations (MPCs)
of particulate fissiov products and radioiodires

e deposi*ion in the ingestion exposure pathway.

Typically the Tatter two ave not considered in most scenarios. Houwever, if
thz utility chooses to olay out & reentry/recovery scenariy, deposition in the
ingestion pathway should be contidered,

The utility and the offsite participants should agree on the whole-body and
thyoid docé: and whether or not they should exceed PAGs, and they should decide
which sectors of the EPZ are to be affected. The field exposure levels give
the scenaric writers a starting po‘.t from which to develop the scenario, since
the expoc/ v~ levels establish the required source term. Scenario planners can
then assume come nominal veteorclogy and, using plant procedures or dose
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assessment computers, compute a release rate that would result in the desired
exposure, Once a release rate is determined, a sequence of events can be
postulated that will cause the desired release (Section 2.4.3).

In most exercises, it is desirable that a release pathway be selected
that permits simulated monitoring of the release rate. For unmonitored
release pathways, such as a ground-level release from the auxiliary building,
successful participation of the offsite organizations hinges on successful
approximations of the source term by the utilities' engineering and technical
groups. However, contingency messages may be used to correct problems caused
by inadequate performance on the part of the utility staff in determining the
source term,

The emergency classification can generally be related to the failure of
fission product barriers, or the anticipated failure of a fission product
barrier, based on current plant status., One barrier failure, or anticipated
failure, would result in an Alert declaration; two barrier failures, or anti-
cipated barrier failures, would result in a Site Area Emergency; and three
varrier failures would result in a General Emergency. To provide the poten-
tial for release of radiocactive material, fission product barriers would have
to fail in two or more of the following categories:

a. An event that threatens or removes the ability to control the reactivity
in the reactor core, including:

e loss of control rod manipulation resulting in two or more rods <tuck
out of the core

e uncontrolled injection of cooling water

. zoss)of bora‘ed coolant injection in a pressurized water reactor
PWR ,

e collzpse of voids in a boiling water reactor (BWR),

b. An event that threatens or removes the ability to continuously remove
heat from the core or asc<ociated cooling systems, including:

e loss of high-pressure coolant injection systems (e.g., HPCI, reactor
core isolation cooling (RCIC), or safety injection)

e loss ?f low-pressure coolant injection systems (e.g., LPCI, core
spray

e inability to depressurize the coolant system to allow LPCI

e loss of service water systems (e.g., residual heat removal, com-
ponent cooling service water or emergency service water)

e loss of auxiliary or emergency feedwater.
c. An event that threatens or degrades the integrity of the fuel and the
fuel cladding, including:
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e sustained operation outside plant thermal limits
e continuing rod withdrawal problems
e loss of cooling water
e core uncoverage
e improper water chemistry control.
An event that threatens to breaches containmunt integrity, including:
e a physical break or crack in a containment peretration
e countainment overstressing by high temperature and pressure
o failure of a containment isolation circuitry or valve to operate.

An event that threatens or breachet the opera‘ion, capacity, or integrity
of the liquid, solid, or gaseous radwaste systems, including:

o failure of waste ¢35 holdup tanks or their relief valves
e hydrogen recombiner ur offgas piping failures
e 1inadvertent dischari¢ of untreated or concentrated wastes,

An event that results in damage to expended fuel during refueling with
the containment open (primary for PWRs, secondary for BWRs), including:

e shipping cask drop over spent fuel poo!
e heavy equipment drop over open vessel

¢ loss of water level in fuel pool or vessel.

2,3.2 Details and Timing of Events

After the main sequence of events has been described in the summary, a

more detailed list including the exercise chronolo?y should be prepared as the
e

master scenario event 1ist. Table 2.4 is an examp

of a page from a master

event list., The time columns are self-explanatory; the other columns mean:

No.: the message number; numbers signify order of delivery; letter
signify "contingency message" (deliver only if required)

Event Description: self-explanatory
Sender(s): identifies controller(s) responsible for delivery of message
Receiver(s): identifies player(s) to receive the message

Expected Action: the anticipated response to the message.
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61°2

Rea! Time Scenario
{EDT) Time (EDT)

Aug 25 Day 1

0600 0600

Aug 25 Day 1

0600 to 0600

0730

Aug 25 Day 1

0617 0617

Aug 25 Day 1

0617~ 0617-

0785 07485

Aug 25 1

0625 2;3

Aug 25 1

o630 0630

Aug 25 Day 1

0630 0630

TASLE 2.4.

No.

1

(For Exercise Controllers Only)

Example from Master Scenario Events List

Event Description Sender(s) Receiver(s) Expected Action

Initial plant conditions - written C-2 in Control NPS Be aware of plant

summary issued, Room conditions.

Initial plant conditions - plant C-2 in Control NPS CR become aware of

parameters sheets issued. Room plant parameters.

0505 RCS chemistry sample results C-8 in Hot Lab cr Sample results sent to

made available to Chemistry NPS. NPS carrys out

Technician. procedures of Off-Normal
RCS Chemistry. Order
another RSC sample.

Conti M#” Delay power C-2 in Control NPS NPS maintains power,

plant or minutes. Room

Conti : Order RCS C-2 in Control NPS orders RCS chemistry

stry e, Room sample.

All plant preparations completed C-2 in Control RO Make report to NPS,

for hurricane, EPIP-34, Room

National Hurricane Center in Miami, C-3 in Control RO NPS declares ALERT

Florida issues hurricane "WARNING"
for stcrm approaching plant -
sustaied winds to 120 mph,

Room

emergency classification.
Activates TSC, 0SC.



A1l messages and data forms in the scenario book should be listed in the
master event list; the more complete the list, the easier the exercise coor-
dination will be for the controllers.

When analyzing the sequence and timing of events for the master list, the
scenario development team should consider:

e the time necessary to develop each scenario activity and involve the
appropriate organizations

e the time allotted for players to identify and react to each set of
circumstances

e in what parts of the scenario it might be necessary to provide time-
compressed simulation to keep the scenario on schedule.

It is seldom possible to gauge precisely the time requirements for each
event, Therefore, the lead controller and the controllers should be prepared to
make adjustments to the flow of the scenario as the exercise progresses.

During a real accident, the time required for the sequence of events to
develop may span hours, days, or even weeks. During an exercise, there is a
limited amount of time (usually less than one day) in which to fully develop
the sequence of events that makes up the scenario. Sometimes many activities
involving a variety of organizations may need to be compressed into a limited
time frame. In these cases, simulation of the action and time acceleration
can be used to move the scenario action on to the next event.

The main sequence of events and organizational involvement usually deter-
mines the time scale of an exercise. Sufficient time should be allotted for
realistic development of events and for the players to identify and respond to
the problems presented. In addition, time should be provided to allow offsite
agencies participating in the exercise to accomplish their stated objectives.
For instance, offsite monitoring teams from other organizations need time to
arrive at a scene and demonstrate their capabilities for collecting data,
tracking the plume, and analyzing samples. It is important to coordinate with
State and local governments to ensure that they can and will respond at the
appropriate time. For example, the State and local governments may only be
able to respond to an exercise during normal working hours because of overtime
funding constraints; therefore, the scenario time line may have to accommodate
such a constraint, Some state and local agencies may not begin their partici-
pation until late in the onsite scenario sequence, and they may wish to con-
tinue their portion of the exercise after the onsite portion has ended.

Sometimes repairs or corrective actions by the players may stop the
sequence of events too early. In these cases, the controllers need to block
the player's actions using messages about inoperative equipment, lack of parts,
or other plausible excuses, so that the sequence of events can continue,
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When lengthy time expansions or compressions (24 hr or more) are used,
controllers should brief players on simulated events that have occurred during
the time lapse. A complete script and data should be prepared and given to
the plavers during the briefing.

The key to guiding the progression of the exercise without inhibiting
player resporse lies in the ability of controllers to direct player's actions
subtly by concrolling the flow of play with carefully planned event timing and
by controlling the availability of systems and equipment. Allowing the players
just enough time to diagnose and respond to a situation before degrading or
changing the situation, puts pressure on them to respornd to a variety of chal-
lenging problems in a relatively short time. Allowing too much time between
events gives players time to outguess the scenario instead of reacting to
events as they occur. In a carefully planned scenario, systems and equipment
that players could use to fix a problem too early can be put out of service or
made to fail in a credible way. This may help avoid the frustration that can
occur when a player's innovative solution is blocked arbitrarily by a
controller,

2.3.3 Peripheral Events

Within the scenario, there may be peripheral events, or events that test
individual components of the onsite or offsite emergency organizations. Peri-
pheral events can test the utility's response to selected emergencies such as
fires, search and rescue missions, personnel injuries, breaches of security,
or serious contamination problems. They can also test utility and offsits
responses to such occurrences as news media pressure, inquiries from politi-
cians, a contaminated injury reauiring an ambulance for transport to a hospi-
tal, or citizen distress,

Periphera! event scens.ios can be unrelated to the main flow of events or
an integral, causative part of the main scenario. For example, a peripheral
event involving a fire c,uld simply test the response of the fire brigade, or
the fire could affect systems or equipment vital to the safe operation of the
plant, Other examples are:

e A fire in the switchyard or transformer yard can both cause offsite power
to be lost and test the response of the fire brigade/offsite fire
department.

e If a loss-of-coolant accident is to occur, a pipe break outside of con-
tainment could be postulated in which a burned and contaminated victim is
involved to test first-aid, ambulance, hospital and health physics
personnel,

Care should be exercised when using a peripheral event to escalate the
emergency classification (and subsequent emergency response facility activa-
tion) before the main scenario events, e.g., using weather-related events to
achieve Alert classification before a loss-of-coolant accident, Going outside
the main scenario sequence to cause the classification to escalate can disrupt
the players ability to understand and mitigate the accident as well as add an
unrealistic element to the scenario.

2,21



The following are exampies of peripheral events such as fires, missing
persons, and public alarm that can be developed and integrated into the
scenario.

A fire potentially affecting a critical plant system can initiate or
escalate an exercise. A fire early in an exercise can cause equipment, such
as emergency core cooling system(s) components, that would be used to cope
with a lTater emergency to be incapacitated. A fire in an area containing
radioactive materials could generate an airborne radioactive release or could
affect habitability of vital areas.

1f there is a fire in the scenario, the control room may be informed of
the fire via an automatic fire alarm in the control room or a report from a
player at the scene of the fire (both from controller messages). The con-
troller provides only the information that an individual at the scene would
obtain; for example, players at the scene of the fire could be given the mes-
sage that they see smoke at a specific location, but since there would be no
means of assessing damage, they should not be given a message about the extent
of the damage.

Accountability of all perconrel onsite within thirty minutes is a typical
exercise objective and is usually included as a part of the exercise scenario.
During a test of accountability, the security force should be able to provide
a lis* of the ranes of individuals who are unaccounted for and some idea of
where they might be. A search-and-rescue effort can be triggered by the
results of an accountability test or by a witness's report to the control room
that someone is missing and/or injured. A search-and-rescue can also be ini-
tiated by a controller selecting one or more players who subsequently "dis-
appear"” from the exercise. The missing person(s¥ could be either injured and
unable to report to an assembly area, or could be deliberately hiding
(saboteurs).

If a personnel injury is part of the scenario, then the search and rescue
team should be prepared to administer first aid and transport the "victim" for
medical treatment., The victim may or may not be conscious or contaminated
when the rescue team arrives, and the controller should provide only infcrmation
that would be readily discernible to the team with the resources available
(e.g., contamination levels on the victim could not be provided if the team
was not equipped with an appropriate survey meter). In addition to contamina-
tion data, the controller should have available all pertinent medical data
that the team could obtain using the equipment and techniques at their dis-
posal (e.g., location and extent of injuries, pulse rate, eye dilation, shock
condition, respiration, bleeding, and blood pressure). If the victim requires
hosg;talization. similar data should be provided to the ambulance and hospital
staffs.

A useful prop in an exercise is a moulage (marking) kit, which can be
used to create the illusion of real injuries on the victim(s). Small, very
low-activity, sealed radioactive sources (such as thorium mantels used in gas
lanterns) can be concealed about the victim to simulate contamination; unsealed
radioactive sources should never b2 used. To determine effectiveness of con-
tamination control, consideration may be given to placing powder about the
victim's injuries that florescence under ultraviolet light,
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Simulations of injuries should be created with the assistance of someone
experienced in such simulations. It would detract from the realism of an
exercise if the injuries simulated were not appropriate to the accident, For
example, it is unlikely that a person splattered by caustic chemicals would
receive a compound fracture, The victim(s) should also be briefed before the
"accident" as to the appropriate symptoms to display.

Emergency conditions can attract significant news media, political, and
public interest. To simulate the circumstances as realistically as possible,
the utility may consider inviting area reporters to the news center for exer-
cise briefings., Utility technical personnel may assist area reporters by ask-
ing probing questions that truly challenge the utility's spokesperson. Other
news media pressure may be simulated by telephone calls from radio and TV
stations simply requesting information or seeking permission to conduct a site
visit with camera crews. A controller can act the role of a member of the
news media or public from prepared message scripts that will accemplish the
desired result. Script messages might include:

e time to inject message
e role to be assumed/played

e whom to call, including telephone number (such as utility rumor control
center, news center, county emergency operating center (EOC), etc.)

e background information to help controller establish a frame of reference
e method of simulation, script or message
e props or logistical requirements,

If the exercise involves county and state EOCs, then public distress may
be simulated by a controller acting out the role of a farmer with animals in
the area of the plume seeking information and assistance or by the president
of an environmental group seeking information on the effects of radiocactivity
on marine and wildlife and the government's involvement in their protection,

2.3.4 Reentry/Recovery

Reentry/recovery begins when the emergency coordinator/recovery manager
downgrades the emergency classification based on the apparent stabilization of
plant conditions with attendant reduction in the radiological impact to the
plant and the public, Steps are then initiated to establish a long-term pro-
gram to ultimately restore the plant to operation. Such a downgrade would be
made after consultation with the cognizant authorities including the utility
and iocal, State, and Federal governments as applicable,

To begin recovery, controllers may advance the exercise time to simulate
the relatively slow progression of events before recovery, or they may wish to
test the players' decision making process of downgrading the emergency classi-
fication by establishing the stabilized plant conditions that wou?: prompt a
downgrade. Once the downgrade has been made, the scenario may move directly
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into a data collection phase to permit demonstration of evaluating the emer-
gency events and establishing a recovery plan. Another method of demonstrating
recovery that would involve more players is to advance the time to simulate a
period during which a slowing of onsite and offsite activity occurs, to demon-
strate collection/correlation of data accumulated during the accident, and to
demonstrate formulation of a recovery plan by the players.

If a time lapse method is used, advances of 12-hour increments can mini-
mize confusion about clock time versus scenario time. Advancing the scenario
clock 6 hours to 1800 but having the clock still read 1200 is an unnecessary
difficulty. A time-advance message should be given to the players that
includes:

e plant and radiological conditions when play stopped
e plant and radiological conditions when play resumes

e inplant repair or restoration of equipment occurring during the time
lapse

e status of evacuation or relecation of the public
e status of offsite support from the local, State and federal authorities
e public utilities or facilities that have been disrupted.

Scenario writers may plan activities that will test the implementing
procedures, including:

e implementing a long-term shift work schedule

e demonstrating coordination among the utility and local, State, and
Federal government agencies to ensure maximum utilization of resources

e establishing financial resources for material and personnel acquisition

e demonstrating logistics support to the plant for materials such as diesel
0oil, water, nitrogen, etc.

e demonstrating response to increasing media and political pressure.

o The following kinds of activities may be implemented by authorities
offsite:

e evacuation/relocation activities by state and federal authorities
e characterization of radioactive materials deposited on the ground
e evaluation of public water and food supplies

e disposition of dairy animals, livestock, and produce crops in the
ingestion pathway
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e handling of public distress such as concern fer contaminaticn of animals,
requests for thvroid blocking tablets, and mis<ing persons information,

Many of these events cculd be initiated by a controller acting out the part of
a concerned citizen or government official. Contingency messages to the
recovery manager in the EOF may be required in case the player's response or
the procedure is inadequate for this phase of the scenario.

2.4 DATA

Complete, consistent, and appropriate data are mandatory for a successful
emergency preparedness exercise, When the master scenario event list is com-
plete and the objectives of all participanti are agreed upon, including off-
site radiological effects, complete data for the scenario should be prepared.

The data for exercise scenarios should be realistic and of the correct
order of magnitude based on the availabie reference materials and methods of
analysis. Most important, the data should be complete and internally con-
sistent., When considering what data to generate a general guideline is that
if @ number could be asked for, then it probauly will be and it should be
available to the controller,

Controllers will use the data and provide them to *he players as needed.
In many cases, these data will be the only bases for players’' decisions and
actions and therefore should be appropriates to initiate the desired respunses

This section includes data needs, sources, generation and sequence, and
format,

2,4,1 Data Needs
The scenario development team should identify all of the locations where
data will be required, In many cases, the same data are required in several
locations. The primary locatinns where data are needed and the general cate-
gories of data for each are:
Control Room
e status of controls for equipment and systems
indications for all reactor plant system parameters
indications necessary for the status of critical safety functions

indications for all auxiliary systems monitored or controlled from the
control room that affect the simulated events

piant radiological status (ARMs, CAMs, orocess monitors, etc.)

simulated reports to the control room from inplant operating staff
(unless input is to come from an inplant player)




meteorological data.

