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FORWARD

Revision 1 to NUMARC/NESP-007 presents the methodology for
development of emergency action levels as an alternative to
NRC/FEMA guidelines contained in Appendix 1 of NUREG-0654/FEMA-
REP-1, Rev. 1 "Criteria for Preparation and Evaluation of
Radiological Emergency Res,onse plLans and Preparedness in Support
of Nuclear Power Plants,” October 1980 and 1C CFR 50.47 (a)(4).
Revision 1 incorporates improvements for clarification and also
incorporates errata from the original document. These revisions
are highlighted by & vertical bar in the right margin. The
Appendices included in the original have been dropped from this
revision as being no longer needed.

NRC has indicated its intent to draft a revision of Regulatory
Guide 1.10]1 stating that licensees may utilize tha NUMARC EAL
methodology (modified by any possible NRC exceptions) as an
alternative which may be used in place of the existing NUREG-0654
Appendix 1 classification scheme.

If 1t is concluded upon completion of the tasks associated with
plant shutdown conditions that added guidance will further improve

emergency action level classification, a future revision will be
provided.
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EXECUTIVE SUMMARY

Nuclear utilities must respond to a formal set of threshold conditions that reguire
plant personnel to take specific actions with regard to notifying state and iocal
governments and the public when certain off-normal indicators or events are
recognized. Emergency classes are defined in 10 CFR 50. Levels of response and tne
conditions leading to those responses are defined in a joint NRC/FEMA guidelines
contained in Appendix 1 of NUREG-0654/FEMA-REP-1, Rev. 1, "Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and Preparedness in Support
of Nuclear Power Plants," October 1980.

The nuclear utility industry has had over eight years of experience in adapting
these NRC guidelines, which have been a good beginning, to specific plant
configurations, using them both in exercises and under actual emergency conditions.
As a result, a number of improvements have been fdentified as NUREG-0654, Appendix ]
guidelines have been applied in the development of plant Emergency Action Levels
(EALs). The purpose of this study is to re-evaluate EALs in the context of utility
operating experience.

The study develops a systematic approach and supporting basis for EAL development.
This methodology develops a set of generic EAL guidelines, together with the basis
for each, so that they can be used and adapted by each utility on a consistent
basis. The review of the industry’s experiences with EALs, in conjunction with
regulatory considerations, was applied directly to the development of this generic
set of EAL guidelines. The generic guidelines are intended to clearly define
conditions that represent increasing risk to the public and can give consistent
classifications when applied at different sites.

The guidance presented here is not intended to be applied to plants as-is. It is
intended to give the user the logic for developing site-specific EALs (i.e.,
instrument readings, etc.) using site-specific EAL presentation methods (formats).
Basis information is provided to aid station personnel in preparation of their cwn
site-specific EALs, to provide necessary information for training, and for
explanation to state and local officials. In addition, state and local requirements
have not been reflected in the generic guidance and should be considered on a case-
by-case basis with appropriate state and local emergency response organizations. It
is important that the NUMARC guideline EALs be treated as an integrated package.
Selecting orly portions of this guidance for use in developing site-specific EALs
can lead to inconsistent or incomplete EALs.

fach Task Force utility member provided copies of their plant Initiating Conditions
(I1Cs) and EALs, taken from the Emergency Plan Implementing Procedures (EPIPs) for
each of their nuclear power stations. Additional plant ICs and EALs were obtained
through NUMARC. The total sample reflected in the study includes 26 plants,
representing 16 utilities. The study reviewed at Teast one PWR and one BWR in each
NRC region, and obtained examples of EALs for as many variations of plant and
containment designs as possible. A1l four commercial 1ight water reactor suppliers
are represented. Utility EALs reviewed by the Task Force are summarized in Table |
of this report.



The EAL analysis included results of interviews with nuclear industry professionals
who have had experience in the development and use of EALs: nuclear plant operating
personnel, emergency response support personnel, and emergency planners. The Task
Force developed a detailed questionnaire to be sent in advance to the selected
utilities and used as the interview guide. These interviews were completed in
September 1988. Utility affiliation of interviewees is noted in Table 1 of this
report.

The results of these interviews are summarized in Table 2 of this report.

The Task Force conducted a careful review of the relevant parts of 10 CFR 50, and
how the re?utations were interpreted in two NUREG documents that have dealt
specifically with EALs: NUREG-0654/FEMA-REP-1, "Criteria for Preparation and
Evaluation of Radiologica)l Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants”; and NUREG-0818, "Emergency Action Levels for Light Water
Reactors". This review of the pertinent regulatory documents was performed as a
basis for developing or reinforcing key definitions. The review led to the
conclusfon that the current regulatory structure was not an impediment to the
development of the appropriate EALs. Rather, the detailed guidance currently in
place could be enhanced. In addition, alternate schemes such as a new or parallel
emergency classes were examined, as well as the French Severity Scale. These were
rejected as duplicating existing regulations, or requiring substantial revisions of
existing regulations with minimal added benefit.

Based on the above review of regulations, review of common utflity usage of terms,
discussions among Task Force members, and existing published information, the
fellowing terms were defined by the Task Force:

« Emergency Class
« Initiating Condition (IC)
« [Emergency Action Level (EAL)

Under the current implementation of emergency classes, every "Unusual Event” that
currently is being reported is considered by many to be a nuclear accident, no
matter what explanation s provided. The current implementation of the NUREG-0654
guidelines may not foster public understanding.

The Task Force reviewed the advantages and disadvantages of symptom-based, barrier-
based, and event-based ICs and EALs and found that each type had application over
the plant technical specification operating modes. This is {1lustrated by Figure |
of this report.

Although the basic concerns with barrier integrity and the major safety problems of
nuclear power plants are similar across plant types, design differences will have &
substantial effect on EALs. The major differences are found between a BWR and 2
PWR. In these cases, EAL guidelines unique to BWRs and PWRs must be specified.

Even among PWRs, however, there are substantial differences in design and in types
of containment used. There 1s enough commonality among plants that many ICs will be
the same or very similar. However, others will have to match plant features and
safety system designs that are unique to the plant type or even to the specific
plant.

The Task Force identified eight characteristics that were to be incorporated inte
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model EALs. These were:

(1)Consistency (1.e., the EALs would lead to similar decisions under similar
circumstances at different plants);

(2)Human engineering and user friendliness;

(3)Potential for classification upgrade only when there is an increasing threat to
public health and safety;

(4)Ease of upgrading and downgrading;

(5) Thoroughness in addressing, and disposing of, the issues of completeness and
accuracy raised regarding NUREG-0654, Appendix 1;

(6) Technical completeness and appropriateness for each classification level;
(7)A Togical progression in classification fer combinations of multiple events;
(8)0Objective, observable values.

The Task Force concluded that the EAL development procedure 1s much easier to
understand 1f 1t can be visualized as a matrix. Figure 2 of this report presents
such a matrix, with the column headings as emergency classes and the rows as I(s.

Using the concept of an IC/EAL Matrix and recognizing that there are thresholds
between emergency classes, it then becomes important to define the emergency classes
so that proper thresholds can be determined. There are three considerations related
to emergency classes. These are:

(1)The potential impact on radiological safety, either as now known or as can be
reasonably projected;

(2)How far the plant {1s beyond its predefined design, safety, and operating
envelopes; and

(3)Whether or not conditions that threaten health are expected to be confined to
within the site boundary.

Thus, higher emergency classification represents higher risk.

The Task Force then reviewed upgrading and downgrading and makes the following
recommendations:

UPGRADING - The best approach is basing the emergency class on the highest EAL
reached with appropriate consideration for Emergency Director judgement. Properly
structured EALs, which include equivalent risk, will appropriately escalate to 2
higher emergency class.

DOWNGRADING - A combination approach involving going to recovery from General
Emergencies and some Site Area Emergencies and termination from Unusual Events,
Alerts, and certain Site Area Emergencies causing no long-term plant damage appears
to be the best choice. Downgrading to lower emergency classes zdds notifications but
may have merit under certain circumstances.
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The Task Force examined human factors considerations and has the following
recommendations:

LEVEL OF INTEGRATION OF EALs WITH PLANT PROCEDURES - Visual cues in the plant
procedures that it is appropriate to consult the EALs 1s a method currently used by
several utilities. This method can be effective when it is tied to appropriate
training. Notcs in the appropriate plant procedures to consult the EALs can also be
used. It should be noted that this discussion 1s not restricted to only the
emergency procedures; alarm recognition procedures, abnormal operatin$ procedures,
and normal operating procedures that apply to cold shutdown and refueling modes
should also be included. In addition, EALs can be based on entry into particular
procedures or existerce of particular Critical Safety Function conditions.

METHOD OF PRESENTATION - The method of presentation or format of EALs should be one
with which the operations and health physics staff are comfortable. As is the case
for emergency operating procedures, bases for steps should be in a separate (or
separable) document suitable for training and for reference by emergency response
personnel and offsite agencies. Each nuclear plant should already have presentation
and human factors standards as part of its procedure writing guidance. EALs that
are consistent with those procedure writing standards (in particular, emergency
operating procedures which most closely correspond to the conditions under which
EALs must be used) should be the norm for each utility.

SYMPTOM-BASED, EVENT-BASED, OR BARRIER-BASED EALs - The Task Force recommends use of
a combination approach that ranges from primarily event-based for Unusual Events to
primarily symptom- or barrier-based for General Emergencies. This is to better
assure that timely recognition and notification occurs, that events occurring during
refueling and cold shutdown are appropriately covered, and that multiple events can
be effectively treated in the EALs.

Based on the information gathered and reviewed, the Task Force has developed generic
EAL guidance. Because of the wide variety of presentation methods (formats) used at
different utilities, the Task Force believes that specifying guidance as to what
each 1C and EAL should address, and including sufficient basis information for each
EAL will best assure uniformity of approach. The information is presented by
Recognition Category:

« A - Abnormal Rad Levels/Radiological Effluent

« F - Fission Product Barrier Degradation

H - Hazards and Other Conditions Affecting Plant Safety
S - System Malfunction

Each of the EAL guides in Recognition Categories A, H, and S 1s structured in the
fellowing way:

« Recognition Category - As described above.

« Emergency Class - Unusual Event, Alert, Site Area Emergency or General
Emergency.

« Inftiating Condition - Symptom- or Event-Based, Generic Identification and
Title.
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« Operating Mode Applicability - Power Operation, Hot Standby, Hot Shutdown, Cold
Shutdown, Refueling, Defueled or All.

« Example Emergency Action Level(s) corresponding to the IC.

« Basis information for plant-specific readings and factors that may relate to
changing the generic IC or EAL to a different emergency class, such as for Loss
of A1l AC Power.

For Recognition Category F, basis information is presented in a format consistent
with Tables 3 and 4 in Section 5.0. The presentation method shown for Fission
Product Barriers was chosen to clearly show the synergism among the EALs and to
support more accurate dynamic assessments. Other acceptable methods of achieving
these goals which are currently in use include flow charts, block diagrams, and
checklist tables.

The EAL Guidance has the primary threshold for Unusual Events as operation outside
the safety envelope for the plant as defined by plant technical specifications,
including LCOs and sction Statement Times. In addition, certain precursors of more
serious events suck as loss of offsite AC power and earthquakes are included in
Unusual Event EALs. This provides a tTear demarcation between the lowest emergency
class and "non-emergency” notifications specified by 10 CFR 50.72.
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ACRONYMS

AC Alternating Current

AEOD NRC Office for Analysis and Evaluation of Operational Data
ATWS Anticipated Transient Without Scram
B&W Babcock and Wilcox

BWR Boiling Water Reactor

CCw Component Cooling Water

CE Combustion Engineering

CECO Commonwealth Edison Company

CFR Code of Federal Regulations

CSF Critical Safety Function

CSFST Critica) Safety Function Status Tree
CP&L Carolina Power & Light Company

DC Direct Curvent

OHR Decay Heat Remova)

DoT Department of Transportation

EAL Emergency Action Level

ECCS Emergency Core Cooling System

ECL Emergency Classification Level

EOP Emergency Operating Procedure

EPA Environmental Protection Agency

EPG Emergency Procedure Guideline

EPIP Emergency Plan Implementing Procedure
EPRI Electric Power Research Institute
ERG Emergency Response Guideline

ESF Engineered Safeguards Feature

ESW Emergency Service Water

FEMA Federal Emergency Management Agency
FSAR Final Safety Analysis Report

GE General Electric

GPU General Public Utilities

HPCI High Pressure Coolant Injection
HPS1 High Pressure Safety Injection

IC Initiating Condition



LCO
LER
LILCO
LOCA
LPSI
MPC
MSIV
mR

NRC
NUE
NUMARC
OBE
ODCM
PSIG

RCIC
RPS
SBGTS
S6
SPDS
SRO
SSE
TVA
UE

WE
wOG
WPPSS

ACRONYMS (Continued)

Limiting Condition of Operation
Licensee Event Report

Long Island Lighting Company

Loss of Coolant Accident

Low Pressure Safety Injection
Maximum Permissible Concentration
Main Steam Isolation Valve
mill1iRem

Megawatt

Nuclear Regulatory Commission
Notification Of Unusual Event
Nuclear Management and Resources Council
Operating Basis Earthquake
Offsite Dose Calculation Manual
Pounds per Square Inch Gauge

Rem

Reactor Core Isolation Cooling
Reactor Protection System
Stand-By Gas Treatment System
Steam Generator

Safety Parameter Display System
Senior Reactor Operator

Safe Shutdown Earthquake
Tennessee Valley Authority
Unusual Event

Westinghouse Electric
destinghouse Owners Group
Washington Public Power Supply System
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1.0 METHODOLOGY FOR DEVELOPMENT OF EMERGENCY ACTION LEVELS

1.1 BACKGROUND

Nuclear utilities must respond to a formal set of threshold conditions that require
plant personnel to take specific actions with regard to notifying state and local
governments and the public when certain off-normal indicators or events are
recognized. Emergency classes are defined in 10 CFR 50. Levels of response, and
the conditions leading to those responses are dafined in joint NRC/FEMA guidelines
contained in Appendix 1 of NUREG-0654/FEMA-REP-1, Rev. 1, "Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and Preparedness in Support
of Nuclear Power Plants,” October 1980.

The nuclear utility industry has had over eight years of experience in adapting
these NRC guidelines, which were a good starting point, to specific plant
configurations, using them beth in exercises and under actual emergency conditions.
As a result, a number of improvements have been identified as NUREG-0654 Appendix |
guidelines have been applied in the development of plant Emergency Action Levels
(EALS).

fmergency situations have developed that were not contemplated when the guidelines
were written, leaving plant personnel without specific guidance to determine the
emergency class. In other cases, inconsistencies among the example initiating
conditions (ICs) that define a particular emergency class, and the broad range of
potential risks implied by the ICs within those bounds, have forced some utilities
to take inappropriate levels of emergency actions. Further, there are broad
variations in the way the NUREG-0654 guidelines have been applied by the different
utilities. There is a probability that two plants, faced with the same set of
:ond1tions. would arrive at different determinations of the level of emergency being
aced.

The potential of misclassifying an emergency aroxreal. Additionally, the industry
has had over eight years of experience in developing and using EALs. It is for this
reason that]NUMARC established a Task Force to conduct a "Re-evaluation of Emergency
Action Levels."®

1.2 TASK FORCE CHARTER

The purpose of this study is to re-evaluate EALs in the context of utility operating
experience. The nuclear industry has the hands-on experience with developing and
applying the regulations and regulatory guidance. Thus, nuclear utilities are in a
good position to evaluate EAL guidance and develop a comprehensive, generic set of
ALs.

The study develops a systematic methodology and supporting basis for EAL
development. This methodology is used to develop a set of generic EAL guidelines,
together with the basis, so that they can be used and adapted by each utility in 2
consistent manner. A review cf the industry’s experiences with EALs, in conjunction
with regulatory considerations, was applied directly to the development of a generic
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set of EAL guidelines.
1.3 STRUCTURE OF THE STUDY

The study was conducted in two phases. Phase ] activities included a review of the
regulatory basis for the current EAL structure; analysis of existing EALs from a
representative sample of nuclear power plant types, designs and locations;
determination of the strengths and weaknesses of current EAL approaches; and
development of a methodology for future EAL development. Phase Il developed generic
EAL g$1d¢11ncs that apply to both BWR and PWR plants along with a basis for each EAL
guideline.

The EAL analysis included results of interviews with nuclear industry professionals
who have had experience in the development and use of EALs: nuclear plint operating
personnel, emergency response support personnel, and emergency planner These
interviews were completed in September 1988.
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2.0 CURRENT EMERGENCY ACTION LEVEL USAGE
2.1  UTILITY CONCERNS

In order to get the EAL Study moving, the NUMARC Task Force heid a two-day kick-off
meeting June 8 and 9, 1988, at the NUMARC offices in Washington. The meeting
included representatives of the eight task force utilities and the NRC. Each of the
utility members provided an overview of the EAL process at their utility, including
background, methodology, strengths, weaknesses and pianned revisions. General
comments and concerns raised by the Task Force members inciuded:

« After eight years of operating experience, the time has come to revisit the NRC
guidance on EALs derived from 10 CFR 50 and promulgated in NUREG-0654 and
NUREG-0818, "Emergency Action Levels for Light Water Reactors,® October 1981.
For years, utilities have been upgrading their EALs. The industry therefore has
the experience necessary to conduct a thorough review of EALs and to propose
improvements to NUREG-0654, thus this study was ‘nitiated.

« ICs and EALs are defined differently; terms 1ike symptom, event, and
barrier-based ICs need to be defined and applied uniformly; some plants
integrate their Emergency Operating Procedures (EOPs) with their EALs, and some
do not; some plants have applied technical specification operating mode
considerations to their event classifications, some have not.

« NRC EAL guidance can easily be misinterpreted in EAL documents. Many initiating
conditions (ICs) have been misclassified, some ICs have not been classified at
411 and some events should not be classified as emergencies.

+ The notification requirements cf the "Notification of Unusual Event" and "Alert"
emergency classifications leave operations staff with 1ittle flexibility. As

EALs are presently constituted under these emergency classes, they can detract
_from plant operations.

« Each NRC Region’s inspectors interpret and apply EAL reguiations differently.
For example, whenever one utility’s NRC Hotline is down, this utility must
declare an "Unusual Event." However, other utilities in other regions declare
such events as a "reportable event."

2.2 SCENARIO APPLICATIONS

Following the utility overviews, several scenarios were presented to the Task Force
members to gauge the variability in EAL classification processes among the
utilities. The results of that exercise were as expected, with several utilities
identifying different emer?ency classifications from the same scenario data and
calling for different levels of emergency response.
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2.3 INITIAL DATA COLLECTION

Each Task Force utility member provided cupies of their plant ICs and EALs, taken
from the Emergency Plan Implementing Procedures (EPIPs) for each of their nuclear
power stations. Additional plant ICs and EALs were obtained through NUMARC. Tota)
sample reflected in the study includes 26 plants, representing 16 utilities.

2.3.1 Sample Characteristics

The study reviewed at least one PWR and one BWR in each NRC region, and obtained
examples of EALs for as many variations of plant and containment designs as
possible. Table 1 gives a summary of the units that have been examined and
entered into the study data base. The 26 stations consisting of 3B nuclear
units evaluated by the Task Force are Tocated in 14 states, throughout all five
NRC regions and in nine of the ten FEMA regions (only FEMA Region VIII 135 not
represented). The sample contains 15 PWR stations (22 units) and 11 BWR
stations (16 units). Among the PwWRs, there are 2, 3 and 4 loop plants. The
sample reflects all major PWR and BWR containment designs. A1l four commercial
1ight water reactor suppliers are represented: Babcock & Wilcox, Combustion
Engineering, General Electric, and Westinghouse.

2.3.2 Data Base Structure

This data base contains over 1750 ICs and EALs. Using dBase III Plus' the Task
Force was able to load these ICs and EALs and group and sort them according to
various plant and IC characteristics. The data base also allowed comparisons
among plants and utilities by IC category, operating mode, methodology and other
IC characteristics. For exampie, the Task Force was able to focus on the
impacts that plant technical differences have on IC development by indexing IC
categories with certain parameters (e.g., BWR and PWR reactors; number of steam
generators for PWRs; containment design; etc.). The data base also offers the
capability to organize these data easily for presentation. Each IC and its
associated EAL(s) make up one record in thz data base. Each record contains
several fields that help identify and describe the IC and EAL.

' dBase 111 Plus is a product of Ashton-Tate.
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TABLE 1

PLANT EAL INFORMATION EXAMINED IN THIS STUDY

OPERATOR

Arizona Public Service
CPaL

CP&L

CP&L

CECO

CECO

Consolidated Edison
Consumers Power
Consumers Power

Duke Power

Duke Power

Duke Power

GPU

GPU

Gulf States Utilities
1114nois Power

WCNOC

LILCO

Northeast Utilities
Northeast Utilities
Northeast Utilities
Northeast Utilities
Perinsylvania Power & Light
Public Service of New Hampshire
TVA

WPPSS

PLANT

Palo Verde
Brunswick
Robinson
Harris
Braidwood
LaSalle*
Indian Pt-2
Big Rock Pt
Palisades
Oconee
Catawba
McGuire
Oyster Creek
™I-1

River Bend*
Clinton
Wolf Creek*
Shoreham
Millstone-1
Millstone-2
Millstone-3
Conn-Yankee
Susquehanna*
Seabrook

REACTOR
TYPE

PWR (2 Toop)
BWR
PWR (3 Toop)
PWR (3 Toop)
PWR (4 Toop)
BWR
PWR (4 Toop)
BWR
PWR (2 Toop)
PWR (2 Toop)
PWR (4 Toop)
PWR (4 Toop)
BWR
PWR (2 Toop)
BWR
BWR
PWR (4 Toop)
BWR
BWR
PWR (2 Toop)
PWR (4 Toop)
PWR (4 1o0p)
BWR
PWR (4 Toop)

Browns Ferry* BWR

WNP-2

* Included in site visit.
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2.4  UTILITY EAL STRUCTURES AND OPERATING EXPERIENCE

The following discussion addresses some of the preliminary findings of the Task
force from an initial EAL Task Force workshop meeting held June 8 and 9, 1588,
reviews of plant ICs and EALs, and related research. For certain utilities,
information has been provided on how EAL structures and definitions have progressed
over the past eight years. For others, the discussion will be Timited to a
structural analysis of the materials collected.

In addition, interviews were conducted at a number of plants, as noted in Table 1.
In preparation for these interviews, the Task Force developed a detailed
questionnaire to be sent in advance to the selected utilities and used as the
interview guide. An overview of interview results 1s shown in Table 2.

2.6.1 Utility EAL Structures

. This utility’s initial EALs were taken dircctly from NUREG-0654.
Subsequently, each of the utility’s plants designed their own EALs. This lec to
signifizant inconsistencies among the plants that made it difficult for
corporate staff and others to interpret and apply the EALs. However, the
utility, like Ut{lity #8, is moving towards generic EALs. Four of the utility’s
plants are now using the NRC-approved generic EALs. The utility’s EALs are
based on alarm setpoints and technical specification requirements, making it
easier for operators to interpret and apply the EALs.

Generic EALs have several benefits for this utility. First, personnel from
different plants can understand each other’s EALs. Second, off-site and
corporate personnel need only be familiar with one standard EAL format. And
third, the NRC can give blanket approval to a utility’s generic EALs, rather
than review each plant’s EALs.

Two of this utility’s PWR stations use the same columnar format and the same
ICs. ICs are listed at the top of each page and the corresponding EALs are
given. The IC, "Radioactive Effiuent Releases to the Environment,* 1s divided
into "Gaseous Release” and "Liquid Release” EALs. There are some differences in
the 1Cs and their EALs between PWRs and BWRs. For example, "Secondary System
Malfunctions, applies only to PWRs. Utility #1 notes this in its BWR EPIP, by
leaving the Secondary System Maifunction page blank, but includes the IC so that
the IC numbering can remain generic.

Utility plants include their philosophy documentation immediately after the
EALs. Each EAL is cited and the reference number is given for quick reference.
The EAL is further detailed and the appropriate NUREG-0654 example 1s
referenced, 1f applicable.

Utility €2, Each of the three utility PWR stations had their own EALs and each
plant viewed EALs differently. These EALs were later revised by utility SRO's.
The NRC has generally gone along with their changes, although there were some
disapprovals. Now, all three plants have documents that look alike, although
their EALs differ somewhat to reflect technology differences.

There have been problems with the utility’s EALs. One station’s personnel have
encountered problems downgrading during drills. There are specific upgrading

criteria that can be followed, but downgrading criteria are lacking. There are
still some questions whether to go directly into recovery at a certain emergency
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level, or downgrade and then go into recovery. Downgrading is a judgement cal)
on the part of emergency personnel. Training does direct them to look at
certain plant conditions, but {f an emergency director feels a condition
warrants 2 downgrading, the emergency 1s downgraded.

The utility’s EALs are in a tabular format and the plants’ Technical
Specifications factor heavily in classifying an emergency. The EALs are
generally symptom-based, with most EALs consisting of several alternative
indicators of an IC within each emergency classification.

Utility #3. At one of the PWR stations, this utility uses the most elaborate
and inclusive emergency classification flow chart of any plant in the sample.
The "Emergency Action Level Network," as the utility calls 1ts EAL flowchart,
can be entered via the Critical Safety Function Status Board, a breached
barrier, or an off-normal event. Once the Network has been entered, users are
instructed to review certain clarifying definitions on entry to the network.
Next, the EAL flowpath 1s reviewed, containing ICs and EALs. The EAL flowpath
can be entered at any time, at the discretion of the Site Emergency Coordinator.
There are approximately 170 decision points involved in determining an emergency
classification, in addition to the Critical Safety Function Status Tree also
used by operators. The utility operators T1ike the flowpath, although corporate
and offsite personnel may find them difficult to understand.

Like other utilities in the sample, Utility #3 is concerned about
misclassification of events. Of the approximately twenty unusual events
declared since 1ts latest PWR station received its license, oniy two have been
safety-related. The utility has redefined its EALs somewhat, in order to reduce
the frequency of declaring an Unusual Event, but such classifications do
continue.

The utility’s BWR station began with NUREG-0654 look-alike EALs.
Since then, the utility has made significant changes to 1ts EALs, and has
reinterpreted some points. Today, the utility uses event-, symptom- and
barrier-based EALs. The symptom-based ICs are "big picture® ICs, such as
reactor coolant temperature and suppression pool temperature.

Previously, the station considered a symptom-based approach that tied most
events to instrument readings. However, these efforts were ended. The approach
was good for operators, but other emergency personnel are not as familiar with
instrumentation and do not have immediate access to these indicators. Despite
different interpretations and significant changes to their EALs, the utility has
had no major problems in changing their EALs.

Utility #4 has not addressed a number of NUREG-0654 example ICs in its EALs.
The utility has developed documentation explaining why certain ICs were left out
its NRC regional inspectors have agreed to these exclusions.

The station EALs are narrative and are grouped by IC. The IC 1s listed at the
top of the page and the corresponding EALs are grouped by emergency
classification. The responsibilities of the shift supervisor, emergency
director, recovery manager and others are outlined in the front of the EALs. A
checklist is provided so that these personnel can quickly confirm that the
proper classification procedures have been followed. Emergency class
definitions are also provided.
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This utility has two nuclear plants, a BWR station and 2 PWR
station. The utility has not developed generic EALs that can be applied to both
stations. Both statfons use tabular formats, although there are table layout
differences. This format does not work well, but plant operators do not 1ike
flow charts either.

Instead of using NUREG-0654 examples, the BWR station EAL designers use a
Probabilistic Risk Assessment (PRA) approach. The regional inspectors approved
this approach, with some exceptions. The BWR station EALs are 14 pages long,
with one or more ICs per page. The first column contains a "key word." This
is rot an IC, as the Task Force has defined 1t. The second column, labeled
*Emergency Action Level," does correspond to the Task Force definition of an IC.
The third column {s labeled "event’ and corresponds to our EAL definition. The
last column indicates the emergency classification.

The PNR station used the NUREG-0654 examples, with some changes, to develop 1ts
EALs. The PWR station EALs are 33 pages long, with one IC per page. The first
column 1s the emergency classification. Column two is the "Emergency Action
Level,* essentially the NUREG-0654 ICs, with some adaptations, functioning as
EALs. Column three is labeled "Method of Detection” and indicates how the
emer?ency personne] are supposed to know an EAL has been met. The last column,
labeled "Actions" indicates what onsite and offsite notification actions must be
taken. PWR may revise its EALs to be similar to the BWR station EALs.

This utility’s BWR station used NUREG-0654 guidance verbatim and
adding an Alert required by the state.

The EAL document is divided into two sections. The first section is in a
columnar format. The first column 1ists the NUREG-0654 ICs, the second column,
the plant specific EALs. Sectfon 1 1s used by state and local officials. Like
NUREG-0654, these EALs are grouped only by emergency classification. Should an
event occur that is not classified, the Site Emergency Director s instructed to
*use his professional judgement in classifying any events not 1isted into the
proper category.”

The second section of the EAL document is also in a columnar format. The EALs
are grouped by category and subcategory, but not by ICs as defined in this
report. This section is used by plant operators. it 1s an abbreviated and
categorized version of Section 1.

The utility has also started a *low-threshold event® classification for certain
events, so that a Notification of Unusual Event does not have to be declared.
This event {s communicated to state and local officials by fax machine, up to
one day after the incident.

Utility #7, At this utility’s BWR station, the first EALs were in a two-column
format. The left column 1isted the NUREG-0654 EALs and the right column
indicated specific plant parameters (similar to Utility #6’s BWR statfon). This
utility has revised its EALs significantly at its BWR station since then. The
utility found that the lower classifications are very difficult te interpret and
apply. In particular, the station’s “"emergency director’s judgement® IC has led
to some over-classifying of events, particularly at the Unusua Event level.

The station now uses a matrix approach. The BWR station EALs are grouped, by
what the utility cails "Categories.” These are not ICs, as the Task Force has
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defined 1Cs, but are concise, general classifications for the EALs. For the
NRC's benefit, an appendix to the EAL document provides justification for the
1Cs and EALs and cites the corresponding NUREG-0654 examples. This station has
incorporated their EALs somewhat into their EOPs. In additfon, the BWR station
uses specific EOP wording in their EALs. The EOPs instruct operations personnel
on what actions to take in response to an event and indicate what EAL event
classification they should reference. Although these references do not point to
specific EALs within the classification level, they do point operations
personnel back to the EALs.

The utility’s PWR station’s EALs are similar. Like the BWR station, the PR

station uses concise, general cato?ory descriptions. In addition, the PWR
station subcategorizes the EALs. These categories are useful to emergency

personnel trying to identify appropriate EALs, but they offer 1ittle assistance
}n trying to identify the plant condition. The EALs alone fulfill this
unction.

This utility’s first set of 1Cs was taken verbatim from NUREG-0654.
However, the utility made a number of modifications over the years and is
currently using its fourth generation of Emergency Plan Implementing Procedures
(EPIPs).” The EAL structure the utility has developed is essentially generic,
and is applied to all four nuclear plants. Although there are some differences
in ICs and EALs necessitated by the different reactor types (e.g., BWR, PWR) and
reactor suppliers, the format is the same and changes to the EALs for all four
plants can be made simultaneously.

The EALs are grouped under the four major 10 CFR 50 classifications with two
subdivisions to accommodate its State Posture Code requirements: General
Emergency Alpha (applicable only to the offsite dose EAL), General Emergency
Bravo, Site Area Emergency, Alert, Unusual Event Delta-Two (applicable only to
the Rad Release EAL), and Unusual Event Delta-One.

A major effort has been made to keep the complexity of the utility’s EALs to a
minimum. The EALs are reviewed by individuals from a varfety of disciplines and
now reflect human factor considerations. As a result, these EALs can be easily
used by SROs, state officials, and corporate management. The utility is working
to provide "flags" related to the EALs in each unit’s EOPs, while still
maintaining a generic approach that can be used by plants with a variety of
reactor and plant system designs.