Technical Support Center

habitability information
laboratory results

simulated response by outside <upport organizations contacted (e.q.,
vendors, architect/engineer, Nuc'ear Insurers, etc.).

information that would be available on installed monitoring systems
(SPDS, radiological, meteorological, etc.).

Emergency Operations Facility

habitability information (if applicable)

simulated response by support organizations contacted (e.g., DOE, FEMA,
EPA, Institute of Nuclear Power Operations (INPO), etc.)

simulated calls from citizens, federal agencies, news media, politicians,
etc.

script for simulated participants (e.g., a staff member playing the part
of a news media person in the information center),

information that would be available on installed monitoring systems
(SPDS, radiological, meteorological systems).

Operations Support Center

radiological data affecting teams onsite and in the field
habitability information

simulated parts and logistics status.

Dose Assessment

simulated meteorology parameters
weather forecasts

location of release.

Laboratories (chemistry and health physics)

isotopic analysis (coolant, air, filters)

chemical analysis (boron, pH)
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e survey results
e TLD reader results
e bioassay results.

Inplant and Onsite

e simulated equipment conditions
e survey results (beta, gamma, airborne and surface contamination)

e other hazardous conditions (smoke, steam, toxic chemicals, explosive gas,
thermal conditions)

e postaccident sampling (sample contact readings, system status).
Field Teams
e plume boundaries (width, distance, and direction from the release point)
e beta and gamma dose rates from airborne contribution
e beta and gamma dose rates from ground deposition

e airborne concentrations of noble gases, radioiodines. and particulates
(raw data for field monitoring instruments)

e concentrations of surface contamination resulting from the deposition of
jodines and particulates, in raw data form.

e team personnel exposure data.

News Media Center

e scripts for simulated reporters, telephone call-in inquiries, etc.

Peripheral Event Sites

e personnel injuries and vital signs

e personnel contamination levels

e damage to facilities by fire, nature, or sabotage
e script for personnel simulating others

e adverse weather conditions

e survey results,
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Recovery/Reentry (affected facilities)

e aeriai survey results

e complete laboratory analyses of soil, liquid, and vegetation samples
e dairy and crop sample analyses from local downwind farms

e field TLD readings

e extensive surface contamination results

e locations and numbers of personnel sheltered or evacuated

e locations and numbers of personnel at relocation centers

» locations and numbers of farm animals in the affected area

e simulated news media reaction

e information on Federal, State, and local government actions taken or
requests for additional assistance from government agencies.

In addition to determiring the full range of data that should be develoyed,
the frequency at which data will be updated should be decided. The frequency at
which plant data are provided is important. During major transients, such as
isolations, scrams, and turbine trips, an almost continuous flow of data from
the controllers to the players could be required over a neriod of 5 or
10 minutes. Between major transients in the scenario, one set of data every
10 to 20 minutes is usually enough,

Once the types of data have been agreed upon, responsibility for data
generation can be assigned to selected experts and the coordinated effort to
produce the data can begin,

2.4.2 Data Sources

There are many sources for developing scenario data. Emergency planners
are often unaware of some of them, since many of these sources are not in
day-to-day use at the plants. Some of the possible sources are listed here
for four major categories: 1) main sequence of events, 2) inplant system
parameters, 3) inplant radiological data, and 4) offsite radiological data.
Some sources can be used for more than one category of data but are listed
only under the primary-use category.

Main Sequence of Events

e NRC accident studies (e.g., Rasmussen 1980, Haskin 1981, Cook et al.
1981, Darby et al, 1982, Condon et al. 1982, and Erickson 1978)

e data from preliminary and final safety analysis reports (PSARs and
FSARs), specifically the accident studies in Chapter 15 (or equivalent)
of such reports, which provide a range of accident parameters and
conditions
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e results of special ATWS (anticipated transier: without scram) studies for
the plant, which provide expected pla. . parameters and system-related
data.

Following the accident at Three Mile I<land (TMI), most utilities formed
safety review committees or task forces to reevaluate a variety of plant safety
issues, includirg plant transients. Studies of plant transients that utilities
considered either credible or increditle could yield a wealth of information
for use in generating data for an :xercise scenario., Other potential sources
of information include NUREG/CR-0578 (NRC 1979b), NUREG/CR-0585 (NRC 1979a),
NUREG/CR-0660 (NRC 1980c), and other NRC required studies: NRC Action Plan;
Post-Accident Accessibility and Shielding Requiremen*s Peview; and identifica-
tion of Gaseous and Liquid Systems Dutside Contajirnent Which May Contain High
Levels of Radioact ve Materials Following an Acciden:.

Task analyses are currently in progress at nearly every nuclear power
olant in the United States. Task analysis usually involves the development of
8 to 12 accident sequences, each having 3 to 6 possible internal branching
points that are based on success or failure to operate safety equipmenrt or
satisfy critical safety functions. These task analysis efforts can be found
at each plant by contactin? personnel involved in response to NUREG-0737,
Supplement 1, initiatives (SPDS installation, Detailed Control Room Design
Review, Symptomatic EOP Development, Emergency Response Facility Construction
and Outfitting, and Regulatory Guide 1,97 Instrumentation)(NRC 1980d). There
may be one set of task analyses that is being applied to all of the above
programs (as recommended by NRC) or there may be several different versions
from which to extract possible exercise accident sequences. One of the very
useful aspects of task analysi. work is that it contains lists and references
to the complete set of data that an operator requires ir order to monitor and
mitigate each accident sequence.

As a result of the accident at TMI, several severe accident sequence
analysis (SASA) studies have been performed. These documents are usually dis-
tributed to all licensees operating a plant similar to the ones siudied (e.g.,
a study on station blackout at Zion would be distributed to all Westinghouse
PWR owners). A1l of these studies evaluate in detail the response of reactor
plant and emergency core cooling systems (ECCSs) to specific accident
sequences, Some have a s2cond volume evaluating the inplant rac.clogical
consequences of the sequences. These SASA studies probably 4+ syt receive
wide distribution within a plant, but can be located or o: dercd with a little
effort., Examples of these studies are NUREG/CR-1988, NUREG/C"-1989,
NUREG/CR-2182, and NUREG/CR-2825, These documents are available from:

GPO Sales Program

Division of Technical Information and Uocument Control
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

The probabilistic risk analysis (PRA) studies performed by most utili-

ties, like the SASA studies, are a potential source of accident sequences and
detailed data. A number of recent exercises have been run using the PRA
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report data almost directly. These exercises had the benefit of containing
the most probable plant system failures and the detailed data deveioped
through extensive study and calculations by the utility PRA group.

Since the accident at TMI and the resulting changes to 10 CFR 50, all
plants have conducted several formal exercises. One of the easier methcds of
obtaining a scenario for training and annual exercises is to trade scenarios
with other utilities. Another source of past exercise scenarios is the
Institute of Nuclear Power Operations (INPO),

Inplant System Parameters

e special computer codes (both inhouse and vendor), such as RETRAN, RELAP,
and IRT, which provide expected plant parameters and system-related data

e reports of special studies performed by a particular vendor, owner group,
committee, or task force, which provide a range of accident parameters
and resulting conditions that might be expected

e SASA and PRA studies described in the previous section

e studies performed in response to NUREG-0578 (NRC 1979b).

A simulator that provides identical or almost identical modeling of a
plant is probably the most useful tool available for generating data for reac-
tor plant parameters., Some of the more useful feacures of simulators are:

e slow and fast time modes (to ease the task of making multiple data
recording runs/

¢ hard copy of plant parameters available from the simulator computers

¢ stop action feature of most simulators, which allows scenario data for
aarh data sheet time intsyval to be recorded

o studies performed and documented during the construction of the simulator
‘> model the various accidents for which it is capable of simulating.

The drawbacks of using a simulator to develop scenario data are:
e Simulators do not model the uncovered or degraded core situation.

e Simulators in general do not mode' or display ARM readings, offsite power
systems, all ventilation systems, and many other support systems.

e Most simulators have modeled a set nurber of scenario combinations., If
the scenario's sequence of events for the exercise ic beyond the capa-
bilities of the simulator, then it will be of limited besiefit in data
development,
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Inplant Radiological Data

plant data generated in support of ALARA reviews

reactor vendor documents, for use in simulating source verm data based on
scenario fuel failure modes (e.g., General Electric Nuclear Engineering
Documents )

special shielding studies for normal, special, and postaccident con-
ditions, which provide expected radiation levels and airborne concen-
trations inplant (NUREG-0578, Appendix A, 2 1.6.b, NRC 1979b)

SASA studies, which have companion volumes for the radiological con-
sequences, are valuable sources of data for both exact and similar
sequences

the Appendix of this handbook, which has simple formulas for calculating
inplant radiological data.

Offsite Radiological Data

source term, expected concentrations, and dose assessment data from
documents listed above

documentation from special modelino of site-specific emergency dose

assessment used to develop computer or manual computational methods for
dose assessment

Dose Proﬂection Considerations for Emergency Conditions at Nuclear Power
ants, - g3a)

possible sources for other dose assessment models are INPO, other utili-
ties, and public domain software such as IRDAM ( {UREG/CR-3012, NRC 1983b)

listings of some public domain software can be fcund in NUREG/CR-3011
(NRC 1983a) listed above and Radiological Assessnent: A Textbook on
Environmental Dose Analysis NUREG/CR-3332 (NRC 1¢83d)

the Appendir of this handbook, which has simple formulas for calculating
offsite radiological data

MESOI Version 2,0. An Interactive Mesoscale Lagrangian Puff Dispersion
ModeT With Deposition and Decay, NUREG/CR-3344 ENRC 1983¢)

Meteorological Data

FSAR historical meteorological data
trending information stored by some plant meteorological systems

NWS or commercial weather service,
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2.4.3 Sequence and Method of Data Generation

Generating data for a scenario is a major task requiring the involvement
of many celected experts. As with any complex under* “ing, the key ‘o success
lies in planning. leadership, and management support. The process of detailed
data generation is itera ive, as each calculation may affect several others,
Therefore, the scenario development team should work together to coordinate the
data. When the master scenario event list is complete and the desired offsite
radiological effect is agreed upon by all participants, the following sequence
is recommended for generating scenario data:

1. Choose the data formats for 1) messages to players and 2) detailed data
sheets (e.g., reactor plant parameter updates, chemistry sample isotopir
analysis results) (see Section 2.4.4)

2. Transfer the basic information from the master events list to the con-
troller instruction forms and to the player messages.

3. Coordinate the details among the event descriptions and the message
forms; this will be an iterative process between the master event Tist
ard the data forms,

4. Develop detuiled plant data for the data sheets that wil! accompany many
of the controller messages. Most data from sources such as those licted
earlier should be modified for the specific scenario. References tuch as
the SASA and PRA studies contain mostly corp'site data. These data shoulc
e converted into plant specific system parameters (e.g., if the total
cunlant flow is given in the reference, then this should be converte. to
incividual! loop flows, pump running status, etc.). Often specified plant
details are generated by manual engineering calculations from some set of
major plant perameters. The calculations necessary to achieve a credible
scenario req'ire only a Lasic knowledye nf mass balance calculations,
saturated stewm tables, effects of decay heat rates on s‘eam generator
and reactor ccolant inventories, 2na flow rates througn valves and holes
at various pressures. when performing these calcvliations, one should not
be overly concerned that calcuiations do not precisely match those of a
sophisticated computer program; most conputer simulations do not match
closely actual transiente, The impurtant requirement of data is that
they be consistent., .or example, 10,000 gpm is being drawn from a tank,
then the tank level should be decreasing at 10,000 gpm or, if water is
added to the reactor coolant system at 10,000 gpm with a simulated
leakage rate of 5,000 gpm, then the coclant system {aventory as indicated
by lTevel instrumertation should be increasing at approximately 5,000 gpm,
The data that should he developed at this stage include:

» all reactor coolant system temperatures, pressures, levels, and
flows

e all tank levels (condensate storage tank, reactor water storage
tank, boric acid tanks, etc.)

e ventilation system flow rates
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5'

6'

feed, condensate, turbine, and condenser paramet2-; (if applicable)
ECCS system pressures and flow rates
sump and collecting tank levels

containment temperatures and pressures.

Develop the inplant radiological data. Simple approximation formulas in

the Appendix can be used for calculating inplant radiological data. The
operations and health physics persovwnel sheuld work together on iwplant
radiological data development as TSC technical personnel work with the
dose assessment group during an exercise or accident. The inplant radio-
Togical data should be consistent with the source term and plant systems
status during the progression of the accident sequence. The information
developed during this step should include:

gross coolant activity

gross containment airborne activity

release rate from containment in units of curies per second
mixing of the released material with air from other areas of the
plant and the fiitration of the material as it flows tc its envi-
ronmental release point

area and process radiological monitor readings

stack monitor readings.

Generate the inplant chemistry and radiological sample results’ g%rtabIQ
instrument readings and detailed equipment status. ch o s data \s

actually an outgrowth of the data developed in Item 5 and includes:

contamination levels in each affected area of the plant

portable survey instrument readings for areas in the plant where
players will likely traverse

isotopic data for simulated reéctor coolant samples, ventilation
system samples, containment atmosphere samples, containment sump
water samples

hydrogen sample results from containment atmosphere

reactor coolant boron levels before and after cafety injection or
standby 1iquid control injection

temperatures in containment and other plant areas
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e detailed script for conditions encountered by inplant trouble-
shouters, such as simulated appearance of the insides of burned
cabinets, local instrument rack readings, descriptions of failed
equipment components, water on floors, and smoke and steam {n
cubicles.

7. Develop onsite (but out of plant) and offsite radiological data. These
data can be developed in parallel with the other data i1f the release rate
has been determined in advance. The Appendix has simple methods of cal-
culating these data. Offsite radiological and environmental data
include:

e source term data, ‘n curies released per second for noble gases,
radioiouines, ard particulates

e release height and pathway
e metenarological data
e iodine and particulate count rates for air sampling

e beta and gamma (open window and closed window) survey data for plume
monitoring

e dose rate and contamination data for environmental monitoring.

The Appendix contains some discussion of points to be considered when
generating the above data and some simple calculational techniques.

8. Generate data for peripheral events. Some inplant data mey need to be
coordinated with the peripheral event data. For example, if a con-
taminated injury victim is to be simulated, the contaminacion levels
developed in Items 5 and 6 above should be checked to ensure consistency.

9. [If appropriate, generate data for reentry/recovery activities, Sec-
tion 2,4.1 contains a Tisting of possible datu needs; actual needs will
be determined by the specific exercise objectives and extent of play.
The Appendix contains a discus.ion of points to consider when generating
reentry/recovery data and some simple calculational information for
generating radiological infurmatiou.

10, After the final technical review (see Section 2.5), correct errors, and
a ata and needed details in ‘he messages and controller instructions.
Extreme care should be taken when revising data included in the first
draft., Almost every datum is related to a previous assumption or cal-
culation. Changing any one parameter almost aiways has a ripple effect
on several other parameters, and if care is not taken data inconsis
tencies can be introduced,

A detailed description of data generation methods is beyord the scope of
this report, and since there is considerable e«perience in the industry,
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emphasis has been placed on the logical process of scenario development with
attention to the omissions and inadequacies of currently used scenarios.

2.4.4, Data Format

The data sheéts should be designed for the needs of their users., Con-
trollers need data that allow them to easily look both backward and forward in
time over the entire course of the scenario. The controller will always have
access to the individual data sets for the playars, but they should also have
the same data in other formats such as time vers.s parameter pluots, time ver-
sus parameter tables, isopleth plots and survey maps. &11 of these should be
easy to read and use even in less than ideal conditions.

For offsite data, the most common data formats are tables, maps, and
graphs, Tabular formats are most appropriate for data that is to be provided
at fi.ed locations such as preselected monitoring points and mobile labora-
tories and for reentry/recovery data. Graphs and maps are most useful for
data that may require interpolation due to variance in time or location. The
data format should be easy to read and interpret and should require a minimum
of manipulation by the controller. If the contiroller is required to apply
correction factors or to manipulate the data, then the mechods should be
clearly explained and all correction factors provided. In gerera’ it is best
to design the data to minimize the need for controller interpolatiun or manip-
ulation, A1l maps should be legible and detailed enough for the controller to
accurately locate the team position at all times., Maps should be of a size
convenient for use inside a crowded moving vehicle. Regardless of the format
chosen, datz should be provided in units appropriate for the instrumentation
and should be available at 15-30 minute intervals based on the intended sce-
nariyg time line,

Players need a data format that is as close as possible to their normal
operating data format. This implies that data should be presented in snapshot
format for all cases where automatic trending is not available, Data should
also be presented in raw form as opposed to refined form. For example, if the
installed letdown monitor reads in cpm then cpm should be provided as data
rather than a refined value of uCi/cc, which is only available to operators
after applying & conversion factor or formula. For plants with a safety
parameter display system (SPDS) instailed in the control room and data acqui-
sition systems (DASs) installed in the emergency response facilities (ERFs),
the controllers will be obligated to provide historical trending data and
uther more refined data tu the players in these facilities,

The two basic types of data forms are 1) messages to players and
2) dstailed data sreets, Each of these will be described in further detail in
this sectien,

1. Player messages: Theue messages describe to the player the similated
conditiors beyond what can pe expressed by numerical data sheets. Con-
troller instructions direct the controllers when to pass out these player
messages. The types of information that should be described in player
messages ir.clude:
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the contents of incoming telephone calls that are not aclysally made
by a controller (actual phone calls are beiter)

completion of simulated actions orderea by the player that have not
actually been carried out by other players, e.g., results of simu-
Tited lab analyses, results of simulated inspections

rontingency messages that direct a player to perform an action or
esponse that is overdue

det iled descriptions of simulated equipment damage (this infor-
mationr should also be v rhalized by the controller)

detailed 1istings of complex sets of indicatiors that would be eas-
ily observable to the player in the normal operating en ironment
(e.q., a list of annunciators in alarmed condition).

Detailed data sheets: This area encowpasses a wide variety of data that
are required by both contrcllers and players. As mentioned at the begin-
ning of this section, the data needs of controllers and players are dif-
ferent; the controllers need to see the entire data set while players
need a snapshot of the data. The set of detailed data sheets necessary
is divided into controller and player sections below:

Data For Controllers

graphs of individual reactor plant parameters versus time, e.g.,
water levels vs time, pressure vs time, temperature vs time

isopleths of plume passage in the EPZ

deposition plots in the EPZ (for scenarios containing particulate or
iodine in the release)

time versus parameter graphs for radiological parameters such as
containment radiation level, offgas monitor readings, stack monitor
readings, and offsite and out-of-plant survey instrument readings

tables, maps, or graphs of inplant and offsite radiation zones
survey sheets marked with radiological simulation data

conversion factors for survey instruments likely to be used by
players (including factors such as open versus closed window read-
ings ‘n the plume).

A special case of controller dat~ is the detailed script required
for 2 controller to simulate a person o* situation. Examples
include controllers piaying politicians, media personnel, irate
citizens, terrorists and injury victims, An experienced person may
be able to play act any of these simulated individuals with a mini-
mum of script, but the detailed script is as much for the other con-
trollers as it is for the controller playing the part, Script for

2.36




these personrel simulations should incluce all technical data and
the necessary guidance for simulated location, attitude, desired
response by players and props reguired.

Note: Sufficient information should be provided to ailow the experi-
enced controller to modify or create new data as necessary during
the exercise.

Data for Players

e plant parameter sets at appropriate intervals (every minute during
rapid transient, every 10 to 20 minutes at other times)

e ARM and PRM panel readings
e reactor coolant chemistry sample results

e containment atmosphere, ventilation system and other air sample
analysis results

e source term, exposure rate, dose rate, and envircimental data (for
offsite field monitoring team players).

A thorough check should be mede of the current state-of-thec-art of
control room and ERF instrumentation and communications systems to ensure that
the data format reflects newly installed data acquisition and display equip-
ment. This is particularly important if the facility is in Lhe midst of imple-
menting Regulatory Guide 1,97 (NRC 1980e).

2.5 FINAL TECHNICAL REVIEW

A final technical review should be accomplished just before the final
draft of the scenario is sent to FEMA and NRC. Ongoing technical review is
necessary durirg the course of scenario development, and so the techniques
presented in this section are really applicable before the final draft. This
section ‘¢ presented as a checklist for the final review of the scenario, It
focuses on the categories of scenario problems that NRC reviewers look for in
their review,

2.5.1 Overview
e Was the main sequence of event. selected from a reliable source? For
example the FSAR, SASA sctudies, and probabilistic risk assessment
studies .

e Has the addition of peripheral or main sequence events modified the
original sequence to the extent that it is too complex or incredible?

o Is the onsite accident severity compatible with the desired offsite
consequences’?
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2.8.2.

Were last minute changes made to the sequence or timing of events without
correcting the affected data tables and graphs? For example the time for
steam generator dryout may have been shifted a few minutes, but the loop
temperature data were not corrected to reflect the loss of delta T,

Inplant Data and Systems Status

Is there continuity in the source term from the core to the release
point? Check for relationship between core damage, coolant activity,
leak rates, containment activity, filter efficiency, ventilation system
lineup, and all radiological monitoring instrument readings.

Are plausible reasons provided for equipment failures? Most scenarios
require multiple equipment failures that are at the outer bounds of credi-
bility, but care should be taken to provide at least a short explanation
of each single failure.

Are there possible corrective actions, bypasses and alternative modes of
operation for major component failures? An experienced operator should
assist in this portion of the review. Usually controller instructions
need to be added on how to prevent rapid corrective actions by operators,
Example: A motor-operated valve failed by loss of power to the motor is
eatily corrected by operating the valve manually. Scenario review may
bring to light the need to mechanically fail the valve or preclude access
to the valve through simulated high temperature or radiation in the area.

Are any pieces of equipment simulated to be operable when an earlier loss
of power would have made the equipment inoperable? This error occurs
frequently for in¢irumentation and less frequently for larger equipment
such as pump wotors and vent fans,

Are data present for operating equipment long after operators would have
manually turned it off? The most frequent example of this is reactor
coolant pumps left running after operators would have tripped them by
procedure on loss of plant pressure.

Are any pumps running with no related flow in the system or is flow shown
in systems where no pumps are running? This same check should be applied
to ventilation systems as well as fluid systems,

Are there traps in the scenario that may cause an operator to restart a
pump or vent fan and initiate a second rilease path for which there is no
scenario data? This happens most frequently in the case of multiple fail-
ures of RHR system trains when flow is reestablished to a previously
vailed heat exchanger or discharge piping.

Are all saturation temperatures and pressures reasonably accurate with
respect to each other? The reviewer should spot-check scenario data in
several places using a set of steam tables. Mismatches occur most fre-
quently when the scenario time line is modified after original data
development,
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Are tank and vessel levels increased and decreased properly for the simu-
lated suction and discharge rates? Simple mass balance checks should be
run on all tanks, vessels, and sumps.

Is the core damage simulated consistent with the conditions of vesse!
water level, core thermocouple readings and reactivity transients? The
most frequent problem occurs when massive core melts are simulated with
no reactivity transient, no core uncovery and no high core temperatures.
If this problem is discovered, it is an indication of poor initial plan-
ning and is usually not correctable with simple modifications.

Are vessel conditions consistent with the simulated accident? Major
areas to be evaluated are natural circulation flow, decay of temperatures
and pressures, and level of the reactor coolant system late in a scenario
with the continued existence of a major break in the system,

Are inplant radiation levels consistent with the simulated accident and
system response? The exposure rate contributions from containment atmos-
phere, fluids in piping systems, releases through ventilation system ducts
and airborne contamination in each area should be summed to arrive at the
total dose rates., The most frequent errors are contact readings on ven-
tilation ducts of 2 few millirem/hour when the re’ease to the environment
t?;ough that ducting is resulting in several rem/hr at 2 or 3 miles
offsite.

Are airborne contamination levels properly computed? The contributions

of ECCS system pump and valve leakage, normal or elevated containment
leakage and ventilation system mixing should be considered., The most fre-
quent problem is failure to simulate high airborne activity in areas

where major piping failures have been simulated.

Are indications (data) provided for newly installed systems? This
becomes a problem when scenarios are developed offsite by corporate per-
sonnel or consultants who are working with outdated drawings and refer-
ence material, Typical indications overlogked are newly installed radio-
logical monitoring systems, vessel level instrumentation, subcooling
margin monitors and SPDS displays.

.5.3 Onsite But Out-of-flant Radiological Data

Do radiation maps for field controllers include data for the area sur-
rounding the plant out to the site boundary? The most frequent problem

fs in simulation of very high radiation levels beyond the site boundary
with rather low onsite dose rates or no onsite data at all, A review of
the og:rgency procedure for onsite monitoring may help identify a’ i neces-
sary data,

Are contributions to area radiation levels due to contained radiation
sources considered? The contributions to area radiation levels due to
contained sources in containment, ventilation systems or piping systems
are frequently overlooked,

2,39



2.5.4, Release Pathways

Is the simulated release pathway feasible? Check the postulated release
path against general arr>ngement drawings and piping and instrument
drawings.

Have the effects of ventilation system mixing and filtration been
accounted for? A frequent problem is failure to thoroughly research the
physical path that radioactive materials should follow to reach the plant
stack,

Can the simulated release path be easily blocked by operator action?
Look closely at drawings to determine if there are any remotely o
manually operated backup valves or ventilation dampers in the release
path, Disable them in a reasonable fashion, i1f necessary.

Does the intended pathway for the release result in the severe airborne
contamination of buildings or cubicles, and, 17 so, have appropriate data
been generated for these areas? For example, if the release is the
result of a pipe break in the auxiliary building ané the pathway is out
through the auxiliary buil¢ ng ventilation system, then airborne activity
levels in the auxiliary bui'ding should be corresponding'y high,

Does the scenario create the situation where activity levels increase as
the radioactive material flows from the containment to the top of the
stack? This is one of the most frequent errors found in scenarios. This
problem is typically the result of separation oY responsibility among
writers during the development process, For axample, one writer devel-
oped source term data from the core to the auxiliary building ventilation
plenum while a second writer developed the data from the desired field
dose rates back to the ventilation plenum; invariably a discontinuity
results,

2.5.5 Offsite Radiological Data

Are the offsite radiological data consistent with exercise objectives for
monitoring noble gases fodines and/or particulates?

Was the means of computing otfsite doses for the scenario data consistent
with but not fdentical to that normally used at the plant? It s not
realistic to have field data match dose projections precisely. This can
occur 1f the data are generated using the exact source term and meteor-
ology provided in the scenario,

Are the offsite radiological data comprehensive and easily used by field
controllers? Encure that data include whole-body and thyroid dose rates,
airborne iodine concentrations, and comprehensive plume data as a func-
tion of time and location. If the scenario release involves {odine and
particulates, then ground deposition dose rates and contamination levels,
as well as gross airborne concentration data, will be needed. The most
frequent problem is failure to provide both open- and closed-window sur=
vey instrument readings for determination of whether the plume s at
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greund level or not. Ancther frequent problem is refined data instead of
observable instrument readings. For example, provision of data in units
of uCi/cc instead of cpm on a filter., (he scena~io data sheets should
previde instrument conversion factors for use by contrellers in develop-

ng on-the-spot data. Only the vaw data as read on the meter should be
provided to the player.

If the scenario is to last more than one day or include an extensive
recovery/reentry phase, then it should contain extensive data on con-
taminated milk, food, waier supplies, and ground deposition.

.5.6 Peripheral Events

Have all peripheral events been incorporated at the proper times in the
master scenario events list? This is particularly important for periph-
eral events that are designed to prompt activation of players in prepara-
tion for response to the more important portions of the exercise and for
events upon which the main sequence of the scenario depends.

Have appropriate data been generated for each peripheral event? For
instance, often omitted from injury events are the victim's pulse rate,
breathing rate, skin color, and other readily apparent physical features
used by first-aid personnel to assess a victim's condition.

5.7 Conflict of Scenario with Established Procedures

Do early events in the scenario (before plant trip), such as equipment
failures, place the plant in a situation where the operators would begin
an immediate shutdown? The most freyuent problem is simulation of multi{-
ple equipment failures that place th» plant in an immedia*e shutdown
1imiting condition fur operation (LCJU) pev plant technical specification
before the major event .n the scenario begins,

Do simulated “perator actions conflict with established emergency operat-
ing procedures (EOPs)? The scenario may requ ve simuiated operator

errors, but controllers should be made aware of pointe in the scenario that
deviate from normal operator responses t) the accide t, Scenario devel-
opers should be particularly aware of the changes taking place as opera-
tions personnel implement new symptom-oriented EOPs. Many operator
responses are different under these procedures than they were under the

old event-oriented EOPs,

Do expected classification escalation points and related contingency
messages agree with the current revision of the onnr?oncy plan implement-
ing procedures (EPIPs) on accident classification? This t{go of error
usually occurs when the scenario authors fail to look at all EALs related
to the simulated accident conditions. In most of these errors, the tce-
navio writers are late in predicting when the operators or TSC personnel
will escalate to the next higher classification. The most frequently
misunderstood EAL (by scenario writevs) appears to be the case of "loss
of 2 out of 3 fission product barriers with a severe challenge or



predicted rapid failure of the third." This misunderstanding often
results in the players making an emergency classificatiun that is
unexpected by the controllers.

Does the scenario require the operators to go against their principles?
An example of this is requiring the operators to maintain the plant at
high power due to demands by the load dispatcher when they would
otherwise reduce power or trip the plant, If at all possible the
scenario should not require the operators to violate common sense,



3.0 PREEXERCISE INSTRUCTIONS

Before an exercise, controllers, players, and evaluators should receive
instructions concerning their roles and responsibilities. Meetings with con-
trollers and evaluators should address prompting, plant and personnel safety,
and interactions with players. Controllers should also discuss controlling
simulation, issuing messages, and handling unexpected actions. Players should
be instructed on responsibility, safety measures, and ground rules for simu-
lated actions, Evaluators should be advised on their responsibilities, inter-
actions with players, and evaluation criteria.

3.1 CONTROLLERS' INSTRUCTIONS

In this section of the scenario, controller assignments and drill phone
numbers should be given., The names of all contryllers and the methods of com-
munication during the exercise should be identified.

As t . primary link between the scenario and the players, controllers
need to exercise caution in their interaction with the plavers. Controllers
should not allow players to take any actions that would adversely affect the
safety of the plant, During the exercise, controllers should not prompt,
coach, criticize, or correct. players, or supply advance data or information
that would reveal future conditions. Methods for handling unexpected player
actions should be preplanned; these may include contingency messages, alter-
native data sets, and instructions for contacting a iead controller for guid-
ance., Controller training snould include instruction on the proper imple-
mentation of these methods. When actions are to be simulated, controllers
should ensure that players talk through and explain the actions that they
would have taken, so that an evaluation can be made of their knowledgs levei,

Adequately trained controllers are the key to a successful exercise,
Controllers should receive preexercise training and instructions so that they
are thoroughly familiar with the scenario, expected player actions, and their
duties and responsibilities, As part of the training process, a preexercise
briefing for controllers should be held. This briefi.g should cover the fol-
Towing areas of responsibility and concern:

o exercise safety
o review of the main events and the sequence of the scena io
e area assignments
o review of the scenario data
- familiarization with message and data format
. dolivor¥ of data to the players
= f{nterpolation of data

e simulation ground rules
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e interactions with players and evaluators

e communicat‘ons for controllers

e methods for handling unexpected player actions
e critique responsibility.