The utility expressed concern that NRC guidelines are not keeping pace with
changes in the industry. The utility revised its NUREG-based EALs to remedy
perceived shortcomings in NUREG-0654. The methodology is a combination of
event-symptom and symptom-barrier approaches.

Utility #9. Operating mode considerations form an integral part of the
utility’s BWR station EALs. The EAL document is quite voluminous. To help
operators classify an off-normal event, the utility has developed an "Event
Classification Sheet." Emergency personnel place a check mark beside every
applicable event. An "Emergency Classification Guide Flowchart® {s used for
quick reference. Using this flowchart, the operator checks the appropriate
event categories on the Event Classification Sheet.

For each event cate?ory checked, emergency personne)l turn to supporting
documentation, totaling almost 170 pages. The ICs are grouped by event category

2-7



and the EALs for each IC are discussed. The applicable operating modes are also
indicated. After reviewing this documentation, emergency personnel are to place
check marks next to the corresponding classification and number(s) on the Event
Classification Sheet. The appropriate EAL(s) are also recorded. The
appropriate emergency classification 1s then declared.

This utility combines ICs and EALs into what they term "Initiating
Conditions" for 1ts BWR statfon. These ICs are not categorized but are grouped
by emergency classification, and within these emergency classifications,
“Symptomatic Initfating Conditions® and "Situation Based Initiating Conditions”
are used. Some ICs are actually divided into ICs and EALs, as the Task Force
defines them, but most are not.

A one page summary of all the ICs (in an EAL format) and their emergency
classifications 1s also included. Following these guidelines are situation
b:sis gogumcntation and engineering basis documentation that can be referenced
if needed.

Utility #11. This utility’s PWR station EALs are based on three main
considerations:

+ The extent of fission product barrier challienge or failure;

« The projected/actual offsite dose rate associated with radioactive releases;
and

« Potential or actual reductions in the level of plant safety.

Emergency personnel classify fission product barrier challenges or failures
using a one page summary checklist.

This checklist was developed over a period of time, with intensive participation
of plant operating personnel. The intent is to simplify and speed decisions in
an emergency. The IC {is "Barrier Challenge/Failure Classification Criteria."
The EALs are the check points. The shift supervisor/emergency coordinator is
required to check the appropriate box. If 1 check 1s made, then 1 barrier is
lost or challenged and an "Alert” is to be declared, 1f 2 checks are made, then
2 barriers are lost or challenged, and 2 "Site Area Emergency" 1s declared; and
if 3 checks are made, then 3 barriers are lost or challenged and a "General
Emergency” {s declared.

Offsite dose projection emergency classifications are determined by
symptom-based EALs under the "Offsite Dose Projection Classification Criteria.”
The EALs are the various monitor readings.

Non-reactor trip events (defined as potential or actual reductions in the level
of plant safety) are grouped by ICs and use a combination of symptom- and
event-based EALs.

Ytility #12, This utility’s PWR station uses a fission-product barrier approach
as a basis for determining the emergency classification. An "Alert® s “"the
confirmed loss of 1 barrier,” a "Site Area Emergency” {1s "the confirmed loss of
any 2 barriers” and a "General Emergency" 1s "the confirmed: a) loss of all 3
barriers, or b) greater than 20% of core inventory released to containment."”
However, if there are no barrier threats, there is an "Unusual Event" table,
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with the following ICs:

+ Technical specification 1imit exceeded (EALs are grouped by operational and
radiological specifications);

Personnel;

Power LosSS;

Fire, Security, Hazards;

Natural Phenomena, and

Operational.

2.4.2 Operating Experience as Derived from Plant Interviews

interviews with utility personnel, inciuding operations, training, emergency

planning, health physics, and corporate emergency response support personnel

were cgnductud during August and September 1988. The following stations were
visited:

« Region I
Beaver Valley
Susquehanna

« Region II

Duke Power - Oconee, McGuire, Catawba (Pilot Interview)
Browns Ferry

« Region 111
LaSalle
Zion

« Region IV
Wolf Creek
River Bend

« Region V¥
WNP-2
Palo Verde

Sites for interviews were selected based on covering the following factors:

Number of units on site (1, 2, or 3)

Single station and multiple statfon nuclear utilities
A1l reactor vendors

A1l containment types

A11 NRC Regions

Multiple approaches to EALs

An overview of interview results is presented in Table 2.
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TABLE 2
RESULTS OF PLANT INTERVIEWS

Overview Of Results

Emergency Classification procedures developed by each utility differ.

Varied opinions about the use and purpcose of the Notification of Unusual
Event (NUE) Category. This category has had a negative impact on
operations staff personnel during an emergency.

. The required notification process distracts operaiions personrel
at just the time when their actions to mitigate the of f-normal
event are most needed.

. The NUE declaration does 1ittle good for the offsite emergency
response organizations. Notification to offsite officials during
a NUE 1s generally for information purposes only.

Events with no safety impact or alternative non-emergency classification
should be deleted.

EALs having ambiguous wording have made interpretation difficult.
EALs should be written in a format that licensed operators are
comfortable with, because they are first to see an emergency.
Procedures should ease the burden placed on operations personnel when
initially classifying and reporting an event.

Use and interpretation of EALs, especially for offsite emergency
response support personnel, is not always understood.

NRC Regions have not been uniform in required adherence to NUREG-0654
Appendix 1.
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3.0 DEVELOPMENT OF BASIS FOR GENERIC APPROACH

An essential early step in the overall "Re-evaluation of Emergency Action Levels"
was a literature review. The search for existing information was greatly expedited
by assistance from the NUMARC/NESP Task Force. Information gained by review of
published materials was augmented by the input of utility personnel who responded to
either direct interview or a prepared questionnaire (see previous section for more
information).

The review of plant-specific materials indicated that ‘he concepts of Emergency
Action Level (EAL) and Initiating Condition (IC) have many different interpretations
to the nuclear utilities. In some plant Emergency Plan Implementing Procedures
(EPIPs), EAL and IC are used interchangeably. In others, the category that
effectively is used as an IC is given another name, such as event, module,
condition, abnormal condition, etc. Further, most plants have some way of grouping
1Cs into functional categories; and some plants have two levels of hierarchical (C
groupings.

Much of this confusion stems from the lack of terminology definition. Therefore, as
a first step toward establishing generic EAL approaches, it hecame necessary to
capture an accurate understanding of both the term "Emergency Action Level" and key
terms related to it (e.g., initiating condition, emergency class, etc.) within the
context of relevant regulatory requirements.

3.1  REGULATORY CONTEXT

The Task Force conducted a careful review of the relevant parts of 10 CFR 50, and
how the re?ulations were interpreted in two NUREG documents that have dealt
specifically with EALs: NUREG-0654/FEMA-REP-1, "Criteria for Preparation and
Evaluation of Radiological Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants,” October 1980; and NUREG-0818, "Emergency Action Levels for
Light Water Reactors,” October 1981. This review of the pertinent regulatory
documents was performed as a basis for developing or reinforcing key definitions.
The review led to the conclusion that the current regulatory structure was not an
impediment to the development of the appropriate EALs. Rather, the detailed
guidance currently in place could be enhanced. A brief synopsis of the regulatory
framework 1s presented below.

Nuclear power reactor licensees are required to have NRC-approved "emergency
response plans" for dealing with "radiological emergencies.” The requirements call
for both onsite and offsite emergency response plans, with the offsite plans being
those approved by FEMA and used by the State and local authorities. This document
deals with the utilities’ approved onsite plans and procedures for response to

radiological emergencies at nuclear power plants, and the links they provide to the
offsite plans.

Section 50.47 of Title 10 of the Code of Federal Regulations {10 CFR 50.47),
entitled "Emergency plans,” states the requirement for such plans. Part (a)(1) of
this regulation states that "no operating license will be issued unless a finding 1s
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made by NRC that there is reasonable assurance that adequate protective measures can
and will be taken in the event of a radiological emergency."

The major portion of 10 CFR 50.47 Tists "standards” that emergency response plans
must meet. The "standards" constitute a detailed 1ist of items to be addressed in
the plans., Of particular importance to this project 1s the fourth standard, which
addresses "emergency classification”™ and "action levels.” These terms, however, zre
not defined in the regulation.

10 CFR 50.54, "Conditions of licenses,” emphasizes that power reactor licensees must
"follow, and maintain in effect, emergency plans which meet the standards in Part
50.47(b) and the requirements in Appendix E to this part.* The remainder of this
part deals primarily with required implementation dates.

10 CFR 50.54(q) allows licensees to make changes to emergency plans without prior
Commission approval only 1f: (a) the changes do not decrease the effectiveness of
the plans and (b) the plans, as changed, continue to meet 10 CFR 50.47(b) standards
and 10 CFR 50 Appendix E requirements. The licensee must keep a record of any such
changes. Proposed changes that decrease the effectiveness of the approved emergency
plans may not be implemented without application to and approval by the Commission.

10 CFR 50.72 deals with "Immediate notification requirements for operating nuclear
power reactors.” The “"immediate” notification section actually includes three types
of reports: (1) immediately after notification of = :te or local agencies (for
emergency classification events); (2) one-hour report: and, (3) four-hour reports.

Although 10 CFR 50.72 contains significant detail, it does not define either
"Emergency Class”™ or "Emergency Action Level.® But one-hour and four-hour reports
are listed as "non-emergency events,” namely, those which are "not reported as a
declaration of an Emer?ency Class.” Certain 10 CFR 50.72 events can also meet the
Notificaticn of Unusual Event emergency classification if they are precursors of
more serious events. These situations also warrant anticipatory notification of
state and local officials. (See Section 3.7, "Emergency Class Descriptions®.)

By footnote, the reader is directed from 10 CFR 50.72 to 10 CFR 50 Appendix E, for
information concerning "Emergency Classes.”

10 CFR 50.73 describes the "Licensee event report system,” which requires submittal
of follow-up written reports within thirty days of required notification of NRC.

10 CFR 50 Appendix E, Section B, “"Assessment Actions,® mandates that emergency plans
must contain "emergency action levels." EALs are to be described for: (1)
determining the need for notification and participation of varfous agencies, and (2)
determining when and what type of protective measures should be considered.

Appendix E continues by stating that the EALs are to be based on:

(1) In-plant conditions;

(2) In-plant instrumentation;
(3)Onsite monitoring; and
(4)0ffsite monitoring.

10 CFR 50 Appendix E, Section C, "Activation of Emergency Organization,” also

addresses "emergency classes" and "emergency action levels.” This section states
that EALs are to be based on:
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(1)Onsite radiation monitoring information;

(2)0ffsite radiation monitoring information; and,

(3)Readings from a number of plant sensors that indicate a potential emergency,
such as containment pressure and the response of the Emergency Core Cooling
System.

This section also states that "emergency classes” shall include:

1)Notification of Unusual Events,
2)Alert,

3)Site Area Emergency, and
4)Genera)l Emergency.

T?is section then cites NUREG-0654 for a further discussion of the emergency
classes.

Although definitions of "emergency class" and "emergency action level® are not given
explicitly, the regulations do offer sufficient information to imply intent.

Without the use of definitions, NUREG-0818 captures (in a single paragraph) what the
Task Force believes to be the proper intended use of the three terms, defined below.

The Nuc)ze: Regulatory Commission (NRC) has established four classes of
emerzencies. They are, in order of increasing seriousness: notification of
unutual event, alert, site area emergency, and general emergency. Appendix i
of an NRC document, NUREG-0654 Rev. 1, provides example initiating conditions
for each of the four emergency classes. These initiating conditions form the
basis for the establishment by each licensee of specific plant instrument
readings which, if exceeded, would indicate that a given inftiating condition
had been met and that the appropriate class of emergency must be declared.
The plant-specific instrument readings are called emergency action levels
(EALs). Their purpose is to provide a clear basis for the rapid
identification of a possible problem and for the notification of offsite
authorities that an emergency exists.”

Although it is believed that the above paragraph offers the clearest available
explanation of terms, the following is noted:

(1) “tmergencies® inciudes both non-radiciogical and radioiogical emergencies
without distinction;

(2) "Emergency action levels” are restricted to only plant-specific instrument
readings (symptom-based EALs).

In addition, some states have regulations for licensee notification to notify them
that encompass and, in some cases, go beyond 10 CFR 50.72. Some states have
prescribed their own emergency notification schemes.

One of the options considered by the Task Force was creation of a non-emergency
Class "X." The purpose of "Class X" would be to remove non-emergency events from
the radiological reporting structure, clarifying both the type and level of
emergency, if any, that the facility has declared. However, the one-hour and
four-hour "non-emergency” reports in 10 CFR 50.72 already cover this category.
Therefore, items not belonging in the Emergency Class Structure can be covered under
10 CFR 50.72 "non-emergency” notifications.
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In addition to "Class X," another option for non-radiological emergencies that was
considered by the Task Force 1s a non-nuclear emergency notification structure that
is parallel to the emergency class structure noted above. This structure would be
clearly identified as a system for handling industrial emergencies where there is no
existing radiological component and no potential for cne to develop. However, there
are already reporting requirements (EPA, OSHA) that exist under which utilities
already operate. Thus, this option was rejected as unnecessary and outside the
scope of this study.

In addition, the French severity scale with six escalating levels based on the
criteria of (1) external radiocactive releases, (2) internal radioactive leaks, (3)
radioactive contamination of plant personnel, and (4) reduction of safety level of
the plant was also reviewed by the Task Force. The method used by the French does
not appear to offer any advantages over the NUMARC-sponsored EAL development method,
which 1s based on existing US NRC regulations.

3.2 DEFINITIONS NEEDED TO DEVELOP EAL METHODOLCGY

Based on the above review of regulations, review of common utility usage of terms,
discussions among Task Force members, and existing published information, the
following definitions apply to the generic EAL methodology:

E} ERGENCY CLASS: One of a minimum set of names or titles, established by the
Nuclear Regulatory Commission (NRC), for grouping off-normal nuclear power
plait conditions according to (1) their relative radiological seriousness,
an; (2) the time-sensitive onsite and off-site radiological emergency
preparedness actions necessary to respond to such conditions. The existing
7!?;01091Cl1 emergency classes, in ascending order of serinusness, are
called:

« Notification of Unusual Event

« Alert

« Site Area Emergency

« General Emergency
Discussion:
As previously noted, the regulations refer the reader to NUREG-0654 for a discussion
of emergency classes. However, NUREG-0654 does not explicitly define either
"emergency class® or "emergency action level.® The document calls for an "emergency
classification scheme® and an "emergency action level scheme" as set forth in
NUREG-0654 Appendix 1. Appendix 1 then begins with the very confusing phrase:
"Four classes of Emergency Action Levels.®
The Task Force believes, in accord with the position taken in NUREG-0818, that the

beginning sentence of NUREG-0654 Appendix 1 may be a simple structural error. The
sentence reads:
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Four classes of Emergency Action Levels are established which repiace the

classes in Regulatory Guide 1.101, each with associated examples of
initiating conditions.

The intention was the establishment of four classes of emergencies (not classes of / 7
EALs) with increasing levels of seriousness. As used in this document, Emergency
Action Levels (EALs) are synonymous with Emergency Classification Levels (ECLs). |

——

/

INITIATING CONDITION (IC): One of a predetermined subset of nuclear power
plant conditions where either the potential exists for a radiological
emergency, or such an emergency has occurred.

Discussion:

In NUREG-0654, the NRC introduced the term "initiating condition.® Although severa)
example initiating conditions are contained in NUREG-0654 Appendix 1, the document
does not provide a definition of the term.

Since the term is commonly used in nuclear power plant emergency planning, the above
definition has been developed and combines both regulatory intent and the greatest
degree of common usage among utilities.

Defined in this manner, an IC is an emergency condition, which sets it apart from
the broad class of conditions that may or may not have the potential to escalate
into a radiological emergency. It can be a continuous, measurable function that is
outside technical specifications, such as elevated RCS temperature or falling
reactor coolant level (a symptom). It also encompasses occurrences such as fire (an
event) or reactor coolant pipe failure (an event or a barrier breach).

EMERGENCY ACTION LEVEL (EAL): A pre-determined, site-specific, observable
threshold for a plant Initiating Conditfon that places the plant in a given
emergency class. An EAL can be: an instrument reading; an equipment status
indicator; a measurable parameter (onsite or offsite); a discrete, observable
event; results of analyses; entry into specific emergency operating
procedures; or another phenomenon which, 1f 1t occurs, indicates entry into 2
particular emergency class.

Discussion:

The term "emergency action level™ has been defined by example in the regulations, as
noted above discussion concerning regulatory background. The term had not, however,
been defined operationally in a manner to address all contingencies.

There are times when an EAL will be a threshold point on a measurable continuous

function, such as a primary system coolant leak that has exceeded technical
specifications for a specific plant.

At other times, the EAL and the IC will coincide, both identified by a discrete
event that places the plant in a particular emergency class. For exampie, "Train

Derailment Onsite* is an example of an "Unusual Event® IC in NUREG-0654 that also
can be an event-based EAL.
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3.3 DIFFERENCES IN PERSPECTIVE

The purpose of this effort is to define a methodology for EAL development that will
better assure a consistent emergency classification commensurate with the level of
risk. The approach must be easily understcod and applied by the individuals
responsible for onsite and offsite emergency preparedness and response. In order to
achieve consistent application, this recommended methodology must be acceoted at all
levels of application (e.g., licensed operators, health physics personnel, facility
managers, offsite emergency agencies, NRC and FEMA response organizations, etc).

Commercia) nuclear facilities are faced with a range of public service and public
acceptance pressures. It is of utmost importance that emergency regulations be
based on as accurate an assessment of the risk as possible. There are evident risks
to health and safety in understat1n? the potential hazard from an event. However,
there are both risks and costs to alerting the public to an emergency that exceeds
the true threat. This is true at all levels, but particularly 1f evacuation is
recommended.

3.4 RECOGNITION CATEGORIES

One such grouping is familiar to all plant operators and emergency planners. This
is the symptom-, event- and barrier-based grouping of ICs and EALs. Figure |
{11ustrates when each of these categories is most effective. This figure arrays
typical plant technical specification operating modes against a set of internal and
external parameters where ICs can be identified.

The symptom-based category for ICs and EALs refers to those indicators that are
measurable over some continuous spectrum, such as core temperature, coolant levels,
containment pressure, etc. When one or more of these indicators begin to show
off-normal readings, reactor operators are trained to identify the probable causes
and potential consequences of these "symptoms® and take corrective action. The
leve) of seriousness indicated by these symptoms depends on the degree to which they
have exceeded technical specifications, the other symptoms or events that are
occurring contemporaneously, and the capability of the licensed operators to gain
control and bring the indicator back to safe levels.

Event-based EALs and ICs refer to occurrences with potential safety significance,
such as the failure of a high-pressure safety injection pump, a safety vaive
failure, or a loss of electric power to some part of the plant. The range of
ceriousness of these "events" is dependent on the location, number of
contemporaneous events, remaining plant safety margin, etc.

Barrier-based EALs and ICs refer to the level of challenge to principal barriers
used to assure containment of radioactive materials contained within a nuclear power
plant. For radicactive materials that are contained within the reactor core, these
barriers are: fuel cladding, reactor coolant system pressure boundary, and
containment. The level of challenge to these barriers encompasses the extent of
damage (loss or potential loss) and the number of barriers concurrently under
challenge. In reaifty, barrier-based EALs are a subset of symptom-based EALs that
deal with symptoms indicating fission product barrier challenges. These
barrier-based EALs are primarily derived from Emergency Operating Procedure (EOP)
Critical Safety Function (CSF) Status Tree Monitoring (or their equivalent).
Challenge to one or more barriers generally is initially identified through
instrument readings and periodic sampling. Under present barrier-based EALs,
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deterioration of the reactor coolant system pressure boundary or the fuel clad
barrier usually indicates an "Alert" condition, two barriers under challenge a Site
Area Emergency, and loss of two barriers or three barriers under challenge is a
General Emergency. Usually, the containment barrier is weighted less than the
reactor coolant system pressure boundary and the fuel clad barriers. Loss or
potential loss of the containment barrier alone can be treated as an Unusual Event.

Symptom-based ICs and EALs are most easily identified when the plant is in a normal
startup, operating or hot shutdown mode of operation, with all of the barriers in
place and the plant’s instrumentation and emergency safeguards features fully
operational as required by technical specifications. It 1s under these
circumstances that the operations staff has the most direct information of the
plant’s systems, displayed in the main control room. As the plant moves through the
decay heat removal process toward cold shutdown and refueling, barriers to fission
products are reduced (i.e., reactor coolant system pressure boundary may be open)
and fewer of the safety systems required for power operation are required to be
fully operational. Under these plant operating modes, the identification of an IC
in the plant’s operating and safety systems becomes more event-based, as the
instrumentation to detect symptoms of a developing problem may not be fully
effective; and engineered safeguards systems, such as the Emergency Core Cooling
System (ECCS), are partially disabled as permitted by the plant’s Technical
Specifications.

Barrier-based ICs and EALs also are heavily dependent on being able to monitor
instruments that indicate the condition of plant operating and safety systems. Fuel
cladding integrity and reactor cocolant levels can be monitored through several
indicators when the plant is in a normal operating mode, but this capability is much
more limited when the plant is in a refueling mode, when many of these indicators
are disconnected or off-scale. The need for this instrumentation is lessened,
however, and alternate instrumentation is placed in service when the plant is shut
down.

It 1% important to note that in some operating modes there may not be definitive and
unambiguous indicators of containment integrity available to control room personnel.
For this reason, barrier-based EALs should not place undue reliance on assessments
of containment integrity in all operating modes. Technical Specifications generally
do not require maintaining containment integrity in modes § and 6 in order to
provide flexibility in performance of specific tasks during shutdown conditions.
Containment pressure and temperature indications may not increase if there is a pre-
existing breach of containment integrity. At most plants, a large portion of the
containment’s exterior cannot be monitored for leakage by radiation monitors.

Several categories of emergencies have no instrumentation to indicate a developing
problem, or the event may be identified before any other indications are recognized.
A reactor coolant pipe could break; fire alarms could sound; radioactive materials
could be released; and any number of other events can occur that would place the
plant in an emergency condition with 1ittle warning. For emergencies related to the
reactor system and safety systems, the ICs shift to an event basis as the plant mode
moves toward cold shutdown and refueling modes. For non-radiological events, such
as fire, external floods, wind loads, etc., as described in NUREG-0654 Appendix 1,
event-based ICs are the norm.

In many cases, a combination of symptom-, event- and barrier-based ICs will be
present as an emergency develops. In a loss of coolant accident (LOCA), for
example:
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Coolant level 1s dropping; (symptom)

There 1s a leak of some magnitude in the system (pipe break, safety valve stuck
open))that exceeds plant capabilities to make up the loss; (barrier breach or
event

Core (coolant) temperature is rising; (symptom) and

At some level, fuel failure begins with indicators such as high off-gas, high
coolant activity samples, etc. (barrier breach or symptom)
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3.5 DESIGN DIFFERENCES

Although the same basic concerns with barrier integrity and the major safety
problems of nuclear power plants are similar across plant types, design differences
will have a substantial effect on £ALs. The major differences are found between 2
BWR and a PWR. In these cases, EAL guidelines unique to BWRs and PWRs must be
specified. Even among PWRs, however, there are substantial differences in design
and in types of containment used.

There is enough commonality among plants that many ICs will be the same or very
similar. However, others will have to match plant features and safety system
designs that are unique to the plant type or even to the specific plant. The basis
for each EAL guideline should supply sufficient information as to what is required
for a site-specific EAL.

3.6 REQUIRED CHARACTERISTICS

The Task Force identified eight characteristics that were to be incorporated into
mode) EALs. These were:

(1) Consistency (1.e., the EALs would lead to similar decisions under simiiar
circumstances at different plants);

(2) Human engineering and user friendliness;

(3) Potential for classification upgrade only when there is an increasing threat
to public health and safety;

(4) Ease of upgrading and downgrading;

(5)  Thoroughness in addressing, and disposing of, the {ssues of completeness and
accuracy raised regarding NUREG-0654 Appendix 1;

(6) Technical completeness for each classification level;
(7) A logical progression in classification for multipie events; and
(8) Objective, observable values.

Th: EAL development procedure pays careful attention to these eight characteristics
t, assure that all are addressed in the proposed EAL methodoIogy. The most
pervasive and complex of the eight is the first--"consistency. The common
denominator that is most appropriate for measuring consistency among ICs and EALs is
relative risk. The Task Force approach toward definition of an EAL development
methodology is based on risk assessment to set the boundaries of the emergency
classes and assure that all EALs that trigger that emergency class are in the same
range of relative risk. Precursor conditions of more serious emergencies aliso
represent a potential risk to the public and must be appropriately classified.



3.7  EMERGENCY CLASS DESCRIPTIONS

The EAL development procedure is much easier to understand {f 1t can be visualized
as a matrix. Figure 2 presents such a matrix, with the column headings as emergency
classes and the rows as ICs. An additiona)l dimension on the matrix 15 a continuum
of risk, increasing from left to right in each row. This implies that each cell in
the matrix is defined by a lower level of risk on the left boundary and the highest
level of risk on the right boundary. There is no equivalent function from top to
bottom of the matrix.

Having established the concept of an EAL Matrix and that there are thresholds
between emergency classes, it then becomes important to define the emergency classes
so that proper thresholds can be determined. As a starting point, the descriptions
of the four emergency classes, contained {n NUREG-0654 Appendix 1, were examined by
the Task Force members. These descriptions were found to be acceptable. Additional
discussion is provided on threshold determinations to eliminate ambiguities and to
assist in formulation of appropriate IC and EAL guidelines.

There are three considerations related to emergency classes. These are:

(1) The potential impact on radiological safety, either as now known or as can be
reasonably projected;

(2) How far the plant is beyond its predefined design, safety, and operating
envelopes; and

(3) whether or not conditions that threaten health are expected to be confined to
within the site boundary.

The Task Force ICs deal explicitly with radiological safety impact by escalating
from levels corresponding to releases within regulatory 1imits to releases beyond
EPA Protective Action Guideline (PAG) plume exposure levels. In addition, the
“Discussion” sections below include offsite dose consequence considerations which
were not included in NUREG-0654 Appendix 1.

NOTIFICATION OF UNUSUAL EVENT: Unusual events are in process or have occurred
which indicate a potential degradation of the level of safety of the plant. No
releases of radicactive material requiring offsite response or monitoring are
expected unless further degradation of safety systems occurs.

Discussion:

Potential degradation of the level of safety of the plant is indicated primarily by
exceeding plant technical specification Limiting Condition of Operation (LCO)
allowable action statement time for achieving required mode change. Precursors of
more serious events should also be included because precursors do represent a
potential degradation in the level of safety of the plant. Minor releases of
radicactive materials are included. In this emergency class, however, releases do
not require monitoring or offsite response (e.g., dose consequences of less than 10
millirem).



ALERT: Events are in process or have occurred which involve an actual or
potential substantial degradation of the level of safety of the plant. Any
releases are expected to be limited to small fractions of the EPA Protective
Action Guideline exposure levels.

Discussion:

Rather than discuss1n? the distinguishing features of "potential degradation® andy
*potential substantial degradation,® a comparative approach would be to determine
whether increased monitoring of plant functions 1s warranted at the Alert level as 2
result of safety system degradation. This addresses the operations staff’s need for
help, independent of whether an actual decrease in plant safety is determined. This
increased non1tor1n? can then be used to better determine the actual plant safety
state, whether escalation to a higher emergency class is warranted, or whether
de-escalation or termination of the emergency class declaration is warranted. Dose
consequences from these events are small fractions of the EPA PAG plume exposure
levels, {.e., about 10 millirem to 100 millirem.

SITE AREA EMERGENCY: Events are in process or have occurred which involve actual
or likely major failures of plant functions needed for protection of the public.
Any releases are not expected to result in exposure levels which exceed EPA
Protective Action Guideline exposure levels except near the site boundary.

Discussion:

The discriminator (threshold) between Site Area Emergency and General Emergency is
whether or not the EPA PAG plume exposure levels are expected to be exceeded outside
‘the site boundary. This threshold, in addition to dynamic dose assessment
iconsiderations discussed in the EAL guidelines, clearly addresses NRC and offsite
Fomgrgency response agency concerns as to timely declaration of a General Emergency.

GENERAL EMERGENCY: Events are in process or have occurred which involve actual
or imminent substantial core degradation or melting with potential for loss of
containment integrity. Releases can be reasonably expected to exceed EPA

Protective Action Guideline exposure levels offsite for more than the immediate
site area.

Discussion:

The bottom l1ine for the General Emergency 1s whether evacuation or sheltering of the
general public is indicated based on EPA PAGs, and therefore should be interpreted
to include radionuclide release regardless of cause. In addition, i1t should address
concerns as to uncertainties in systems or structures (e.g. containment) response,
and also events such as waste gas tank releases and severe spent fuel pool events
postulated to occur at high population density sites. To better assure timely
notification, EALs in this category must primarily be expressed in terms of plant
function status, with secondary reliance on dose projection. In terms of fission
product barriers, loss of two barriers with potential loss of the third barrier
constitutes a General Emergency.
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3.8  EMERGENCY CLASS THRESHOLDS

Once the EAL matrix structure is defined as shown in Figure 2, the next step is to
define the thresholds for each emergency class. The most common bases for
establishing these boundaries are the technical specifications and setpoints for
each plant that have been developed in the design basis calculations and the Final
Safety Analysis Report (FSAR).

For those conditions that are easily measurable and instrumented, the boundary is
Tikely to be the EAL (observable by plant staff, instrument reading, alarm setpoint,
etc.) that indicates entry into a particular emergency class. For example, the main
steam 1ine radiation monitor may detect high radiation that triggers an alarm. That
radiation level also may be the setpoint that closes the main steam fsolation valve
(MSIV) and initiates the reactor <cram. This same radfation level threshold,
depending on plant-specific parameters, &lso may be the appropriate EAL for a direct
entry into an emergency class.

In addition to the continuously measurable indicators, such as coolant temperature,
coolant levels, leak rates, containment pressure, etc., the FSAR provides
indications of the consequences associated with design basis events. Examples would
include steam pipe breaks, MSIV malfunctions, and other anticipated events that,
upon occurrence, place the plant immediately into an emergency class.

Another approach for defining these boundaries is the use of a plant-specific
probabilistic risk assessment (PRA). PRAs have been completed for several
individual plants, but this is by no means comprehensive. There are, however, PRAs
that have been completed for representative plant types such as 1s done in
NUREG-1150, "Severe Accident Risks: An Assessment for Five Nuclear Power Plants,” as
well as several other utility-sponsored PRAs. Existing PRAs can be used as a good
first approximation of the relevant ICs and risk associated with emergency
conditions for existing plants. Generic insights from PRAs and related severe
accident assessments which apply to EALs and emergency class determinations are:

1. Core damage frequency at many BWRs {s dominated by sequences involving prolonged
Toss of all AC power. In addition, prolonged loss of all AC power events are
extremely important at PWRs. This would indicate that should this occur, and AC
power is not restored within 15 minutes, entry into the emergency class at no
Tower than a Site Area Emergency when the plant was initially at power would be
appropriate. This also implies that precursors to loss of all AC power events
should also be appropriately included in the EAL structure.
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2. For severe core damage events, uncertainties exist in phenomena important to
accident progressions leading to containment failure. Because of these
uncertainties, predicting containment integrity may be difficult in these
conditions. This 1s why maintaining containment integrity alone following
sequences leading to severe core damage may be an insufficient basis for not
escalating to a General Emergency.

3. A review of four full-scope PRAs (3 PWR, 1 Bwﬂz shows that leading contributors
to latent fatalities were containment bypass, large LOCA with early containment
failure, station blackout greater than 6 hours (e.g., LOCA consequences of
Statfon Blackout), and reactor coolant pumg seal fatlure. This indicates that
generic EAL methodology must be sufficiently rigorous to cover these sequences
in a timely fashion.

Another critical element of the anslysis to arrive at these threshold (boundary)
conditions 1s the time that the plant might stay in that condition before moving to
a higher emergency class. In particular, station blackout coping analyses performed
in response to 10 CFR 50.63 and Regulatory Guide 1.155, "Station Blackout,® may be
used to determine whether a specific plant enters a Site Area Emergency or a General
Emergency directly, and when escalation to General Emergency is indicated. The time
dimension is critical to the EAL since the purpose of the emergency class for state
and local officials 1s to notify them of the level of mobilization that may be
necessary to handle the emergency. This 1s particularly true when a "Site Area
Emergency” or "General Emergency” is imminent. Establishing EALs for such
conditions must take estimated evacuation time into consideration to minimize the
potential for the plume to pass while evacuation is underway.

Regardless of whether or not containment integrity is challenged, it 15 possible for
significant radicactive inventory within containment to result in EPA PAG plume
exposure levels being exceeded even assuming containment 1s within technical
specification allowable leakage rates. With or without containment challenge,
however, a major release of radioactivity requiring offsite protection actions from
core damage is not possible unless a major failure of fuel cladding allows
radicactive material to be released from the core into the reactor coolant. NUREG-
1228, "Source Estimations During Incident Response to Severe Nuclear Power Plant
Accidents . indicates that such conditions do not exist when the amount of clad
damage 1s less than 20%.

3.9  EMERGENCY ACTION LEVELS

With the emergency classes defined, the thresholds that must be met for each EAL
that is to be placed under the emergency class can be determined. There are two
basic approaches to determining these EALs. EALs and emergency class boundaries
coincide for those continuously measurable, instrumented lgs. such as radioactivity,
core temperature, coolant levels, etc. For these ICs, the EAL will be the threshold
reading that most closely corresponds to the emergency class description using the
best available information.

For discrete (discontinuous) events, the approach will have to be somewhat
different. Typically, in this category are internal and external hazards such as
fire or earthquake. The purpose for including hazards in EALs 1s to assure that
station personnel and offsite emergency response organizations are prepared to deal
with consequential damage these hazards may cause. 1f, indeed, hazards have caused
damage to safety functions or fission product barriers, tiis should be confirmed by
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symptoms or by observation of such failures. Therefore, the Task Force belfeves it
appropriate to enter an Alert status for events approaching or exceeding design
basis 1imits such as Operating Basis Earthquake, design basis wind loads, fire
within vital areas, etc. This would give the operating staff additional support and
improved ability to determine the extent of plant damage uniess damage to barriers
or challenges to Critical Safety Functions (CSFs) have occurred or are identified,
then the additional support can be used to escalate or terminate. The Emergency
Class could be escalated or terminated based on what is then found. Of course,
security events must reflect potential for increasing security threat Tevels.

Plant emergency opcrat1n? procedures (EOPs) are designed to maintain and/or restore
a set of CSFs which are 1isted in the order of priority for restoration efforts
during accident conditions. While the actual nomenclature of the CSFs may vary
among plants, generally the PWR CSF set includes:

Subcriticality

Core cooling

Heat sink

Pressure-temperature-stress (RCS integrity)
Containment

RCS inventory

There are diverse and redundant plant systems to support each CSF. By monitorin?
the CSFs instead of the individual system component status, the impact of multiple
events is inherently addressed, e.g., the number of operable components available to
maintain the function.

The EOPs contain detailed instructions regarding the monitoring of these functions
and provides a scheme for classifying the significance of the challenge to the
functions. In providing EALs based on these schemes, the emergency classification
can flow from the EOP assessment rather than being based on a separate EAL
assessment. This 1s desirable as it reduces ambiguity and reduces the time
necessary to classify the event.

As an example, consider that the Westinghouse Owner’'s Group (WOG) Emergency Response
Guidelines (ERGs) classify challenges as YELLOW, ORANGE, and RED paths. If the core
exit thermocouples exceed 1200 degrees F or 700 degrees F with low reactor vessel
water level, a RED path condition exists. The ERG considers a RED path as "... an
extreme cha11en?e to a plant function necessary for the protection of the public

" This is aimost identica) to the present NRC NUREG-0654 description of a site
area emergency *... actual or likely failures of plant functions needed for the
protection of the public ..." It reasonably follows that if any CSF enters a RED
path, a site area emergency exists. A general emergency could be considered to
exist if core cooling CSF is in a RED path and the EOP function restoration
procedures have not been successful {n restoring core cooling.

3.10 TREATMENT OF MULTIPLE EVENTS AND EMERGENCY CLASS UPGRADING

The above discussion deals primarily with simpler emergencies and events that may
not escalate rapidly. However, usable EAL guidance must also consider rapidly
evoiving and complex events. Hence, emergency class upgrading and consideration of
multiple events must be addressed.

The Task Force review of existing EALs shows there are three approaches presently in
use for covering multiple events and emergency class upgrading. These approaches
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are:

(Ul) Multiple contemporaneous e “nts are counted and are the basis for escalating
to a higher emergency class. For example, two or more contemporaneous Alerts
escalate to a Site Area Emergency.

(U2) The emergency class is based on the highest EAL reached. For example, two
Alerts remain in the Alert category. Or, an Alert and a Site Area Emergency
fs a Site Area Emergency.

(U3) Emergency Director judgement. Although all emergency classifications reguire
judgement, some utilities rely on Emergency Director judgement with little or
no additional explicit guidance.

An additional approach for plants with PRAs is to make use of event tree analysis to
define combinations of events which lead to equivalent risks. Such event sequences
should have an equal emergency classification assigned. However, the chief drawback
to this approach as well as (Ul) above, 1s that multiple events may be masked when
they actually occur. Further, for plants using symptom-based (and barrier-based)
emergency procedures, direct perception of multiple events is unnecessary.

Emergency class upgrading for multi-unit stations with shared safety-related systems
and functions must also consider the effects of a loss of a common system on more
than one unit (e.g. potential for radicactive release from more than one core at the
same site). For example, many two-unit stations have their control panels for both
units in close proximity within the same room. Thus, control room evacuation most
1ikely would affect both units. There are a number of other systems and functions
which may be shared at a given mult{i-unit statfon. This must be considered in the
emergency class declaration and in the development of appropriate site-specific ICs
and EALs based on the generic EAL guidance.

Although the majority of the EALs provide very specific thresholds, the Emergency
Director must remain alert to events or conditicns that lead to the conclusion that
exceeding the EAL threshold {s imminent. If, in the judgement of the Emergency
Director, an imminent situation {s at hand, the classification should be made as if
the thresholds has been exceeded. While this {s particularly prudent at the higher
emergency classes (as the early classification may provide for more effective
impiementation of protective measures), 1t 1s nonetheless applicable to all
emergency classes.

TASK FORCE RECOMMENDATION:

The best approach is (U2) above with appropriate consideration for Emergency
Director judgement EALs. Properly structured EALs on a fission product
barrier basis and which include equivalent risk, will appropriately escilete
multiple events to a higher emergency class. For example, common cause
failures such as loss of ultimate heat sink or loss of all AC power, will
result in multiple contemporaneous symptoms indicating safety system
functional failures and increasing challenge to fissfon product barriers. It
fs the existence of these symptoms (barrier challenges) that escalate the
emergency class, whether there are one or multiple causes.
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3.11 EMERGENCY CLASS DOWNGRADING

Another important aspect of usable EAL guidance {s the consideration of what to do
when the risk posed by an emergency 1s clearly decreasing. The Task Force review of
existing EALs shows there are several approaches presently in use for emergency
cle:: downgrading. These approaches are:

(D1) Terminate the emergency class declaration.

(D2) Recovery from emergency class. Plants in one NRC Region report that this
region doesn’t want them to downgrade. From the lower emergency classes
(Unusual Event, Alert), this closely resembles (D1) above.

(D3) Combination of downgradin? approaches. Many utilities reviewed include the
option to downgrade to a lower emergency c¢lass. This 1s consistent with
actions called for in NUREG-0654 Appendix 1. However, these utilities state
t:at their experience more closely resembles (D]) and (D2) above as practical
choices.

Another approach possible with risk-based EALs 1s a relatively simple approach for
upgrading to a higher emergency class when the risk increases and downgrading when
risk decreases. The boundaries for emergency categories are defined in terms of
risk in this approach, and discrete everts fall into these categories based on risk.
This means that within each emergency class, there is uniformity to the relative
levels of risk to human health and safety from radiological accidents. However,
this option may not be practical when applied to actual emergencies, especially
those involving General Emergencies.

TASK FORCE RECOMMENDATION:

A combination approach involving recovery from General Emergencies and some
Site Area Emergencies and termination from Unusual Events, Alerts, and
certain Site Area Emergencies causing no long-term plant damage appears to be
the best choice. Downgrading to lower emergency classes adds notifications
but may have merit under certain circumstances.
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4.0  HUMAN FACTORS CONSIDERATIONS

Scme factors that must be considered in determining the method of presentation of
EALs:

« Who 1s the audience (user) for this information? A senfor utility executive
would 1ikely want information presented differently than a licensed operator.
Offsite agencies and the NRC would have entirely different information needs.

« The conditions under which the information must be read, understood, and acted
upen. Since the subject matter here is emergency actions, 1t 1s highly likely
that the user of the EALs will be under high stress during the conditions where
they are required to be used, garticu!arly under conditions corresponding to
Site Area Emergency and General Emergency.

« What 1s the user’s perception as to the importance of the EALs compared to other
actions and decisions that may be needed at the same time? To allow a licensed
operator to discharge his responsibilities for dealing with the situation and
also provide prompt notification to outside agencies, the emergency
classification and notification process must be rapid and concise.

« 1Is the EAL consistent with the user’s knowledge of what constitutes an emergency
situation?

« How much help does the user receive in deciding which EAL and emergency class is
involved? An offsite Emergency Director has many more resources immediately at
his disposal than the licensed operator (typically, the Shift Supervisor) who
has to make the initial decisions and take first actions.

Based on review of a number of plants’ EALs and associated information, interviews
with utility personnel, and a cursory review of drill results, several
recommendations can be made.

6.1 LEVEL OF INTEGRATION OF EALs WITH PLANT PROCEDURES

A rigorous integration of EALs and emergency class determinations into the plant
procedure set, although havin? some benefits, {s probably unnecessary. Such a
rigorous integration could well make it more difficult to keep documentation
up-to-date. However, keeping EALs totally separated from plant procedures and
relying on licensed operator or other utility Emergency Director memory during
infrequent, high stress periods is insufficient.
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TASK FORCE RECOMMENDATION:

Visual cues in the plant procedures that 1t is appropriate to consult the
EALs 15 & method currently used by several utilities. This method can be
effective when 1t is tied to appropriate training. Notes in the appropriate
plant procedures to consult the EALs can also be used. i zhould be noted
that this discussion 15 not restricted to only the eme gency procedures;
alarm recognition procedures, abnormal operating procedures, and normal
operatin? procedures that apply te cold shutdown and refueling modes should
also be included. In addition, EALs can be based on entry into particular
procedures or existence of particular Critical Safety Function conditions.

4.2  METHOD OF PRESENTATION

A variety of presentation methods is presently in use. Methods range from directly
copying NUREG-0654 Appendix 1 language, adding plant-specific indications to clarify
NUREG-0654, use of procedure language including specific tag numbers for instrument
readings and alarms, deliberate omission of instrument tsq numbers, flow charts,
critical safety function status trees, check!isis, and comoinations of the above.

what is clear, however, is that the licensed operator (typically the Shift
Supervisor) 1s the first user of this information, has the least amount of help in
interpreting the EALs, and also has other significant responsibilities to fulfill
while dealiny with the EALs. Offsite agencies and emergency directors outsids the
control room to whom responsibilities are turned over have other resources and
advisors available to them that a licensed operator does not when he 1s first faced
with an emergency situation. In additic., as an emergency situation evoives, the
operatirg statf and the health physics staff are the personnel who must first dea)
with {rformation that is ?ormanu to changing the emergency classification (up, down,
or out of the emergency class).

TASK FORCE RECOMMENDATION:

The method of presentation should be one with which the operations and health
physics staff sre comfortable. As is the case for emergency procedures,
bases for steps should be in a separate (or separable) document suitable for
training and for reference by emergency response personnel and offsite
agencies. Each nuclear plant should already have presentation and human
factors standards as part of its procedure writing ?delﬂtl. EALs that are
consistent with those procedure writing standards (in particular, emergency
operating procedures which most closely correspond to the conditions under
which EALs must be used) should be the norm for each utility.

4.3  SYMPTOM-BASED, EVENT-BASED, OR BARRIER-BASED EALs

A review of the emergency class descriptions provided elsewhere in this document
shows that Unusual Events and Alerts deal primarily with sequences that are
precursors to more serfous emergencies or that may have taken a plant outside of ii-
intended operating envelope, but currently pose no danger to the public. Observable
indications in these classes can be events (e.g. natural phenomena), symptoms (e.g.,
high temperature, low water level), or barrier-related (e.g., challenge to fission
product barrier). As one escalates to Site Area Emergency and General Emergency,
potential radiological impact to people (both onsite and offsite) increases.
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However, at this point whatever the root cause event(s) leading to the emergency
class escalation matter far less than the increased (potential for) radiclogical
releases. Thus, EALs for these emergency classes should be primarily symptom- and
barrier-based. It should be noted again, as stated in Section 3.4, that barrier
monitoring is a subset of symptom monitoring, i.e., what readings (symptoms)
indicate a challenge to a fission product barrier.

TASK FORCE RECOMMENDATION:

The Task Force recommends use of a combination approach that ranges from
primarily event-based for Unusual Events to primarily symptom- or
barrier-based for Genera) Emergencies. This is to better assure that timely
recognition and notification occurs, that events occurring during refueling
and cold shutdown are appropriately covered, and that multiple events can be
effectively treated in the EALs.
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5.0 GENERIC EAL GUIDANCE

Based on the information gathered and reviewed, the Task Force has developed generic
EAL guidance. Because of the wide variety of presentation methods used at different
utilities, the Task Force believes that specifying guidance as to what each IC and
EAL should address, and including sufficient basis information for each EAL will
best assure uniformity of approach. This approach is analogous to reactor vendors’
owners groups developing generic emergency procedure guidelines which are converted
by each utility into plant-specific omcrgcncy operating procedures. Each utility is
reminded, however, to review the “"Human Factors Considerations® section of this
document as part of implementation of the attached Generic EAL Guidance.

The information is presented by Recognition Categories:

Abnormal Rad Levels/Radiological Effluent

Fission Product Barrier Degradation

Hazards and Other Conditions Affecting Plant Safety

i = - >
.

.

System Malfunction

The Initfating Conditions for each of the above Recognition Categories A, H, and §
are in the order of Unusual Event, Alert, Site Area Emergency, and Genersl
Emergency. For Recognition Category F, the barrier-based EALs are presented in
Tables 3 and 4 for BWRs and PWRs respectively. For all Recognition Categories, an
Initiating Condition matrix versus Emergeoncy Class is first shown. Separate BWR and
PWR Initiating Condition matrices are not required. The purpose of the IC matrices
is to provide the reader with an overview of how the ICs are logically related under
each Emergency Class.

tach of the EAL guides in Recognition Categories A, H, and $ 1s structured in the
following way:

« Recognition Category - As described above.

« Emergency Class - Unusual Event, Alert, Site Area Emergency or General
Emergency.

» Inftiating Condition - Symptom- or Event-Based, Generic Identification and
Title.

« Operating Mode Applicability - Power Operation, Hot Standby (Startup in BWRs),
Hot Shutdown, Cold Shutdown, Refueling, Defueled or Al).

« Fxample Emergency Action Level(s) corresponding to the IC.
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« Basis information for plant-specific readings and factors that may relate to
changing the generic IC or EAL to a different emergency class, such as for Loss
of A\l AC Power. Basis information also includes information related to
escalation of the emergency class as appropriate.

For Recognition Category F, basis information {s presented in a format consistent
with Tables 3 and 4. The presentation method shown for Fission Product Barriers was
chosen to clearly show the synergism among the EALs and to support more accurate
dynamic assessments. Other acceptable methods of achieving these goals which are
currently in use include flow charts, block diagrams, and checklist tables.

The EAL Guidance has the primary threshold for Unusual Events as operation outside
the safety envelope for the plant as defined by plant technical specifications,
including LCOs and Action Statement Times. In addition, certain precursors of more
serfous events such as loss of offsite AC power and earthquakes are included in
Unusual Event EALs. This provides & clear demarcation between the lowest emergency
class and "non-emergency” notifications specified by 10 CFR 50.72.

For a number of Alerts, EALs are chosen based on hazards which may cause damage to
plant safety functions (i.e., tornados, hurricanes, fire in plant vital areas) or
require additional help directly (control room evacuation) and thus increased
monitoring of the plant is warranted. The symptom-based and barrier-based EALs are
sufficiently anticipatory to address the results of multiple failures, regardless of
whether there is a common cause or not. Declaration of the Alert will already
result in the manning of the TSC for assistance and additional monitoring. Thus,
direct escalation to the Site Area Emergency is unnecessary. Consequential damage
from such hazards, 1f observed, would be the basis for escalation to Site Area
Emergency or General Emergency. Other Alerts that have been specified correspond to
conditions which are consistent with the emergency class descriptica.

The basis for Site Area Emergencies and General Emergencies is primarily the extent
and severity of fission product barrier challenges, based on plant conditions as
presently known or &s can be reasonably projected.

The guidance presented here is not intended to be applied to plants as-is. The EAL
guidance {s intended to give the logic for developing site-specific EALs using site-
specific EAL presentation methods. Basis information 1s provided to aid station
personnel in preparation of their own EALS, to provide necessary information for
training, and for explanation to state and local officials. In addition, state and
Tocal requirements have not been reflected in the generic guidance and should be
considered on a case-by-case basis with appropriate state and local emergency
response organizations.



£-S

UNUSIAL FeENT

Revy Urpl erned B2l ease
ef Cossroum or Liguid
Badicactivity to the
Erwiromment that
Exceeds Tuwo Tiews the
fadiological Technicel
Specificatione for 40
Rimutes or Longer.
Op. Nodes: All

Unexpected increses in
Plant Radistion Levels
or Afrborme
Concentration,

Op. Nodes: ALL

aal

RECOGNITION CATEGORY A

ABNORMAL RAD LEVELS/RADICLOGICAL EFFLUENT

INITIATING CONDITION MATRIX

Aevy Urpl swwd Relcene
or Gaseoum or Liguid
Radicectivity to the
Erwironment thet
Exceods 200 ¥imes
fadiologicel
Technical
Specificatiom for 15
Rirutes or Longer,
Op. Wodes: ALL

s jor Damege te
irradisted Fuel or
Loss of Weter Lewel
thet Res or Will
Result in the
Uncovering of
irredisted Fuel
Gutaside the Reacter
Yessel .

Op. Modes: AlL

Release of
Redicactive Meterial
or Incresses in
fadiation Levels
Within the facitity
that [epedes
Nperstion of Systems
Required ts Maintain
Safe Operstions or te
Establ ish or Nalntain
Colé Pamdoen.

Op. Wodes: All

Site Sowrddery Bose
RemdAting from an
Actum! or lmeinent
feloase of Cesemm
Sadicect ivity Exnceeds
100 st Vhole Body or
SO0 ot (hild Thyrold
for the Actual er
Prejected uration of
the Belesee.

Op. Modes: ALY

L 3]

Site bowviery Dose
femsiting from an
Actuml or jeminent
telease or Cessrous
Ssdicactivity that
froeeds 1000 aft Whole
Body or SO00 s (hild
Thyroid for the Actusl
ar Projected Surstion
of the fclease Using
Actusi Meterciogy.
Op. Rodes: All



NORMA

UNUSUAL EVENT

AUl  Any Unplanned Release of Gaseous or Liquid Radicactivity to the Environment
that Exceeds Two Times the Radiological Technical Specifications for 60
Minutes or Longer.

OPERATING MODE APPLICABILITY: Al
EXAMPLE EMERGENCY ACTION LEVELS: (1 or20r3ord)

1. A valid reading on one or more of the following monitors that exceeds the value
shown indicates that the release ma{ have exceeded the above criterion and
fndicates the need to assess the release with (site-specific procedure):

(site-specific 11ist)

Note: If the monitor reading(s) is sustained for longer than 60 minutes and the
required assessments cannot be completed within this pericd, then the
declaration must be made based on the valid reading.

2. Confirmed sample analyses for gaseous or 1iquid releases indicates
concentrations or release rates with a release duration of 60 minutes or longer
in excess of two times (site-specific technical specifications).

3. Valid reading on perimeter radiation monitoring system greater than 0.10 mR/hr
above no;ma\ background for 60 minutes [for sites having telemetered perimeter
monitors).

4. Valid indication on automatic real-time dose assessment capability greater than
(site-specific value) for 60 minutes or longer [for sites having such
capability].

BASIS:

The term "Unplanned”, as used in this context, includes any release for which a
radicactive discharge permit was not prepared, or a release that exceeds the
conditions (e.g., minimum dilution flow, maximum discharge flow, alarm setpoints,
etc.) on the applicable permit.

Valid means that a radiation monitor reading has been confirmed by the operaztors to
be correct.

Unplanned releases in excess of two times the site technical specifications that
continue for 60 minutes or longer represent an uncontrolled situation and hence, a
potential degradation in the level of safety. The final integrated dose (which is
very low in the Unusual Event emer?ency class) 1s not the primary concern here; it
fs the degradation in plant control implied by the fact that the release was not
isolated within 60 minutes. Therefore, 1t is not intended that the release be
averaged over 60 minutes. For example, a release of 4 times T/S for 30 minutes does
not exceed this initiating condition. Further, the Emergency Director should not
wait unti) 60 minutes has elapsed, but should declare the event as soon as it is
determined that the release duration has or will 1ikely exceed 60 minutes.
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For sites that have eliminated effluent technica) specifications as provided in Nﬁ:‘
Generic Letter 89-0]1, the corresponding maximum 1imit from the site’s Offsite Dose
Calculation Manual should be used as the numeric basis of EAL.

10 CFR 50.72 requires a non-emergency four hour report for release that exceeds 2
times maximum permissible concentration (MPC) in unrestricted areas lv&ra?ed over a
period of one hour. There {s generally more than one applicable technica
specification (e.g9., air dose rate, organ dose rate, organ doses, release rate,
etc.). Often, effluent monitor alarms are based on instantaneous release rates.
Depending on the source term, other technical specifications may be more limiting.
For this reason, the EALs should trigger an assessment of all applicable
specifications.

Monitor indications should be calculated on the basis of the methodology of the site
Offsite Dose Calculation Manual (ODCM), or other site procedures that are used to
demonstrate complfance with 10 CFR 20 and/or 10 CFR 50 Appendix | requirements.
Annual average meteorology should be used where allowed.

In EAL 3, the 0.10 mR/hr value is based on a proration of two times the 500 mR/yr
basis of the 10 CFR 20 non-occupational MPC 1imits, rounded down to 0.10 mR/hr. If
other site-specific values are applicable, these should be used.

Some sites may find 1t advantageous to address gaseous and liquid releases with
separate initiating conditions and EALs.
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UNUSUAL EVENT

AU2  Unexpected Increase in Plant Radiation or Afrborne Concentration.
OPERATING MODE APPLICABILITY: AN

EXAMPLE EMERGENCY ACTION LEVELS: (lor2or3ordors)

1. (Site-specific) indication of uncontrolled water level decrease in the reactor
refueling cavity with all irradiated fuel assemblies remaining <overed by water.

2. Uncontrolled water level decrease in the spent fuel pool and fue transfer canal
with a1l irradiated fuel assemblies remaining covered by water.

3. (Site-specific) radiation reading for irradiated spent fuel in dry storage.

4. Vilid Direct Area Radiation Monitor readings increases by a factor of 1000 over
normal* levels.

*Normal levels can be considered as the highest reading in the past twenty-
four hours excluding the current peak value.

BASIS:

Valid means that a radiation monitor reading has been confirmed by the
operators to be correct.

A11 of the above events tend to have long lead times relative to potential for
radiological release outside the site boundary, thus impact to public health
and safety is very low.

In Tight of Reactor Cavity Seal failure incidents at two different PWRs and
loss of water in the Spent Fuel Pit/Fuel Transfer Caral at a BWR all occurring
since 1584, explicit coverage of these types of events via EALs ] and 2 s
appropriate given their potential for increased doses to plant staff.
Classification as an Unusual Event 1s warranted as & precursor to a more
serious event.

EAL 3 applies to plants with licensed dry storage of older {rradiated spent
fuel to address degradation of this spent fuel. One utility uses values of 2
R/hr at the face of any dry storage module or 1 R/hr one foot away from a
damaged module.

EAL 4 addresses unplanned increases in in-plant radiation levels that
represent a degradation in the control of radioactive material, and represent
a potential degradation in the level of safety of the plant. This EAL
escalates to an Alert per IC AR3, 1f the increases impair safe operation.
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NORMA
ALERT

AAl  Any Unplanned Release of Gaseous or Liquid Radicactivity to the
Environment that Exceeds 200 Times Radiological Technical
Specifications for 15 Minutes or Longer.

OPERATING MODE APPLICABILITY: Al
EXAMPLE EMERGENCY ACTION LEVELS: (1 or 2 0r 3 or 4)

1. A valid reading on one or more of the following monitors that exceeds the
value shown indicates that the release may have exceeded the above
criterion and indicates the need to assess the release with (site-specific
proceaure):

(site-specific 1ist)

Note: If the monitor reading(s) 1s sustained for longer than 15 minutes
and the required assessments cannot be completed within this period,
then the declaration must be made based on the valid reading.

2. Confirmed sample analyses for gaseous or 1iguid releases indicates
concentrations or release rates in excess of (200 x site-specific
technical specifications) for 15 minutes or longer.

3. A valid reading on perimeter radiation monitoring system greater than 10.0
mR/hr sustained for 15 minutes or longer. [for sites having telemetered
perimeter monitors)

§. Valid indication on automatic real-time dose assessment capability greater
than (200 x site-specific Technical Specifications value) for 15 minutes
or longer. [for sites having such capability]

BASIS:

Valid means that a radiation monitor reading has been confirmed by the
operators to be correct.

This event escalates from the Unusual Event by escalating the magnitude of the
release by a factor of 100. Prorating the 500 mR/yr criterion for both time
(8766 hr/yr and the 200 multiplier, the associated site boundary dose rate
would be 10 mR/hr. The required release duration was reduced to 15 minutes in
recognition of the increased severity.

For sites that have eliminated effluent technical specifications as provided in l
NRC Generic Letter 89-01, the corresponding maximum 1imit from the site’'s Offsite
Dose Calculation Manual, multiplied by 200, should be used as the numeric basis

of this EAL.

Monitor indications should be calculated on the basis of the methodology of
the site Offsite Dose Calculation Manual (ODCM), or other site procedures that
are used to demonstrate compliance with 10 CFR 20 and/or 10 CFR 50 Appendix I
requirements -- adjusted upwards by a factor of 200. Annual average
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meteorclogy should be used where allowed.
In EAL 3, the 10 mR/hr value is based on a proration of 200 times the 500

mR/yr basis of the 10 CFR 20 non-occupational MPC 1imits, rounded down to 10
mR/hr. 1f other site-specific values are applicable, these should be used.
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ALERT

A2  Major Damage to Irradiated Fuel or Loss of Water Level that Has or Wil
Result in the Uncovering of Irradiated Fuel Outside the Reactor Vessel.

CPERATING MDODE APPLICABILITY: Al
EXAMPLE EMERGENCY ACTION LEVELS: (1 or 2 or 3 or &)

1. A (site-specific set point) alarm on one or more of the following
radiation monitors: (site-specific moniters)

Refuel Floor Area Radiation Monitor
Fuel Handling Building Ventilation Monitor
Fuel Bridge Area Radiation Monitor

2. Report of Visual observation of irradiated fuel uncovered.

3. Water Level less than (site-specific) feet for the Reactor Refueling
Cavity that will result in Irradiated Fuvel Uncovering.

4. Water Level less than (site-specific) feet for the Spent Fuel Pool and
Fuel Transfer Canal that will result in Irradiated Fuel uncovering.

BASIS:

This IC applies to spent fuel requiring water coverage and is not intended to
address spent fuel which is licensed for dry storage, which is discussed in
NUMARC IC AU2, “"Unexpected Increase in Plant Radiation or Airborne
Concentration.”

NUREG-0818, "Emergency Action Levels for Light Water Reactors,® forms the
basis for these EALs. Each site should aiso define its EALs by the specific
area where Irradiated fuel is Tocated such as Reactor Cavity, Reactor Vessel,
or Spent Fuel Pool.

There is time available to take corrective actions, and there 1s l1ittle
potential for substantial fuel damage. In addition, NUREG/CR-4582, "Severe
Accident in Spent Fuel Pools in Support of Generic Safety Issue 82," July
1987, indicates that even {f corrective actions are not taken, no prompt
fatalities are predicted, and that risk of injury 1s low. In addition, NRC
Information Notice No. 90-08, "KR-B5 Hazards from Decayed Fuel® presents the
following in 1ts discussion:

In the event of a serious accident involving decayed spent fuel,
protective actions would be needed for personnel on site, while offsite
doses (assuming an exclusion area radius of one mile from the plant
site) would be well below the Environmental Protection Agency’s
“rotective Action Guides. Accordingly, it 1s important to be able to
jroperly survey and monitor for Kr-85 in the event of an accident with
Jecayed spent fuel.
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Licensees may wish to reevaluate whether Emergency Action Levels
specified in the emergency plan and procedures governing decayed fuel-
handling activities appropriately focus on concern for onsite workers
and Kr-85 releases in areas where decayed spent fuel accidents could
occur, for example, the spent fuel pool uorkin? floor. Furthermore,
Ticensees may wish to determine {f emergency plans and corresponding
implementing procedures address the means for limiting radiological
exposures of onsite personnel who are in other areas of the plant,
Among other things, moving onsite personnel away from the plume and
shutting off building air intakes downwind from the source may be
appropriate.

Thus, an Alert Classification for this event 1s |ppro?r11to. Escalation, 1f

appropriate, would occur via Abnormal Rad Level/Radiological Effluent or
Emergency Director Judgement.
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ABNORMAL RAD LEVELS/RADIOLOGICAL EFFLUENT

ALERT

AA3  Release of Radioactive Material or Increases in Radiation Levels Within
the Facility That Impedes Operation of Systems Required to Maintain
Safe Operations or to Establish or Maintain Cold Shutdown

OPERATING MODE APPLICABILITY: AN

EXAMPLE EMERGENCY ACTION LEVELS: (1or2)

1. Valid (site-specific) radiation monitor readings GREATER THAN 15 mR/hr in

areas requiring continuous occupancy to maintain plant safety functions:
- (Site-specific) 11st

- Valid (site-specific) radiation monitor readings GREATER THAN <site
specific> values 1n areas requiring infrequent access to maintain plant
safety functions.

- (Site-specific) 1ist

KOTE: The Emergency Director should determine the cause of the increase in
radiation levels and review other ICs for applicabilidty.

BASIS:

Valid means that a radiation monitor reading has been confirmed by the
operators to be correct.

This IC addresses increased radiation levels that impede necessary access to
operating stations, or other areas containing equipment that must be operated
manually, in order to maintain safe operation or perform 3 safe shutdown. It
fs this impaired ability to operate the plant that results in the actual or
potential substantial degradation of the level of safety of the plant. The
cause and/or magnitude of the increase in radiation levels 1s not a concern
of this IC. The Emergency Director must consider the source or cause of the
increased radiation levels and determine {f any other IC may be involved.

For example, a dose rate of 15 mR/hr in the control room may be a problem in
itself. However, the increase may also be indicative of high dose rates in
the containment due to a LOCA. In this latter case, an SAE or GE may be
indicated by the fission product barrier matrix ICs.

At multiple-unit sites, the example EALs could result in declaration of an
Alert at one unit due to a radioactivity release or radiation shine resulting
from a major accident at the other unit. This is appropriate if the increase
impairs operations at the operating unit.