Controllers should provide data to the players on the same basis that
data would normally be available during an actual event., Data that players
would normally be monitoring or that would spontaneously draw their attention
should be provided without a specific request; for example, reactor control
board indication, alarms and annunciators, and unusual noises, smoke, and
smells,

Data that players must take some action to obtain under real conditions
should not be provided until they perform the action. Examples are:

e auxiliary systems where status indications are provided on back panels

e equipment condition that can be ascertained only by going to the equip-
ment or its local instrument panel

e information that requires a communication from someone at a remote
location,

Results that must be derived by refining or analyzing raw data should be
deriveu by the players from data supplied in the raw form with the proper units
for the equipment from which the data was obtained. Examples include:

o calculation of the percentage of core damage using several data
e conversion of cpm on a survey meter into uCi/cc or mrem
e laboratory analysis of coolant or air samples.
If a time compression nccurs in which the scenario is advanced a number

of hours or days, data describing the events and actions that would have taken
place during the elapsed time should be provided to the players,

3.2 PLAYERS' INSTRUCTIONS

Instructions for players can either be included in a set of general guide-
1ines for everyone or in a separate section specifically for players. Instruc-
tions should include cautinns to the players not to take any action that would
enuanger themselves, private pruperty, or the operation of the plant, Players
should be trained to react to the scenario events as {f they were responding
to an actual emergency and not try to outguess the scenarin planners and begin
corrective actions before events occur. Players should not dwell on the highly
improbible nature of seme of the scerario events, Each situation should be
taken at face value and responded to appropria..ly, Finally, players should
actually performm ai) actins except when ‘nstructed before or during the exer-
cise by the controiler o simulate the actions, A1l actions that are to be

3.2



simulated should be discussed by the players with the evaluators and control-
lers. The players should demonstrate their knowledge of the proper actions by
discussing the scenario circumstances, the pertinent procedures, and the
actions they would take if the accident were real, Within a week or two after
the exercise, the players should be given instructive feedback concerning
their performance, with information and plans for correcting identified
weaknesses,

3.3 EVALUATORS' INSTRUCTIONS

Evaluators should be instructed on how to conduct and keep records of
comments and observations during the exercise. Many of the instructions for
the controllers also apply to the evaluators, and the instructions for the two
roles are often combined, Evaluators should act and be treated as if they
were invisible during an exercise. If possible, they should not have direct
interaction with the players. If an evaluator has a question or wishes to
have something clarified, the evaluator should approach the controller, If
the controller cannot answer the question, the controller then should question
the player. Only if a controller is not present and the information is vital
to the evaluation should the evaluator directly approach a player. Instruc-
tions should be given cautioning evaluators about the t pes of questions that
can be asked; inappropriate questions can serve to prompt the players concern-
ing expected actions or upcoming events, Evaluators shoul! be warned concern-
ing the prompting of players. Evaluators should be familiar with the scenario
events so that they can position themselves to observe the resulting action.
They should also be familiar with the emergency plan, appropriate emergency
procedures and the exercise objectives, as these will affect their evaluation
of the response to the scenario. These guidelines should be followed by NRC
evaluators as well as utility personnel,

An important additional responsibility for all evaluators is to function
with controllers as safety monitors for an exercise., The evaluators lack of
scenario-related responsibility and their mobility during the exercise give
them a detachment from specific events. This detachment can help them iden-
tify potential safety risks that might be missed by others,

Evaluators should be knowledgeable and experienced in the activity that
they evaluate, Each evaluator should be given a 1ist of objectives and
expected actions that should be observed and commented on, Establishing a
standard set of evaluation criteria for all evaluators to use proyides a com-
mon base for all observations and will make it easier for the evaluation team
to coordinate comments, The evaluation criteria should allow the evaluator to
grade the performance of players by a qualitative rating system, as well as by
answering specific questions. General guidelines on what to watch for,
records to be kept, and comments should be included in the evaluation cri-
teria. It is not necessary to provide a comprehensive 11st for the evaluator,
The evaluator should have enough expertise to judge actions taken and overall
performance,
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4,0 POSTEXERCISE ACTIVITIES

Evaluators, controllers, and key players should critique the exercise as
soon as practical after it has ended. When possible each ERF, including the
control room, should hold an individual critique immediately following the
exercise. This will allow all people involved ‘n the exercise to comment on
performance and sug?ost possible improvements. Controllers, evaluators, and
the management level players should then have a joint critique. Even though
the NRC observers will not present their findings at this time, they should
attend. The NRC is often not aware of minor items that were identified and
corrected immediately by the utility and therefore not mentioned in the formal
critique.

Both the individual ERF critiques ant the joint critique should address
the players' performance in handling the events of the scenario and whether
the exercise met the established objectives. Outstarding performances should
be recognized, but the critiques should primarily focus on identifying defi-
ciencies and developing followup plans to correct identified weaknesses,

Critiques should serve as 3 feedback mechanism to identify and correct
faults discovered during the exercise. The discussions held by key players,
controllers, and evaluators during the critique are often the only opportunity
for integrating all comments and developing an accurate overall picture of
performance during an exercise, The written logs and comments of each evalua-
tor and the written comments of each controller will provide valuable informa-
tion for later evaluation. However, each individual is capable of viewing
only a small portion of an entire exercise and, in some cases, views only a
small portion of a particular task., The critique serves to clear up miscon-
ceptions that may result from 1imited individual viewpoints, and it helps par-
ticipants put all of the comments in perspective.

Critiques are required by 10 CFR 50, Appendix £ (1982), and are usually
attended bﬂ NRC, and sometimes FEMA, evaluators as part of the exercise
process, During the critique, the utility is evaluated on:

e general conduct and format
o ability to self-evaluate exercise performance and identify deficiencies
o ability to analyze deficiencies and plan workable solutions.

The number of deficiencies fdentified by the licensee is not necessarily
indicative of the quc\it{ or success of the exercise; consideration is given
to the thoroughness of the self-evaluation and the ability to generate
corrective actions resulting in improved emergency response. In addition to
the critique involving r1mar1;x licensee personnel, a critique invalving
utility management and NRC, FEMA, and/or state and local organizations should
be held. The details of the NRC critique are arranged between the utility
representative and the NRC observation team leader,

Soon after the critques take place, the following information should be

provided in writing to the organization responsible for compiling the final
report on the exercise: 1) findings from the various critiques, 2) the
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written comments offered by players, evaluators, and controllers, and 3) infor-
mation received during debriefing with support agencies (e.g., ambulance, fire
department ),

The final report should be produced within a reasonable time following
the exercise and should include the following information:

o the main elements of the emergency plan that were involved in the
exercise

e the conditions under which the exercise was undertaken or simulated
(i.e., winter, summer, night hours, meteorological conditions, etc.)

e the key players, their positions, and their organization
e positive aspects of performance

e recommendations for corrective action

o a schedule for implementation of corrective action.

Deficiencies should be identified as either specific, such as a problem
with a postaccident snmpling procedure, or generic, such as a problem in the
overall training program. followup plan and timetable for correcting defi-
ciencies should be developed. The problems with the most serious impact on
emergency preparedness should be addressed first, In some cases it can be

useful to schedule a small-scale dril]l in a particular avea to ensure that a
problem is resolved.

4.2



REFERENCES

Condon, W, A,, R, M, Herrington, S. R, Greene and S, A, Hodge, 1982. SBLOCA

Outside Containment at Brown's Ferry Unit One: Accident uence Analysis,
ORNL/RM-BTT9, NUREG/TR-267Z, Vol. 1, Dak Ridge, Tennessee,

Cook, D, H,, et al, 1981, Station Blackout at Br
Accident Sequence Analysis,
Cemmission, Washington, T.C.

Erickson, D, M,, Jr., 1978,
Exercise Scenarios. SAND
uquerque, xico,

Gifford, F, A,, Jr., 1968, "An Outline of Theories of Diffusion in the Lower
Layers of the Atmosphere." In Meteorology and Atomic Energy 1968,
D. H. Slade, ed., pp. 65-116, TTU-ZITUU. available from lg¥1ona1 Technical

Information Service, Springfield, Virginia,

Haskin, F, E, 1981,
Inititiated b Loss

a, er
eactor., +9. Nuclear Kegqulatory Lommission, shington,

Hilsmeier, W, F., and F, A, Gifford, Jr, 1961, Graph for Estimatin
Atmospheric Dispersion. ORU-545, U.S. Atomic Energy em‘sﬂon.
.‘ "9 onl . .

Rasmussen, N, C, 1980, Reactor Safet S dy: An A s nt of A

Risks in U,S, Commercial Nuclear ants. -
Rev, 1980, U.T. NucTear ReguTatory om{ssfon Unhington. 0.C.
Scherpelz, R, E,, F, J, Borst and G, R, Hoenes. 1980, WRAITH - A C
Code for Calculating Internal and External Doses R
eric Release o erial, ~3387, -1690,
acific Northwest Laboratory, Ric an. U%sh1ngton.
Slade, D, M., ed, 1968, Q;tgoro‘g?x and Agggig tggr*x ;gg . TID-24190,
:vailablo from National Technical Information Service, Springfield,
frginfa.

u.s. ngc of Federal E%*¥llgions ’CFR}. 1982, Title 10, Part 50, "Licensing
of Production an zation Facilities," Appendix f. "Emergency Plans

for Production and Utilization Facilities.,"”
U.S, Nuclear Regulatory Commission (NRC), 1976, Combinin | n

ind Sga§1al %!ggngnés in Seismic Response Analysis, gulatory
.92, Washington, U.T,

'.l




U.S. Nuclear Re?ulatory Commission (NRC), 1977, Methods for Estimatin
Atmospheric Transport and Dispersion of Gaseous Effluents in Routine
ReTeases from L1 Ef—ﬂaior-Couqoa Reactors. Regulatory Guide 1.111, Rev, 1,
Washington, D.C.

U.S. Nuclear Regu\atory Commission (NRC), 1979a, TMI-2 Lessons Learned Task
Force: Final Report. NUREG/CR-0585, Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 1979b. TMI-2? Lessons Learned Task
Force: Status Report and Short-Term Recommendations. IUR§E7CI-U57|.

rvice, Springfield, Virginia.

U.S. Nuclear Regulatory Commission (NRC). 1980a. Cr1%or1a for Preparation
and Evaluation of Radiological! Emergency Response Plans an redness in
gﬁggort of NucTear Power Plants.

U.S, Nuclear Regulatory Commission (NRC). 1980b, Meteorological Programs in
‘ower Plants. Proposed revision to Requlatory .

Support of Nuclear

Guigc .23, Washington, D.T.
U.S. Nuclear Roqulator; Commission (NRC). 1980c. NRC Action Plan Developed

as a Result of the TMI-2 Accident. NUREG/CR-0660, Volumes 1 and 7,

availabTe from National Technical Information Service, Springfield,

Virginia.

U.S. Nuclear Regulatory Commission (NRC), 1980d. Clarification of TMI Action
Plan Requirements, NUREG-0737, Washington, D.C.

U.S. Nuclear Regulatory Commission (NRC). 1980e, ng%gg%gg&a&éggTjgg
Light-Water-Cooled Nuclear Power Plants to Assess Plant and Environs
Conditions During and Fo11ov?ng;an Kccident. Regulatory Guide 1.97,
Washington, U.t.

U.S. Nuclear Regulatory Commissfon (NRC), 1981, s!agggnqxﬁﬁctlon Levels for
Light Water Peactors. NUREG-0818, Washington, U.C,

U.S. Nuclear Regulatory Commission (NRC). 1983a, Projection
Cons1dor|§1%ns for nnrgcncE Conditions at Nuclear ibygr ;1an§s.
- y WNAS ﬂﬂ on, v

U.S. Nuclear Regulatory Commission (NRC). 1983b, lnggraigivo Rapid Dose
Assessment Mode! (IRDAM), NUREG/CR-3012, Washington, U.C, Ar

U.5. Nuclear Re lctor{ Commission (NRC), 1983c.
Interactiv $08¢C Lagrangian Puff Disper

U.S. Nuclear Rctulctory Commission (NRC), 1983d. %ig1§l§g1c%l Assessment: A
Textbook on Environmental Dose Analysis. NUREG/CR- , Washington, D.C,
Vallario, E, J. 1974, Eva)

Technical Reports Serfes
(1AEA), Vienna,




APPENDIX

CONSIDERATIONS AND CALCULATIONAL METHODS

FOR GENERATING RADIOLOGICAL DATA
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This appendix is organized into two sections, Inplant Radiological
Information and Onsite and Nffsite Radiological Information. The Inplant
Radiological Information section deals with considerations and calculational
techniques for preparing inplant dose rate data, source term data, and radio-
logical data for peripheral events. The Onsite and Offsite Radiological Infor-
mation Section deals with release pathway, radionuclide concentrations and
environmental sampling data.

The rough calculational aids in this appendix can be used together with
plant-specific data and the scenario sequence to generate adequate inplant,
site area, and offsite radiological data. For the chosen scenario, the
radiological results to be simulated are often variable; the scenario planner
has the option of simulating a wide variety of release pathways of radiocactive
material from the reactor core or other areas of high concentration (e.gq.,
radwaste tanks) into various inplant, onsite or offsite locations.

I. INPLANT RADIOLOGICAL DATA

Examples of the variables in the plant that affect the release and disper-
sion of radioactive material are:

e fuel damage, extent and type

e coolant activity

e reactor coolant system integrity and leakage rates

e reactor coolant flow rates outside containment

e containment integrity and leakage rates

e charcoal filter bed efficiencies and breakthrough

e ventilation system configuration, lineup, flow rates and integrity
e door seal efficiencies between buildings

e migration or diffusion rates up stairwells

e volumes of highly radioactive ~oolant or resin in various piping systems
and tanks

e pump seal leakage rates

o deposition, plateout, absorption of various nuclides during various means
of transport,

Computer analyses of postaccident radiation levels and airborne activity
in a plant typically use a summing process for the various contributing
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factors. If computer studies fitting the desired scenario are not available,
a similar manual calculation can be performed using the simplified methods and
approximations or interpolation of data from more rigorous methods. Rcugh
dose rate calculations for areas of the plant and the surrounding area involve
summing the major contributors to dose rate for the simulated plant
conditions,
The following major contributors should be considered:
e dose rate from airborne radioactive material in the area

e dose ;ate from fluids in piping systems in the area (e.g., pipes and
tanks

e dose rate from major gamma sources outside the immediate area

e dose rate from contamination on floors and walls,

DOSE RATE CALCULATIONS

The fallowing four sections discuss the calculation of dose rates from
point sources, line sources, immersion in a radioactive cloud and dose
reduction due to shielding.

1. Point Sources

A simple rule of thumb for appreximating dose rate from a point gamma
source is:

D(1m) = Ci (1)

where

D (1 m)= dose rate at 1 m in R/hr
Ci = number of curies of gamma source.

This equation, often referred to as the "curie-meter" rule, is accurate
for 2.2 MeV gammas and valid within a factor of Z for (.7 MeV to 6 MeV gammas.

A more accurate statement of this rule of thumb censiders the energy of
the point gamma source:
D = 6 CiE/d (2)
where

6 = dose rate in R/hr at distance d
Ci = number of curies of the gamma source
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E = total energy of emitted gamma vays in MeV
d = distance in feet,

For the approximate dose rate from a point source when other dose rate
information is available, use the simple inverse square law:

: 2
D d
b 1\) (3)
- d,
1 /
where

6 = dose rate
d = distance (ensure that the same units are used for d, and d;).

2. Line Sources

For line sources such as pipes and fuel assemblies, the formulas for a
point source are fairly accurate at distances greater than half the major
dimension of the line source away (i.e., inverse square law). For distances
closer than one-half the major dimension, an almost directly increasing dose
rate ratio applies until very near the source.

If L (length) is the major dimension of a line source, then at distances
>1/2 L the line source may be treated as a point source,

{4,V
. . 1
D, = D, KFE (4)
and at distances <1/2 L,
! . dl

where

6 = dose rate
d = distance.

3. Immersion Dose Rates

The following equations should provide approximate values fur gamma dose
rates in clouds of radioactive gases and particulatas:

For Infinite Clouds:

0=2-10°% (B) (x) (6)
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where
D = gamma dose rate (mR/hr)
E = average gamma energy per disintegration (MeV/dis) 3
X = concentration of isotopes in the cloud (uCi/ce or Ci/m”).

For Semi-Infinite Tlouds:

0 = 108 (E) (x) (7)

When E has not been calculated, a less conservative estimation based on
a representative mixture of postaccident fission products can be made using
the following rough factors for airborne concentrations of radioactivity:

10”3 uCi/cc = 0.5 mR/hr
10”* uCi/cc = 5 mR/hr
1073 yCi/cc = 50 mR/hv

Approximate values for F describing a semi-infinite cloud of noble gas in
a downwind plume are presented below (where E has not been determined by
counting an in situ sample):

Hours Since Reactor Scram E (MeV/dis)

0-12 0.40
12 - 24 0.20
48+ 0.10

4. Shielding

The ability of shielding material to reduce the gamma flux of a
specific-energy level emitter is wusually expressed in half-value or
tenth-value thickness. Formulas for determining dose rate reducticn are:

T2
Half Thickness: D, = D1 (1/2) (8)
M 10
Tenth Thickness: 02 = D1 (1/10) (9)
where
J = dose rate
T = actual shield thickness
(TI/Z) = half thicknesses of shield material
(71/10) = tenth thicknesses of shield material.
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The figures below are approximate half-value and tenth-value thicknesses
for some common power plant meterials. The values are adequate for scenario
data generation. They are appropriate for gamma energies of 2 to 4 MeV, which
are conservative for lower-energy fission and activation products:

Half- and Tenth-Value Thicknesses (in inches)

Water _Loncrete Lead Tron
1/2 8 3tod 0.6 1.2
1/10 24 to 26 10 to 18 2 4

Note: Tenth thickness is about 3.32 times the half thickness
for a particular material,

SOURCE_TERM DATA

Source term data should include information that would normally be
displayed to the plant operators. For example, process monitor readings and
containment high-range radiation monitor readings would be available. Another
potential source of information for the plant operators is the postaccident
sampling system, If an exercise objective is to demonstrate this system or if
the operators are likely tec ask for these samples, then the appropriate data
should be prepared. These data can include reactor coolant analysis data and
containment atmosphere analysis data depending on the capabilities of the
particular sampling system at the plant. The scenario developer should have
an understanding of the time required to obtain and analyze these samples in
order to include a realistic time delay between a request for the sample and
analyses results. A1l source term data should correspond to the accident
scenario source term used for estimating inplant radiological consequences
(e.g., area monitor readings and data for plant survey teams).

Examples of data related to the source term are contained in Tables A.l
and A.2. Table A.1 is an example of data that would be available to control
reom personnel at a plant equipped with an extensive radiation monitoring
system presented on the standard form used during emergencies. During an
exercise, this sheet could be handed directly to the players to simulate plant
parameter readings according to the scenario. Table A.2 is an example of
primary coolant system chemistry results presented in the same format as the
plant's postaccident sampling system computer results. During an exercise,
this information would be given, after an appropriate time delay, to the
player operating the system to simulate the results of a primary coolant
sample analysis.