This IC 1s not meant to apply to increases in the containment dome radiation
monitors as these are events are addressed in the fission product barrier
matrix ICs. Nor is it intended to apply to anticipated temporary increases
due to planned events (e.g., incore detector movement, radwaste container
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movement, depleted resin transfers, etc.)

Emergency planners developing the (site-specific) 1ists may refer to the
site’s abnormal operating procedures, emergency operaiing procedures, the

10 CFR 50 Appendix R analysis, and/or, the analyses performed in response to
Section 2.1.6b of NUREG-0578, "TMI-2 Lessons Learned Task Force Status Report
and Short-term Recommendations®™, when 1dent1fy1ng areas containing safe
shutdown equipment. With regard to the NUREG-0578 analyses, do not use the
dose rates postulated therzin as a basis for the radiation monitor readings
for this IC, as the NUREG-0573 analyses address general emergency conditions.

Areas requiring continuous occupancy includes the control room and, as
appropriate to the site, any other control stations that are manned
continuously, such as a radwaste control room or a central security alam
statfon. The value of 15mR/hr 1s derived from the GDC 19 value of 5 rem in
30 days with adjustment for expected occupancy times. Although Section
111.D.3 of NUREG-0737, *Clarification of TMI Action Plar Requirements®,
provides that the 15 mR/hr value can be averaged over the 30 days, the
value 1s used here without averaging, as a 30 day duration implies an event
potentially more significant than an Alert.

For areas requiring infrequent access, the (site-specific) value(s) should
be based on radiation levels which result in exposure control measures
intended to maintain doses within normal occupational exposure guidelines
and 1imits (4.e., 10 CFR 20), and in doing so, will impede necessary access.
For many areas, 1t may be possible to establish a single generic EAL that
represents a multiple of the normal radiation levels (e.g., 1000 times
normal). However, areas that have normally high dose rates may require a
lower multiple (e.g., 10 times normal).
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ABNORMAL RAD LEVELS/RADIOLOGICAL EFFLUENT

SITE AREA EMERGENCY

AS1  Boundary Dose Resulting from an Actual or Imminent Release of Gaseous
Radioactivity Exceeds 100 mR Whole Body or 500 mR Child Thyroid for the
Actual or Projected Duration of the Release.

OPERATING MODE APPLICABILITY: A1l
EXAMPLE EMERGENCY ACTION LEVELS: (lor20or3ord)

1. A valid reading on one or more of the following monitors that exceeds or
fs expected to exceed the value shown indicates that the release may have
exceeded the above criterion and indicates the need to assess the release
with (site-specific procedure):

(site-specific 1ist)

Note: If the monitor reading(s) is sustained for longer than 15 minutes
and the required assessments cannot be completed within this period,
then the declaration must be made based on the valid reading.

2. A valid reading sustained for 15 minutes or longer on perimeter radiation

monitoring system greater than 100 mR/hr. [for sites having telemetered
perimeter monitors

3. Valid dose assessment capability indicates dose consequences greater than
100 mR whole body or 500 mR child thyroid.

4. Field survey results indicate site boundary dose rates exceedin? 100 mR/hr
expected to continue for more than one hour; or analyses of field survey
samp}es indicate child thyroid dose commitment of 500 mR for one hour of
inhalation.

BASIS:

Valid means that a radiation monitor reading has been confirmed by the
operators to be correct.

The 100 mR integrated dose in this initiating condition is based on the
proposed 10 CFR 20 annual average population exposure. This value also
provides a desirable gradient (one crder of magnitude) between the Alert, Site
Area Emergency, and General Emergency classes. It {s deemed that exposures
less than this 1imit are not consistent with the Site Area Emergency class
description. The 500 mR integrated child thyroid dose was established in
consideration of the 1:5 ratio of the EPA Protective Action Guidelines for
whele body and thyroid.

Integrated doses are generally not monitored in real-time. In establishing
the emergency action levels, it s suggested that a duration of one hour be
assumed, and that the EALs be based on a site boundary dose of 100 mR/hour

whole body or 500 mR/hour child thyroid, whichever is more limiting (depends

5-13



on source term assumptions). If individual site analyses indicate a longer or
shorter duration for the period in which the substantial portion of the
activity is released, these dose rates should be adjusted.

The FSAR source terms applicable to each monitored pathway should be used in
conjunction with annual average meteorology in determining indications for the

monitors on that pathway.
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ABNORMAL RAD LEVELS/RADIQLOGICAL EFFLUENT

EENERAL EMERGENCY

AG1 Boundary Dose Resulting from an Actual or Imminent Release of Gaseous
Radioactivity that Exceeds 1000 mR Whole Body or 5000 mR Child Thyroid
for the Actual or Projected Duration of the Release Using Actual
Keteorology.

OPERATING MODE APPLICABILITY: AN
EXAMPLE EMERGENCY ACTION LEVELS: (1 or2or3ord)

1. A valid reading on one or more of the following monitors that exceeds -
or is expected to exceed the value shown indicates that the release may
have exceeded the above criterion and indicates the need to assess the
release with (site-specific procedure):

(site-specific 1ist)

Note: If the monitor reading(s) is sustained for longer than 15 minutes
and the required assessments cannot be completed within this period,
then the deciaration must be made based on the valid reading.

2. A valid reading sustained for 15 minutes or longer on perimeter radiation

monitoring system greater than 1000 mR/hr. [for sites having telemetered
perimeter monitors)

3. Valid dose assessment capability indicates dose consequences greater than
1000 mR whole body or 5000 mR child thyroid.

4. Field survey results indicate site boundary dose rates exceeding 1000
mR/hr expected to continue for more than one hour; or analyses of field

survey samples indicate child thyroid dose commitment of 5000 mR for one
hour of inhalation.

BASIS:

Valid means that a radfation monitor reading has been confirmed by the
operators to be correct.

The 1000 mR whole body and the 5000 mR child thyroid integrated dose are based
on the EPA protective action guidance which indicates that public protective
actions are indicated if the dose exceeds 1 rem whole body or 5 rem child
thyroid. This 1s consistent with the emergency class description for a
General Emergency. This level constitutes the upper level of the desirable
gradient for the Site Area Emergency. Actual meteorology s specifically
identified in the inftiating condition since 1t gives the most accurate dose

assess?ent. Actual meteorolegy (including forecasts) should be used whenever
possible.

Integrated doses are generally not monitored in real-time. In establishing
the emergency action levels, it is suogested that a duration of one hour be
assumed, and that the EALs be based on site boundary doses for either whole
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body or child thyroid, whichever {s more 1imiting (depends cn source term
assumptions). If individual site analyses indicate a longer or shorter
duration for the period in which the substantial portion of the activity is
released, these dose rates should be adjusted.

The FSAR source terms applicable to each monitored pathway should be used in

conjunction with annual average meteorology in determining indications for the
monitors on that pathway.
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Emergency. for exsmple, if fuel Clad berrier send BCS barrier ™oss™ EAls enisted, thia wouid indicste te the Bsergency Birecter
thet, in sdditionel te offsite duse sssessments, contireml sesessments of redicective irventory and corteinment integrity mst be
focused en. If, on the other hard, both Fuel Clad bearrier end 2CS barrier "Potentisl Lose™ EALs emfisted, the Besrgency Birector
wnid heve more sesurance that there wes ns lesediete need ta escslete te 3 Geners! Bmergery.

- The sbility to cecalate to higher mmergency classes 28 an svert gets worse met be amintained. for sxample, BCS lesbage steadily
increesing would represent an ircrvesing risk to pubiic hesith and safety.

Figslen Prodxt Bervier I0s mmt he capeble of sdiressing evert dmamics.
within 1 to 2 heswrs) loss or Potentisl Loss should remtt in o classification as if the affected threshold(s) ere siready exceeded,

particuiarly for the higher emergency cisnves.

Thus, the EAL Befererwe Tebies 5 and 4 stete thet TWRIMEWT (e,
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R CERCEECY ACTION (WL .
FISSION PRODUCT BARRIER REFERTWCE TAME
TARESHOLDS FOR LOSS OR POTERTIAL LOSS OF SARRIERS

® Determine which combination of the three barriers are font o heve » pateniiel less and use the foilowing Rey to classify the event. Alse an svent (or msitiple events
could pcrur shich resmdt in the conclusion thet exceeding the Loss or Potentisl Lees thresholde te DRIINENT (f.e., within 1 te § howrs). In this IRIMEWT LOSS sitwtion
we juigemert and ciansify ss If the thresholids ere encredod,

LSS EVERY MERY SITE AREA EWRERCEWCY CERERAL DERGECY
ANY Loes or MY Petevtial Loes of ANY leas or ANY Potentisl Loas of Lees of BOTH Fuel Cled M RCS lees of ARY Two Berriery,
Conteinsent EITRER Farl Cled OB BC8 o Axp
Potentisl Lozs of BOTR Fuel Clad A RCB Potentisl Loss of Third Berrier
on
Potent il fose of FITHER Fuel Clad OR
acs, and Lose of ASY Additionml Ber—ier
3, Emergency Directer Asigement 3. Other (Site-specific) Indicstions L 1fic) jndicetions
Ay coredition In the jufpement of the (Site-specific) se (site-apecific) es tnlite-epecific) oo (sive-sgpucific) m
fumergency Directer thet Irndicetes loes e apyd fcsble apt lesble wpd lcable ool icable
Potential Loes of the REL CTLAD berrier
on o=
§, fmergency Birector sudgemert &, Emergercy Directer Mudgement
fow condition in the julvemert of the Fasrgrrcy Aoy conition in the epinion of the Fuergercy Director
Pirector thet Indicete Loss or Potentiel Loss of the thot Indicetes Less or Potertisl Loss of the
RCY buerrler CHTAINENY borelev



BASIS INFORMATION FOR TABLE 3
BWR EMERGENCY ACTION LEVEL
FISSION PRODUCT BARRIER REFERENCE TABLE

FUEL CLAD BARRIER EXAMPLE EALs: (1 or 2 or 3 or 4 or 5)

The Fuel Clad barrier s the zircalloy or stainless steel tubes that contain
the fuel pellets.

1.

3.

Primary Coolant Activity Level

This (site-specific) value corresponds to 300 »Ci/gm 5, equivalent,
Assessment by the NUMARC EAL Task Force indicates that ‘his amount of
coolant activity is well above that expected for fodine spikes and
corresponds to about 5% to 10% fuel clad damage. This amount of clad
damage indicates significant clad heating and thus the Fuel Clad Barrier
is considered lost.

There 1s no equivalent "Potential Loss" EAL for this ftem.

Reactor Vessel Water Leve!

The "Loss" EAL (site-specific) value corresponds to 2/3 coverage of the
active fuel. This is the minimum value to assure core cooling without
further degradation of the clad. The "Potential Loss"™ EAL is the same as
the RCS barrier "Loss" EAL 4 below and corresponds to the (site-specific)
water Tevel at the top of the active fuel. Thus, this EAL indicates 2
“Loss" of RCS barrier and a "Potential Loss" of the Fuel Clad Barrier.

This EAL appropriately escalates the emergency class to a Site Area
Emergency.

Drywell Radiation Monitoring

The (site-specific) reading 1s a value which indicates the release of
reactor coolant, with elevated activity indicative of fuel damage, into
the drywell. The reading should be calculated assuming the instantaneous
release and dispersal of the reactor coolant noble gas and fodine
inventory associated with & concentration of 300 4Ci/gm dose equivaient
1-131 into the drywell atmosphere. Reactor coolant concentrations of this
magnitude are several times larger than the maximum concentrations
(including fodine spiking) allowed within technical specifications and are
therefore indicative of fuel damage (approximately 2 - 5% clad faflure
depending on core inventory and RCS volume). This value 1s higher than
that specified for RCS barrier Loss EAL #3. Thus, this EAL indicates a
1oss of both Fuel Clad barrier and RCS barrier.

Caution: 1t is important to recognize that in the event the radiation
monitor is sensitive to shine from the reactor vessel or piping spurious
readings will be present and another indicator of fuel clad damage s
necessary.

There 1s no "Potential Loss” EAL associated with this ftem.
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Other (Site-Specific) Indications

This EAL is to cover other (site-specific) indications that may indicate
loss or potential loss of the Fuel Clad barrier, including indications
from containment air monitors or any other (site-spec1f1cg
instrumentation.

. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the Fuel Clad barrier is lost or
potentially lost. In addition, the inability to monitor the barrier
should also be incorporated in this EAL as a factor in Emergency Director
Judgement that the barrier may be considered lost or potentially lost.
(See also IC SG1, "Prolonged Loss of A1l Offsite Power and Prolonged Loss
of A1l Onsite AC Power", for additional infermation.)

RCS BARRIER EXAMPLE EALs: (1 or 2 or 3 or 4 or 5 or 6)

The RCS Barrier is the reactor coolant system pressure boundary and includes
the reactor vessel and all reactor coolant system piping up to the isolation
valves.

1.

RCS Leak Rate

The "Loss™ EAL is based on design basis accident analyses which show that
even {f MSIV closure occurs within design limits, dose consequences
offsite from a "puff" release would be in excess of 10 millirem. Thus,
this EAL is included for consistency with the Alert emergency
classification. Potential loss of RCS is determined from site-specific
alarms in the areas of the main steam line tunnel, main turbine generator,
RCIC, HPCI, etc., which indicate a direct path from the RCS to areas
outside primary corntainment.

. Drywell Pressure

The (site-specific) drywell pressure is based on the drywell high pressure
alarm setpoint and indicates a LOCA.

There is no "Potential Less" EAL corresponding to this item.
Drywell Radiation Monitoring

The (site-specific) reading 1s a value which indicates the release of
reactor coolant to the drywell. The reading should be calculated assuming
the instantaneous release and dispersal of the reactor coolant noble gas
and fodine fnventory associated with normal operating concentrations
(1.e., within T/S) into the drywell atmosphere. This reading will be less
than that specified for Fuel Clad Barrier EAL #3. Thus, this EAL would be
indicative of a RCS Teak only. If the radiation monitor reading increased
to that value specified by Fuel Clad Barrier EAL #3, fue) damage would
2150 be indicated.

However, 1f the site specific physical location of the drywell radiation

monitor is such that radiation from a cloud of released RCS gases could
not be distinguished from radiation from adjacent piping and components
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containing elevated reactor coolant activity, this EAL should be omitted
and other site specific indications of RCS leakage substituted.

There is no "Potential Loss" EAL associated with this item.

Reactor Vessel Water Level

This "Loss" EAL 1s the same as "Potential Loss" Fuel Clad Barrier EAL 2.
The (site-specific) water Tevel corresponds to the top of the active fuel.
This EAL appropriately escalates the emergency class to a Site Area
Emergency. Thus, this EAL indicates a loss of the RCS barrier and a
Potential Loss of the Fuel Clad Barrier.

Other (Site-Specific) Indications

This EAL s to cover other (site-specific) indications that may indicate
loss or potential loss of the RCS barrier.

. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the RCS barrier is lost or potentially
lost. In addition, the inability to monitor the barrier should also be
incorporated in this EAL as a factor in Emergency Director judgement that
the barrier may be considered lost or potentially lost. (See also IC SGI,
"Prolonged Loss of Offsite Power and Prolzrnged Loss of A1l Onsite AC
Power", for additional information.)

PRIMARY CONTAINMENT BARRIER EXAMPLE EALt¢: (1 or 2 or 3 or 4 or § or 6)

The Primary Containment Barrier includes the drywell, the wetwell, their
respective interconnecting paths, and other connections up to and including
the outermost containment isolation valves.

1.

Drywell Pressure

Rapid unexplained loss of pressure (1.e., not attributable to drywell
spray or condensation effects) following an ifnitial pressure increase
indicates a loss of containment integrity. ODrywel) pressure should
increase as a result of mass and energy release into containment from &
LOCA. Thus, drywell pressure rot increasing under these conditions
indicates a loss of containment integrity. The (site-specific) PSIG for
potential loss of containment is based on the containment drywell design
pressure. Existence of an explesive mixture means a hydrogen and oxygen
concentration of at least the lower deflagration 1imit curve exists. This
applies to BWRs with Mark 111 containments, as well as Mark I and 1]
containment designs when they are de-inerted.

Containment Isolation Valve Status After Containment Isolation Signal

This EAL is intended to cover containment isolation failures allowing a
direct flow path to the environment such as failure of both MSIVs to close
with open valves downstream to the turbine or to the condenser. In
addition, the presence of area radiation or temperature alarms {indicating
unisolable primary system leakage outside the drywell are covered. Also,
an intentiona) venting of primary containment per EOPs to the secondary
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containment and/or the environment to considered a loss of containment.
There is no "Potential Loss" EAL associated with this 1tem.
. Significant Radioactive Inventory in Containment

The (site-specific) reading is a value which indicates significant fuel
damage well in excess of that required for loss of RCS and Fuel Clad. As
stated in Section 3.8, a2 major release of radioactivity requiring offsite
protective actions from cecre damage 1s not possible unless a major failure
of fuel cladding allows radiocactive material to be released from the core
into the reactor coolant. Regardless of whether containment s
challenged, this amount of activity in containment, {f released, could
have such severe consequences that 1t is prudent to treat this as a
potential loss of containment, such that a General Emergency declaration
is warranted. NUREG-1228, "Source Estimations During Incident Response to
Severe Nuclear Power Plant Accidents,” indicates that such conditions do
not exist when the amount of clad damage 1s less than 20%. Unless there
is a (site-specific) analysis justifying a higher value, it is recommended
that a radiation monitor reading corresponding to 20% fuel clad damage be
specified here.

There i1s no "Loss"™ EAL associated with this {tem.

. Reactor Vesse)l Water Level

In this EAL, the (site-specific) water leve) corresponds to 2/3 coverage
of the active fuel. This is the minimum value to assure core cooling
without further degradation of the clad.

The conditions in this poteniiei loss EAL represent imminent melt
sequences which, 1f not corrected, could lead to vessel failure and
increased potential for containment failure. In conjunction with the
Tevel EALs in the Fuel and RCS barrier columns, this EAL will result in
the declaration of a General Emergency -- loss of two barriers and the
potential loss of a third. 1f the emergency operating procedures have
been ineffective in restoring reactor vesse{ Tevel within the maximum core
uncovery time limit, there is not a "success" path.

Severe accident analysis (e.g., NUREG-1150) have concluded that function
restoration procedures can arrest core degradation with the reactor vessel
in a significant fraction of the core damage scenarios, and the likelihood
of containment failure is very small in these events. Given this, it 1s
appropriate to provide a reasonable period to allow emergency operating
procedures to arrest the core melt sequence. Whether or not the
procedures will be effective should be apparent within the time provided.
The Emergency Director should make the declaration as soon as it is
determined that the procedures have been, or will be, ineffective. There
is no "loss™ EAL associated with this item.

. Other (Site-Specific) Indications

This EAL is to cover other (site-specific) indications that may indicate
loss or potential loss of the containment barrier.




€. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the Containment barrier is lost or
potentially lost. In addition, the inability to monitor the barrier
should also be incorporated in this EAL as a factor in Emergency Director
judgement that the barrier may be considered lost or potentially lost.
(See also IC SG1, "Prolonged Loss of A1l Offsite Power and Prolonged Loss
of A1l Onsite AC Power”, for additional information.)

5-24




$2-S

UMUISUAL EVENRY

1amE 4

PUR FERTERCY ACTION 1EWEL
FISSION PRODUCT BARRIER REFERFOCE TASIE o
TIRESHOLDS FOR LOSS OR POTENTIAL LOSS OF BARRIERS -

-
Determine which combinetion of the three barriers ere lost or have 8 potential loss end wuse the following key te clamsify the
event. Alse on event (or multiple events! could ecour which result in the conclusion that excreding the Losa or Potentisl Loes

thresholids I INERT (l.e., within 1 ta 2 howsrs).

sre eaceeded,

AXY Loss or ARY Petentisl Less of

Contsirment

ALERY

ANY Loss or ANY Potential ioss of E1TMER

Fuel Clod OR RCH

tn this PSOIMENT (0SS situstion use judgesent and clessify ss if the thresholds

SITE ARTA FMERCENCY SENEEN. PNERGERCY

toss of BOTH Fuel Clad AND RCB Loss of ANY Two Barriers
on i

Potentis! toss of BOITR fuel Cled D 208 Potentisl Loss of Third Berrier
o

Potentisl toss of FITRER Fuel Clod OR 208,
and Loss of ANY Additionel Servier

FUEL CLAD BARRIER EXAMLE FALS

L0SS POTENTIAL LOSS
1, Criticel Sefety function Status
Core Cool ing -Red Core Cool ing-
Orange OR Beat
Sink-Red
o=
Pri Cool
Coolant Activity Bot appl icsble
GREATER TRAR (site-
specific) volue
o=
Core Exi Readti
GREATER TRAN (site- CREATER ThRAN
specific) degree F {site-specific)
degree §

BCE SARRIER 2NAMWPLE TALS
LoSs

iti Safet) Function Status
Bot appi icable

£, BCH jesk Este

CREATER TRAN avellsbie mebeup cspacity
o2 indicoted by o loun of RCB
méxcoot ing

SE Tube

(Site-apecific) indication thet o SE fe
uptured sred Nas & Moy fsolsbie
secondary |ine bresk OR (Site-
specific) indicstion thet o SC is
rplured snd » prolormed reiesse of
contaminated seconciary coolant is
occurring from the siiected S to the
o i F orement

CONTAISENT SARRIER EXASLE FALS
POTENTIAL 1OSS 1058 POTERTIAL LOSS
Critd wnecti t

088 integrity-Red Bot eppl icshie Corvt o i rment -Red
R Seat Tink-Red

o
2. Contsirment Pressure
iniseishie lead Papid unewpd o irad decreass e w2 i) P od bowdry
enceeding the capacity foliewing initiel increese o=
of ane cherging paemp in o= Expionive wixture exists.
the norms! charging conts irment pressure or sump level o
mrwke resprrme not commistent with LOCA Ortevert grosmre gesty Sl
condi\ ‘e, artarset dyresurusoy nete
myoet mth lem fwn o kil
e of dyresrust o egapeet
operating.
o=

3, Comtalrment iselstion Yelwes Stetus After
Contairment isolation

Site-specific Yalve{e)} ot riceed AMD duewtiress Bot sppd (cable
infication thet @ S5 s pethesy to the erwirorment exists
nptured and the

Primory- to- Secordiery
lesh rate eacreds the
capacity of one

charging pusp in the
rormnl charging mode



92-§

amE &
rUR TRERGIECY ACTION fiw i
PSSO PRODIT RARRIER B IISTEINT fam ¥ F
SR SN DS TOR LOSS OF POMNIIAL (0SS @ RasRil’S

.
Determine which conbinetien of the three barrlere sre luat or heve & potentinl lose and ume the tritowing key te clesally the event. Alse an event (or msltiple

events) could ocour which reswlt in the conclunion thet esceeding the toss or Potentlel Loss threcholds in imumEl (i e., within | te 2 howe).

1055 situetion wuse judgement and classify ss i the threshoid: sre excerded.

ANY Loss or ANY Potentisl loss of
Conteirmon?

ALERY

ANY Loss or ANY Potemtiel loss of FITMER
furl Clad OR 2C8

in this Pevimnl

SITE ARER TWERGIONY CImERAL FMERCENCY

toss of B0IR furl Clad ANp 8CS fozs of ANY Two Berriers
oe A

Potential tots of SOIE fuel Cled ASD BCB Potential toss of Third Barrier
on

Potentinl Loas of FITNER fuel Clad OR BCS,

and 1oss of ARY Adiilionsl Barrier

MEL CLAD BARRIER EXAPIE FALS
Hnres roltEl M 105

4. Resclor ¥essel Weter §evel

Sot appl iceble Level LESS than
(site-specific)
velue

o

3. Contsirment fadistion Munitering

Conteirment red Bot sppl icable

sonitor veading

CREATER TmAN (site-

specitic) R

on

6. Other (Site Specific) teviicatiom

(Site-Specific)
as agpl icable

iSite-Speecific) »n
ngel be nbile

BCA BASRIER FRAWE TMS
10ss

&, Tonteiremret Badiet ion Wonitor ing

Contolirment rod menitor reeding
CREATER TRAN (eite-specific) B/

3, Other (Site Specilic) Indicstions
(Site-Specific) os sppl lcable

8. Emergency Birevior Saigement

fArwy cordition in ihe opinion of the fmergency Birector that
indizete toss or pwicet iel focs of the BCS baerier

POMIRIIAL 1OSS

Bot appl icable

(Site-Speciiic) o=
sppd lcable

CONIAIEET BARRITE FXAPPIE FalS

toss rOMEETIAL 0SS

4. S5 Secondory Side Selrese With Primery to Srcor.ory leskoge

Belesse of secendery side to Sot applicebly

eteosphere with prismacy teo
secorviery leskoge CREATIR THAS
tech spec olfesmble

o2

3. Significemt Radicactive inwentory in Contsirment

Sot sppd icsble Contolrment red moni tor resding CRTATER
s (cite-specific) /W

6. Core Exit Thermocaplie Readings

Core exit thermocmples in excess of
1200° end restorsiion procediwes ot
eflective within 1S winnstes; or, core
enil thrrmurmpl es 0 earess of 700° with
reecteor wessel lewel briow top of mtive
fuetl and restorstion procedres mot
effective within 15 mimtes

Sot eppd icable

-



LZ-5

ARt E &
PR EFERGERCY ACTION LEWEL
FISSION PRODUCT SARRIER REFERENCE TABLE ®
TRRESHROLDS FOR LOSS OR POTENTIAL LOSS OF BARRIERS

N Deterwmine swhich combinetion of the three borriers are (05t or have & potential loss ewf wne the following key te clessify the event. Alse an event (or muitiple
events) could ocour which result in the conclusion that erceeding the Loss or Potential Loss thresholds In 1MRIRENT (i e, within ! te 2 howrs). In this IeeIeENT
LOSS situstion use judgement and clessify 2a If the threshelds are encoeded,

IBRFSIML EVENT

ANY Loss or ANY Potential Losas of
Contairment

ALERTY

ANY Loss or ANY Potentisl toss of FITMER
Fuel Clad! O PC3

SITE AREA PPERCEWCY TEWRAL DR RGIRCY

foss of BOTH Fuel Clad AND BCS foss of ARY Two Berriers
o= AsD

Potential Lloss of BOTR Tuel Clod AND BC8 Potentinl Loss of Third Ber
kg

Potentisl Loss of EITHR fuel Clad OR RCH,
! ioss of ANY Additionel Berrier

P Birector

Any cordition in the opinien of the
fmergercy Director that indicetes foss
or Potentinl Loas of the NEL CLAD
barrier

7. Other (S} ftic) Indications

(Site-Specific) (Site-Specific)

o appd icabie os appliceble
o

8. Emergency Birector Ausigement

fowy cordition in the opinien of the fsergency Birector tf
indicates Lons or Potentie! Loss of the CONTAINW Y berr!



BASIS INFORMATION FOR TABLE 4
PWR EMERGENCY ACTION LEVEL
FISSION PRODUCT BARRIER REFERENCE TABLE

FUEL CLAD BARRIER EXAMPLE EALs: (1 or 2 or 3 or 4 or S or 6 or 7)

The Fue)l Clad Barrier 1s the zircalloy or stainless steel tubes that contain
the fuei p2)lets.

1. Critical Safery Function Status

This EAL is for PWRs using Critical Safety Function Status Tree (CSFST)
monitoring and functional recovery procedures. For more information,
please refer to Section 3.9 of this report. RED path indicates an extreme
challenge to the safety function. ORANGE path indicates a severe
challenge to the safety function.

Core Cooling - ORANGE indicates subcooling has been lost and that some
clad damage may occur. Heat Sink - RED indicates the ultimate heat sink
function is under extreme challenge and thus these two items indicate
potential loss of the Fuel Clad Barrier.

Core Cooling - RED indicates significant superheating and core uncovery
and is considered to indicate loss of the Fuel Clad Barrier.

2. Primary Coolant Activity Leve!

This (site-specific) value corresponds to 300 4Ci/cc 1., equivalent.
Assessment by the NUMARC EAL Task Force indicates that xh1s amount of
coolant activity is well above that expected for iodine spikes and
corresponds to about 5% to 10% fuel clad damage. This amount of clad
damage indicates significant clad heating and thus the Fuel Clad Barrier
is considered lost.

There is no equivalent "Potential Loss™ EAL for this item.

3. Core Exit Thermocouple Readings

The "Loss™ EAL (site-specific) readin? should correspond to significant
superheating of the coolant. This value typically corresponds to the
temperature reading that indicates core cooling - RED in Fuel Clad Barrier
EAL ] whicn is usually about 1200 degrees F.

The "Potential Loss" EAL (site-specific) reading should correspond to loss
of subcooling. This value typically corresponds to the temperature
reading that indicates core cooling - ORANGE in Fuel Clad Barrier EAL 1
which 1s usually about 700 to S00 degrees F.

4. Reactor Vessel Water Level

There is no "Loss™ EAL corresponding to this item because it is better
covered by the other Fuel Clad Barrier "Loss" EALs.
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The (site-specific) value for the "Potential Loss" EAL corresponds to the
top of the active fuel. For sites using CSFSTs, the "Potential Loss" EAL
is defined by the Core Cooling - ORANGE path. The (site-specific) value
in this EAL should be consistent with the CSFST value.

. Containment Radiation Monitoring

The (site-specific) reading 1s a value which indicates the release of
reactor coolant, with elevated activity indicative of fuel damage, into
the containment. The reading should be calculated assuming the
fnstantaneous release and dispersal of the reactor coolant noble gas and
fodine inventory associated with a concentration of 300 ,Ci/gm dose
equivalent 1-13] into the containment atmosphere. Reactor coolant
concentrations of this magnitude are several time larger than the maximum
concentrations (including iodine spiking) allowed within technical
specifications and are therefore indicative of fuel damage (approximately
2 - 5% clad failure depending on core inventory and RCS volume). This
value is higher than that specified for RCS barrier Loss EAL #4. Thus,
this EAL indicates a loss of both the fuel clad barrier and a loss of RCS
barrier.

There is no "Potential Loss"™ EAL associated with this item.

. Other (Site-Specific) Indications

This EAL 1s to cover other (site-specific) indications that may indicate
loss or potential loss of the Fuel Clad barrier, including indications
from containment air monitors or any other (site-specific)
instrumentation.

. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the Fuel Clad barrier is lost or
potentially lest. In addition, the inability to monitor the barrier
should also be incorporated in this EAL as a factor in Emergency Director
Judgement that the barrier may be considered lost or potentially lost.
(See also IC SG1, "Prolonged Loss or A1l Offsite Power and Prolonged Loss
of A11 Onsite AC Power", for additional information.)

RCS BARRIER EXAMPLE EALs: (1 or 2 or 3 or 4 or 5 or 6)

The RCS Barrier includes the RCS primary side and its connections up to and
including the pressurizer safety and relief valves, and other connections up
to and including the primary isolation valves.

1.

Critical Safety Function Status

This EAL 1s for PWRs using Critical Safety Function Status Tree (CSFST)
monitering and functional recovery procedures. For more information,
please refer to Section 3.9 of this report. RED path indicates an extreme
challenge to the safety function derived from appropriate instrument
readings, and these CSFs indicate a potential loss of RCS barrier.

There is no "Loss" EAL associated with this item.
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2. RCS Leak Rate

The "Loss" EAL addresses conditions where leakage from the RCS is greater
than available makeup capacity, including charging and ECCS. Under these
conditions, the makeup systems capacity is less than core heat generation,
thus subcooling will be lost as core heat is removed by boiling of the
conlant. "Available” encompasses both equipment out-of-service
considerations and system pressures higher than pump shutoff head or ECCS
accumulator pressure is inadequate to the extent that subcooling 1s lost.

The "Potential Loss" EAL 1s based on the inability to maintain normal
liquid inventory within the Reactor Coolant System (RCS) by normal
operation of the Chemical and Volume Control System which is considered as
one centrifugal charging pump discharging to the charging header. In
conjunction with the SG Tube Rupture "Potential Loss® EAL this assures
that any event that results in significant RCS {inventory shrinkage or loss
(e.?.. events leading to reactor scram and ECCS actuation) will result in
no lower than an "Alert"” emergency classification.

3, SG Tube Rupture

This EAL is intended to address the full spectrum of Steam Generator (SG)
tube rupture events in conjuncticn with Containment Barrier "Loss"™ EAL 4
and Fuel Clad Barrier EALs. The "Loss" EAL addresses ruptured SG(s) with
an unisolable Secondary Line Break corresponding to the loss of 2 of 3
ficsion product barriers (RCS Barrier and Containment Barrier - this EAL
will always result in Containment Barrier “Loss" EAL 4). This allows the
direct release of radioactive fission and activation products to the
environment. Resultant offsite dose rates are a function of many
variables. Examples include: Coolant Activity, Actual Leak Rate, SG
Carry Over, lodine Part1tion1n?. and Meteorology. Therefore, dose
assessment in accordance with IC AGl, "Site Boundary Dose Resulting from
an Actual or Imminent Release of Gaseous Radiocactivity that Exceeds 1000
mR Whole Body or 5000 mR Child Thyroid for the Actual or Projected
Duration of the Release Using Actual Meteorology", is required when there
is indication that the fuel matrix/clad is potentially lost.

(Site-specific) indication should be consistent with the diagnostic
activities of the Emergency Operating Procedures (EOPs), {f available.
This should include indication of reduction in primary coolant inventory,
increased secondary radiation levels, and an uncontrolled or complete
depressurization of the ruptured SG. Secondary radiation increases should
be observed via radiation monitoring of Condenser Air Ejector Discharge,
$G Blowdown, Main Steam, and/or SG Sampling System. Determination of the
"uncontrolled" depressurization of the ruptured SG should be based on
indication that the pressure decrease in the ruptured steam generator is
not a function of operator action. This should prevent declaration based
on a depressurization that results from an EOP induced cooldown of the RCS
that does not involve the prolonged release of contaminated secondary
coolant from the affected SG to the environment. This EAL should
encompass steam breaks, feed breaks, and stuck open safety or relief
valves.

The "Potential Loss" EAL is based on the inability to maintain normal
1iquid inventory within the Reactor Coolant System (RCS) by normal
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operation of the Chemical and Volume Control System which is considered as
one centrifugal charging pump discharging to the charging header. In
conjunction with the RCS Leak Rate "Potential Loss" EAL this assures that
any event that results in significant RCS inventory shrinkage or loss
(e.g., events leading to reactor scram and ECCS actuation) will result in
no lower than an "Alert" emergency classification.

Containment Radiation Monitoring

The (site-specific) reading is a value which indicates the release of
reactor coolant to the containment. The reading should be calcualted
assuming the instantaneous release and dispersal of the reactor coolant
noble gas and iodine inventory associated with normal operating
concentrations (i.e., within T/S) into the containment atmosphere. This
reading will be Tess than that specified for Fuel Clad Barrier EAL #5.
Thus, this EAL would be indicative of a RCS leak only. If the radiation
monitor reading increased to that specified by Fuel Clad Barrier EAL #3,
fuel damage would also be indicated.

However, if the site specific physical location of the containment
radiation monitor is such that radiation from a cloud of released RCS
gases could not be distinguished from radiation from nearby piping and
components containing elevated reactor coolant activlt{. this EAL should
be omitted and other site specific indications of RCS leakage substituted.

There is no "Potential Loss" EAL associated with this item.

. Other (Site-Specific) Indications

This EAL is to cover other (site-specific) indications that may indicate
Toss or potential loss of the RCS barrier, including indications from
containment air monitors or any other (site-specific) instrumentation.

. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the RCS barrier is lost or potentially
Tost. In addition, the inability to monitor the barrier should also be
incorporated in this EAL as a factor in Emergency Director judgement that
the barrier may be considered lost or potentially lost. (See also IC SGI,
“Prolonged Loss of All Offsite Power and Prolonged Loss of A1l Onsite AC
Power", for additional information.)

CONTAINMENT BARRIER EXAMPLE EALs: (]l or 2 or 3 or 4 or S or 6 or 7 or 8)

The Containment Barrier includes the containment building, its connections up
to and including the outermost containment isolation valves. This barrier
also includes the main steam, feedwater, and blowdown line extensions outside
the containment building up to and including the outermost secondary side
isolation valve.

1.

Critical Safety Function Status
This EAL is for PWRs using Critical Safety Function Status Tree (CSFST)

monitoring and functional recovery procedures. For more information,
please refer to Section 3.9 of this report. RED path indicates an extreme
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challenge to the safety function derived from appropriate instrument
readings and/or sampling resuits, and thus represents a potential loss of
containment. Conditions leading to & containment RED path result from RCS
barrier and/or Fuel Clad Barrier Loss. Thus, this EAL s primarily a
discriminater between Site Area Emergency and General Emergency
representing a potential loss of the third barrier.

There is no "Loss"™ EAL associated with this {tem.

. Containment Pressure

Rapid unexplained loss of pressure (i.e., not attributable to containment
spray or condensation effects) following an inftial pressure increase
indicates a loss of containment 1nt¢grity. Containment pressure and sump
levels should increase as a result of the mass and energy release into
containment from a LOCA. Thus, sump level or pressure not increasing
indicates containment bypass (V-sequence) and a loss of containment
integrity. The (site-specific) PSIG for potential loss of containment is
based on the containment design pressure. Existence of an explosive
mixture means a hydrogen and oxygen concentration of at least the lower
deflagration 1imit curve exists. The indications of potential loss under
this EAL corresponds to some of those leading to the RED path in EAL ]
above and may be declared by those sites using CSFSTs. As described
above, this EAL 15 primarily a discriminator between Site Area Emergency
and General Emergency representing a potential loss of the third barrier.

The second potential loss EAL represents a potential less of containment
in that the containment heat removal/depressurization system (e.g.,
containment sprays, ice condenser fans, etc., but not including
containment venting strategies) are either lost or performing in a
degraded manner, as indicated by containment pressure greater than the
setpoint at which the equipment was suppose to have actuated.

. Containment Isolation Valve Status After Containment Isclation

This EAL is intended to address incomplete containment isolation that
allows direct release to the environment. It represents a loss of the
containment barrier.

There is no "Potential Loss” EAL associated with this item.
. SG Secondary Side Release With Primary To Secondary Leakage

This EAL addresses SG tube ruptures. Secondary side releases to
atmosphere include those from the condenser air ejector, atmospheric dump
valves, and main steam safety valves. For smaller breaks, not exceeding
the normal charging capacity threshold in RCS Barrier "Potential Loss" EAL
2 (RCS Leak Rate) or EAL 3 (SG Tube Rupture), this EAL results in an
Unusual Event. For larger breaks, RCS barrier "Loss" or "Potential Loss”
EAL 2 would result in an Alert. For SG tube ruptures which may involve
multiple steam generators or unisolable secondary line breaks, this EAL
would exist in conjunction with RCS barrier "Loss" EAL 3 and would result
in a Site Area Emergency. Escalatfon to General Emergency would be based
on "Potential Loss" of the Fuel Clad Barrier.
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5.

Significant Radicactive Inventory in Containment

The (site-specific) reading is a value which indicates significant fue)
damage well in excess of the EALs associated with both loss of Fuel Clad
and less of RCS Barriers. As stated in Section 3.8, a major release of
radioactivity requiring offsite protective actions from core damage is not
possible unless a major failure of fuel cladding allows radioactive
material to be released from the core into the reactor coolant,

Regardless of whether containment is challenged, this amount of activity
in containment, 1f released, could have such severe consequences that it
is prudent to treat this as a potential loss of containment, such that a
General Emergency declaration is warranted. NUREG-1228, "Source
Estimations During Incident Response to Severe Nuclear Power Plant
Accidents,” indicates that such conditions do not exist when the amount of
clad damage is less than 20%. Unless there 1s a (site-specific) analysis
Justifying a higher value, it is recommended that a radiation monitor
reading corresponding to 20% fuel clad damage be specified here.

There is no "Loss" EAL associated with this {tem.
Core Exit Thermoscouples

In this EAL, the function restoration procedures are those emergency
operating procedures that address the recovery of the core cooling
critical safety functions. The procedure is considered effective if the
temperature is decreasing or if the vessel water level is increasing.

The conditions in this potential Toss EAL represent imminent melt sequence
which, if not corrected, could lead to vessel failure and an increased
potential for containment failure. In conjunction with the core exit
thermocouple EALs in the Fuel and RCS barrier columns, this EAL would
result in the declaration of a General Emergency -- loss of two barriers
and the potential loss of a third., If the function restoration procedures
are ineffective, there is no "success” path.

Severe accident analyses (e.g., NUREG-1150) have concluded that function
restoration procedures can arrest core degradation within the reactor
vessel in a significant fraction of the core damage scenarins, and that
the likelihood of containment failure is very small in these events.

Given this, it is appropriate to provide a reasonable period to allow
function restoration procedures to arrest the core melt sequence. Whether
or not the procedures will be effective should be apparent wiihin 1§
minutes. The Emergency Director should make the declaration as soon as it
is determined that the procedures have been, or will be ineffective. The
reactor vessel level chosen should be consistent with the emergency
respense guides applicable to the facility.

There 1s no "Loss" EAL associated with this {tem.

. Other (Site-Specific) Indications

This EAL should cover other (site-specific) indications that may
unambiguously indicate loss or potential loss of the containment barrier,
including indications from area or ventilation monitors in containment
annulus or other contiguous buildings. If site emergency operating
procedures provide for venting of the containment during an emergency as a
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means of preventing catastrophic failure, a Loss EAL should be included
for the containment barrier. This EAL should be declared as soon as such
venting is imminent. Containment venting as part of recovery actions is
classified in accordance with the radiological effluent ICs.

. Emergency Director Judgement

This EAL addresses any other factors that are to be used by the Emergency
Director in determining whether the Containment barrier is lost or
potentially 1ast. 'n addition, the inability to monitor the barrier
should also be iiicorporated in this EAL as a factor in Emergency Director
Judgement that the Jarrier may be considered lost or potentially lost.
(See also IC SG1, “Prolonged Loss of A1l Offsite Power and Prolonged Loss
of A11 Onsite AC Fower®, for additional information.)
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AZARDS AND OTH N

UNUSUAL EVENT

HU1 Natural and Destructive Phenomena Occurring Within the Protected Area.
OPERATING MODE APPLICABILITY: All

EXAMPLE EMERGENCY ACTION LEVELS: (1 or 2 or 3 or 4 or 5)

1. (Site-Specific) method indicates felt earthquake.

2. Report by plant personnel of tornado striking within protected area
boundary.

3, Assessment by the contro)l room that an event has occurred.

4. Vehicle crash into plant structures or systems within protected area
boundary.

5. Report by plant personnel of an unanticipated explosion within protected
area boundary resulting in visible damage to permanent structure or
equipment.”

6. (Site-Specific) Occurrences.
BAS]S:

The protected area boundary is typically that part within the security
isolation zone and is defined in the site security plan.

EAL 1 should be developed on site-specific basis. Damage may be caused to
some portions of the site, but should not affect ability of safety functions
to operate. Method of det2ction can be based on instrumenta*iun, validated by
a reliable source, or operator assessment. As defined in t'.e EPRI-sponsored
“Guidelines for Nuclear Plant Response to an fartihquake”, “eted October 1889,
2 "felt earthquake” 1is:

An earthquake of sufficient intensity such that: (a) the vibratory
ground motion is felt at the nuclear plant site and recognized as an
earthquake based on a consensus of control room operators on duty at
the time, and (b) for plants with operable seismic instrumentation, the
seismic switches of the plant are activated. For most plants with
seismic instrumentation, the seismic switches are set at an
acceleration of about 0.0lg.

EAL 2 is based on the assumption that a tornado striking (touching down)
within the protected boundary may have potentially damaged plant structures
containing functions or systems required for safe shutdown of the plant. If
such damage is confirmed visually or by other in-plant indications, the event
may be escalated to Alert.

EAL 3 allows for the control roor to determine that an event has occurred and
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take appropriate action based on personal assessment as opposed to

verification (i.e., an earthquake is felt but does not register on any plant-
specific instrumentation, etc.)

EAL 4 is intended to address such items as plane or helicopter crash, or on
some sites, train crash, or barge crash that may potentially damage plant
structures containing functions and systems required for safe shutdown of

the plant. If the crash is confirmed to affect a plant vital area, the event
may be escalated to Alert. With regard to explosions, only those explosions
of sufficient force to damage permanent structures or equipment within the
protected area should be considered. As used here, an explosion is a rapid,
violent, unconfined combustion, or a catastrophic failure of pressurized
equipment, that potentially imparts significant energy to near-by structures
and materials. No attempt is made in this EAL to assess the actual magnitude
of the damage. The occurrence of the explosion with reports of evidence of
damage (e.g., deformation, scorching) is sufficient for declaration. The
Emergency director also needs to consider any security aspects of the
explosion, if applicable.

EAL 6 covers other (site-specific phenomena such as hurricane, flood, or
seiche. These EALs can also be precursors of more serious events. In
particular, sites subject to severe weather as defined in the NUMARC
station blackout initiatives, should include an EAL based on activation of
the severe weather mitigation procedures (e.g., precautionary shutdowns,
diesel testing, staff call-outs, etc).

Multi-unit stations with shared safety functions should further consider how
this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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HAZARDS AND OTHER CONDITIONS

UNUSUAL EVENT

HU2  Fire Within Protected Area Boundary Not Extinguished Within 15 Minutes
of Detection.

OPERATING MODE APPLICABILITY: All
EXAMPLE EMERGENCY ACTION LEVEL:

1. Fire in buildings or areas contiguous to any of the fo\lowin? (site-
specific) areas not extinguished within 15 minutes of control room
notification or verification of a control room alarm:

« (Site-specific) list

BAS1S:

The purpose of this IC is to address the magnitude and extent of fires that
may be potentially significant precursors to damage to safety systems. This
excludes such items as fires within administration buildings, waste-basket
fires, and other smal) fires of no safety consequence. This IC applies to
buildings and areas contiguous to plant vital areas or other significant
buildings or areas. The intent of this IC is not to include buildings (1.e.,
warehouses) or areas that are not contiguous or immediately adjacent to plant
vital areas. Verification of the alarm in this context means those actions
taken in the control room to determine that the control room alarm is not
spurious.

Escalation to a higher emergency class is by 1C KA2, "Fire Affecting the
Operability of Plant Safety Systems Required for the Current Operating Mode".

Multi-unit stations with shared safety functions should further consider how

this JC may affect more than one unit and how this may be a factor in
gscelating the emergency class.
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HAZARDS AND OTHER CONDITIONS
AFFECTING PLANT SAFETY

UNUSUAL EVENT

HU3 Release of Toxic or Fiammable Gases Deemed Detrimental to Safe
Operation of the Plant.

OPERATING MODE APPLICABILITY: A1l
EXAMPLE EMERGENCY ACTION LEVELS: (1 or 2)

1. Report or detection of toxic or flammable gases that could enter within

the site area boundary in amounts that can affect normal operation of the
plant.

2. Report by Local, County or Stat2 Officials for potential evacuation of
site personnel based on offsite event.

BASIS:

This IC is based on releases in concentrations within the site boundary that
will affect the health of plant personnel or affecting the safe operation of
the plant with the plant being within the evacuation area of an offsite event
(i.e., tanker truck accident releasing toxic gases, etc.) The evacuation area
is as determined from the DOT Evacuation Tables for Selected Hazardous
Materials, in the DOT Emergency Response Guide for Hazardous Materials.

Multi-unit stations with shared safety functions should further consider how
this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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HAZARDS AND OTHER CONDITIONS
FFECTIN ANT SA

UNUSUAL EVENT

HU4  Confirmed Security Event Which Indicates a Potential Degradation in the
Level of Safety of the Plant.

OPERATING MODE APPLICABILITY: A1)
EXAMPLE EMERGENCY ACTION LEVELS: (1 or2)

1. Bomb device discovered within plant Protected Area and outside the plant
Vital Area.

2. Other security events as determined from (site-specific) Safeguards
Contingency Plan,

BASIS:

This EAL is based on (site-specific) Site Security Flan. Security events
which do not represent at least a potential degradation in the level of safety
of the plant, are reported under 10 CFR 73.7]1 or in some cases under 10 CFR
50.72. The plant Protected Area Boundary is typically that part within the
security isolation zone and is defined in the (site-specific) security plan.

Bomb devices discovered within the plant Vital Area would result in EAL
escalation.
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AZA AN HER CON

UNUSUAL EVENT

HUS  Other Conditions Existing Which in the Judgement of the Emergency
Director Warrant Declaration of an Unusual Event.

OPERATING MODE APPLICABILITY: A1l
EXAMPLE EMERGENCY ACTION LEVEL:

1. Other conditions exist which in the judgement of the Emergency Director
indicate a potential degradation of the level of safety of the plant.

BASIS:

This EAL 1s intended to address unanticipated conditions not addressed
explicitly elsewhere but that warrant declaration of an emergency because
conditions exist which are believed by the Emergency Director to fall under
the Unusual Event emergency class.

From a broad perspective, one area that may warrant Emergency Director
judgement is related to l1ikely or actual breakdown of site specific event
mitigating actions. Examples to consider include inadequate emergency
response procedures, transient response either unexpected or not understood,
failure or unavailability of emergency systems during an accident in excess of
that assumed in accident analysis, or insufficient availability of equipment
and/or support personnel.

Specific example of actual events that may require Emergency Director
Judgement for Unusual Event declaration are listed here for consideration.
However, this Tist is by no means all inclusive and 1s not intended to limit
the discretion of the site to provide further examples.

o Aircraft crash on-site.

0 Train deraiiment on-site.

0 Near-site explosion which may adversely affect norma) site activities.

0 Near-site release of toxic or flammable gas which may adversely affect
normal site activities.

o Uncontrolled RCS cooldown due to Secondary Depressurization

It s also intended that the Emergency Directors judgement not be limited by
any list of events as defined here or as augmented by the site. This list is
provided solely as examples for consideration and it is recognized that actual
events may not always follow a pre-conceived description.




AR TH N
AFFECTING PLANT SAFETY

ALERT

HAl  Natural and Destructive Phenomena Occurring Within the Plant Vital
Area.

OPERATING MODE APPLICABILITY: A1)
EXAMPLE EMERGENCY ACTIOM LEVELS: (lor 2 or 3ordorb5oré)

1. (Site-Specific) method indicates Seismic Event greater than Operating
Basis Earthquake (OBE).

2. Tornado or high winds striking plant vital areas: Tornado or high winds
greater than (site-specific) mph strike within protected area boundary.

3. Report of any visible structural damage on any of the following plant
structures:

Reactor Building

Intake Building

Ultimate Heat Sink

Refueling Water Slorage Tank
Diese] Generator Building
Turbine Building

Condensate Storage Tank

Control Room

Other (Site-Specific) Structures

4. (Site-Specific) indications in the control room.
5. Vehicle crash affecting plant vital areas.

6. (Site-Specific) occurrences.

BASIS:

EAL 1 should be based on (site-specific) FSAR design basis. Seismic events of
this magnitude can cause damage to safety functions.

EAL 2 should be based on (site-specific) FSAR design basis. Wind loads of
this magnitude can cause damage to safety functions.

EAL 3 should specify (site-specific) structures containing systems and
functions required for safe shutdown of the plant.

EAL 4 should specify the types of instrumentation or indications including
Judgement which are to be used to assess occurrence.

EAL § is intended to address such items as plane or helicopter crash, or on
some sites, train crash, or barge crash into a plant vital area.

EAL 6 covers other (site-specific) phenomena such as flood.
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Each of these EALs is intended to address events that may have resulted in a
plant vital area being subjected to forces beyond design limits, and thus
damage may be assumed to have occurred to plant safety systems. Escalation to
a higher emergency class, if appropriate, will be based on System Malfunction,
Fission Product Barrier Degradation, Abnormal Rad Releases/Radiclogical
Effluent, or Emergency Director Judgement ICs.

Multi-unit stations with shared safety functions should further consider how
this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.



HAZARDS AND OTHER CONDIT]ONS
AFEECTING PLANT SAFETY

ALERT

HA2  Fire or Explosion Affecting the Operability of Plant Safety Systems
Required to Establish or Maintain Safe Shutdown.

OPERATING MODE APPLICABILITY: A1l
EXAMPLE EMERGENCY ACTION LEVEL:
1. The following conditions exist:
a. Fire or explosion in any of the following (site-specific) areas:
+ (Site-specific) 1ist
AND

b. Affected system parameter indications show degraded performance or
plant personnel report visible damage to permanent structures or
equipment within the specified area.

BASIS:

(Site-specific) Areas containing functions and systems required for the safe
shutdown of the plant should be specified. (Site-Specific) Safe Shutdown
Analysis should be consulted for equipment and plant areas required for the
applicable mode. This will make it easier to determine if the fire or
explosion is potentially affecting ocne or more redundant trains of safety
systems. Escalation to a higher emergency class, if appropriate, will be
based on System Malfunction, Fission Product Barrier Degradation, Abnormal Rad
Levels/Radiological Effluent, or Emergency Director Judgement ICs.

Multi-unit stations with shared safety functions should further consider how
this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.

With regard to explosions, only those explosions of sufficient force to damage
permanent structures or equipment required for safe operation within the
identified plant area should be considered. As used here, an explosion is a
rapid, violent, unconfined combustion, or a catastrophic failure of
pressurized equipment, that potentially imparts significant energy to near-by
structures and materials. The inclusfon of a "report of visible damage®
should not be interpreted as mandating a lengthy damage assessment prior to
classification. No attempt 1s made in this EAL to assess the actual magnitude
of the damage. The occurrence of the explosion with reports of evidence of
damage (e.g., deformation, scorching) is sufficient for declaration. The
declaration of an Alert and the activation of the TSC will provide the
Emergency Director with the resources needed to perform these damage
assessments. The Emergency Director also needs to consider any security
aspects of the explosions, if applicable.
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ALERT

HA3  Release of Toxic or Flammable Gases Within a Facility Structure Which
Jeopardizes Operation of Systems Required tc Maintain Safe Operations
or to Establish or Maintain Cold Shutdown.

OPERATING MODE APPLICABILITY: Al
EXAMPLE EMERGENCY ACTION LEVELS: {1 or 2)

1. Report or detection of toxic gases within a Facility Structure in
concentrations that will be 1ife threatening to plant personnel.

2. Report or detection of flammable gases within a Facility Structure in
concentrations that will affect the safe operation of the plant.

BASIS:

This IC 1s based on gases that have entered a plant structure affecting the
safe operation of the plant. This IC applies to buildin?s and areas
contiguous to plant Vital Areas or other significant buildings or areas (i.e.,
Service Water Pumphouse). The intent of this IC is not to include buildings
(1.e., warehouses) or other areas that are not contiguous or immediately
adjacent to plant Vital Areas. It is appropriate that increased monitoring be
done to ascertain whether consequential damage has occurred. Escalation to a
higher emergency class, if appropriate, will be based on System Malfunction,
Fission Product Barrier Degradation, Abnormal Rad Levels/Radicactive Effluent,
or Emergency Director Judgement ICs.

Multi-unit stations with shared safety functions should further consider how
this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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AZARDS AN HER CON

ALERT

HAS  Control Room Evacuation Has Been Initiated.

OPERATING MODE APPLICABILITY: AN

EXAMPLE EMERGENCY ACTION LEVEL:

1. Entry into (site-specific) procedure for control room evacuation.

BAS1S:

With the control room evacuated, additional support, monitoring and direction
through the Technical Support Center and/or other Emergency Operations Center
is necessary. Inability to establish plant control from outside the contro)
room will escalate this event to a Site Area Emergency.

Multi-unit stations with shared contro)l rooms should further consider how this

IC may affect more than one unit and how this may be a factor in escalating
the emergency class.
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SITE AREA EMERGENCY

HS1 Security Event in a Plant Vital Area.

OPERATING MODE APPLICABILITY: All

EXAMPLE EMERGENCY ACTION LEVELS: (1 or 2)

1. Intrusion into plant vital area by a hostile force.

2. Other security events as determined from (site-specific) Safeguards
Contingency Plan.

BASIS:

This class of security events represents an escalated threat to plant safety
above that contained in the Alert IC in that a hostile force has progressed
from the Protected Area to the Vital Area.

Multi-unit stations with shared safety functions should further consider how

this 1€ may affect more than one unit and how this may be a factor in
escalating the emergency class.
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SITE AREA EMERGENCY

HS3  Other Conditions Existing Which in the Judgement of the Emergency
Director Warrant Declaration of Site Area Emergency.

OPERATING MODE APPLICABILITY: A1)
EXAMPLE EMERGENCY ACTION LEVEL:

1. Other conditions exist which in the Judgement of the Emergency Director
indicate actual or likely major failures of plant functions needed for
protection of the public.

BASIS:

This EAL is intended to address unanticipated conditions not addressed
explicitly elsewhere but that warrant declaration of an emergency because
conditions exist which are believed by the Emergency Director to fall under
the emergency class description for Site Area Emergency.

Multi-unit stations with shared safety functions should further consider how

this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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HAZARDS AND OTHER CON
AFFECTING PLANT SAFETY

GENERAL EMERGENCY

HG2  Other Conditions Existing Which in the Judgement of the Emergency
Director Warrant Declaration of General Emergency.

OPERATING MODE APPLICABILITY: Al)
EXAMPLE EMERGENCY ACTION LEVEL:

1. Other conditions exist which in the Judgement of the Emergency Director
indicate: #l) actual or imminent substantial core degradation with
potential for loss of containment, or (2) potential for uncontrolled
radfonuclide releases. These releases can reasonably be expected to
exceed EPA PAG plume exposure levels outside the site boundary.

BASIS:

This EAL is intended to address unanticipated conditions not addressed
explicitly elsewhere but that warrant declaration of an emergency because
conditions exist which are believed by the Emergency Director to fall under
the General Emergency class.

Multi-unit stations with sharei safety functions should further consider how

this IC may affect more than nne unit and how this may be a factor in how
rapidly a General Emergency is declared.
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UNUSUAL EVENT

SUl Loss of A1) Offsite Power to Essential Busses for Greater Than 15
Minutes.

OPERATING MODE APPLICABILITY: A1)
EXAMPLE EMERGENCY ACTION LEVEL:
1. The following conditions exist:

a. Loss of power to (site-specific) transformers for greater than 15
minutes.

AND

b. At least (site-specific) emergency generators are supplying power to
emergency busses.

BASIS:

Prolonged loss of AC power reduces required redundancy and potentially
degrades the level of safety of the plant by rendering the plant more
vulnerable to a complete Loss of AC Power (Station Blackout). Fifteen minutes
was selected as a threshold to exclude transient or momentary power losses.

Multi-unit stations with shared safety functicns should further consider how

this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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UNUSUAL EVENT

SU3  Unplanned Loss of Most or A1) Safety System Annunciation or Indication
in The Control Room for Greater Than 15 Minutes

OPERATING MODE APPLICABILITY: Power Operation
Hot Standby
Hot Shutdown

EXAMPLE EMERGENCY ACTION LEVEL:
1. The following conditions exist:

a. Loss of most or all (site-specific) annunciators associated with safety
systems for greater than 15 minutes.

AND
b. Compensatory non-alarming indications are available.
AND

¢t. In the opinion of the Shift Supervisor, the loss of the annunciators or
indicators requires increased surveillance to safely operate the
unit(s).

AND

d. Annunciator or Indicator loss does not result from planned action.
BASIS:

This IC and its associated EAL are intended to recognize the difficulty
associated with monitoring changing plant conditions without the use of
a major portior of the annunciation or indication equipment.

Recognition of the availability of computer based indication equipmen’.
is considered (SPDS, plant computer, etc.).

"Unplanned” loss of annunciators or indicator excludes scheduled
maintenance and testing activities.

*Compensatory non-alarming indications: in this context includes
computer based information such as SPDS. This should include 2l
computer systems available for this use depending on specific plant
design and subsequent retrofits.

Quantification of "Most® 1s arbitrary, however, it is estimated that if
approximately 75% of the safety system annunciators or indicators are
lost, there is an increased risk that a degraded plant condition could
go undetected. It is not intended that plant personnel perform a
detailed count of the instrumentation lost but use the value as a
judgement threshold for determining the severity of the plant
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UNUSUAL EVENT

SU4 Fuel Clad Degradation.

OPERATING MODE APPLICABILITY: All

EXAMPLE EMERGENCY ACTION LEVELS: (1 or2)

1. (Site-Specific) radiation monitor read1ngs indicating fuel clad
degradation greater than Technical Specification allowable limits.

2. (Site-Specific) coolant sample activity value indicating fuel clad
degradation greater than Technical Specification allowable 1imits.

BASIS:

This IC 1s included as an Unusual Event because it is considered to be a
potential degradation in the level of safety of the plant and a potential
precursor of more serious problems. EAL ] addresses (site-specific) radiation
monitor readings such as BWR air ejector monitors, PWR failed fuel monitors,
etc., that provide indication of fuel clad integrity. EAL 2 addresses coolant
samples exceeding coolant technical specifications for fodine spike.
Escalation of this IC to the Alert level is via the Fission Product Barrier
Degradation Monitoring ICs.
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UNUSUAL EVENT

SU6  Unplanned Loss of A1l Onsite or Offsite Communications Capabilities.
OPERATING MODE APPLICABILITY: Al

EXAMPLE EMERGENCY ACTION LEVEL:

8 Either of the following conditions exist:

a. Loss of all (site-specific 1ist) onsite communications capability
affecting the ability to perform routine operations.

OR
b. Loss of all (site-specific 1ist) offsite communications capability.

BASIS:

The purpose of this IC and its associated EALs is to recognize a loss of
communications capability that either defeats the plant operations staff
ability to perform routine tasks necessary for plant operations or the ability
to communicate problems with offsite authorities. The loss of offsite
communications ability is expected to be significantly more comprehensive than
the addressed by 10 CFR 50.72.

(Site-specific 1ist) onsite communications loss must encompass the loss of all
means of routine communications (i.e., phones, sound powered phone systems,
page party system and radios/walkie talkies).

(Site-specific 1ist) offsite communications loss must encompass the loss of
all means of communications with offsite authorities. This should include the
ENS, Bell lines, FAX transmissions, and dedicated EPP phone systems, This EAL
is intended to be used only when extraordinary means are being utilized to
makz communications possibie (relaying of information from radio
transnissions, individuals being sent to offsite locations, etc.).
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ALERT

SAl  Loss of A1l Offsite Power and Loss of A1l Onsite AC Power During Cold
Shutdown Or Refueling Mode.

OPERATING MODE APPLICABILITY: Cold Shutdown
Refueling
Defueled

EXAMPLE EMERGENCY ACTION LEVEL:
1. The following conditions exist:
a. Loss of power to (site-specific) transformers.
AND

b. Failure of (site-specific) emergency generators to supply power to
emergency busses.

AND

c. Failure to restore power to at least one emergency bus within 15
minutes from the time of less of both offsite and onsite AC power.

BASIS:

Loss of all AC power compromises all plant safety systems requiring electric
power including RHR, ECCS, Containment Heat Removal, Spent Fuel Heat Removal
and the Ultimate Heat Sink. When in cold shutdown, refueling, or defueled
mode the event can be classified as an Alert, because of the significantly
reduced decay heat, lower temperature and pressure, increasing the time to
restore one of the emergency busses, relative to that specified for the Site
Area Emergency EAL. Escalating to Site Area Emergency, if appropriate, is by
Abnormal Rad Levels/Radiological Effluent, or Emergency Director Judgement
iCs. Fifteen minutes was selected as a threshold to exclude transient or
momentary power losses.
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ALERT
SA3  Inability to Maintain Plant in Cold Shutdown.

OPERATING MODE APPLICABILITY: Cold Shutdown
Refueiing

EXAMPLE EMERGENCY ACTION LEVEL:
1. The following conditions exist:

a. Loss of (site-specific) Technical Specification required functions to
maintain cold shutdown,

AND
b. Temperature increase that either:
. Exceeds Technical Specification cold shutdown temperature limit
OR

« Results in uncontrolled temperature rise approaching cold shutdown
technical specification limit.