The following sections discuss considerations, information and calcula-
tional techniques fo: determining fission product ‘inventories, fission product
half-lives, containment radiation levels and percentage of core damage, esti-
mation of release rates, ec.imation of radioactive material content in some
common containers used during postaccident sampling.
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Data Taken by G.

TABLE A.1.

Unit No. 1

W. Bethke

1. VRS-1101
2. VRS-1202
3. ERS-1301
4, ERS-1303
5. ERS-1305
6. ERS-1307
7. &RS-1309
8. ERS-1401
9. ERS-1403
10. ERS-1405
11. ERS-1407
12. ERS-1409
13. VRS-1501
14, VRS-1502
15, VYRS-1505
16. VRS-1507
17. VRS-1509
18. MRA-1601
19. VRS-1602
20, MRA-170:
21. MRA-1702
22. SRA-1805
23. SRA-1807
24, SRA-1905
25. SRA-1907
26. VRS-1310
27. VRA-1410
28, SFR-1810

29, SFR-1910
30, VFR-1510
31, Wind Spced

32. Wind Direction
33, Air Temp. AT

1.44E0 mR/HR
3.89E-1 mR/HR
3,72E-2 uCi
5.30E-3 uCi
2.32€-5 uCi/cc
2.97€-4 uCi/cc
1,59E0 uCi/cc
2.40-2 uCi
5.91E-3 uCi
1.59€-3 uCi/cc
L84E-4 uCi/cc
34 -2 uli/cc

6E0 uCi/cc
9E-2 uCi/cc
4E-2 uCi/cc
9E-0 wCi/cc
7€-6 uCi/cc
4g-4 yCi/cc
9E-6 uCi/cc
1

1.
1.
6.
6.
8.
4,
S,
1.
1.
1.
- X
1
3.91E-5 wCi/cc
1.

5 MPH
-0.72°C

Date Time

7€-4/1.62E-3 uCi
7€-4/9.68E-4 uCi
19€-8/1,03E-6 uCi/cc
2E-5/8.29E-5 wCi/cc
3E-1/2.18E0 uCi/cc

Radiation Monitoring System Data

4:00 am

Data Reviewed by G, F. Martin

Upper Containment
Upper Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment
Lower Containment

Area

Area

Airborne
Airborne
Airborne
Airborne
Airborne
Airborne
Airborne
Airborne
Airborne
Airborne

Particulate
lodine

Noble Gas (LR)
Noble Gas (MR)
fichle Ga:z [(HR)
Particulate
lodine

Noble Gas (LR)
Neble Gas (MR)
Noble Gas (HR)

Unit Vent Effluent Pzrticuiate
Unit Vent Effluent lodine
Unit Vent Effluent Noble Gas (LR)
Unit Vent Effluent Noble Gas (MR)
Unit Vent Effluent Noble Gas (HR)

2E0/2,62E0 R/hr
9.68E-1/1.17E0 R/hr
4,52€2/4,1E2 CFM
2.63E1/2,15E1 CFM
8.33E4/6.2E4 CFM

235° (FROM)

Steam Generator PORV Loop 1

Steam Generator PORV Loop 4

Steam Generator PORV Loop 2

Steam Generator PORV Loop 3

Gland Steam Leakoff Nob1e Gas (LR)
Gland Steam Leakoff Noble Gas (MR)
Steam Jet Air Ejector Noble Gas (LR)
Steam Jet Air Ejector Noble Gas (MR)
Containment High Range Area
Containment High Range Area

Gland Steam '.eakoff Flow

Steam Jet Air Ejector Flow

Unit Vent Effluent Flow
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TABLE A.2.

Sample Time 1230
Sample Item

Primary Coolant System Chemistry Data

Simulated Results

Sample amount 500 mL
Sample container survey 5 R/hr at 1 m
Aliquot size 100 mL
Dilution 50 mL
Volume reduction 50 mL
Spectrum Analysis:
Nuclige Identification System
Summary of Nuclide Activity
Total Lines in Spectrum 49
Lines Not Listed in Library 18
Identified in Summary Report 23 46,94%
Activation Product Report

1 SIGMA
NUCLIDE SBHR HLIFE DECAY uC1i/UNIT ERROR % ERR
CR-51 AP 27.70D 1.006 2.982€ -0 3.253E -4 10.91
C0-58 AP 70.30D 1.002 1.459€ -1 5.786E -5 39.67
MN-54 AP 312.50D 1.001 5.625E -2 5.520E -5 9.81
IN-65 Ap 243,900 1.001 4 .640E -3 1.235E -4 26,62
€0-60 AP 5.27Y 1.000 4,518t -1 6.285E -5 13.91
NA-24 AP 15.00H 1,324 5.022E -3 8.965R -5 17.85
MN-56 AP 2.58H 5.111 3.211E -0 3,280E -4 10,22
Halogen Fiscsicn Product Report

1 SIGMA
NUCLIDE SBHk HLIFE DECAY uCi/UNIT ERROR ¥ ERR
I-133 HFP 20.80H 1.224 2,370E +3 6.289€ -5 3.96
1-135 HFE 6.61H 1.890 5.292E +2 3.727E -4 9.96
[-131 HFP 8.04D 1.022 2.920E +3 3.763E -5 33.47
1-132 HFP 2.30H 6.234 7.911E +1 3.808E -4 13.64
CS-137 HFP 30.00Y 1,005 7.500E +0 1.309E -4 .
C5-134 HFP 2.06Y 1.164 3.750E +0 1.841E -3 4,09
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1. Fission Product Inventories

Source term estimates are usually based on the total available fission
products in a representative 1ight water reactor near the end of core life
following continuous high-power operation,

Table A.3 below presents the approximate total activity in & core for the

times listed. Note that tne table is in units of curies per MW thermal (i.e.,
for a 3000 MWt core, multiply the numbers below by 3000).

TABLE A.3. Approximate Total Activity in a
Core Following Shutdown

Immediately Following Shutdown

Gases 3.5E5 Ci/MWt
Halogens 3.8E5 Ci/MWt
Solids 3.5E6 Ci/Mut

24 hr After Shutdown

Gases 7.0E4 Ci/MWt
Haiogens 9.0E4 Ci/MWt
Solids 7.385 Ci/MWt

3 Days After Shutdown

Gases 4,564 Ci/MWt
Halogens 5.0E4 Ci/MWt
Solids 6.565 Ci/Mut

5 Days After Shutdown

Gases 3.564 Ci/Mit
Halogens 3.5E4 Ci/¥Wt
Solids 5.865 Ci/Mwt

10 Days After Shutdown

Gases 2.0E4 Ci/MWt
Halogens 1 BF4  Ci/MWt
Solids 5.0e5 Ci/Mut

30 Days After Shutdown

Gases 1.7E3  Ci/Mut

Halogens 2.4E3 Ci/MWt

Solids 4,265 Ci/MWt
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Example

To obtain the total number of curies in an expended fuel assembly 30 days
a"ter shutdown, mul*iply vach of the numbers above by the core megawatt
thermal rating and ¢lvide this quutient by the total number cf fue) assemblies
to obtain an order-of-magnitude value.

Therefore, for a 3000 MWt reactor with 1000 fuel assemblies, the tetal
number of curies in an expended fuel assembly is as follows:

Gases (1.7E3 Ci/Mwt) (3000 MWt)/1000 = 5.1E3 Ci

Halogens (2.4E3 Cilﬂwtg (3000 MWt)/1000 = 7,2E3 Ci

Solids (4.2E5 Ci/MWt) (3000 MWt)/1000 = 1,3E6 Ci

Total number of curies in an extended fuel assembly = 1,3E6 Ci

Talle A,4 shows the typical radioactive inventories of LWRs broken down
into reactor locations.

THBLE A.4, Typical Radioactivity Inventories of LWRs for Approximately
1000 MWe (3200 MWTH)

Total Inventory (Curies) Fraction of Core !nventory
Location Fuel Gap Total Fuel Gap Total
corel?) 8.0 x10° 1.4 x10° 8.1 x10° 9.8x10" 1.8x107 1

Spent Fuel Storage

Poot (Max.)'®) 1.ax10% 13x107 1.3x10° ext10! 1.6x1070 1.6 x 10"
Spent Fuel 3torage
Pool (Avg.) ] 1.6 x10° 3.8x10° 3.6x10° 45x10% 4.8x10" 4.5 x107?

shipping Cask'® 2.2 x107 3.1 710% 2.2x107 27x100 38x10® 27x10
(e)

Refueling 2.2x107 2x10° 2.2x10° 2.72x1077 2.5 x10° 2.7 x1073
Waste Cas Storage cee .. 9.3 x 10'. - - 1.2 » ‘IO'5
Tank

Liquid Waste soa e 9.5 510 s - 1.2 x 10°°
Storage Tank

(aj Core inventory based on activity 1.2 hour after shutdown,

() Inventory of 2/3 core loading; 1/3 core with three day decay and 1/3 core with 150 day
decay.

(¢) Inventory of 1/2 core loading; 1.'6 core with 150 day decay and 1/3 core with 60 day
decay.

(d) Inventory based on 7 PWR or 17 BWR fuel assemblies with 150 day decay.

(«) Inventory for one fuel assembly with three day decay.
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2. Effective or Representative Half-Lives

The extremely complex mixture of isotopes in a reactor core decays with
an equally complex number of ind’vidual half-lives. Table A.5 presents
representative half-lives during the early stages of an accident again
assuming the worst case, a nearly cxpended core with long preceding high-power
history.

TABLE A.5, Reprecentative Half-Lives During Early
T Stages of an Accident

Half-Lives for First
24 to 48 hrs After Shutdown

Gases 10.6 hr
Halogens 11.8 hr
Solids 10.8 hr
Mean (A11) 10.9 hr

Half-Lives for First
2 to 30 Days Following Shutdown

Gases 130 hr
Halogens 133 hr
Solids 36 days

The values are approximatione that may prove useful in either developing
a scenario or verifying values from a more rigorous approach for an order-
of-magnitude accuracy. The licensee's reactor vendor and nuclear/reactor
engineering and chemistry departments should be able to provide useful data on
plant-specific source terms and on ranges for percent release of gap and fuel
pellet fission product inventory for postulated accidents.

3. Containment Radiation Levels and Percent Core Damage

Table A.6 presents approximate radiation levels inside the containment of
a large (1000 MWe) LWR following an accident initiated with 100% fission
product inventory at equilibrium.
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TABLE A.6. Typical Exposure Rates Within Containment
Following Severe Core Accidents

Maximum Exposure Rate in
Containment Immediately

Event Following Accident
100% Core Melt 4 x 10% R/hr
10% Core Melt 6 x 10° R/hr
1% Core Melt 3 x 105 R/hr
5ap Inventory Release 1 x 105 R/hr
.OCA (With No Gap Release) 4.0 R/hr

Note: The lowest predictions for this type of accident at any
plant are approximately 25% the numbers listed. This assumes a
plant size below 500 to 700 MWe rating and relatively large
containments,

Est*mation of Approximate Containment Activity Concentration: During the
first few days after an accident, the following formulas should provide a
rouch order-of-magnitude estimate of containment conditions:

rem/hr (in containment) = (40) x (gross activity in uCi/cc) (10)

Table A.7 presents approximations for estimating core damage from inplant
indicators.

TABLE A.7. Approximations for Estimating Ccre Damage

Inplant Indicators

Containment
Core Conditions Fuel Temperature Radiation Level (R/hv)
1) Core Intact - 600°F 0.01 - 102
Large Coolant Leak ProLably <50
2) Clad Failure 1300°F - 2000°F 10% - 10%

(Rupture/Oxidation)
(20% ¢f Fuel Pins)

3) TMI Like >2400°F for 10 min 105
(Grain Bounda-y Reiease)

4) Core Melt >4500°F 108
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Relative Activity in Core/Fuel Pool/Plant Systems: Under worst-case
conditions (i.e., a recent defueling or refueling) the entire cofilents nf an
spent fuel pool at a facility should contain about an order of magnitude (E-1)
less total fission products than the amount contained in the core at power.
On the 2verage, the rest of the plant systems (e.g., ECCS, Radwaste, BOP for
BWRs) should contain at least two orders of magnitude (E-2) less total
activity than that contained in the core at power. Many of these radioactive
deposits in the rest of the plant systems are radioactive crud rather than
fission products. For accidents involving a loss of cooling to fuel peols
(not loss of water inventory), a minimum of 9 days and an average of 26 days
would be required for pool boiloff to the point of uncovering the expended
fuel.

Cnset of Fuel Pellet Melt: A containment radiation monitor reading of over
{000 rem/hr is a clear indication that something more than a gap release is in
progres§ (i.e., at least some core damage is occurring in addition to a gap
relgase),

Cladding Failure and Core Melt Temperatures: The following data describe the
temperature at which cladding failure and core melt are projected to occur:

- Elgddi?g rupture should occur between about 760 and 1200°C (1400 »d
2700°F).

e Core melt should occur at about 2280°C (4136°F). A mclten core would be
in the range uf 2000 tc 3000°C (3632 to 5448°F).

4. Estimation of Relegse Rates

The release rates (source term?) con be obtained from:
U - Civ (11)

where

Q; = Release rate activity of radionuclide, i (Ci/sec)

Ci = Activity concentration of radionuclide, i in the effluent (Ci/m?)

V = Flow rate of the effluent (m?/sec).

EXAMPLE

The containment purge flow rate is 6.4E3 ft3/min (3 m3/sec.). The
corresponding activity concentrations of noble gas, !3!I, gross iodine, and

particulate are 200 Ci/m®, 0.19 Ci/m®, 0.43 Ci/m3, and 0.04 Ci/m3,
respectively.

A.13



The release rate of noble gases is:

3
Ci m
Ql 200 ';3- x 3 sec 600 Ci/sec
The relezse rate of !3!] is:
Ci m3
02 = 0,19 X 3 - 60 Ci/sec
The release rate of gross iodine is:
3
Q 0431 3s—e?‘13C1/S@C
The release rate of particulates is:
3

04 = 0.04 —§ s 38 - 0.12 Ci/sec

Containment leak Rates: The following values are usually good estimates for
leakage under near normal pressures:

e BWR drywell and PWR ice condenser containments: 0.5%/day
e PWR large dry containments: 0,1%/day
e A1l plant ECCS systems (operating): 1.0 gpm outside containment,

Note: Containment leakage percents are the percentage of containment volume.

Effect of Conlainment Leakage Versus Failure: For postulated accidents
involving fuel damage, the collective dose to the general population in the
EPZ is increased significantly for the case of containment failure and the
expected penetration leakage at elevated pressures versus normal containment
leakage at normal pressures. Integra‘ed doses in the downwind sectors for a
containment failure scenario are a factor of 2000 to 3000 higher than for a
similar fuz! damage accident where contiinment integrity is essentially
preserved and only increased leakage occurs. This estimation is not affected
by the population density or meteorology in the downwind sectors because it
estimates a factor increase that effects all inhabitants equally and is
expressed in terms of a total person-rem rutic
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£. Estimating Radioactive Material Content

The conversicn facters presented below provide an approximate (v 50% to
200%) estimate of the radioactive material contert in sume common containers
of radioactive liquid. These conversion factors can pe uvefu! fcr developing
data for postaccident sampling stations and laboratories.

Method

e Measurement: Contast gamma dose rate D in mR/hr,
e Activity A of the sample (uCi/mL):

Container Formula
100 mL Plastic Bottle (Full) S56-3D s A s 1,56-2 D
250 mL Plastic Bottle (Full) €E-3D s A s 1E-2D
1/2 in. Diameter Plastic Tubing 3F-2 6 s As 7E-2 6

PERIPHERAL EVENTS

Exercise scenarios frequently inc’ude peripheral events designed to
evaluate emergency response teams. Peripheral events that may require the
generation of radiological data include breach .f security, medical emergency,
and fire. The types of data that may be needed inciudes areu dose rates, air
monitoring results, surface contamination measurements, personnel
contamination readings, and personnel exposures.

A typical example of 3 peripheral event is an inplant search and rescue
of an injured and contami-.ted victim. As the players conduct the search for
the victim, the controller can use inplant radiati.n zune maps to provide the
exposure rates observed by the rescue team as the playe's travers: the arees
being searched. If the victim were working on a high<pressure, high-tempera-
ture, contaminated fluid system the* fractured, then the victim coul’ suffer
contaminated burns.