BASIS:

This EAL addresses complete loss of functions required for core cooling during
refueling and cold shutdown modes. Escalation to Site Area Emergency or
General Emergency would be via Abnormal Rad Levels/Radiological Effluent or
Emergency Director Judgement ICs.

For PWRs, this IC and 1ts associated EAL are based on concerns raised by
Ceneric Letter B8-17, "Loss of Decay Heat Removal.” A number of phenomena
such as pressurization, vortexing, steam generator U-tube draining, RCS Tevel
differences when operating at a mid-loop condition, decay heat removal system
design, and level instrumentation problems can lead to conditions where decay
heat removal is lost and core uncovery can occur. NRC analyses show that
sequences that can cause core uncovery in 15 to 20 minutes and severe core
damage within an hour after decay heat removal is lost. Under these
conditions, RCS integrity is lost and fuel clad integrity is lost or
potentially lost, which is consistent with a Site Area Emcrgency. (Site-
specific) indicators for these EALs are those methods used by the plant in
response to Generic Letter 88-17 which include core exit temperature
monitoring and RCS water level monitoring. In addition, radiation monitor
readings may also be appropriate as an indicator of this condition.

“Uncontrolled” means that system temperature increase is not the result of
planned actions by the plant staff.
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ALERT

SA4  Unplanned Loss of Most or A1l Safety System Annunciation or Indication
{n Control Room With Either (1) a Significant Transient in Progress, or
(2) Componsatory Non-Alarming Indicators are Unavailable.

OPERATING MODE APPLICABILITY: Power Operation
Hot Standby
Hot Shutdown

EXAMPLE EMERGENCY ACTION LEVEL:
, The following conditions exist:

a. Loss of most or all (site-specific) annunciators associated with
safety systems for greater than 15 minutes.

AND

b. In the opinion of the Shift Supervisor, the loss of the annunciators
or indicators requires increased surveillance to safely operate the

unit(s).
AKND
¢. Annunciator or Indicator loss does not result from planned action
AND

d. Either of the following:
1. A significant plant transient is in progress.

OR

~
o

ompensatory non-2larming indications are unavailable,

BASIS:

This IC and its associated EAL are intended to recognize the difficulty
associated with monitoring changing plant conditions without the use of a
major portion of the annunciation or indication equipment during a transient.
Recognition of the availability of computer based indication equipment is
considered (SPDS, plant computer, etc.).

*Planned” loss of annunciators or indicators included scheduled maintenance
and testing activities.

Quantification of "Most” {s arbitrary, however, it is estimated that if
approximately 75% of the safety system annunciators or indicators are lost,
there is an increased risk that a degraded plant condition could go
undetected. It is not intended that plant personnel perform 2 detailed count
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SYSTEM MALFUNCTION

UNUSUAL EVENT

SAS  AC power capability to essential busses reduced to a single power
source to greater than 15 minutes such that any additional single
failures would result in station backout.

OPERATING MODE APPLICABILITY: Power Operation
Hot Standby
Hot Shutdown

EXAMPLE EMERGENCY ACTION LEVELS:
1. The following conditions exists: (a and b)

2. Loss of Power to <site-specific> Transformers for Greater Than 15
Minutes.

AND

b. Onsite Power Capability has been Degraded to one (Train of)

Emergency Bus(ses) Powered From a Single Onsite Power Source due to
the Loss of:

<site-specific list>

BASIS:

This IC and the associated EALs are intended to provide an escalation from IC
SU1, "Loss of A1l Offsite Power To Essential Busses for Greater Than 1§
Minutes.® The condition indicated by this IC is the degradation of the
offsite and onsite power systems such that any additional single failure would
result in a station blackout. This condition could occur due to a loss of
offsite power with a concurrent failure of one emergency generator to supply
power to its emergency busses. Another related condition could be the loss of
all offsite power and loss of onsite emergency diesels with only one train of
emergency busses being backfed from the unit main generator, or the loss of
onsite emergency diesels with only one train of emergency busses being backfed
from offsite power. The subsequent loss of this single power source would
escalate the event to a Site Area Emergency in accordance with IC S$S1, "Loss
of A1l Offsite and Loss of A1) Onsite AC Power to Essential Busses.”®

Example EAL 1b should be expanded to identify the control room indicating of
the status offsite-specific power sources and distribution busses that, if
unavailable, establish a single failure vulnerability.

At multi-unit stations, the EALs should allow credit for operation of
fnstalled design features, such as cross-ties or swing diesels, provided that
abnormal or emzrgency operating procedures address their use. However, these
stations must also consider the impact of this condition on other shared
safety functions in developing the site specific EAL.
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SITE AREA EMERGENCY

$s2 Failure of Reactor Protection System Instrumentation to Complete or
Initiate an Automatic Reactor Scram Once & Reactor Protection System
Setpoint Has Been Exceeded and Manual Scram Was NOT Successful,

OPERATING MODE APPLICABILITY: Power Operation
EXAMPLE EMERGENCY ACTION LEVEL:

1. (Site-specific) indications exist that automatic and manual scram were not
successful.

BASIS:

Automatic and manual scram are not considered successful {f action away from
the reactor control console was required to scram the reactor.

Under these conditions, the reacter is producing more heat than the maximum
decay heat load for which the safety systems are designed. A Site Area
Emergency is indicated because conditions exist that lead to imminent loss or
potential loss of both fuel clad and RCS. Although this IC may be viewed as
redundant to the Fission Product Barrier Degradation IC, its inclusion is
necessary to better assure timely recognition and emergency response.
Escalation of this event to a General Emergency would be via Fission Product
Barrier Degradation or Emergency Director Judgement ICs.




SYSTEM MALFUNCTION

SITE AREA EMERGENCY
554 Complete Loss of Function Needed to Achieve or Maintain Hot Shutdown.

OPERATING MODE APPLICABILITY: Power Operation
Hot Standby
Hot Shutdown

EXAMPLE EMERGENCY ACTION LEVEL:
1. Complete loss of any (site-specific) function required for hot shutdown.
BASIS:

This EAL addresses complete loss of functions, including ultimate heat sink
and reactivity control, required for hot shutdown with the reactor at pressure
and temperature. Under these conditions, there is an actual major failure of
a system intended for protection of the public. Thus, declaration of a Site
Area Emergency is warranted. Escalation to General Emergency would be via
Abnormal Rad Levels/Radiological Effluent, Emergency Director Judgement, or
Fission Product Barrier Degradation ICs.

Multi-unit stations with shared safety functions should further consider how

this 1C may affect more than one unit and how this may be a factor in
escalating the emergency class.
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specified by the IC. Escalation to a general emergency is via radiolegical
effluence IC AGl.



shut down the reactor, maintain the core cooled and in a coolable geometry, to
remove heat from the core, to maintain the reactor coolant system intact, and
to maintain containment intact.

"Planned” actions are excluded from this EAL since the loss of instrumentation

of this magnitude is of such significance during a transient that the cause of
the loss is not an ameliorating factor.
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In addition, under these conditions, fission product varrier monitoring
capability may be degraded. Although it may be difficult to predict when
power can be restored, it is necessary to give the Emergency Director a
reasonable idea of how quickly (s)he may need to declare a General Emergency
based on two major considerations:

1. Are there any present indications that core cooling is already degraded to
the point that Loss or Potential Loss of Fission Product Barriers is
IMMINENT? (Refer to Tables 3 and 4 for more information.)

2. 1f there are no present indications of such core cooling degradation, how
Tikely {s ¢t that power can be restored in time to assure that a loss of
two barriers with a potential loss of the third barrier can be prevented?

Thus, indication of continuing core cooling degradation must be based on
Fission Product Barrier monitoring with particular emphasis on Emergency
Director judgement as it relates to IMMINENT Loss or Potential Loss of fission
product barriers and degraded ability tc monitor fission product barriers.

Multi-unit stations with shared safety functions should further consider hz.

this IC may affect more than one unit and how this may be a factor in
escalating the emergency class.
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condenser, or via the suppression pool or torus (e.g., due to high pool water
temperature.

In the event either of these challenges exist at a time that the reactor has
not been brought below the power associated with the safety system design
(typically 3 to 5% power) a core melt sequence exists. In this situation,
core degradation can occur rapidly. For this reason, the General Emergency
declaration is intended to be anticipatory of the fission product barrier
matrix declaration to permit maximum offsite intervention time.

5-81




by

Emergency, " and IC S$G1, "Prolonged Loss of All Offsite Power and Prolonged
Loss of All Onsite AC Power."

Other NUMARC ICs under this emergency class addressing events not addressed
the example ICs listed in NUREG-0654 include the following:

§G1, "Prolonged Loss of All Offsite Power and Prolonged Loss of All Onsite
AC Power™

The NUMARC Fission Product Barrier Matrix allows for more combinations of
events than are specifically identified in NUREG-0654.



REGULATORY ANALYSIS
REVISION OF REGULATORY GUIDE 1.101 TO ACCEPT THE GUIDANCE IN
NUMARC/NESP~007, REV. 1. AS AN ALTERNATIVE METHODOLOGY FOR THE
DEVELOPMENT OF EMERGENCY ACTION LEVELS

1. STATEMENT OF THE PROBLEM

1.1 Background

Paragraph (a)(l) of § 50.47, Emergency Plans, of 10 CFR Part 50 states
that no gperating license for a nuclear power reactor will be issued unless a
finding is made by NRC that the state of onsite and offsite emergency
preparedness provides reasonable assurance that adequate protective measures
can and will be taken in the event of a radiological emergency. Section 50.47
also establishes standards that must be met by the onsite and offsite
emergency response plan for NRC staff to make a positive finding that there is
reasonable assurance that adequate protective measures can and will be taken
in the event of a radiological emergercy. Part 50, Appendix E, Section IV.B
provides that emergency plans are to include emergency action levels (EALs
which are to be used as criteria for determining the need for notification and
participation of local and state agencies and which are to be used for
determining when and what type of protectise measures should be considered
within and without the =ite boundary to p-otect health and safety. Emergency
action levels are to be based on in-plant conditions and instrumentation, and
alsc on onsite and offsite monitoring. Section IV.B of Appendix E also
provides that EALs shall be discussed and agreed on by the applicant and State

and local authorities and be approved by NRC; and be reviewed annually with
State and local asuthorities.

Part 50, Appendix E, Section IV.E provides that there are emergency
classification levels (ECLs) that determine the extent of the participation of
the emergency response organization; and that the ECLs include: (1)
notification of unusual event; (2) alert; (3) site area emergency; and (4)
general emergency. The consequence of an emergency action level (EAL) being
exceeded is that the licensee will declare a more severe emergency
classification level and the degree of participation and readiness of the
emergency response organization will increase. 4

Revision 1 to NUREG-0654/FEMA-REP-1, Criteria for Preparation and
Evaluation of Radiclogical Emergency Response Plans and Preparedness in

Support of Nuclear Power Plants, ("NUREG-0654") was published in October 1980
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to provide specific acceptance criteria for complying with the standards set
forth in §50.47 of 10 CFR Part 50. Appendix 1 of NUREG-0654 contain example
EALs for each of the four emergency classification levels (ECLs) that are used
to initiate different levels of emergency response offsite. Revision 2 of
Regulatory Guide 1.101, Emergency Planning and Preparedness of Nuclear
Reactors, endorsed NUREG-0654.

The purpose of declaring an emergency classification level is to
initiate an emergency response, or a higher level of emergency response.
Appendix 1 to NUREG-0654 contains a description and the purpose of each ECL,
and which licensee and offsite emergency response authority acticns should be
initiated or ongoing at each ECL. The higher the ECL, the greater the effort
(and the cost) required of the licensee and offsite emergency response
authorities to respond to the ECL.

A goal of ECLs is to have offsite emergency response authorities
prepared to take actions to protect the health and safety of the public in the
event cf a radiological release offsite. These "protective actions" are
usually to evacuate, or to shelter-in-place, the population in parts of, or in
all cf, an emergency planning zone (EPZ) with a radius of 10 miles centered on
the nuclear plant. If ECLs are declared too early or when not warranted by
plant conditions, licensees and offsite emergency response authorities may
incur unnecessary expenses. On the other hand, if ECLs are declared later
than when appropriate or are not declared, there may be undue risk of
radiclogical exposure to the public. There may be large costs to the putblic
in taking protective actions, especially the economic costs of evacuation
(e.g., businesses in the evacuated area would be shut down). However, these
economic cost would nct depend on precisely when ECLs are declared.

i.2 #Need for ¥Further Guidance

NRC has provided guidance on emergency action levels in only two
documents. Revision 2 of Regulatory Guide 1.101 endorsed NUREG-0654. 1In
October of 1981, NUREG-0818, "Emergency Action Levels for Light Kateé
Reactors®™ was published. In NUREG-0818, the application of the EALs of
NUREG-0654 were studied and improvements were suggested. The nuclear utility
industry has now a decade of experience in adapting the NRC guidelines to
develop sets of site-specific EALs and in using these EALs in exercises and
under actual accident conditions.

During this period, licensees have developed, offsite emergency response
authorities have agreed upon, the NRC has approved sets of EALs that represent
broad variations in the ways the guidance in NUREG-0654 can be applied. It is
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possible that two plants, faced with identical conditions and applying their
EAL schemes, would declare different levels of emergency (different ECLS).
Also, there have been situations that were not contemplated when the
guidelines were written and plant personnel were without specific guidance on
which ECL to declare. Appendix 1 of NUREG-0654 does not contain example EALs
for each ECL, but rather initiating conditions (i.e., plant conditions that
indicate that a2 radiological emergency, or events that could lead to a
radiological emergency, has occurred). NUREG-0654 notes that the initiating
conditions (ICs) form the basis for establishment by 2 licensee of the
specific plant instrumentation readings (as applicable) which, if exceeded,
would initiate the emergency class. Thus, it is the specific instrument
readings that would be the emergency action levels. In some cases,
inconsistencies among initiating conditions together with broad ranges of
risks with an initiating condition have resulted in some licensees declaring
inappropriate ECLs.

In view of this experience, The Nuclear Management and Resource Council,
Inc. (NUMARC) formed a task force to conduct a study to develop a systematic
approach and support basis for development of emergency action levels. The
methodology that was developed from this effort is described in NUMARC NESP-
007, Rev. 1, Methodology for Development of Emergency Action Levels, February
1991. NRC staff has reviewed the NUMARC methodology and considers it to be a
q&nﬁ,{fly & :ceptable alternative method to that described in NUREG-0654 .,

2. OBJECTIVES
The ocbjective of this action is to update NRC's guidance on development )

of emergency action levels (EAL’s) that are required by 10 CFR Part 50 /'0/1
Appendix E Section IV.B. NRC’'s current guidance in NUREG-0654 and NUREG-0818 g
is a decade o0ld. (:P-re has been instances wheén emergencies have been declared
#hel lley should not have; when emergencies have not been declared when they
should have; and when inappropriate levels of emergency have been declareé]

NUMARC bhas published a methodology for development of EALs. NRC staff has -
‘ reviewed the NUMARC {UMARC methodology and considers it to be a qenegiily acceptable
alternative method to that described in NUREG-0654. The objective of the
proposed revision 3 to Regulatory Guide 1.101 is to inform Part 50 applicants
and licensees of NRC’'s regulatory position.

3. ALTERNATIVES
The alternatives to be considered are: (1) to take no action (i.e., to
maintain the status quo); and (2) to adopt the regulatory positiorf that the
guidance contained in NUMARC/NESP-007 is considered to be a generally



acceptable alternative method to that described in NUREG-0654 for developing
emergency action levels (EALs).

It should be remembered that neither alternative, mandates any
particular methodology for developing emergency action levels. According to
10 CFR Part S50 Appendix E Section IV.B, emergency actions developed by
licensees must be agreed on by coffsite emergency response authorities and
approved by NRC. The NUMARC methodology is in a published report and
licensees may use it to develop EALs that are agreeable to offsite emergency
response authorities and acceptable to NRC, regardless of which alternative is
chosen. However, adoption of alternative 2 would be expected to foster use of
the NUMARC m‘thodoi;§;mb}‘;iiminating uncertainty as to whether the
methodology is acceptable to NRC.

3.1 Description of the NUREG Methodology

For each emergency classification level (notification of unusual event,
alerr., site area emergency, and general emergency), Appendix 1 to NUREG-0654
contains a list of example initiating conditions. These initiating condition
"are to form the basis for establishment by each licensee of the specific

plant instrumentation readings (as applicable) which, if exceeded, will
initiate the emergency class.™

3.2 Description of the NUMARC Methodology
The methodology for developing emergency action levels described in
NUMARC/NESP~007 ("NUMARC methodology"™) defines initiating conditions and

emergency action levels based on regulatory intent and industry usage. These
definitions are:

INITIATING CONDITION (IC): One of a predetermined subset of nuclear
power plant conditions where either the potential exists for a
radiological emergency, or such an emergency has occurred.

EMERGENCY ACTION LEVEL (ERL): A pre-determined, site-specific,
observable threshold for a plant initiating condition that places the
plant in a given emergency class. An EAL can be: an instrument reading;
an equipment status indicator; a measurable parameter (onsite or
offsite); a discrete, observable event; results of analyses; entry into
specific emergency operating procedures; or anocher phenomenon which, if
it occurs, indicates entry into a particular emergency class.
The NUMARC methodology has three kinds of ICs and EALs: (1) symptom-
based; (2) event-based; and (3) barrier-based. The symptom-based class refers
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to those indicators that are measurable over a continuous spectrum, e.g., core
temperature, coolant level, radiation meter readings. Off-normal readings on
such indicators are symptoms of problems. The seriousness of a symptom
depends on such factors as the degree to technical specifications are exceedad.
and the capability of licensed operators to gain control and bring the
indicators back to safe levels. Event based ICs and EALs refer to discrete
occurrences with potential safety significance such as a fire or a high~-
presaure safety injection pump failure. Barrier-based ICs and EALs refer to
the level of challenge to the principal barriers used to assure containment of
radioactive materials within a nuclear plant. For the most important type of
radicactive material, fission products, there are three principal barriers:
fuel cladding; reactor coolant system (RCS) pressure boundary; and
containment.. Barrier-based ECLs are a subset of symptom-based EALs that ajz S
related to indications of challenges to fission product barriers. f",,

In the NUMARC methodology, the operating modes (power operation, hot
standby, hot shutdown, cold shutdown, refueling, and defueled) to which
individual ICs apply are specified. As a plant moves through the decay heat
removal process toward cold shutdown and refueling, barriers to release of
fission products may be reduced, instrumentation to detect symptom may not be
fully effective and partial disabling of safety systems may be permitted by
technical specifications. For such operations, ICs and EALs tend, therefore,
to be event-based rather than symptom-based or barrier-based.

Iniriating conditions and EALs are divided into four
classes. ar "recognition categories."” These are:

Abnormal Rad Levels/Radiological Effluent

Fission Product Barrier Degradation

Hazards or Other Conditions Affecting Plant Safety
System Malfunction

*
n oM
t

For recognition categories A, H, and S, initiating
conditions and associated EALs, are developed for each emergency
classification level (as in the NUREG scheme): unusual event (U), alert (A),
site area emergency (s), general emergency (G). For these recognition
categories, initiating conditions are identified by a three-character acronym
(recognition category, ECL, sequence number). Thus, AU2 and S83, are the
second unusual event IC in the abnormal radiation level recognition category
and the third site area emergency IC in the systems malfunction recognition
category, respectively.



For recognition category F (fission product barrier
degradation), there are three initiating conditionsa: (1) loss or potential
loss of the containment barrier; (2) loss or potential loss of tha fuel clad
barrier; and (3) loss or potential loss of the reactor ccoolant system (RCS)
barrier. The EALs for each of these initiating conditions depend on whether
the reactor is a PWR or a BWR. The ECL resulting from fission product barrier
degradation depends upon the number of barriers loss (or potentially lost) and
which ones they are:

UNUSUAL EVENT Any loss or potential of containment

ALERT Any loss or any potential loss of either fuel clad or
RCS.

SITE ARER EMERGENCY Loss of both fuel clad and RCS; or

Potential loss of both fuel clad and RCS; or
Potential loass of either fuel clad or RCS, and loss of
any additional barrier.

GENERAL EMERGENCY Loss of any two barriers and potential loss of the
third barrier.

4. CONSEQUENCES
This regulatory analysis follows the guidance found in the NUREG/BR-0058

(May 1984), Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory
Commission, (the Guidelines) and NUREG/CR-3568 (Dec. 1983), A Handbook for
Value~Irpact Analysis, (the Handbook). One of the conventions of regulatory
analyses ‘s that costs and benefits are defined in terms of changes from the
status quo. Alternative 1 would continue the status quo: application of the 4
convention means that there are neither costs or benefits associated with \
Alternative 1. A

As was discussed in Section 3, regardless of whether NRC decides on
Alternative 1 or Alternative 2, licensees aie free to adopt the NUMARC
methodology. If a licensee uses the NUMARC nethodology to develop a
comprehensive set of EALs, those EALs would le effective only if offsite
emergency response authorities agree to them and NRC approves them. NRC's
approval of site-specific EALs is not linked to adoption of Alternative 2.
Therefore, it can not be said with certainty that adoption of Alternative 2
will have any consequences (even if a licensee uses the NUMARC me€%odoloqy,
one cannot be certain it was attributable to NRC’s decision to find the NUMARC
methodology an acceptable alternative to the NUREG methodology for developing
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EALs). However, for the purposes of exploring further in this regulatory
analysis, potential consequences of using the NUMARC methodology, it will be
assumed that one or more licensees would switch from a set of EALs based
purely on the NUREG methodology to a set of EALs based on the NUMARC
methodology as a result of a decision in favor of Alternative 2.

The purpose of an emergency action level (EAL) is to trigger the
declaration of an emergency classification level (ECL), which in turn triggers
a certain level of emergency response offsite. Appendix 1 to NUREG-0654
identifies the offsite activities initiated by or ongoing at each ECL. These
licensee actions are directed toward providing information to offsite
emergency response authorities and federal agencies (e.g., plant conditions,
metearological conditions, radiclogical field monitoring results). Licensee
actions to respond directly to the onsite situation are governed by emergency
operating procedures (EOPs). In the NUMARC methodology, EALs are defined to
be consistent with EOPs, but EOPs are not affected by EALs. The course of the
accident, and the extent of plant damage and offsite releases may depend on
the quality of EOPs and how well they are implemented, but not on EALs. T
Therefore, several of the attributes as defined in the Handbook, those related
to how the regulatory action affects accident frequency and accident severity,
are not relevant. rhooc.ndn-rclovant attributes are: occupational exposure
(both routine and accidental); offsite property; onsite property: regulatory
efficiency; improvements to knowledge; and NRC development.

The Handbook notes that the definition of attributes can be modified or
extended if appropriate for the issues being studied. }ﬁ this case, it is
appropriate to extend the definition of the offsite property attribute to
includes the costs to the offsite emergency response organizations to take the
actions required by the ECLs.

-
It is not feasible to assess quantitatively the consequences of a [ . *
licensee switching a pure NUREG~0654 system of EALs to a pure NUMARC system of }hM
/
EALs, with only generic information. Site-specific indicator readings that Lo S

trigger EALs are needed. Even if site-specific EALs were available, it would A

still be beyond the scope of a regulatory analysis to make guantitative 4 N )_w;;§

assessments as will now be explained. : V“\
v

Lets consider a scenario in which an accident escalates through the four
classification levels under both EAL methodologies and culminates in a
release, and an evacuation. The only effect of the EAL methodology on the
offsite emergency response would be on uﬂzzithe ECLs are declared. As the
scope of the emergency response is dependent on ECL, the cost of the emergency

7



response (offsite property attribute) is dependent on the length of time each
ECL is in effect. The public health effects (dose received during evacuation)
would depend when the evacuation begins relative to when the release begins
and the speed of the evacuation. Both of these factors depend on the offsite
response organization’s preparedness, which depends on when ECLs are declared.
To quantitatively assess consequences, it would be necessary to estimate the
public health and offsite property costs under the NUREG system and the NUMARC
system of EALs for each possible accident scenario, weight these consequences
by the probability of the scenario and then add over scenarios. The scenarios
would have to be extremely detailed and specify the times when indicator
readings that exceed EAL thresholds would occur. Clearly, this is not
feasible.

Instead, in Section 4.1, the consequences of NRC choosing Alternative 2
or & licensee adopting a set of EALs based on the NUMARC methodology are
discussed qualitatively in terms of how consequences attributes could be
atfected. Also, some rough cost estimates are made.

4.1 How Conssquances Attributes Could Be Affected

4.1.1 Public Health

Public health could be affected from exposure to offsite releases of
radicactive material from an accident at a licensed nuclear plant. Such
expasure could be from two pathways: (1) the plume exposure pathway; and (2)
the ingestion pathway. Exposure to the plume exposure pathway is
predominantly due to exposure from the passing airborne radiocactive plume.
The exposure can be mitigated from ahoitotinq-in-place or evacuating before
the plume passes by. Exposure from the ingestion pathway comes from drinking
contaminated water, eating contaminated fruits and vegetables, eating dairy
products or mest from cattle that have eaten contaminated vegetation, or
eating contaminated aquatic foods. Exposure from the plume is contemporaneous
with the release; exposure from and protective actions for the ingestion
pathway occurs days to weeks after the release. The EAL system used would be
expected to affect the timing of declaration of ECLs by minutes, or at the
most a few hours. Because of the expanded ingestion pathway time scale,
exposure from the ingestion pathway, and its mitigation, are only weakly
affected, if affected at all, by the exact time that ECLs are declared.
Therefore, it is assumed that the EAL system does not affect exposure from the
ingestion pathway.

The effectiveness of evacuation in minimizing exposure to the airborne
plume depends on when it begins relative to a significant release and the

8



speed of the evacuation. For example, NUREG~1150 (Dec. 1990), Severe Accident
Risks: An Assessment for Five U.S. Nuclear Power Plants, considers, interalia,
the offsite consequences of such accidents. Table 13-5 of NUREG-1150,
contains estimates of the probability of exceeding 200~rem red marrow dose (a
dose likely to result in an early fatality) for early containment failure at
the Zion auclear plant. The table shows that this probability is strongly
dependent upon when the evacuation begins relative to the release for
residents within 5 miles of the plant. For this particular site, it was
estimated that if the evacuation begins an hour before the release, evacuation
is more effective (lower probability of 200~rem red bone marrow dose) than
either sheltering in basements or in large buildings; however, if evacuation
were to begin at the release or 1 hour after the release began, evacuation
would be only slightly more effective than sheltering in basements and would
be less effective than sheltering in large buildings.

Chapter 11 of NUREG-1150 considers the sensitivity of early fatality
complementary cumulative distribution function (CCDF) to emergency response
for early containment failure accidents. Table 11.6, gives estimates of early
fatalities for four different emergency responses as a function of the
exceedance frequency of the CCDF. For 2Zion, for an exceedance frequency of
107"/reactor-yr, the difference between the number of early fatalities for
sheltering and a timely evacuation is 500 persons. For an exceedance
frequency of 10™ per reactor-yr, the difference between the number of early
fatalities for sheltering and a timely evacuation is 3,000 persons. These
estimates indicate that if evacuation is the most effective protective action
is protecting the public health, and if the evacuation is delayed or if
sheltering is implemented instead, there could be significant numbers of extra
early fatalities for incredibly rare, high-consequence accidents.

Appendix 1 of NUREG-0654 notes that the general emergency ECL is
declared when there is actual or imminent substantial core degradation or
melting with potential for loss of containment, and releases can reasonably be
expected to exceed protective active guides (PAGs) developed by the U.S.
Environmental Protection Agency (EPA) for mitigation of exposure of the public
to the plume (see EPA/520/1-75-001-A (1990), Manual of Protective Actions for
Nuclear Incidents). NUREG-0654 notes that the immediate action for this class
is sheltering-in-place (with 2 miles of the plant in all directions and within
S miles of the plant downwind) until an assessment can be made that (1) an
evacuation is indicated and (2) an, evacuation, if indicated, can be completed
prior to significant release and transport of radiocactive material to the
affected areas.




If the declaration of the general emergency ECL is overdue, the public
healith could be compromised in several ways. The sheltering-in~place may be
late so it cannot be completed before some members are exposed to the passing
radicactive plume. Emergency workers should be dispatched to duty stations to
ensure that a prompt and orderly evacuation can be accomplished and that
relocation centers are staffed to receive evacuees. If the declaration of the
general emergency ECL is overdue, the ability to effect an orderly evacuation
when evacuation is indicated could be impaired. As a consequence, the less
efficacious sheltering-in-place protective action could be decided upon; or if

evacuation is decided upon, its start could be delayed and dose to evacuees
could increase.

w v ng Ow

One of the purposes of each ECL is for the offsite emergency response
organization to take actions, appropriate to the risk of a significant
release. 1If declaration of one ECL is overdue in a rapidly developing
accident when there is ﬁdﬂ;iﬁigher ECL, the offsite emergency response
organization may not be prepared to carry out the actions required by the
higher ECL. For example, during the site area emergency ECL, emergency
workers should be on stand-by status so that they can be dispatched in the
event that the situation worsens. These emergency worker 'include law
enforcement officers who would set up traffic control points on evacuation
routes; highway department personnel who would use heavy duty vehicles to
remove traffic impediments on evacuation routes; and bus drivers who would be
dispatched to staging preliminary to the evacuation of school children and
transit-dependent persons. Also, at the site area emergency ECL, radiological
field monitoring teams are deployed so that they will be in place and able to
map the plume if a significant release becomes imminent.

In a rapidly developing accident, an overdue declaration of site area
emergency ECL could hinder an emergency response organization’s preparedness
to implement protective actions. The time at which the offsite organizations
would be ready to manage an evacuation could be affected and the evacuation
could be slower, especially if the deployment of vehicles to remove traffic
impediments is delayed. Again, the decision whether to evacuate or to
shelter-in-place could be affected by an overdue declaration of site area
emergency ECL. "

4.1.2 Offsite Property

The scope of the offsite emergency response, and therefore its cost,
depends on the current emergency classification level (ECL). The total cost
of sach offsite emergency response organization depends on the length of time
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each ECL is in effect. As the specific system for developing emergency actior
levels (EALs) affects when ECLs are declared, it would affect the duration
that each ECL is in effect and therefore the costs of offsite emergency
response. Because, the set of EALs developed by a licensee and agreed to by
offsite emergency response authorities, must be approved by NRC, it is
unlikely that an ECL above a notification of unusual event or alert ECL would
be declared under one system and not under the other. It is far more likely
that the timing of the declaration would be affected by whether EALs based on
the NUREG-0654 methodology or on the NUMARC methodology is used.

Appendix 1 of NUREG-0654 gives the offsite emergency response actions
associated with each ECL. A qualitative discussion of these actions for each
ECL is given below.

N n ven

For the notification of unusual event ECL to be declared, unusual events
are in process or have occurred which indicate a potential degradation of the
level of safety of the plant. Releases of radiocactive material requiring
cffsite response are not expected unless there is further degradation of
safety systems. Usually, a few key persons in State and county response
organizations are notified of the unusual event by the licensee. No action is
required of the offsite emergency response organization other than providing
fire and security assistance to the licensee, if requested. There is very
little, if any, expense to offsite authorities in responding to this ECL.

Alert

For an alert ECL to be declared, an event should be in process or have
occurred that involves an actual or potential substantial degradation of the
pliﬁ:. Releases of radicactive material are expected to be limited to small
fraciions of the EPA protective action Quidelines. Each offsite jurisdiction
with emergency response responsibilities (States and counties, and
municipalities in some States) would set up or activation an emergency
operations center (EOC) and at the alert ECL would notify key members of the
staff of the EOC to report. Other EOC staff would be put on standby notice
and field emergency workers would be alerted of the incident. Activation of a
joint news ceater where public information officers from the licensee and
offsite emergency response authorities would compose messages to be broadcast
an the emergency broadcast system (EBS), and news releases could begin. Also,
media briefing would take place at the joint media center. Confirmatory
radiological field monitoring may be required if there is an actuad release,
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Depending on the number of jurisdiction involved, as many as
100 persons, mainly at State and county EOCs, could be working on the
emergency response and many other emergency workers could have been notified
of the incident. If it is assumed that the cost of the workers is $50/hour,
then cost of the actions for the alert ECL could be as high as $5,000/hr.