Assuming the gross activity of the flu’d were 1 uCi/gm, typical of
precladding failure in o'der plants, the contamination on the victim could be
calculated as follows, Necessary assumptions are that a total of 10 gal of
fluid was sprayed on the viztim befire the leak was isolated, that 10¥ /f the
activity remains distributed evenly over 2 ft? on the victim, and that 10% of
activity remains airborne in a 10 x 10 x 10 f1 voom:

Count rate on victim:

(10 gal) (3.8E3 gm/gal) (10%/2 £t2) (1 uCi/gm) (1€ - 3 ft2/em?) = 1.9 uCi/cm?
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assuming a Frisker using a pancake probe with a 10% counting efficiency and a
surface area of 15 cm:

(1.9 uCi/em?) (15 em?) (2.2 €6 dpm/uCi) (10%) = 6E6 cpm
Airborne activity:

(10 gal) (3.8 gm/gal) (10%/1,000 ft3) (1 uCi/gm) (3.5€-5 ft3/cc) =
1.4E - 4 yCi/cc

A diagram of the victim's injuries and contamination should be prepared
for a controller illustrating the extent and nature of the injuries and the
contamination levels consistent wit!: the emergency response team's instru-
mentation. Similar data should be available for a whole-body count in the
event of inhalation or ingestion of radioactive material. Tools and other
equipment in the vicinity of a victim could be described as contaminated to
the same approximate levels as the victim considering relative proximity.
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I1. ONSITE AND OFFSITE RADIOLOGICAL DATA

Equations and examples in this section are intended to provide simple
methods for developing onsite and offsite radiological data for scenarios.

During an exercise, the utility must provide estimated values for radio-
logical information according to the scenario events. These values should
approximate the offsite radiological concentrations and dose rates that would
result if a radioactive plume had actually been released. In an actual emer-
gency, these values would depend on 1) the characteristics and amounts of
radioactive material released, 2) the release path, 3) the meteorological con-
ditions present during the release, 4) the duration of the release, 5) the
type of reactor core and its associated power history, and 6) the type of fuel
failure involved (e.g., cladding perforation with gap release, fuel melt, or
elevated temperatures resulting in zircomium-water reaction). Some example
data are provided to illustrate several methods used to estimate and display
offsite radinlogical information during the exercise. The methods ard models
used to generate source terms, radiation exposure .- =<, and environmental
data are based on those developed and documented in ' . reactor safety study
(Rasmussen 1980).

Although the sequence of accident events and the relative magnitude of
releases of radionuclides to the atmosphere can vary at BWRs and PWRs, the
methods and models used for analyzing the environmental consequences are simi-
lar for the two types of plants., This is true because the total amount of
radioactivity available for release from the reactor core is about the same
for BWRs and PWRs of similar power densities given similar fuel exposure his-
tories (Rasmussen 1980), Therefore, no further distinction shall be made
between PWR and BWR accidents in describing the methods and models used for
estimating and displayina onsite and offsite radiological consequences.

To estimate onsite and offsite radiological data, a scenario developer
should have access to:

e source term data *o approximate the quantity and radionuclide composition
of radioactive materizls that are likely to be re'zzced to the atmosphere
as determined by the scenmario. These data should include :he activity
release rate, in units of curies per second, for noble gases, radio-
jodines, and particulates.

e release pathway informaticn to determine the potential for filtration of
the source material and the effective height of the release according to
the sequence of events in the scenario.

e meteorological data to determine the transportation and dispersion of
radioective materials downwind. The.e data should include the wind
direction, wind speed, and atmospheric stability,

e calculational methods, formu’as, nomographs and/or tables or suitable
computer models to determine downwind radionuclide concentrations and
radiation dose rates from the source term, release pathway, and meteor-
ological information.
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In the sections to follow, considerations, information and calculational
techniques for determining release pathway, meteorological data, radiological
concentrations and environmental sampling data will be presented. The equa-
tions and examples in this section are intended to provide simple methods for
developing onsite and offsite radiological data for scenarios.

RELEASE PATHWAY

The release pathway and resulting release height will have a direct
effect on the offsite data. The release pathway can affect the release rate
and radioactive material release composition (gaseous only, gases plus par-
ticulates). The effective release height can affect the effective plume rise,
plume touchdown point, and release concentration. For example, an accidental
release from a stack at a nuclear power plant would probably result in a dis-
charge whose ambient temperature is higher than the temperature of the sur-
rounding air. Because the heat content of the release affects the plume
buoyancy and plume momentum, it could increase significantly the effective
release height., This would result in lower downwind radionuclide concentra-
tions due to additional dilution of the release by the atmosphere.

METEOROLOGICAL DATA

The key meteorological data required for estimating offsite concentra-
tions of radionuclides in a plume are the wind speed, wind direction, and
atmospheric stability class. Depending on the method utilized at the plant,
the atmospheric stability class can be calculated manually from the vertical
temperature profile, from wind speed and observational information or cal-
culated automatically utilizing meteorological instrumentation., Wind direc-
tion fluctuations may also be used to determine atmospheric stability class.
These data should be available from the plant's meteorological instrumenta-
tion, unless the station is inoperable due to scenario events, If this were
the case, then it would be available from the standard backup sources. Sys-
tems a* many plants average data over a discrete time period (1 to 30 minutes
typically) and, therefore, provide a periodic output.

During meteorological data preparation, special attention should be give-
to simulating particular site-specific meteorological conditiors such as sea
or lake breeze effects, inversior layers, fumigution, and river valley effects.
Historical meteorological data for the plant site is very useful in determin-
ing when these effects are most likely to arise. These conditions can also be
used to justify higher or lower radionuclide concentrations at particular off-
site locations to satisfy the needs of scenario objectives, The assistance of
a meteorologist would be advisable for generating data that reflects a more
complex meteorological conditiun. The use of these conditions may complicate
the prediction of radionuclide concentrations in a plume since few dose assess-
ment codes ars currently capable of handling the more compler meteorclogical
conditions. Some computer duse assessment codes such as MESOI amd MESORAD,
however, are canable of generating offsite radionuclide concentrations under
the more complex meteorological conditions, assuming the assistance of a
meteorologist is available to determine plume behavior.
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CALCULATION OF RADIONUCLIDE CONCENTRATIONS

There are several methods for calculating the airborne concentrations of
radionuclides. These include multiplying the relative concentrations at the
plume centerline and near ground level by the source term, The equation most
commonly employed in dose assessment models to calculate relative concentra-
tions is the Gaussian Diffusion Equation. The most aveilable means for cal-

culating offsite radionuclide concentrations and the corresponding field data
is the plant's dose assessment model. Many different models are currentiy in
use and they vary significantly in their complexity and approach. Conse-
quently, each model has its own strengths and weaknesses,

In choosing a calculational model for generating scenario data, the mest
important factor to consider its applicability for data generation and its
cepability for special scenario considerations such as wind shift, site
topography, precipitation, or complex meteoroiogy.

If the same plant dose assessment model is used to generate the cffsite
field data as is used for dose assessment during the exercise, then the pro-
jected and field cata would match exactly which is unrealistic. To avoid this
situation, the scenario data could be altered by a reasonabie factor or a dif-
ferent dose assessment model cou’d be used.

Another factor to consider when calculating airborne concentrations of
radionuclides is their reduction ty the natural process of deposition (see
Figure A.1). The two primary mcthoas of deposition are dry and wet
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FIGURE A,1. Atmospheric Dispersion end Removal Processes
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deposition. These processes cause radioactive material to be deposited at the
ground level whicr contributes to surface contamination levels. Most dose
assessment models cannot handle the effects of deposition. Therefore, the
etfects of depcsition must be considered separately when evaluating the results
obtained using the model. Calculation could be performed manually or by com-
puter to adjust the results. Such deposition calculations are not only impor-
tant for correcting the radionuclide concentration< in the piume, but they
also serve as the hasis for calculating other envirunnental information such
as sampling data for soii. water, and vegetation.

A firal calculational consideration is that a realistic event sequence
and the resulting source term may not allow the generation of offsite radio-
nuclide concentrations at levels high enough to meet scenarin obje:tives, For
example, inadequate radionuclide concentrations could prohibit th2 emergency
classification from reaching tne desired level to initiate offsite activities,
One possible selution to this problem is to increase the offsite ‘udiological
data by multiplying the source term by a constant factor. Another solution
would be to increase the magnitude of the failure with a corresponding
increase in all onsite data. If an adjustment is necessary, then caution is
advised since either approach could introduce unrealistic or inconsistent data
into the scenario which could confuse the players leading them into inappropri-
ate corrective actions.

The following sections will discuss the use of the Gaussian diffusion
equation for calculating airborne concentrations for ground and elevated
releases, a simple method for calculating offsite dose, and methods for cal-
culating the effects of deposition on plume concentrations,

1. Gaussian Diffusion Equation

For Ground-Level Releases:

For ground-level releases the Gaussian diffusion equation for determining
the activity downwind of the release point is as follows:

Ko ol (12)

Yy =

where

X = activity concentration of radionu.lides at the plume centerline at
a distance x from the source (Ci/m3)

Q' = decay-corrected release rate (Ci/sec)

Q
"

Gaussian diffusion coefficient for the horizontal direction

Gaussian diffusion coefficient for the vertical direction

Q
"

U = average wind speed at the 10 m level (m/sec)
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y = horizontal dispersion coefficient (m)
z = vertical dispersion coefficient (m).

The horizontal and vertical dispersion coefficients are a function of
atmospheric stability and distance from the release. Figures A.2 and A.3 are
experimentally generated curves used for obtaining numerical values for o and
0., respectively (Gifford 1968). Stability class is determined from Tabl¥ A.8,
The decay-corrected release rate, Q'- must he estimated by plant personnel
based on plant radiation instrument readings or other methods (EPA 1980). The
correction for radioactive decay while the plume is travel‘ng from the release
point to the receptor point is:

Q'; = Q; exp (- A;t) (13)
where
Q'; = decay-corrected release rate at time t (li/sec)
Q; = release rate of radionuclide species * at the source (Ci/sec)
x; = radionuclide decay constant for nuclide i (8r”1)

ot
"

?ra?sit time for plume travel from release poini %o receptor site
hr).
The decay constant for a radionuclide is based upon its half-life:
. In2
where
A. = radioactive decay constant for nuclide i (hr'})

1

Ti = radioactive half-life of nuclide, i, (hr).
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TABLE A.8, C(lassification of Atmospheric Stability by
Temperature Change with Height (NRC 1980b

Change in Temperature

Stability Pasquil? (AT) with Change in
Classification Categories  Height (Az), °C/100 m
Extremel unstable A AT/4z s -1.9
Moderately unstable B -1.,9 < AT/Az § -1,7
Slightly unstable C -1.7 < AT/8z 5 -1.,5
Neutral D -1.5 < 4T/8z 5 -0.5
Slightly stable E -0.5 < AT/Az s 1,5
Moderately stable F 1.5 < AT/8z 5 4.0
Extremely stable G 4.0 < AT/Az

For Elevated Releases:

For an elevated release, the plume centerline concentration can be
calculated using:

' 2
¥ 5wl exp !—? (15)
ro o U o
y 2 z
where
X = activity concentration of radionuclides at the plume centerline at
a distance x from the source (Ci/m?®)
Q' = decay-corrected release rate (Ci/sec)
oy = Gaussian diffusion coefficient for the horizontal direction
. » Gaussian diffusion coefficient for the vertical direction
U = average wind speed at the 10 m level (m/sec)
h = etfective stack height (m),



Figures A.4, A.5, and A.6 show plots of normalized ground-level average
concentrations for effective source heights of 10m, 30m, and 100m respectively
(Hilsmeier and Gifford 1962).

The normalized ground-level average concentrations for a discrete effec-
tive stack height can be used as follows:

2 '
1 h
ks e () §

Z Oz

where

2 5\
- i exp - !Z' is the normalized ground-level average
% % o, Jconcentration for effective stack height h.

Example

Plant stack effluent monitors indicate that noble gases are being released
at a rate 3 Ci/sec from a 100-m high stack. Calculate the radionuclide concen-
tration at the plant boundary 1 km downwind from the stack.

The source of the noble gases is a waste gas decay storage tank contain-
ing Kr-85 (half-life 10,72 yr?, Xe-131m (11.92 d), and Xe-132 (5.25 a). For
adverse meteorology, the wind speed is assumed to be low (1 m/sec) and the
atmospheric stability class is slightly unstable to moderately unstable as
determined from the lapse rate method (see Table A.8). From Figure A.6, the
normalized ground-level average concentration for a source height of 100 m is
about 1,5E-5 at a downwind distance of 1 km., Assuming an adverse wind speed
of 1 m/sec and an effective source height of 100 m, the concentration of long-
Tived noble gases at the ground-level is:

2 )
1 h
L vo o, °XP "( 2‘) 8-
y 2 9,

therefore,
¥ = 1.56-5 % = 4,5E-5
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For Additional Centerlire Values:

To determine additional centerline concentrations, the following formula

can be used (EPA 1980):
Id x
D, » D, [ < (16)
2 1 3;

where
D, = concentration 2t known distance d..
D, = concentration at new distance d,.
X = function of atmospheric stability class ranging between 1 and 2,

The exponent X 5 a function of atmospheric stab‘lity class observed at the
release point:

Stability Class Value of X

A&B 2
CebD 1.5
E&LF 1

For 0ff-Centerline Values:

Field calculation for concentrations on a line horizontally perpendicular
to the plume centerline are useful for determining the plume boundary. By
assuming a Gaussicn distribution of radionuclide concentrations for points
perpendicular to the centerline, the following formula can be used to
calculate off-cen’erline values:

2
a, = A, exp - (*;—) (17)

y

o
-
"

activity concentration of radicruclide i at perpendicular distance y
from the centerline position {Ci/m3)

>
"

i ?ctivggy concentration of radionuclide i at the centerline position
Ci/m

perpendicular distance from the centerline (m)

-
"

horizonta! diffusion coefficient at the centerline (m).

Q
"
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2. Simple Offsite Dose Calculation Method

Procedure: If the noble gas and iodine release rates in curies per second have
been measured, calculated or estimated ind the stability class and wind speed
are known, then the following form can be completed using the dose factors from
Table A.9.

Note: The dose conversion factors give dose rates in units of mrem/hr,

TABLE A.9, Offsite Dose Ca]cuiat{ons. mrem/hr per Ci/sec
Stability Class A

Wind Speed Groups, mph

Range >0 to 2 >2 to & > to 9 >9 to 18 >18 to 36
Miles WB THY w8 THY wB THY wB THY wB
1 1.25 2990 0.416 998 0.208 499 0.104 250 .052 125
2 0.668 1600 0.223 534 0.111 267 0.0556 134 .0278 66.8
5 0.360 863 0.120 288 0.0599 144 0.0300 71.9 015 36
10 0.360 863 0.120 288 0.0599 144 0.9300 7.9 015 36

Stability Class B
Wind Speed Groups, mph

Range >0 to 2 >2 to & > to 9 9 to 18 >18 to 36
Miles WB THY w8 THY w8 THY WB THY w8
1 8.9 21400 2,97 7120 1.48 3560 0.742 1780 AN 890
2 2.26 5410 0.752 1800 0.376 902 0.188 451 094 226
S 0.388 932 0.129 mn 0.065 155 0.032 77.6 016 38.8
10 0.360 863 0.120 288 0.059 144 0.030 7.9 .015 36.0

Stability Class C
Wind Speed Groups, mph

Range >0 to 2 >2 to & > to 9 >3 to 18 >18 to 36

Miles w8 THY wB 1HY w8 THY w8 THY w8 THY
1 22,5 54100 7.51 16000 3.75 9010 1.88 4510 .939 2250
2 6.54 15700 2.18 5240 1.09 2620 0.545 1310 273 €54
5 1.25 3000 0.817 1000 0.208 500 0.104 250 .052 125
10 0.468 1120 0.156 374 0.078 187 0.039 93.6 .020 46.8
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TABLE A.9. (contd)
Stability Class D
Wind Speed Groups, mph

>2 to & >4 tC 9 >9 to 18
WwB THY w8 THY w8 THY
15.4 376+ 9.14 2,264  5.80 1.3E+4
6.31  1.56+4  3.51 8410 1.9 4710
1.83 4500  0.964 2310  0.511 1230
0.70 1680  0.36 863  0.186 846
Stability Class E
Wind Speed Groups, mph
>2 to & > to 9 >9 to 18
w8 THY w8 1Y w8 THY
23.5 5.7+ 15,9 3.8E+4  10.2 2.5E+4
11.0 2.7F+4  6.73 1.6E+4  4.05 9710
31.87 9280 2.15 5150 1.18 2840
1.69 4050  0.897 2150  0.475 1.80
Stability Class F
Wind Speed Groups, mph
>2 to & >4 to 9 >9 to 18
wB THY wE THY L THY
42 1645 3 7.4+ 19,5 4.SE+4
21.3 5.1E+4 14 3.8+ 8.3 26+4
8.5 26+4 5.0 1.2644 2.9 6660
4.0 9670 2.2 5300 1.2 2840
Stability Class G
Wind Speed Groups, mph
>2 to & >4 to 9 >3 to 18
wB THY wB THY wB THY
65.3 1.6645 57 1.4E+5 31 7.4E+4
37 B.9E+4 28 6.76+4 17 4§ ,0FE+4
17 41644 11 2,76+ 6,3 1.56+4
9.2 2.26+4 5.4 136+ 2.9 6980
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3. Dry Deposition Calculations:

Dry deposition depletes a plume's activity concentration as a function of
distance irom the source and atmospheric stability for both ground and elevated
releases. Figures A.7, A.8, A.9, and A.10 indicate the fraction of the activ-
ity concentration remaining in the plume as a function of distance and Pasquill
stability class for ground-level and elevated releases of height 30 m, 60 m,
and 100 m, respectively.

One method of calculating the deposition of radionuclides per unit area
utilizes a relative deposition rate (m !) term. This term describes the frac-
tional amount of radionuclides deposited per meter as a function of downwind
distance and atmospheric stability. The relative deposition rate (m™!) can be
calculated from the deposition rate of the radionuclides per unit downwind
distance (Ci/sec-m) divided by the source strength (Ci/sec)(NRC 1977)., The
relative deposition rate (m™!) is presented in Figures A,11, A.12, A,13, and
A.14 as a function of downwind distance and Pasquill stability class for
ground-level and elevated releases of height 30 m, 60 m, and 100 m,
respectively.

The average rate of deposition of radionuclides at a downwind distance
(Ci/sec-m2) can be calculated using the relative deposition rate (m™!) term,
This average rate of deposition assumes uniform concentration and deposition
across the plume at a given downwind distance. Statistically, 2 simpie cor-
rection can be made if the maximum or centerline is assumed to be a factor of
three greater than the average. Using the appropriate relative rate of deposi-
tion value obtained from a figure (A.11-A.14), the widti. of plume at the down-
wind distance, and the decay-corrected activity concentration of the source
term, the average rate of deposition of the radionuclide in the source term
can be calcuiated. The effective plume width can be determined from Fig-
ure A2, It is the lateral distance, Oy multiplied by 2.5. Therefore:

4 = SQ; (18)

where
d, = average rate of deposition of radionuclide i (Ci/m2-sec)
R = relative deposition rate (m™!)
W = appropriate plume width (m)
Q'i = decay-corrected source strength of radionuclide i (Ci/sec).

The activity of the radionuclides deposited on the ground per unit area
(Ci/m2) can be calculated if the duration of plume passage is known. The cal-
culation of the activity deposited is based upon average rate of deposition
which is a function of downwind distance, atmospheric stability, and release

haight. The equation assumes a constant concentration and deposition rate for
the duration of cthe plume. Therefore:
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0, = d, (At). (19)
where ‘

D, = artivity of radionuclide, i, deposited on the surface of the ground
wuring plume passage (Ci/m?)

d. = average rate of deposition of radionuclide, z (Ci/m?-sec)

i
At = duration of pluwe passage (sec).
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Example

Radionuclides are released to the atmosphere from a reactor vent at an
effective release height of 30 m, The Pasquill stability class is neutral (D)
and the wind speed at 30 m is 5 m/sec. Afi.~ five (5) hours of continuous
venting, the vent is closed and the release termina*es. During the release
the concentration of elemental iodine in the effluent remained constant and
the release rate was 1 Ci/sec. Calculate the concentration (Ci/m?) of ele-
mental iodine on the surface of the ground at a distance of 10 km €frum the
plant 6 hours after the release starts. Assume that no appreciable decay of
radioiodine occurs during the € hour time period.

The time required for the plume to travel 10 km is about 33 minutes.
Therefore, the plume has completely passed over the measurement location at
the time of the measurement. From Figure A,12, the relative deposition rate
(m!) for a 3 m releae at a distance of 10 km from the source is 8E-6 m ',
From Figure A.2, the ‘ateral diffusion distance o_ is about 550 m for neutral
stability at a distance of 10 km. Because there 4s no appreciable decay, the

decay corrected release rate, Q' (Ci/sec), is equal to the release rate
Q(Ci/sec). Therefore, from Equation 18, the average rate of deposition is:

-1
d; = 5 Q' = %%%i%rgsﬁlaT (1.0 %%E = §5.8E-9 Ci/sec-m2

where
R = BE-6 m !
W=2,5 Jy = (2,5)(550 m)
Q' = 1.0 Ci/sec.

The activity of iodine deposited on the ground per unit area (Ci/m?) as a
result of the plume is:

D d, bt = (5.8E-9 Ci/sec-m?) (5 hr) (3600 PEC) = 1.0E-4 Ci/m? = 100 uCi/m?

where
a; = 5.89€-9 Ci/sec-m?
At = (5 hr)(3600 sec/hr)
An alternative method for calculating the average deposition rate (Ci/sec-

m?) is to multiply the concentration of radionuciides in air by the deposition
velocity and to integrate over the time period of plume passage:

-y
= 7 U Y
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where

—%— = relative concentration factor (sec/m3)

Q1 = decz corrected releace rate of radionuclide i (Ci/sec)
V; = Deposition velocit: of radionuclide i (m/sec).

Dose From Averace Ground Deposi“ion: For the first day or two after a plume
has deposi*ed jocines, cesiums, and noble gas particulate daughters on the
ground, an approximate whole-body dose rate estimate can be made using the
following formula:

WB Dose Rate (mR/hr) = (3,.06-9) X (Ground contanination in pCi/mz) (20)

4, Xet Deposition Calcul stions:

W=t deposition or precipitation removes radionuclides by two processes,
washout and rainout., Washout occurs when particulates below a cloud are
removed from the plume by ‘mpaction by falling rain or snow. Rainout occurs
when particulates are mixed vith a rain c'oud prio» to precipitation and are
removed in droplets of moisture that form on the particulates. At most plant
sites, precipitation amounts vary sea.onally, Consequently, the Tikelihood of
precipitation and the consequences of wet deposition should be considered in
the preparation of acc'dent scenarios. Wet depocition can be a significant
environmental and recovery concern at plant sites where a well-defined rainy
season corresponds with the grazing season of local stock animals (NRC .977).
For scenarios, the occurrence of precipitation can be simulated just ac wind
speed, direction, and stability class are scenario parameters,

The basic equations for wet deposition effects are based on the exponen-
*al deplition models for washout and rainout proces.es given respectively as:

L gt
X Koe (21)

where

X = radiovuc)ige concentration in a plume after washout (Ci/m?)
X, = radionuclide concentration ‘n plyne after rainout (Ci/m?)
= initial radionuclide concentration (Ci/m?)
washout removal rate (sec™!)
= rainout removal rate (sec”!)
= time of precipitation (sec).

o T DO -
"
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The washout removal rate is dependent on raindrop size, d stributio. &nd
plume particle size (Brank and Vogt 1981). In the Reactor Safety Study 'USNRC
19752. a washout removal rate of 10°“ se:"! for stable cond?t‘ons ard 1073
sec ' for unstable conditions was used. Calculations of the ~ainout removal
rate is complex and are reviewed in Brenk and Vcgt (1968).

ENVIRONMENTAL DATA

Sampling and monitoring activities in an area downwind from the release
point should simulate actions that would be taken during an actual emergency,
Typically, radiation monitoring teams would be deployed to make instrument
measurements at selected offsite locations downwind from the nuclear power
plant, During the exercise, meteorological data can be used to guide radia-
tion monitoring teams to 1) locate the plure centerline and plume front, and
2) make periodic measurements of airborne concentrations of noble gases, vege-
tation, and ground water in and around the ingestion exposure pathway to deter-
mine the levels of radioiodine and radicactive particulates on the ground.
Such data and sample collections help to establish an exposure rate pattern
useful for protecting the general population in the anticipated path of the
radioactive plume,

Air sampling in and around the plume is necessary to determine the pre-
sence of radioiodine and particulate radiation. Direct radiation measurements
using ion chamber survey meters should also be made to determine the presence
of noble gases. Therefore, both air sampling equipment and instrumentation
for measuring ‘eta-gamma exposure rates are essential for determining con-
tamination levels and projecting doses. Preparation for an exercise should,
therefore, include the generatior of data for airborne concentrations, open-
and closed-window (beta plus gamma versus gamma) fonization chamber readings,
and surface contamination levels,

Exposure rate and radiological cample information can be generated to
provide simulated instrument readings in the field during the exercise. The
sample exposure rate information presented in Table A,10 is estimated for vari-
ous times and locations within the plume exposure pathway. The radiological
sample information presented in Table A.1. is generated for locations that are
considered to be in the ingestion exposure pathway (NRC 1980a)., For the plume
?;go:u;eEg;thway. the data should be generated for locations within the 10-mile

m .

gnvironmenta1 data can be estimated by converting airborne activity
(Ci/m*) and ground deposition activity (Ci/m?) to instrument readings and
sample results, Instrument readings are in units of R/hr (or mR/hr), counts
per minute (cpm), and counts per channel per second, The airborne concentra-
tions of noble gases can be converted to survey instrument readings using
methods described in the Manual of Protective Actinn Guides and Protective
Actions for Nuclear Incidents . In oruer to ensure consistency, the
environmental data projected for the scenario must be coordinated carefully
with the planning of the main scenario sequence,
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Refined data such as uCi/cc and Ci/m? should be provided for use by con-
trollers to evaluate the results obtained by players. Refined data also allows
controllers to recognize and compensate for erroneous player actions which
might adversely affect the course of the scenario.

The sections which follow will discuss the calculation of exposure rates
from exposure to a radioactive plume, the conversion of air and surface con-
centrations into meter readings, and the generation of data for reeatry and
recovery,

1. Calculation of Exposure Rate

[f the gamma exposure rate from a semi-infinite cloud or airborne noble
gases is to be determined as a function of time and distance from the source,
then the following -ocedure can be used:

(1) Determine the concertration of noble gases in the air as a function of
time using equations (12) or (15) and Figures A.2 and A.3,

(2) Calculate the exposure rate (uR/hr) using equaticn (7) and Table A 12,
Thus:

. N Mo
0= ] D, = ‘{1 207 (E4)(Xy)

! 4

where

o
n

total gamma exposure rate (mR/hr) from noble gases

.
W

§ = gamma exposure rate (mR/hr) from ith radioruzlide

P -
"

; = concentration of radionuclide i in the air (Ci/m?)

s
-

average gamma-ray energy per disintegration radionuc)ide 1 (MeV)

=
"

number of noble gases.

Average gamma-ray energy per disintegration ratios are listed in
Table A,12 for noble gases and radionuclides. The radionuclide source term
information is representative of inventories present in 1000 MWe (3200 Mwt)
1ight water reactors during operation (Pasmussen 1980)., The relative concen-
tration of radionuclides in the core of the reactor and in radioactive efflu-
ents can vary with time following shutdown because of radioactive decay as
indicated in Table A,13, A gamma dose rate to noble gas concentration in air
ratio was calculated (EPA 1980) as a function of time following shutdown. The
effect of the decay time on the conversion ratio rem/hr to Ci/m? is shown in
Takle A,14, For gamma exposure, the anproximation that IR = 1 rem is re.son-
ab:e fons.d¢r1ng the range of uncertainties involved in the conversion ratio
calculation.



TABLE A.10. Exposure Rate Information
Plume Monitoring Data
Downwind Location - X/Q = 3,3E-9

Filter Sample Volume - 25 ft?
Instrument - RM-14 (HP210 Probe)

- R0-2, PIC-6
Particulate lodine Dose Rate Dose Rate
Noble Gas Filter Cartridge Window Open Window Closed
Time (net cpm) (net cpm) (net cpm) (mR/hr (mR/hy !
1230 -- 17 - 2.5 2.0
1245 20 40 14 5.0 4.0
1300 25 77 26 5.5 4.5
315 25 90 a0 7.0 5.0
1330 27 11C 54 7.5 §.5
1345 40 260 140 10 7.0
TABLE A.11. Radiological Samile Information
Ground Survey instrument Readings
Ingestion Monitoring Data
TFieTd Teams)
Sample Station - ESE 19¢c, Short Edge
Distance - 17.0 miles
Time - 1700 hours
Suil Vegetation
Depositior Count Rate Liquid Sample Smear Sample
Count Rate (cpm) 1.0 1b (cpm) 10 gal (cpm) 1.0 ft?
Instrument  Probe _(cpm) Sample Sample Smear
Mod;? HP240 9.0 x 102 5.3 x 102 80 2.6 x 103
El4
HP260 2.9 x 102 - .- 8.7 x 10?
HP210 3.2 x 107 - - 9.6 x 10?
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Nuc! ‘ae

BSKr
85my
87Kr
88Kr
133x'
133me
135!0
lasze
131I
132x
133
134
135

TAB'E A,17, Radionuclide Source Data (EPA 1979)

Average Beta Average Gamma

Energy per Energy per
Helf-Life Initial Disintegration Disintegration
__(hr) Inventory (108 Ci) E (MeV) (MeV)
9.4 x 10" 0.0056 0.251 0,0022
4,48 0.24 0.226 0.18
1.27 n.47 1.33 0.79
2.8 0.68 0,249 2.2
127 1.7 0.102 0.030
33,8 0.04 0.0 0.020
9.17 0.34 0.310 0.26
0.27 0.19 0.0 0.53
193 0.85 0.185 0.39
2,29 1.2 0.525 2,2
20,8 1.7 0.417 0.60
0.877 1.9 0.691 2.6
6.59 1.5 0.394 1.5

TABLE A,13., Noble Gas and lodine Inventory in the(g,lctor Core
and Containment as a Function of Time

Time After Total lodine Total Noble Gas

Shutdown Inventory Inventory
(hr) ~ (10® ¢1) (10® Ci)
0.0 7.2 3.7
1.0 5.6 3.4
2.0 4.7 3.2
3.0 4,1 3.0
4.0 3.8 2.9
6.0 3.2 2.8
12.0 2.4 2,5

(a) Based on the shutdown equilibrium core inventory
of a typical 1000 MWe (3200 MWt) power reactor
and zero containment leakage rate.
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TABLE A.14, PRatio of Noble Gas Gamma Dose Rate to Noble Gas
Concentration, RGC_, as a Function of Time After
Shutdown (EPA 1979

Time After RGC !!!L§£
Shutdown (hr) Ly

0 5.3 + 0?

1.5 5.0E + 02

2.5 4.3 + 02

3.5 3.7€E + 02

4.5 3.1E + 02

6.5 2.2E + 02

12.5 1.2€ + 02

Example

A loss-of-coolant accident (LOCA) releases noble gases, radioiodines, and
particulates to the atmosphere. The cumulative activity of noble gases
released after 1 hour is 3.1E7 Ci. After 4 hours, the cumulative activity is
8.4E7 Ci. The airborne radionuclide concentrations are dominated by the noble
gases during the time of plume passage over a location 10 km downwind from the
plant. The atmospheric <tability category is neutral (D) and wina speeds are
6 m/s at the effective release height of 100 m. Two hours after the LOCA %he
release rate of noble gases is about 6.0E3 Ci/sec at the effective release
height of 100 m. Calculate the centerline gamma exposure rate (mR/hr) at a
downwind distance of 10 km at about 2.5 hours after the LOCA,

Since the time required for the plume to travel a distance of 10 km is
about 0.5 hours, the decay of the noble gases is about 3% as indicated in
Table A.14, Therefore, plume reduction is negligible for noble gases during
the 0.5-hour time period. The normalizing facto~ for ground-level average
concentration of noble gases is about 3.0E-6 (n"l ot a distance of 10 m for
a neutral (D) atmospheric stability category (see Figure A.6). The
concentration of noble jases at the ground level is:

¥ = 3,066 ﬂl
where
¥
Q'
U
3.06-6

concentration of noble gases (Ci/m?)

release rate

wind speed (m/sec)

?org31izing factor for ground-level average concentration
n*

therefore



From Table A.14, the ratio of noble gas gamma dose rate to noble gas concen-
tration 2.5 hours after shutdown is 4,3E2 rem/hr per Ci/m®. The gamma expo-
sure rate is therefore:

rem/hr Ci R ¢
R = 4,3E2 x 33 I ox 1.0 o= =13 &

Ci/m m e

2. (Conversion to Meter Readings

Surface Contamination:

The conversion of area concentrations of radionuclides or the surface of
the ground tu survey instrument readin?s is based on the following equation
for a G-M counter with a metal tube wall thickness of 30 mg/cm? (Vallario
1974),

D

Where

R = G-M background reading at 0 to 5 em (100 counts/min)
D = ground deposition of radionuclides (uCi/m2)
F = ground contamination factor (uCi/m2 per 100 counts/min).

The area co centrations (Ci/m?) are estimated by using the method recom-
mended by the NRC in 1:111 (USNRC 1977) and described previously. The concen-
tration values obtained from Equations (VI-6) and (VI-7) need to be increased
by @ factor of 10E6 to yield Ci/m?-sec and Ci/m? values, respectively. The

round contamination factors of various radionuclides are given ‘n Table A.15,
he conversion ratio for radioiodine is about 1 Ci/m? per 100 counts/minute.