Site Area Emergency

For a site area emergency ECL to be declared, events should be in
progress or have occurred that involve actual or likely major failures of
plant functions needed for protection of the public., Any releases are »:y
expected to exceed EPA protective action guides. After this ECL is declared
State and local EOCs and the joint news center should be fully staffed.
Emergency workers who would be needed for an evacuation would be alerted to a
standby status. Any of these emergency workers who work some distance from
the EPZ (e.g., state police officers) should be dispatched to near-site duty
stations. Activation of facilities for radiological monitoring and ¥
decontamination of evacuees and their vehicles (reception centers) and
activation of facilities for congregate care of evacuees after they leave
reception centers could being. Because of special concern for the safety of
children, there may be a precautionary evacuation of schools during the site
area emergency ECL. Also, evacuating schools early could free up school buses
to evacuate the transit-dependent general population, if an evacuation of the
general population is recommend if the accident worsens.

As emergency workers needed for evacuation start to become involved at
the site area emergency ECL, the effort required for offsite actions would
depend primarily on the number of persons who might be evacuated as well as on
the number of jurisdiction involved. There could be 2-3 times as many
emergency workers involved as during the alert ECL, on up to 200-300. At a
cost of $50/hour, the cost of nffesite emergency response crganizations
responding to a site area emergency ECL could be as high as $15,000/hr.

nera
For a general emergency ECL to be declared, events are in progress s¢ ("
bave occurred which involve actual or imminent substantial core degradation or
melting with potential for loss of containment integrity. Releases can be
reasonably expected to exceed EPA Protection Action Guideline exposure levels
offsite for more than the immediate site area. After the general emergency
ECL is declared, emergency workers needed for evacuation should be at their
duty stations. These include: traffic control points, radiologicad field
monitoring points, reception centers, congregate care centers, and emergency
worker decontamination centers, and staging areas for general population
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evacuation buses and emergency vehicles to keep evacuation routes clear (e.g.,
tow trucks and snow plows).

The cost of preparedness at the general emergency ECL for an evacuation
could be substantial, especially for a jurisdiction with a high populaticn.
For example, consider as an extreme, Westchester County, N.Y., one of four
counties within the plume exposure EPZ for the Indian Point Nuclear Power
Station. In 1987, the resident and summer transient population of Westchester
County within the EPZ was 173,500, of which 10,500 were estimated to be
transit~dependent (i.e., rely on means other that the family automobile for
transportation to evacuate). The reception centers should have the capability
to monitor 20% of the population of the EPZ for radiological contamination
within 12 hours of arrival. If each personnel monitor processes 33 evacuees
per hour, then 88 personnel monitors per shift would needed. Emergency
workers to menitor and decontaminate vehicles, to decontaminate evacuees, to
record nonitoring readings, to register evacuees, and to direct vehicular
traffic are also needed at reception centers. About 150 workers would have to
be ready after declaration of the general emergency ECL in reception centers
tu serve evacuees from Westchester County. If the transit-dependent
population would be evacuated in one wave in buses with a capacity of 50
persons, then 210 buses and drivers would be staged Other facilities and
functions that would be fully staffed would include the county EOC, the joint
news center, emergency worker decontamination centers, congregate care
centers, and traffic control points. Overall, 600-800 emergency workers could
be involved for Westchester County. These activities would be duplicated, on
a smaller scale perhaps, for the other three risk counties (Rockland, Orange
and Putnam). The State Emergency Management Office and Health Department
would be involved also. After declaration of a general emergency ECL at
Indian Point, several thousand emergency workers would be involved. At many
sites, at least 3 thousand emergency workess would be involved. If we assume
that 1,000 workers are involved at $50/hr ner worker, then the cost of
responding to a general emergency ECL for personnel would be $50,000/hr.

There could be additional costs for contracted vehicles (e.g., tow trucks,
ambulances, evacuation buses).

Agreement with Modified EALs

Section IV.B of Appendix E to 10 CFR Part 50 provides that the licensee
and State and local authorities shall agree to EALs, and that the EALs shall
be reviewed annually with State and local authorities. Adoption of a set of
EALs based on the NUMARC methodology would require review and agreement by the
offsite authorities. Although these EALs could be proposed and reviewed in
the context of the annual review, the review effort would be magnified when a
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completely new set of EALs are under consideration. Offesite emergency
response authorities have health physics expertise tha’ is used in accident
assessment (i.e., assessing doses from release, meteorological, and other
information). However, offsite authorities may not staff with expertise in
nuclear power plant safety, ancd may have to rely on consultants to review and
give advise on a proposed set of EALs. A comprehensive review many require 2
to 4 weeks of consultant effect. If the cost of an expert consultant in
nuclear safety is $100/hr, then agreeing to a set of EALs based on the NUMARC
methodology may cost offsite authorities $8,000 to $16,000.

4.1.3 Industry Implementation

Implementation of a set of EALS based on the NUMARC methodology by a
licensee would involve: (1) developing a comprehensive set of site-specific
EALs from the generic guidance in NUMARC NESP-007; (2) getting offsite
emergency response authorities to agree to them and NRC to approve them; and
(3) retraining reactor plant staff. The cost of developing a comprehensive
set of EALs can be corsidered to be akin to developing a complex and lengthy
operating procedure. Abstract 2.2.2 of 1988 update to NUREG/CR-4627, Generic
Cost Estimates, considers the costs to industry to write or rewrite
procedures. It estimates that the cost of revision of 10 pages of an
cperating procedure that requires considerable research and some innovative
analysis ranges on the average from $3,100 to $4,100. Developing a set of
ECLs could be consiciered an activity "requiring considerable research and some
innovative analysis.® However, the effort involved would be far greater than
involved in revising 10 pages. In NUMARC NESP-007, 81 pages are required to
describe generic EAL guidance. This guidance includes statement of initiating
events, example EALs indicating the need for site-specific indicator readings,
and comments discussing the basis of the EALs. Adopting the NUMARC
methodology would involve transforming the generic guidance into site-specific
EALs and comments. It is estimated that the length of a document describing
the site-specific set of EALs would be twice the length of the description of
the generic guidance, or 160 pages., The cost of developing an EAL document
160 pages in lergth is assumed to cost 16 times the cost of writing or
rewriting 10 pages of text for a complex change in operating procedures, of
$50,000 to $66,000. However, the costs in Abstract 2.2.2 are based on 1986
salaries. Escalating these salaries to 1992 at 5%/yr, would increase the cost
by 34% to $67,000 to $88,000.

A second cost to the licensee in adopting a comprehensive set of EALs is

the expense .n getting offsite emergency response authorities to dgree to them
and NRC to approve them. Public Law 101-508, The Omnibus Budget

Reconciliation Act of 1990, requires that the NRC to recover 100% of its
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budget authority (less the amount appropriated from the DOE administered
Nuclear Waste Fund) by assessing license, inspection, and annual fees (NRC' 8
final rule implementing that act is found at 56 FR 31472). Review and
approval of EALs for a nuclear plant is an activity that is directly
attributable to the nuclear plant and therefore is the type of approval for
which the licensee would be expected to be billed the NRC full cost under 10
CFR §170.12(e). The fee for NRC's review and approval (for FY 1891) is based
on the professional staff-hr rate of $115/hr. We estimate that 2-4 weeks of
professional staff effort are required for NRC's review and approval of the
EALs. There is also the cost of the licensee’s staff effort involved in
getting agreement to the EALs from offsite authorities and approval from NRC.
It is estimated that this requires 2-4 weeks of effort of reactor engineers.
in ONRL/TM-10071/Rl, Cost Estimate Guidelines for Advanced Nuclear Power
Technologies, the annual salary of a reactor engineer is estimated to be
$51,000 in 1987. Adding 70% for fringe benefits and 5%/yr for salary
increases, the cost of a reactor engineer~-year of effort in 1992 would be
§105,000. If a year of the effort is 48 weeks, then the cost of supervising
the agreement and approval process would be $4,400 to $8,800, in 1992.

A third cost in implementing a set of EALs based on the NUMARC
methodology is that of retraining affected plant staff on the use of the new
EALs. Lets assume that the training about EALs is incorporated into a
periodic retaining program, and that the length of the program is increased by
ane and shift operators. The cost of training would be the cost providing the
training plus the cost of the trainees attending the training. It will be
assumed that because EALs are associated with indicator readings that the
means of instruction is "in-house simulator”™. For this means of instruction,
Abstract 2.2.3 of Generic Cost Estimates, estimate costs per student in 1986
af £25% to $37. Assuming 5% escalation in costas per year, the price range in
1592 would be $37 to $47 per student-hr. Lects assume that there are 50
trainees, 5 supervisors anJd 45 operators. Then there would be 400 student~hry
and the cost of providing training would range between $14,800 and $18,800.
Attending the incremental training would involve 1 week of supervisor effect
and 9 weeks of operator effort. Cost Estimates Guidelines for Advanced
Buclear Power Technologies estimates that in 1987 operations supervisors were
paid $51,000 and shift operators $43,000. Adding 70% of fringe benefits and
S%/yr for increase in salary, the annual costs in 1982 for operations
supervisors and shift operators would be $105,000 and $89,000, respectively.
If a working year is assumed to be 48 weeks, then the cost of plant personnel
attending the incremental training would be $105,000/48 for supervisors and
$83,000 x 9/48 for shift operators, or $17,800. The total training costs
would then be between $32,000 and $38,600.

15



4.1.4 Industry Operations

As was discussed earlier, most cnsite activities during an accident, are
directed toward bringing the situation under control and minimizing plant
damage. These activities are governed by emergency operating procedures.
Onsite activities that may be affected by EALs are those related to the ECLs
and offsite emergency response. These activities are described as "Licensee
Actions”™ in Appendix 1 of NUREG-(0654. Just as the extent of offsite authority
actions (see Section 4.1.2) are dependent on ECL, 30 is the extent of
licensee actions. Therefore, the cost of industry operations could be
affected by the duration that each ECL is in effect. A qualitative discussion
of licensee actions at each ECL is given below and rough estimates of the
licensees hourly costs are given below. It should be remembered that
differences in the duration of ECLs resulting from the use of EALs based on
ane methodology rather than the other would probably be measured in minutes,
not hours.

Not i ual Event
The only action required of the licensee is to promptly inform offsite
emergency response authorities of the nature of the unusual conditions (A

similar notification is required for each ECL). This action has negligible
cost.

Alert

Besides notifying offsite authorities of the declaration of the alert
ECL, the licensee should provide periodic plant status updates and
meteorological assessments. Onsite radiological monitoring teams should be
deployed to help determine if there is a release. If any releases are
accurring, offsite authorities should be provided with dose estimates. These
actions require activation of radiological monitoring teams and & dose
aszesament capabllity. Lels assume that the radiological monitoring team
members are 4 health physicists and that the dose assessment is done by 4
reactor engineers. From Abstract 2.1.6 of Generic Costs Estimates, the cost
of utility health physicists including fringe benefits was $35/hr in 1984.
Assuming this cost escalates by 5% per year, the cost in 1992 would be S49/hr.
The annual cost of a reactor engineer in 1992 was estimated earlier to be
$105,000. Assuming a working year is 48 weeks, or 1,920 hours, the cost per
hour for a reactor engineer would be $55. The cost to the licensee for its
actions would be minimally that of 4 health physicists and 4 reactor
engineers, or approximately $400/hr.
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Site Area Emergency

During the site area emergency ECL, the licensee would minimally take
the following additional actions: dispatch offsite radiological monitoring
teams; dedicate an individual for plant status updates to offsite authorities:
have staff at the joint news center; provide release and dose projections
based on available plant condition information and foreseeable contingencies;
and make senior technical and management staff available for consultant with
NRC and offsite authorities. Lets assume that 4 health physicists are
dispatched to do radiological monitoring offsite, that 2 public relations
specialists and a reactor engineer are dispatched to the joint news center,
that 2 reactor engineers are added to the dose assessment cepability; that the
equivalent of a fulltime senior technical or management prcson is dedicated
for consultation; that an operations supervisor is dedicated to giving plant
updates; that 4 administrative services persons become involved; and that 4
communications specialists are dedicated to maintaining communications with
offsite authorities and monitoring teams. Therefore, during the site area
emergency licensee personnel involved the offsite response would minimally be:
@ health physicists ($49/hx each), 7 reactor engineers ($55/hr), 4
administrative services persons; and 4 communications technicians. The hourly
costs in 1992 of these positions are estimated from the information in Cost
Estimate Guidelines for Advanced Nuclear Power Technologies on annual salaries
in 1987, and the assumptions of fringe benefits of 70% of base salary, salary
escalations of 5% per year, and 1,920 working hours in a year. The 1987
annual salaries and 1992 hourly costs for the positions not previously
considered are public relations specialists ($44,000/yr, $47/hr); senior
person (870,000/yr, $75/hr); administrative services ($27,000/yx, $29/hr); and
technicians ($36,000/yr, $39/hr). The cost of the licensee's personnel
devoted to actions related to the site area emergency ECL would then be;
8 x (858/hr + $49/hr) ¢ 4 x ($39/hz + 328/hir) + 2 % $4d/hr + $75/hr = $1,267/hr

General Emergency

The licensee actions indicated in Appendix 1 of NUREG-0654 for the
general emergency ECL are the same as for the site area emergency ECL.
However, one would expect some intensification of the effort (e.g., more
senior utility officers becoming involved). We will assume that the licensee
effort is augmented by 2 senior persons, to bring the cost to about $1,400/hr.

4.1.5 FRC Costs

Costs to the NRC from adoption of Alternative 2 would be two types:
(1) the costs to notify licensees, and possible offsite authorities of its
action; and (2) the cost of reviewing and approving the set of EALs developed
by a licensee. The draft of Revision 3 to Regulatory Guide 1.101 is 4 pages
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in length. Acceptance of Revision 3 (Alternative 2) would reasonably involve
actions such as publishing notice in NRC’s weekly News Releases and mailing a
copy of Revision 3 to each licensee and State emergency response authority.
Assuming that the cost of mailing a copy is $1.00 ($.52 for postage and §$.48
for handling) and that 200 copies are mailed, then the cost of notifying
licensees and offsite authorities would be approximately $200.

If a licensee decides to adopt a set of EALs based on the NUMARC
methodology and that decision is attributable to NRC’s adoption of Revision 3
of Regulatory Guide 1.101, then the cost of NRC's review and acceptable of the
set of EALs is relevant. This process was estimated to involve 80 to 160
hours of professional staff effort at a cost of $115/profeasional staff-hr.
However, as acceptance of a set EALs appears to be a type of acceptance for
which NRC can charge a fee to the licensee that covers its full costs under 10
CFR 170.12(e), this cost was discussed under the industry implementation
attribute in Sectiom 4.1.3.

4.1.6 Sumary of Consequances

There are two classes of cost-related consequences associated with
adoption of a set of emergency action levels (EALs). One class contains those
costs and estimates of the dollar amounts for this class are: cost to licensee
to develop EALs ($67,000 to $88,000); cost to licensee for NRC review and
approval ($4,400 to $8,800); cost to licensee to train plant personnel on new
EALs ($32,600 to $38,600); and cost to cffsite emergency response authorities
to review proposed EALs (58,000 to $16,000). The total ccsts of a licensee

adopting a new set of EALs is then estimated to be between $112,000 to
§151,000.

The second class of costa are those associated with the actions requirzed
by offsite emergency response authorities and the licensee for each EAL.
These costs are contingent on there being an accident. These costs depend on
the length of time each EAL is in effect. They are also strongly site
dependent as they depend on the population within the plume exposure EPZ and
the number of cffsite emergency response organizations. Some rough estimates
of the cost per hour to the offsite authorities and the licensee have been
made. For both the offsite authorities and the licensee, the cost of
responding to the notification of unusual event ECL is negligible. The cost
of responding to an alert ECL was estimated to be as high as $5,000/hr for
offsite authorities and about $400/hr for a licensee. The cost of responding
to a site area emergency ECL was estimated to be as high as $15,000/hr for
offsite authorities and about $1,250 for a licensee. Finally, the cost of
responding to a general emergency ECL was estimated to be about $50,000/hr for
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offsite authorities and about $1,400 for a licensee. It should be remembered
that these costs are not consequences of adopting EALs based on the NUMARC
methodology. Consequences are associated with differences in the duration of
ECLs under the two methodologies. Consequences are #ssociated with
differences in the duration of ECLs under the two methodologies. For example,
if for a given accident scenario, the only difference in the timing of the
declaration of ECLs, it that the site area emergency is declared 20 minutes
sooner under the NUMARC system, then the consequences would be $5,400 weighted
by the prabability ot the scenario.

Finally, the choice of EAL system potentially can have public health
consequences if there is a significant radiological release that extends
beyond the site boundary. There would be public health consequences if an
evacuation is delayed or is slower from the offsite emergency response
authorities having reduced preparedness because the declaration of the EALs
were overdue. There would also be consequences if evacuation would have been
the preferred protection action, but because an evacuation could not be
accomplished in & timely manner from ECLs being overdue, sheltering-in-place
would be recommended.

4.2 Comparison of the N(REG and the NUMARC Methodologies

The Nuclear Management and Resources Counci. (NUMARC) has developed a
system for classifying abnormal occurrences at nuclear power plants which is
documented in NUMARC/NESP-007, Rev.l, "Methodology fcr Development of
Emergency Action Levels.” In developing this system, NUMARC identified the
initiating conditions (I1Cs) for each such event and placed the event in one of
four categuries or "emergency classification levels"™ (ECLs):

Notification of Unusual Event
Alert

Site Area Emergency

General Emergency

NUMARC then identified the types of plant instrument readings, called
Emergency Action Levels (EALs), which would correspond with each IC. The
Buclear Requlatary Commission (NRC) staff reviewed NUMARC'’s methodology for
developing these action levels by performing the following actions:

Compared the NUMARC methodology to the guidance in NUREG-0654/FEMA-REP~
1, "Criteria for the preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power
Plants,”™ Revision 1, November 1980.
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- 3 Censidered refinements in the guidance in NUREG-0654 that have been

developed based on experience gained and lessons learned in using NUREG~
0654.

3 Participated in February 1991 with representatives from NUMARC and the
utilities in a "table-top" review of plant events and emergency
exercises to determine the classifica-tions that the licensees would
most likely adopt in implementing the NUMARC proposal. The participants
reviewed various event scenarios used in past emergency exercises to
determine if NUMARC’s methodology provided for adequate emergency
classifications and for properly timed declarations.

NUMARC incorporated in its classification system several improvements
suggested from the staff’s review. The participants in the table-~top exercise
agreed that use of the improved classification system would result in higher
level emergency classifications (site area and general emergencies) being made
at the same time or earlier than they would be based on NUREG-0654 criteria.

After NUMARC made the improvements to its methodology, the NRC staff
performed a regulatory analysis of these EAL guidelines by comparing the ICs
identified by NUMARC with the examples of ICs shown in Appendix 1 to NUREG~-
0654. The staff compared the ICs according to the following:

NUMARC’s interpretation of emergency class descriptions. (See Sections
3.7, "Emergency Class Descriptions,”™ and 3.8, "Emergency Class
Thresholds,™ of the NUMARC document) .

NUMARC’s EAL guidance and basis information. (See Section 5.0, "Generic
EAL Guidance,” of the NUMARC document) .

The staff identified NUMARC ICs that corresponded or related to each 1C
in NUREG-0654. If no equivalent NUMARC IC was found, the staff analyzed
FNUMARC’s basis for the omission to ensure that the NUMARC scheme still met the
original intent of NUREG-0654. The staff concluded that, except as noted
herein, the NUMARC ICs were more comprehensive than the NUREG~-0654 1ICs.

The staff is providing its regulatory analysis of the NUMARC

methodology, arranged according to IC. The staff organized each section in
the following format:

»*

Definition of emergency classification as it appears in NUREG-0654
The NUMARC’s disposition of the NUREG-0654 ICs for that classification
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Title of NUREG-065 IC
Disposition
Regulatory Analysais

Emergency Classification: Notificstion of Unusual Event
Definition in NUREG-0654:

"Unusual Events are in process or have occurred which indicate a
potential degradation of level of the safety of the plant. No releases of
radicactive material requiring offsite response or monitoring is expected
unless further degradation of safety systems occurs."”

Disposition Of NUREG-0654 Example ICs Under This Emergency Class:
NUMARC reviewed each of the example ICs in NUREG-0654 against three main
criteria:
. Is the event a reasonable precursor to a potential loss or loss of
one or more of the fission product barriers?

NUMARC included in its examples ICs for precursor events. NUMARC
made some changes to clarify the ICs.

. Is the event reportable under the requirements of 10 CFR 50.727?

The similarity between the NUREG-0654 unusual event ICs and the
reportable events of 10 CFR 50.72 had previously prompted the
staff to consider a modification to the emergency classification
guidance of NUREG-0654. However, this similarity remained because
the staff did not make this modification. NUMARC included this
similarity as part of its justification for not including some
NUREG~0654 unusual event ICs in the pPiopused methodology. Those ¢’ 4
NUREC-0654 unusual event ICs which have proved not to be . &;
precursors to more serious events were removed from the NUMARC haﬂ ‘L

methodology. The reporting requirements of 10 CFR 50.72 will
satisfy the NRC's concern that it be notified of these "non- | ,/ ¢ A
emergency® events. (s { .?‘ 0

. Is the event addressed within technical specification limiting
conditions of operation (LCO)?

A number of example ICs in NUREG-0654 addressed conditions that
are controlled by the plant’s technical specifications. NUMARC
noted that operation within the boundaries of the technical
specifications, including the specified action statements and
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restoration times, represented an analyzed and approved situation.
NUMARC concluded that an emergency condition could only exist if
operation occurred outside these boundaries, that is, if required
mode changes were not completed in the times specified.

“The emergency core cooling system (ECCS) initiated and discharged to
the vessel.®

Disposition:
The concerns addressed by this Initiating Condition (IC) have been
integrated into several NUMARC ICs.

Regulatory Analysis:

NUMARC differentiates between the inadvertent discharge of ECCS into the
vessel and the valid discharge of ECCS into the vessel. Inadvertent
discharge of the ECCS to the vessel, in and of itself, does not
constitute an emergency. ECCS actuation events are reportable under 10
CFR 50.72 b.1.iv and b.2.ii as non-emergency events. However, NUREG-
0654 did not distinguish between the inadvertent and the valid discharge
of ECCS and thus would classify any discharge of ECCS into the vessel as
an unusual event. Many licensees have recognized the need for this
distinction and have submitted modifications to their EALs and NRC has
approved EALs, with such modifications.

NUMARC has integratea b wvalid ECCS discharge, which is a response to a
(RCS) barrier challe ge, into its fission product barrier degradation
ICs or system malfunction ICa. The Fission Product Barrier Scheme
offers a set of ICs that are connected to consequences of events that
may challenge the integrity of the principal barriers. This is better
than developing ICs connecte” to the individual events themselves. The
alert IC, FAl, in the NUMAR™ scihneme applies to those conditions in which
the RCS or the fuel cladding barrier may be threatened. Under these
conditions, NUMARC recognizes the level of severity needed to call for
an alert. NUMARC further refined this scheme in ICs SU4 and SUS, where
early signs of fuel degradation or RCS leakage would prompt the licensee
to declare an unusual event.

Therefore, the NUMARC approach for this IC is acceptable because it

provides 2 more accurate classification which meets the intent of NUREG-
0654. 5
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"Radiclogical effluent technical specification limits exceeded"

Disposition:

This IC is listed as an unusual event under NUMARC IC AUl, “Any
Unplanned Release of Gaseous or Liquid Radiocactivity to the Environment
that Exceeds Two Times the Radiological Technical Specifications for 60
Minutes or Longer.®" The NUMARC IC contains a provision for licensees
that have removed effluent limits from their technical specifications.
For these, NUMARC specifies the use of the upper limits in the
facility’s Offsite Dose Calculation Manual (ODCM) .

Regulatory Analysis:

10 CFR 50.72 requires a four-hour report whenever gaseous effluents
exceed Z times MPCs for unrestricted areas averaged over a period of an
bour. The NUMARC IC considers a release to be an uncontrolled situation
meeting the threshold of an unusual event if this release is greater
than two times the technical specifications and if it continues
unisolated for at least 60 minutes (no averaging). The concern in this
IC is the degradation in plant control and not the dose at the site
boundary. NUMARC stated in the basis of this IC, that once the
Emergency Director recognizes that an uncontrolled situation might

exist, the licensee should declare an unusual event before the 60
minutes have elapsed.

The NUMARC IC is acceptable because it defines the threshold for unusual
events by discerning clearly between non-emergency, reportable events
and those that qualify as potential emergencies.

"Fuel damage indication.”

Disposition:

This IC is listed as an unusual event in NUMARC IC SU4, "Fuel Clad
Degradation.”

Ragulatory Analysis:

The NUMARC IC SU4 is acceptable, as it addresses fully the key concerns
of NUREG-0654. This IC is considered to be a precursor to a challenge
to the fuel cladding barrier and as such the escalation path tc higher
classification is provided by way of the Fission Product Barrier scheme.

=~
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*"Abnormal coolant temperature and/or pressure or abnormal fuel
temperature outside technical specification limits.®

Disposition:

The parts of this IC are considered as individual unusual events under
the NUMARC ICs, SU2, "Inability to Reach Required Shutdown within
Technical Specification Limits" and SU4, "Fuel Clad Degradation",
Regulatory Analysis:

NUMARC addresses fuel status under IC SU4 "Fuel Clad Degradation."
Generally, NUMARC does not treat entry into a technical specification
action statement as an emergency. However, NUMARC considers indications
af fuel cladding degradation exceeding technical specification allowable
limits to be a precursor of more serious problems and therefore calls
for the licensee to declare an unusual event.

The NUREG-0654 guidance and the NUMARC approach differ fundamentally
regarding the abnormal coolant temperature or pressure that is outside
the technical specification limits. NUREG~0654 guidance calls for an
unusual event to be declared when the technical specifications require
the licensee to shutdown the plant. NUMARC proposes that the licensee
declare an unusual event only if the plant had not been brought to the
required operating mode (usually hot shutdown) within (he time limits of
the technical specification action statement. The initiation of a plant
shutdown required by technical specification requires a one~hour report
under 10 CFR 50.72. The NRC agrees that a controlled plant shutdown in
compliance with a technical specification action statement is not a
potential emergency and, therefore, need not be classified as an unusual
event. NUMARC proposes to require the licensee to declare an unusual
event when the plant is not brought to the required operating mode
within the allowable action statement time in technical specifications.

“Exceeding either primary/secondary leak rate technical specification or
primary system leak rate technical specification.™

Disposaition:

NUMARC included this IC as an unusual event in IC SU5, "RCS Leakage,"
and under the RCS barrier ICs as part of Fission Product Barrier Matrix.
NUMARC addressed secondary leakage for pressurized water reactors (PWRs)
in IC SUS and under the RCS barrier and Containment barrier monitoring
in the Fission Product Barrier Degradation ICa,
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Ragulatory Analysis:

Although the NUMARC proposes a numeric threshold in IC SUS for RCS
leakage which is higher than that implied in NUREG-0654, the NRC staff
considers the NUMARC ICs to adequately address the primary concerns of
NUREG~0654. lLeakage exceeding the limit specified in the technical
specifications will require a shutdown. IC SU2 covers those conditions
in which the required shutdown within the technical specifications was
not reached. NUMARC proposes leakage rates, that are readily observable
with normal control room indications ( i.e. for PWRs, greater than 10
gpm for unidentified or pressure boundary leakage or 25 gpm for
identified leakage) . The difference between the twc leakage rates is
justified based on their relative risk significance. The values
provided in SUS will provide early indication of leakage which could be

a precursor to the more severe events addressed in the Fission Product
Barrier Degradation ICs.

This change is acceptable and is consistent with NUMARC'’Ss plan to
separate non-emergency reportable events from its EAL scheme.

"Failure of a safety relief valve in a safety system to close following
reduction of pressure.”

Disposition:
NUMARC has integrated this IC into unusual event IC SUS, "RCS Leakage"
and into ICs for RCS barrier fission product barrier degradation.

Regulatory Analysis:

The NUMARC IC SUS applies to this situation. The licensee would raise
the event to a higher classification by determining the status of the
RCS barrier using IC FAl in the Fission Product Barrier Matrix. The
NUMARC scheme adequately addresses this NUREG-0654 IC.

"Loss of offsite power or loss of onsite AC capability."

Disposition:

NUMARC addressed this IC in unusual event IC SUl, "Loss of All Offsite
Power to Essential Busses for Greater Than 15 Minutes,” and IC SU2,
"Inability to Reach Required Shutdown within Technical Specification
Limits."™ NUMARC specified that the licensee would also declare an alert
under IC SA5, "AC Power Capability to Essential Buses Reduced to a.

Single Power Source for Greater than 15 Minutes Such That any Additional
Single Failure Would Result in Station Blackout."
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Regulstory Analysis:
NUMARC retained the loss of offsite power event (with emergency
generators available) as a precursor to station blackout. A prolonged
loss of cffsite powver reduces power redundancy and could degrade the
level of safety of the plant by rendering the plant more vulnerable to a
station blackout. This condition would require the licensee to rely
solely on the plant equipment powered through emergency buses by the
emergency generator in order to control and safely shut down the plant.
NUMARC IC SUl addresses this condition by classifying as an unusual
event a loss of offsite power for more than 15 minutes while onsite
emergency generators are available. NUMARC included the 15-minute
duration to discriminate against transient and momentary power losses.
NUMARC IC SAS5 escalates the EAL to an Alert if the powver supply becomes
degraded further.

{ v/ -—/“l
While a loss ot:3=?T:L power capability (with coffsite power available) Q
reduces redundancy, all normal electrical buses would continue to be ( |
povered and all plant equipment would continue to be available. The (e WIIJM
condition is addressed by the plant’s technical specifications and is ’wi/
not considered to be an emergency. The onsite power capability loss I ‘rﬂfl
is addressed in NUMARC IC SU2, "Inability to Reach Required Shutdown
within Technical Specification Limits." 1In the basis section of IC §
NUMARC stated that escalation to an alert occurs when, with the loss o
aonsite emergency generators, further degradation results in only one
train of emergency busses being fed from coffsite power.

L

The NUMARC ICs adequately addresses the conditions specified in the
NUREG-0654 IC.

"Loss of containment integrity requiring shutdown by technical
specifications.”

Disposition:

NUMARC did not view this IC as an emergency in the proposal. However,
recognizing that it may lead to complications, NUMARC listed it as an
unusual event in IC SU2, "Inability to Reach Required Shutdown with
Technical Specification Limits,”™ and in the containment barrier ICs
pertaining to degradation of the fission product barrier.

Regulatory Analysis: i
This IC results in ent:iy into a technical specification action
statement. A loss of containment integrity as it is defined and
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11.

Detection,™ and as an alert in NUMARC IC HA2, "Fire Affecting the
Operability of Plant Safety Systems Required for the Current Operating
Mode."

Regulstory Analysis:

By using the 15-minute time constraint, NUMARC clarified a point of
confusion in EAL schemes that licensees currently use. NUMARC also
clarified that the clock starts when the control room is notified or the
contral room alarm has been verified. NUMARC selected 15 minutes for
the interval so that the IC would be consistent with other ICs
addressing events that could cause damage to the plant. In IC BAZ,
NUMARC provided a means for escalating the event to a higher
classification. The NUMARC ICs adequately cover the NUREG-0654 IC.