A comparison of survey readings obtained at the surface of the ground
with various instruments is presented in Table A.15, The G-M meter conversion
factors are the same as those given in Table A.17. The term "Minor Scale
Division" is intended to mean per 2 MR/hr. A summary of ground contamination
factors for survey meter readings with windows closed at a distance of one
meter (3 ft) above the surface is given in Table A.17. Note that the factors
are Ci/m? per 10° courts’/min. Equation (24) {s used for estimating exposure
rates at ground surface and at 3 feet above the surface,
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TABLE A,.15. Ground Surface Contamination chcls(') of Various
Nuclides Required to Yield 100 Counts/Min (net)
on a GM Meter (open window) (Vallario 1974)

F (uCi/m? per
Radionucide 100 Counts/min)
957r- 95N 6
14iCe 2
1317, 103Mp,  mived Ru-Rh (100 d old) (P |
‘OCO. .’Sr. QOSr. OOV' 137c‘. lbo‘.. |b°L.
1ebCe + lhupr’ 106Ry + letgh. mixed
radiofodines (1 hr to 1 week old),
mixed fission-products (100 d old) 0.3

(a) Level varies with background readings, ground roughness and
vegetation cover,

(b) Age refers to time since irradiation of the fuel from which
the fission products were released,

TABLE A.16, Summary of Ground Contamination Factors for Readings (Window
Open) at Surface [(Vallario 1974)
uCi/m2Per Minor

Scale Division (a) wCi/m?per 10° tountslltn)
Radionuc)ides A4 Juno GM Meter Window Open

60, 895p, 90§p, 90y,

‘~OL.. IBOB.,IBOL., l“‘u.
16bCe-144pr, Mixed Ce-Pr,
131, 1327g.2927 133] 136y
1351 mixed fodines (1 h - 1
week) 106Ry-106Rh Mixed FP

(s 100 days) 15 5 yle)
952r-Nb 30 10 60
103Ry-Rh 7% 30 15
Mixed Ru-Rh (¢ 100 days) 75 3¢ 15

ia 2 mR,

b) Tube wall thickness = 20 mg/cm?,

(¢) For I, use 10 instead of 3. For Ce, use 20 instead of 3.
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TABLE A, 17, Summary of Ground Contamination Facto“,for mdmr

(Window Closed) at 3 ft Above Surface'®’(Vallario 1974)
uCi/m? Per Minor uCi/m* per 10°
Scale Division (a) Counts/min, GM Meter,
Radionuc | 1des CP or Juno Window Open ')
90y 15 (all 8) oo
905,90y 30 (all &) -
106gy,. 106py 30 (mostly all 8) 130 (a1l v)
188Ce1%4Pr . mixed Ce-Pr
(¢ 100 days) '“'Ce 159 370
Mixed FP (100 days) '*?Te.
PO E TP ST 50 60

€%Co, '¥Cs, mixed fodines

(1 hr to ! week), '“OLa,

14081405 (¢ 100 days)

$52r-%5np " "
1311 1837 lkog, 103p,.

T63™ap Mixed Rh-Rh

(o 100 days) 1% "

(a) Total activity (uCi/m?) in cgse of mixtures.
(»5 Tube wall thickness 30 mg/cm®,

Exemple:

The surface concentration of elemental radiofodine is 107 uCi/m?. Cal-
culate the readings obtained at the surface with the windows open and at 3 ft
with the windows closed, From Equation (23) and Tables A.12 and A.13 the
readings on a CP and Juno meter are:

100 mR
CP meter reading at surface R = 2 =13
(window open) L F' hr
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Juro meter reading at surface R = 3&0} ? :':' = 40 e.

{window open)

CP and Juno readings at 3 feet R = lg% 2 :-: = 4 b‘-:

(window closed)

GM meter reading at 3 feet R= 12 1000 com = 6,170 cpm
Example:

From a previous example it was determined that the concentration of
radiotodine on the surface of the oround {s 10E-4 Ci/m*., Cstimate the GM
survev meter reading held <5 cm above the ground with the beta shield open.
From Equation (22) and Table A 10 the conversion factor is 100 cpm per Ci/m’

1.

of i3
-4 3 00 ¢
R= 10" Ci/m 107 uCi/CH -L—q- * 10,900 cpn
1 WCi/m !

Estimating the G-M survey meter reading for contam'nated vegetation
samples is important because herbage provides an exposurs pathway to man,
vegetation sample should be obtained from at ‘esst | m? of nd and equal
approximately 0.3 kg, The raviation reading in counts per ¥inute is obtained
from Equation (24).

R* ke (28)
where

6™ nadin? ninus Mcl?round readin
= concentration per kg of vegetation ?uC‘)/kq)
= conversion factor (100 counts/min per uCi/kg)

and c = %—-ﬂ (25)

where

L kel

total ground concentration (uCi/m?)

fraction of degusition on verut!on
density of vegetation cover (kg/w”),

0
f
4

The fraction of indine deposited on vegetation is about 0,25. Table A.18 pro-
vides the converiion factors for vegetation samples.
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TABLE A,.18. Typical G-M Survey-Meter Readings Probe
Inserted in the Center of a Large
Sample of Vegetation (Vallario 1974)

k (100 x Counts/Min

Nuclide Per uCi/kg)
895y, 905,420y 20
106p ,4106RH 50
1u0ga+140L, 10
1317 137C 4

Example:

From previous examples, it is estimated that the ground concentration of
radiofodine is 100 yCi/m2. The density of the vegetation cover is 0.3 kg/m?
of ground surface, If the fraction of iodine deposition on vegetation is 0,25,
then calculate the radiation reading in counts/minute. The concentration per
kg of vegetation is obtained from Equation (25):

2

¢ . 100 x 0.25 ,Ci/m

’ kg/m

= 75 yCi/kg
From Table A.1& the conversion factor for '3!] is 400 counts/minute per uCi/kg.
Therefore, the radiation reading is estimated from Equation (23):

R = 400 x 75

= 30,000 counts/minute

Air Sampling:
1f a silver zeolite cartridge is read in the field using a frisker type

instrument (e.g., Eberline RM-14) 1-131 air concentration values car be con-
verted to instrument readings using the following approximation:

cpm v 29!2%%!§§1!!! 1-131 Concentration (uCi/cc) (26)

where
cpm 18 counts per minute on frisker

Sample Volume is in cc or m)
Mote: Volume conversion factor: cc or ml = (2.864)(cubic feet)
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If the silver zeolite cartridge is measured using a survey instrument, the
formula below provides the approximate relationship between iodine concentra-
tion and dose rates for contact readings on an fodine cartridge for a 1.0 cubic
meter air sample.

mR/hr A lodine conc;g%ration uCi/cc (27)

If particulates are included in the chosen release for the scenario a rapid
evaluation of air contamination from beta/gamma emitters is sometimes made in
the field using a survey meter held in proximity to an exposed air filter
paper. A reasonable assumption for filter collection efficiency (80%) and GM
survey meter counter efficiency (2%) should be used. Table A.19, using these
assumptions, denotes detection limits versus operating time for a 10 L/minute
sample, Using these assumptions reasonable data can be generated for field
surveys of particulate filters,

TABLE A.19, Meter Readings on Air Filter Samples Versus Air
Concentrations (Vallario 1974)

Air Concentration Operating Time GM Hcter(‘) Reading at Surface

(uCi/m?) at 10 L/min of Filter (counts/minute)
1E-6 1 min 400
1€-7 5 min 200
1£-8 30 min 100
1E-9 4 hr 100

(a) Tube wall thickness = 30 mg/em?

3. Reentry/Recovery Information

Scenarios that contain objectives to demonstrate recovery and reentry
with the associated time lapse wi'l need to provide more field sampling data
to reflect the antiripated sampling occurring during the time lapse, If the
time lapse is long, then additional data could be provided to reflect the
extensive sampling and laboratory analysis that would be expected.

Data supplied for the reentry and recovery portion of the exercise should
be provided in a more refined form such as in units of wCi/cec or Ci/m, to
reflect the data processing during time lapse. Tables A.20 through A,22 pre-
sent eramples of data that may be necessary for reentry and recovery.
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TABLE A.20, Example of Populatica Displacement Information

for State and Local Agencies

At approximately 9:45 a.m., a number of rumors offsite prompted
some sporadic evacuation from severa! towns., It is estimated
that approximately 1500 people evacuated at this time. Some of
them are at hotels and are asking if they can be compensated.

Shortly after the siren actuation, several peop'e within the
two-mile area refused to leave and are still there,

At the time of radiocactive release, the wind was predominantly
in the NW (Sector Q) direction although at times it blew into
the NNW (Sector R),

The following towns were evacuated on Saturday and simulated

sending people to appropriate host communities (2-mile and S5-mile

downwind ) .
_ _TOWN HOST COMMUNITY PEOPLE SHELTERED
Rocktown Higby 2800
Midland Hawely 200
Village Essig 400
Adams Norwalk 385

4, Approximately 300 pregnant women evacuated,

5. It appears that 75% of the ovacuating{ zpopuhuoﬂ went to
friends, relatives or hotels outside the EPZ,

6. Routes 33 East in East Village and 16/33 North in Portland are
closed to traffic; Route 7 in Midland and Route 11 North in
Connel are closed; Route 8 East in Madison is closed and
Route 4 is being closed from Sternham and Marlow,

7. Recent reports indicate 100 to 200 people per hour are leaving
the 10-mile radius from non-affected towns; also, it is esti-
mated that as many as 4000 people have left the State.

8. It is being reported that other states will not accept ship-

ments of any milk from the local area farms,
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TABLE A.21. Examples of Field Monitoring Data for Recovery
Surface Contamination Levels in Sector R in Kil-z
Location I1-131 1-132 1-133 1-135 Cs-134 Cs-137 Te-132 Sr-89 Sr-90 mR/hr
R 3.53 1.88 7.05 3.57 7.0 £-1 3.62¢1 3.53 3.626-2 3.626-3 1.37
R2 8.8 & TIE-Y 1.76 8.93F-1 1.756E-1 9.05-2 8.8 9.05€-3 9.05€-4 0.383
R33N B.83E-2 & .51E-2 1.716-1 8.55¢-1 1.716-2 B.656-3 B.426-2 B.65E-% B .65E-5 0.035
RAD 8.39E-2 A MBE-2 1.68BE-1 ° 5V-2 1.676-2 B.626-3 B.36E-2 B.62E-A B.62E-5 0.033
R 5. 8.35¢-2 & ASE- 1.65E-1 B .ATE-Y 1.64F-2 8.58€-3 8.35€-2 8.57¢-4 8.57e-5 0.03
Field TLD Data
In Plant Plant Related
Direct Location Description Corrected Field Background Contribution Dose
SECTOR & Dist Town and Street Pole # Other UR/ e {hr) PR/ Wr UR/ e ~
L T L= TE=TY x BT000
ALY N .B» Cromwe! cp 8.0 n7 6.8 0.38
Road 10 656
A (D) N A Om East Village SNET 8.1 7 8.0 0.015
Green Rd. & Rte. 17 280
oM W .lm Onsite Fence 215155.7 37 13.7 931560
Boron Waste Tank
ety N Am Cromwel) AP, 34708.6 317 8.5 11000
Weldon Road Shelter

It is assumed that the TiDs were collected 24 hours after release termination and have been in the field since
April 30 at 0800.
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TABLE A.22. Examples of Dairy Sampling Data for Recovery

Cow and milk concentration 1 day after release termination uCi/l

Location 1-131 1-132 1-133 1-135 Cs-134 Cs-137 Te-132 Sr-89 Sr-90
N¥ 6 mi 4 1€E-4 2.2F-4 B.5E-4 4,17F-4 1.56E-4 B8.10E-5 3.81€-5 5.2€-7 5.4£-8
Phil Randle

NW 8.5 mi 1.0e-3 5.3E-4 2,073 1.01€-3 3.78eE-4 1,.98E-4 8.2€-5 1.27e-6 1,32€-7
Brook Dairy

NNW 13 mi 3.086-2 1.65E-2 6.0E-2 3.156-2 1.186-2 6.1E-3 2.56E-3 3.91E-5 4.05E-6
Preston Milk

NNK 15 mi 2.946-3 1.57E-3 5.9E-3 2,98t-3 1.126-3 5.8¢F-4 2.45€-4 3.71E-6 3.85E-7
Ernie Hampel

Dairy Cows Within 15 Miles of the Plant
Ks of Kpril 1983

Direction Distance Name No. of Cows
Nw 6 miles Phil Randle 30
NW 8.5 miles Brook Diary 75
NW 13 miles Preston Milk 32
NW 15 miles Ernie Hampel 29



lodine Concentration in Milk:

A method for computing the iodine concentration in milk is:
C(t) = !Do 1.86E - 2[exp(-0,114t)-exp(-0.90t)] (28)

where

C(t) = concentration in milk at time t (days) after event
1 = daily forage consumption by the cow (kg/day or m?/day)
D, = fnitial activity present on the forage (pCi/kg)

Notes: Assume that the average dairy cow eats about 50 m? of forage per day.
This formula is intended for primary use in projecting tne milk activity for
cows that are on contaminated feed on Day 1 of an accident and were then
removed to clean pasture. The formula would tend to fall apart if the cow
continued to eat the contaminated forage. Experts believe that the iodine

should start to show up in the milk within 12 hours after ‘ngestion of con-
taminated forage and the full affect will start to be seen in 24-48 hours.

Example:

1. Determine the total activity of radioiodine secreted into milk. Express
this as a fractfon of the first day's radioiodine intake by the cow.

2. Determine the fraction of first day's intake by cow delivered per liter
if cows were removed from pasture and fed uncontaminated feed 1 day, 2
days, and 1 week after the initial contamination.

Solution (1)--The first day's radioiodine intake by the cow is ID_ so
that the normalized equation is: v

1.86 x 107 [exp(-0.114t) - exp(-0.90t)]

The tota® secretion into milk is:

G -[ C(t)dt
« 1im 1.86 x 10°(loexp(-0.114¢) 1 - qsg;-0.9t)]

« 1.86 x 1072 [1/0.114 - 1/0.90] = C.14
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Solution (2)--The amounts that would be delivered if the cows were removed
from pasture after various time intervals are obtained by inserting specific
times into the above integral instead of the infinite upper limit. These
evaluations give:

Time Cows Removed Fraction of First Day's
From Pasture After Value of Time-Dependent Intake by Cow Delivered
Contaminating Event  Term (in Braces Above) by Delivered per Liter

1 day 0.286 5.31E - 02
2 days 0.861 1.60E - 22
7 days 3.71 6.91E - 07

Table A.23 gives some limiting activity releases for fodine:

TABLE A.23. Limiting Activity Releases Under Poor Meteorological
Conditions for PAG Doses of 5 rem (Wk) and 25 rem
(THY) for lodine

Dose Factor Source Term(‘) Ci) for:
isotope Pathway (R-m?/Ci-sec) 5 rem WB 5 rem THY
1-131 Milk 115,000 44 Sl

Inhalation 395 12,600 630
1-133 Milk 8280 600 30
Inhalation 174 28,800 1440

(a) Above source term figures represent the total curies veleased. The
very small numbers fur milk assume that the jodine is deposited on

one small field and eaten by one cow whose milk is consumed by one
person.

Thyroid Commitment Due to Inhalation of lodine: Table A.24 provides conver-
sion factors for computing Tifetime thyroid dose commitmert as a result of
breathing contaminated air at various times after reactor trip (activity fs in
pCi gross iodine - not D.E 1-131):
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TABLE A.24. Conversion Factors for Computing
Lifetime Thyroid Dose Commitment

Time After Trip Dose Factor

< 6 hours 8.0 E-4 mrem/pCi ‘nhaled
~ 12 hours 2.0 E-3 mrem/pCi inhaled
~ 24 hours 2.5 E-3 mrem/pCi inhaled

€imple Thyroi< Dose Rate Formula (assumes that all fodine is I-131):
DR (Thyroid) = (1.85€+6) (1-131 Concentration) 129)

Where thz dose rate is in rem thyroid commitment per hour in the concentra-
tion, and concentration i¢ in uCi/cc or Ci/m3,

Radiological Doses Due to Liquid Releases:

The formulas below provide a rough estimate of the doses to personnel
swimming in or beating on contaminated waters such ac a lake or strcam receiv-
ing effluent discharge from a plant.

Dose rate (rem/hr) = (Q) (CF) (30)
where

Q = Gross radicactivity measured in the lakc or stream in uCi/m)
CF = Conversion factor in (rem-ml/uCi-hr),

The conversion factor in Table A.25 takes into account the geometry and
type of exposure (i.e., whole body or skin).

TABLE A.25, Conversion Factors for Swimming or in Boating
on Contaminated Water

Type of Activity Dose Rate of Concern Conversion Factor
Swimming Whole Body 7.8
Swimming Skin 9.3
Boating Whole Body 3.96

In cases where the activity concentration has not bheen monitored directly
in the body of water, an estimate can be made. For example, a dilution factor
of 10 might be appropriate if a liquid ¢ischarge of several hundred gallons
per minute were occurring to a lake for the area within a few hundred yards of
shore.
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Example:

A radwaste discharge has resulted in lakewater contamination of
0.5 uCi/mL. A man was known to be swimming in the lake for about two hours
after the contamimation occurred. What ic his calculated dose to the whole
body?

Dose rate = (0.5 uCi/mL) (7.8 rem-mL/uCi-hr) = 3.9 rem/hr
Dose = (3.9 rem/hr) (2 hours) = 7.8 rem Whole-Body Exposure
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