*Indications or alarms on process or effluent parameters not found
functional in the control room to an extent requiring plant shutdown or
significant loss of assessment or communi-cation capability (e.g., plant
computer, Safety Parameter Display System, all meteorological
instrumentaticn) .*

Disposition:

NUMARC addressed this IC as the following two unusual event ICa: IC SU3,
"Uoplanned Loss of Most or All Safety System Annunciation or Indication
in the Contrcl Room for Greater Than 15 Minutes,” and NUMARC IC SU6,
"Unplanned Loss of All Onsite or Offsite Communications Capabilities.”

Ragulatory Analysis:

In IC SU3, NUMARC considered the declaration of an unusual event in
which the licensee loses most annuncialors associated with safety
systems for more than 15 minutes, but has available compensatory non-
alarming indicators, such as the SFDS and the plant computer. NUMARC
did not address the loss of meteorological instrumentation in the ICs
due to the shift in emphasis from dose assessment to plant status
assessments since the issuance of NUREG-0654. 1IC SU6é addresses those
situations in which a loss of communications capability hampers plant
operaticns or renders routine communicaticns with offsite officials
ineffective.

The NUMARC ICs adequately address the intent of this NUREG-0654 IC.

-
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10.

interpreted in the technical specifications may not be a precurscr to a
more serious event. The initiation of a plant shutdown reguired by the
technical specification requires a l-hour report under 10 CFR 50,72,

The licensee must declare an unusual event when the plant is not brought
to the required operating mode within the allowable action statement
time in the technical specifications.

NUMARC’s IC FUl recognizes that any loss or possible loss of containment
function, in and of itself, constitutes an unusual event  NUMARC
addressed explicitly the significant containment leak rates associated
with plant events in the Fission Product Barrier Degradation EALs.

The NRC concurs with NUMARC’s change.

"Loss of ESF or Fire protection system function requiring plant shutdown
by technical specifications (e.g., because of malfunction, personnel
error or procedural inadequacy).®

Disposition:

NUMARC addressed this IC as an unusual event in NUMARC IC SU2,
“"Inability to Reach Required Shutdown within Technical Specification
Limits.*™

Begulatory Analysis:

This IC results in entry into a technical specification action
statement. The loss of these functions as they are defined and
interpreted in the technical specifications may not be a precursor to a
more serious event. To begin to shut down the plant as required by the
technical specification, the licensee must issue a l-hour report under
10 CFR 50.72. The licensee must declare an unusual svent when tho plant
is not brought to the required operating mode within the allowable
action statement time in technical specifications. Loss of certain ESF
functions that are associated with plant events are covered by System
Malfunction, Hazards, and Fission Product Barrier Degradation ICs.

The NUMARC change is acceptable as it meets the intent of NUREG-0654.

J
"Fire within the plant lasting meore than lo‘minutea' L

Disposition: "
NUMARC addressed this IC as an unusual event in Naﬁmqp IC HU2, "Fire
Within Protected Area Boundary Not Extinguished nithin‘ls Minutes of

ﬁdd/.v,ruqz/-
27



12.

14.

"Security threat or attempted entry or attempted sabotage."”

i oY

”

Disposition:

NUMARC addressed this IC as an unusual event in IC HU4, "Confirmed
Security Event Which Indicates a Potential Degradation of the Level of
Safety of the Plant."

Regulatory Analysis:
The NUMARC IC addresses the key concerns of NUREG-0654.

"Natural phenomenon being experienced or projected beyond usual levels."

a. Any earthquake detected at the station with seismic
instrumentation

b. A So:xggg_glood or low water, tsunami, hurricane surge, seiche

c. ;;;_tOtnado at the site

d. Any hurricane

Disposition:

WUMARC addressed this IC as an unusual event IC HUl, "Natural and
Destructive Phenomena Occurring Within the Protected Area."
Ragulatory Analysis:

The NUMARC IC and example EALs address the key concerns of NUREG-0654.

"Other hazards being experienced or projected."

a. Aircraft crash at the site or unusual aircraft activity over the
facility

b. Train derailment on site

c. Near or onsite explosion

a. Bear or onsile toxic or flammable gas release

e. (ii?EEIE2_§S€ac1nq components failure causing rapid plant shutdown.
Disposition:

KNUMARC addressed Items "a"™ through "d"™ of the IC as unusual events in IC
HU1l, "Natural and Destructive Phenomena Occurring Within the Protected
Area,” and IC HU3, "Release Of Toxic Or Flammable Gases Deemed
Detrimental to Safe Operation of the Plant."”

Regulatory Analysis:
NUMARC did not address item "e" as a possible degradation of-the level kﬂ:/)/
of safety of the plant since plants are designed to adequately handle a —ﬁ;ffl:
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15.

16.

turbine trip and the resultant rapid shutdown of the plant. The
licensee must report this event under 10 CFR 50.72.

This proposed change is acceptable.

"Other plant conditions exist that warrant increased awarer:ss on the
part of plant operating staff or state and/or local coffsite authorities
or required plant shutdown under technical specification requirements

or involve other than normal controlled shutdown (e.g., cooldcwn rate
exceeding technical specification limits, pipe cracking found during
operation) .*

Disposition:

NUMARC addressed this IC as an unuauval event in IC HUS5, "Other
Conditions Which in the Judgment of the Emergency Director Warrant
Declaration of an Unusual Event."

Regulatory Analysis:

Most of the conditions listea in this IC are reportable under 10 CFR
50.72 and State and local agreements. However, the NUMARC IC addresses
the key concerns that apply to emergency classification.

This change meets the intent of NUREG-0654. Licensees should be
instructed to include in the guidance for the emergency director a list
of the example EALs in this IC.

"Transportation of contaminated injured individual from site to
offaite."

Disposition:
Deleted.

Pegulatory Analysis:

This event does not meet the threshold for the emergency class
description and is not a precursor to a more serious event, This event
is reportable under 10 CFR 50.72 as a non-emergency.

Shi/ b
The NRC staff accepts the deletion of this IC. Ab‘lwy re o .‘ , 4/
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7.

"Rapid depressurization of PWR secondary side."

Disposition:
NUMARC addressed this IC as an example EAL under IC HUS, "Other

Conditions Which in the Judgment of the Emergency Director Warrant
Declaration of an Unusual Event."

Regulatory Analysis:

Rapid depressurization may cause the RCS inventory to be reduced,
reactivity to increase, and the risk of presaurized thermal shock to
increase. Each of these conditions requires the licensee to escalate an
event to a higher classification. NUMARC addressed each of these
conditions in the Fission Product Barrier Degradation ICs, if the
performance of safety systems, such as core injection, becomes degraded.

In NUREG~0654, the staff did not include example ICs to address the

following NUMARC ICs in this emergency class:

AU2, “Unexpected Increase in Plant Radiation Levels or Airborne
Concentration”

SU6, "Unplanned Loss of All Onsite or Offsite Communications
Capabilities”
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Emergency Classification: ALERT

Definition in NUREG-0654:

"Events are in process or have occurred which involve actual or potential
substantial degradation in the level of safety of the plant, Any releases are
expected to be limited to small fractions of the exposure levels provided in
the EPA Protective Action Guidelines."

Disposition Of NUREG-0654 Example ICs Under This Emergency Class:

NUMARC addressed a number of the NUREG-0654 ICs in the Fission Product Barrier
Degradation ICs. If NUMARC found that the matrix did not adequately describe
an event or did not anticipate it in a timely manner, NUMARC provided a
separate IC for that event. The matrix is better than the individual events
identified in NUREG~0654 because it considers the effect of multiple events or
conditions in determining the classification. In comparing the individual
NUREG-0654 ICs to the NUMARC matrix, it is important to recognize that the
individual events often can be detected by more than one monitored parameter
and that the individual events may affect more than one barrier. For example,
a loss-of-coolant accident in a PWR affecting the RCS barrier could affect
both the fuel cladding and containment barriers. The NUMARC Fission Product
Barrier Matrix, recognizing these relationships, properly escalates the
emergency classification as the additional barriers are challenged or lost.

1. "Severe loss of fuel cladding.”

Disposition:
NUMARC identified this IC as an alert in Fission Product Barrier
Degradation IC FAl, as an indicator of a loss of the fuel cladding barrier.

Regulatory Analysis:

As an indicator of a loss of the Fuel Clad barrier, the NUMARC ICs will
result in no lower than an Alert declaration, and may result in higher
declarations if warranted by the status of other barriers. The activity
threshold level of 300 uCi/gm dose equivalent I-131 used in the NUMARC
methodology is identical to that used in NUREG-0654. The NUMARC IC does
not explicitly identify BWR offgas or PWR failed fuel monitors (as does
NUREG-0654) as these features may vary between plants. The NUMARC

methodology requires users to identify additional indicators for specific
sites as appropriate. y -
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The NUMARC scheme offers equivalent thresholds for the degradation of fuel
cladding and also considers the fuel barrier together with the other
barriers. The escalation path is thus provided using the barrier matrix.
The NRC staff finds the NUMARC approach for this IC acceptable.

2. "Rapid gross failure of one steam generator tube with loss of offsite
power.

Disposition:

NUMARC addressed this IC in the Fission Product Barrier Degradation ICs, as
an indicator of a loss of the RCS barrier and, depending on steam generator
isolation, a loss of the Containment barrier.

Regulatory Analysis:

NUMARC treated challenges to the RCS barrier in the Fission Product Barrier
Matrix. NUMARC treated a loss of offsite power separately under System
Malfunction ICs.

yﬁh. licensee would have difficulty in determining accurately and rapidly
the threshcld for this NUREG-0654 IC from the control room because it would
not know the size of the break. In the ICs, NUMARC indicated that the
rupture of a steam generator tube could constitute a loss of the RCS
barrier if the rupture requires the licensee to start a second charging
pump in the normal charging mode of the RCS barrier. In IC FAl, this
condition qualifies as an Alert. NUMARC classified the following as a site
area emergency because it constitutes the loss of two of the three fisaion
product barriers: contaminated steam is released to the atmosphere because
of a cooldown or secondary line break, if this release occurs
simultanecusly with the rapid gross failure of one steam generator tube
(lass of both RCS and Containment). The loss of offsite power may
necessitate the release of contaminated steam to the atmosphere as part of
the cogldown process. Thus, the NUMARC methodology recognizes the
containment bypass that this event represents. In any case, the NUMARC IC
would require no less than an alert emergency and could require a site area
emergency.

The KRC staff believes that this NUREG-0654 IC includes a rare combination
of unrelated events that NUMARC addressed adequately and individually.
NUMARC also allows the licensee to diagnose the symptoms of events that
occur simultaneously. 5
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3. "Rapid failure of steam generator tubes (e.g., several hundrad gpm primary

to secondary leak rate)."

Disposition:
NUMARC addressed this IC in Fission Product Barrier Degradation alert IC
FAl as a possible loss of the RCS barrier.

Ragulatory Analysis:

The licensee would have difficulty determining accurately and rapidly the
threshold for this NUREG-0654 IC from the control room. Thus, NUMARC
revised this IC to reflect symptoms rather than specific postulated cause
or break size and to address the key concerns of NUREG~0654. 1In FAl,
NUMARC treated any breach of the RCS barrier as an alert. See also the
disposition for Alert #2.

The NRC staff concurs with this change.

[
"Steam line break with significant (e.g., greater than 10 gpm) primary to

secondary leak rate (PWR) or MSIV malfunction causing leakage (BWR)."

Disposition:

NUMARC classified this condition as an unusual event under either IC SUS,
"RCS Leakage," or under IC HU5, "Other conditions existing which in the
judgement of the Emergency Director warrant the declaration of an Unusual
Event™ for a PWR, NUMARC classified this event for a BWR as an alert under
IC FAl, "Potential Loss of RCS."

Regulatory Analysis: PWR

IC HUS inciudes an "Uncontrolled RCS cosnldown due tn sacondary
depressuri:atiin® as an example EAL. In IC HUS, the licensee would declare
an unusual event .f a steam line break results in no other condition other
than an uncontrolled cooldown of the RCS. The primary-to-secondary leakage
of 10 gpm or greater would also qualify at least as an unusual event. The
licensee would not consider the two events, when concurrent, under the
Fission Barrier Matrix, to meet the conditions to qualify as an alert
without other conditions such as if the licensee could not isolate the
steam line break or if the primary-to-secondary leak rate exceeded the
capacity of one charging pump in the normal charging mode.

Regqulatory Analysis: BWR i
A BWR steam line break with a MSIV malfunction causing leakage outside the
primary containment would require the licensee to declare an alert. This
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declaration is appropriate because two barriers would be lost in an event
cf this nature.

The NUMARC scheme provides an escalation peth for operators to follow if
plant conditions degrade further. The NRC staff concurs with this change.

"Primary coolant leak rate greater than 50 gpm."

Disposition:
NUMARC identified this IC as an alert in Fission Product Barrier
Degradation IC FAL.

Regulatory Analysis:

The NUMARC Fission Product Barrier Matrix includes an IC for BWRs as
specified in NUREG-0654 as an indicator that the RCS barrier could be lost.
The loss of this barrier could, by itself, constitute an alert. The
corresponding IC for PWRs is a condition that requires the licensee to
start a second charging pump in the normal charging alignment. While this
IC differs in magnitude from the NUREG-0654 IC, the change is justified in
that the IC is based on a readily observable condition directly related to
safety function performance, rather than on the 50 gpm value which has been
difficult to observe and measure in a timely manner.

The NRC staff believes that NUMARC has adequately addressed the key
concerns of this IC.

"Radiation levels or airborne contamination which indicate a severe
degradation in the control of radiocactive materials.”

Dispeeition:
This IC is covered as an alert under NUMARC IC AA3, "Loss of Control of
Radicactive Material or Increases in Radiation Levels Within the Facility

That Impedes Operation of Systems Required to Maintain Safe Operations or
to Establish or Maintain Cold Shutdown.®

Regulatory Analysis:

The NUMARC IC defines a severe degradation in the control of radicactive
materials to be a condition that impedes access of facility personnel to
plant areas where performance of remote operations or surveillance is
necessary for safe operations or shutdown. This impaired ability to
operate the plant could degrade substantially the level of safety of the
plant. Thus, NUMARC proposed a two-tiered system for the radiation levels
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within the facility. NUMARC proposed that the exposure rate for the alert
classification be greater than 15 mR per hour in areas requiring continuous
occupancy {(such as the control room), and be determined by site for areas
requiring infrequent access. The Fission Product Barrier Matrix contains
ICs based on area cose rates that could escalate the event as indication of
failed fission product barriers.

The NUMARC IC addresses the key concerns of NUREG-0654.
*Loss of offsite power and loss of all onsite AC power."

Disposition:

NUMARC addressed this IC as an alert in IC SAl, "Loss of All Offsite AC
Power and Loss of All Onsite Power During Cold Shutdown or Refueling Mode."
NUMARC would escalate this IC to a site area emergency under IC SS1, "Loss
of Bll Offsite Power and Loas of All Onsite AC Power to Essential Buses,"
if the event cccurs during power operations, hot standby mode or hot
shutdown mode.

{" megulatory Analysis:

NUMARC recognized that the mode of operation affects severity of this
conditiGH . During-the-eeld-shutdown and refueling modes, NUMARC views this

V’tc as m.otinq the definition ot an aleil However, NUMARC has escalated
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thia condition to the level of a site area emergency for hot shutdown
‘through power operation because of the much greater potential for core
'?Amlqc and fission product barrier challenges.

The MRC staff agrees with NUMARC.
wi8s of ail onsite DT power.”™

Disposition:
This IC is an alert for cold shutdown and refueling modes under NUMARC IC
SA3, "Inability to Maintain Plant In Cold Shutdown."™ NUMARC escalated this

IC for hot shutdown through power operation to a site area emergency under
NUMARC IC S$83, "Loss of All vital DC Power."

Regulatory Analysis:

NUMARC recognized that the mode of operation affects the severity of this
condition. A loss of dc power could affect significantly the abdlity of the
licensee to maintain the plant in a safe condition. 1In IC SA3 NUMARC would
have the licensee declare an alert during cold shutdown and refueling
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modes, once the loss of dc power has prevented the licensee from removing
decay heat. A loss of dc power is only one of several conditions that
could cause the licensee to lovse the ability to remove decay heat. The

NUMARC EAL addresses the ability to remove decay heat rather than the root
cause.

NUMARC proposed to require the licensee to escalate this IC to a site area
emergency for hot shutdown mode through power operation mode because of the
effects of loss of vital dc power on the control and monitoring functions
necessary to maintain the critical safety functions (CSFs). The increased
anticipation implied by this escalation is consistent with the increased
amount of sensible and decay heat available.

The HRC staff agrees that this IC and the proposed scheme should depend on
the mode of operation.

"Coclant pump seizure leading to fuel failure."

Dispositicn:

NUMARC did not develop an equivalent IC. The severity of the symptoms of
failed fuel would determine if the licensee chose to declare an unusual
event or an alert using NUMARC IC SU4, "Fuel Clad Degradation,™ and the
NUMARC Fission Product Barrier Degradation IC, FAl, respectively.

Regulatory Analysis:

This IC is not necessary because the key concern is the fuel failure and
not the seizure of the coolant pump. NUMARC addressed fuel failure in IC
§U4, "Fuel Clad Degradation,™ and the Fission Product Barrier Degradation
iCs. Under the NUMARC scheme, any indication of a possihle or sctual loss

-

of the fuel cladding barrisr gualifies as an alert.
The NRC staff accepts this approach.

"Complete loss of any function needed for plant cold shutdown."

Disposition:
NUMARC addressed his IC as an alert, but only when the plant is in cold

shutdown mode or refueling mode, under IC SA3, "Inability to Maintain Plant
In Cold Shutdown."

Regulatory Analysis:
NUMARC differentiates between plant modes and proposes classifications for
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this IC that depend on the mode of operation. The licensee would escalate
the condition to a higher classification by following the ICs for abnormal
radiation levels and radiological effluents.

The staff is studying shutdown risk to gain more insight on the risks
associated with shutdown and to provide the basis for developing a
comprehensive set of shutdown EALs. The NRC staff concurs with this
approach until it can review the findings of the shutdown risk studies.

*Failure of the reactor protection system to initiate and complete a scram
which brings the reactor subcritical.”

Disposition:
NUMARC addressed this as an alert in IC SA2, "Failure of the Reactor

Protection System Instrumentation to Complete or Initiate an Automatic
Scram Once a Reactor Protection System Setpoint Has Been Exceeded and
Manual Scram Was Successful."

Regulatory Analysis:

NUMARC recognized that this condition is a compromise of the plant safety
system because the system could not automatically shut down the reactor in
response to a valid signal from the reactor protection system (RPS) signal.
The NUMARC IC provides credit for manual scrams initiated by the operator.
The verification of scram is an initial action in reactor trip emergency
operating procedures., If the manual trip fails (i.e. ATWS) NUMARC IC 582
specifies that the event escalates to a site area emergency, NUMARC IC 8§82,

The NUMARC IC addresses the key concerns of NUREG-0654.

*Fuel damage accident with release of radiocactivity to containment or fuel
handling building."

Disposition:

NUMARC addressed this IC as an alert in IC AA2, "Major Damage to Irradiated
Fuel or Loss of Water Level that Has or Will Result in Uncovering of
Irradiated Fuel Outside the Reactor Vessel."
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Regulatory Analysias:

The NUMARC IC addresses the key concerns of NUREG-0654., The licensee would
also escalate this condition to a higher classification in the ICs for
abnormal radiation levels and radiological effluent.

"Fire potentially affecting safety system.”

Disposition:

NUMARC addressed this IC as an alert in IC HA2, "Fire or Explosion
Affecting the Operability of Plant Safety Systems Required to Establish or
Maintain Safe Shutdown."

Regulatory Analysis:
The NUMARC IC addresses the key concerns of NUREG-0654.

"Most or all alarms (annunciators) lost.”

Disposition:

NUMARC addressed this IC as an alert IC SA4, "Unplanned Loss of Most or All
Safety System Annunciation or Indication in Control Room with Either (1) a
Significant Transient in Progress, or (2) Compensatory Non-Alarming
Indicators are Unavailable,™ and as an unusual event under IC SU3,
"Unplanned Loss of Most or All Safety System Annunciation ¢r Indication in
the Control Room for Greater Than 15 Minutes.”

Regulatory Analysis:

NUMARC divided this IC into two ICs: an unusual event and an alert. NUMARC
made this decision because of redundant systems such as the safety
parameter display system (SPDS) and because of passive, non-annunciating
systems, both of which backup the plant annunciators. 1f compensatory
indication is available, this IC does not meet the emergency class
description for an alert. However, when this IC is a precursor, it should
have the classification of an unusual event. If the compensatory

indication is inoperable, or if it occurs during a significant transient,
the IC should be an alert.

The NRC staff finds this approach acceptable.

"Radiological effluent greater than 10 times technical specification
instantaneous limits (an instantaneous rate, which if continued-over two
hours, would result in about 1 mr at the site boundary under average
meteorological conditions).”
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Disposition:

NUMARC classified this I1C as an alert in IC AAl, "Any Unplanned Release of

Gaseous or Liquid Radiocactivity that Exceeds 200 Times Radiological

Technical Specifications for 15 Minutes or Longer."” The NUMARC IC contains

a provision for plants that have removed effluent limitas from their

technical specifications. For these, NUMARC specifies the use of the upper

limits in the facility’s Offsite Dose Calculation Manual (ODCM).

Ragulatory Analysis:
The value in the NUMARC IC compares with the value in NUREG-0654, because
the present technical specifications for radiological effluents (or the
limits in the facility’s ODCM) are calculated by dosage. This NUMARC IC
value is also consistent with the definition of an alert. Radiocactivity
releases of lesser magnitude can not degrade substantially the level of

safety of the plant. Instantaneous limits identified in the NUREG-0654 1IC

have since been replaced with effluent control measures releases based
primarily on dose per calendar period (e.g., month, quarter, year). The
NUMARC IC reflects this change in control strategy and addresses the key
concerns of NUREG-0654.

The NRC staff finds this approach acceptable.

6>
16 "Ongoing security compromise."

Disposition:
NUMARC identified this IC an alert in IC HA4, "Security Event in a Plant
J Area."

Raguiatory Analysis:
The NUMARC IC addresses the key concerns of NUREG-0654.

17 "Severe natural phenomena experienced or projected."
a. Earthquake greater than OBE levels

b. Flood, low water, tsunami, hurricane surge, or seiche near design levels

c. Any tornado striking the facility
d. Hurricane winds near the design basis levcl

\\“____—v“
Disposition:
NUMARC identified this IC as an alert under IC HAl, "Natural and
Destructive Phenomena Occurring Within Plant Vital Area." =
o
! # P | . 2 V

!
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Regulatory Analysis:
The NUMARC IC addresses the key concerns of NUREG-0654.

"Other hazards being experienced or projected.”

a. Aircraft crash on facility

b. Missile impacts from whatever source on the facility

¢. Known explosion damage to facility affecting plant operation

d. Entry into facility environs of uncontrolled toxic or flammable gases
e. Turbine failure cdbing penetration

Disposition:

NUMARC identified this IC as an alert under the following NUMARC ICas:

HAl, "Matural and Destructive Phenomena Occurring within Plant Vital Area"

HAZ, “"Fire or Explosion Affecting the Operability of Plant Safety Systems
Required to Establish or Maintain Safe Shutdown"

HA3, "Release of Toxic or Flammable Gases within a Facility Structure Which
Jeopardizes Operation of Systems Required to Maintain Safe Operations
or to Establish or Maintain Cold Shutdown"®

Regulatory Analysis:

These NUMARC ICs address the key concerns of NUREG~0651 regarding items
*a,® "¢," and *d. \ NUMARC will address items "b" and "e" according to
their consequences to the plant under ICs regarding hazar@s, system
malfunction, or fission product barrier degradation, r

.

The KRC staff accepts this approach.

"Other plant conditions exist that warrant precautionary activation of
technical support center and placing near-site Emergency Operations
Facility and other key emergency personnel on standby."

Disposition:

BUMARC proposed IC HA6, "Other Conditions Existing Which in the Judgment of
the Emergency Director Warrant Declaration of an Alert,™ to cover this and
all other conditions not mentioned specifically in other ICs. NUMARC
identified this IC as an alert.

Regulatory Analysis:

NUMARC restated this IC to clarify that the basis for these actions is
consistent with the emergency class description and is not merely added for
other administrative reasons.

41



20

NUMARC should add this NUREG-0654 IC as an example EAL under HA6.

*Evacuation of control room anticipated or required with control of
shutdown system established from local station."

Disposition:
This IC is covered as an alert in NUMARC IC HAS, "Contrecl Room Evacuation
Has Been Initiated.”™

Regulatory Analysis:

The NUMARC IC addresses the key concerns of NUREG-0654. NUMARC need not
reference plant control because the licensee, if unable to establish
control must escalate the condition to a site area emergency under NUMARC
IC HS2, *"Control Room Evacuation Has Been Initiated and Plant Control
Cannot be Established.”

NUMARC added no ICs to this emergency class for events not addressed by the
example ICs in NUREG-~0654.
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Emergency Classification: SITE AREA EMERGENCY

Datinition in NUREG-0654:

"Events are in process or have occurred which inveolve actual or likely major
failures of plant functions needed for protection of the public. Any releases
are not expected to result in exposures which exceed EPA Protective Action
Guideline exposure levels except near the site boundary.”

Dispoaition Of NUREG-0654 Example ICs Under This Emergency Class:

NUMARC addressed a number of the NUREG-0654 ICs in the Fission Product Barrier
Degradation ICs. If NUMARC found that the matrix did not adequately describe
an event or did not anticipate it in a timely manner, NUMARC provided a
separate IC for that event. The matrix is better than the individual events
identified in NUREG-(0654 because it considers the effect of multiple events or
conditions in determining the classification. In comparing the individual
NUREG~0654 ICs to the NUMARC matrix, it is important to recognize that the
individual events cften can be detected by more than one monitored parameter
and that the individual events may affect more than one barrier. For example,
a loss-of-coclant accident in a PWR affecting the RCS barrier will, if large
enough, affect both the fuel clad and containment barriers. The NUMARC
Fission Product Barrier Matrix, recognizing these relationships, properly

escalates the emergency classification as the additional barriers are
challenged or lost.

& "Known loss of coolant accident greater than make up pump capacity."

7 Disposition:

NUMARC identified this IC as a site area emergency in Fission Product
Barrier Degradation IC FS1.

Ragulatory Analysis: PWR

The licensee would declare a loss of RCS on a "Greater than available
make-up capacity as indicated by a loss of RCS subcooling.”™ NUMARC defined
the (esilsble miigcup capecity” SO inciude chaveing dnd figeg. Sthe smc
staff believes that "available" excludes out-of-service equipment and
systems, and any other eq?ipmqu or system that under ;hqae onditions,
cannot perform its functich. ngdlqa of aubcooling‘gﬁevents the adequate
remaval of decay heat and willfghallenge the core cooling critical safety
function. In this case, two barriers are challenged or lost an8, following
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IC FS1, the licensee would declare a site area emergency. Other
combinations are posaible.

The NUMARC IC meets the concerns of the NUREG-0654 IC in a more
comprehensive manner, in that it addresses multiple events and sequences
according to the barriers they affect and offers an escalation path to
higher classifications.

Regulatory Analysis: BWR

The licensee would declare that the RCS barrier could be lost if the RCS
leakage exceeds 50 gpm inside the drywell or unisclable primary system
leakage occurs outside the drywell. The licensee would declare a loss of
the RCS barrier on a Main Steam Line Break or Reaclor Vessel Water Level
low. Either of these events would prompt the licensee to declare an alert.
However, the reduction of Reactor Vessel Water Level alsco indicates that
the integrity of the fuel cladding could be lost. Thus, two barriers would
be challenged or lost which, by the NUMARC scheme, warrants the declaration
of a site area emergency. Other combinations are possible.

The NUMARC IC meets the concerns of the NUREG-0654 IC in a more
comprehensive manner, in that it addresses multiple events and sequences
according to the barriers they affect and offers an escalation path to
higher classifications.

"Degraded core with possible loss of ccolable geometry."

Disposition:

NUMARC identified this IC as either a site area emeérgency or a general
emergency depending on other conditions surrounding this event. and lieted
it among the ICs for Fission Product Barrier Degradation.

Regulatory Analysis:

A degraded core implies a prior event that perhaps should have been
classified as a general emergency. The NUMARC Fission Product Barrier
Matrix contains ICs regarding core cooling for all three barriers. Thus,
such an event may be classified as a site area emergency or a general
emergency, depending on the coolant temperature (PWR), the coolant level
(BWR), the duration of core uncovery, the containment radiation levels, and
RCS activity.

-

The NUMARC IC addresses the key concerns of NUREG-0654.
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"Rapid failure of steam generator tubes (several hundred gpm leakage) with
loss of offsite power.

Disposition:
NUMARC integrated this IC into the ICs for fission product barrier
degradation.

Begulatory Analysis:

The licensee could not rapidly and accurately determine the threshold of
this NUREG~0654 IC from the control room. NUMARC determined to categorize
this condition according to symptom rather than according to the specific
postulated cause or size of the break. In the Fission Product Barrier
Matrix, NUMARC identified this event as a loss of the RCS barrier and a
loss of the containment barrier (a site area emergency) if the licensee can
not isclate the ruptured steam generator or if contaminated steam continues
to be released to the environment.

NUMARC addressed the loss of offsite/onsite power events separately in the
ICs for system malfunction. The effect that the loss of offsite power may
have on the rapid failure of steam generator tubes will appear as a
challenge to the fission product barriers. NUMARC addressed this effect in
the ICs for fission product barrier degradation,

The NRC staff accepts this approach.

"BWR steam line break outside containment without isolation."

Disposition:
EUMARC identified this IC as a site area emergency and integrated it into
the fission product barrier degradation IC, FS1.

Regulatory Analysis:

In the Fission Product Barrier Matrix, NUMARC identified this event as a
loss of the RCS barrier. Unisolable primary system leakage outside the
drywell constitutes a loss of the containment barrier. The loss of two
barriers would require the licensee to declare a site area emergency.

The NUMARC IC adequately addresses the key concerns of NUREG-0654.

“PWR steam line break with greater than 50 gpm primary to seccndary leakage
and indication of fuel damage."
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Disposition:
NUMARC classified this IC as at least as a site area emergency and maybe
higher under the ICs for Fission Product Barrier Degradation.

Regulatory Analysis:

NUMARC proposed that the licensee classify this event as a site area
emergency only if the steam line break is within the containment. Under
the following conditions, NUMARC would classify the event as a general
emergency because all three barriers would be challenged or lost: (1) the
steam line break is outside of the containment or (2) a prolonged release
to the environment will occur (i.e., because of a loss of ac power
requiring cooldown of ruptured steam generator by atmospheric steam dump,
or a relief valve that is stuck open).

The NUMARC approach adequately addresses the key concerns of NUREG~0654.

"Loss of cffaite power and loss of onsite AC power for more than 15
minutes."™

Disposition:

NUMARC identified this IC as a site area emergency in IC $S1, "Loss of All
Qffsite Power and Loss of All Onsite AC Power to Essential Buses,” and an
alert in IC SAl, "Loss of All Offsite AC Power and Loss of All Onsite Power
During Cold Shutdown or Refueling Mode."”

Ragulatory Anslysis:

NUMARC recognized that the severity of this condition depends on the mode
of operction. NUMARC classified this condition as an alert for the cold
shutdown and refueling modes. NUMARC retained this IC as an alert because
it meets the emergency class description by virtue of the decreased
sensible and decay heat, and substantially increased times for cladding
damage and radiological releases. However, NUMARC proposes a site area
emergency classification for hot shutdown through power operation because
of the much greater potential for core damage and fission product barrier

challenges resulting from the increased risk associated with the removal of
the sensible and decay heat.

The staff is studying shutdown risk to gain more insight on the risks
associated with shutdown and to provide the basis for developing a
comprehensive set of shutdown EALs. The NRC staff concurs with"this
approach until it can review the findings of the shutdown risk studies.
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*Loss of all onsite DC power."

Disposition:

NUMARC identified this IC as a site area emergency IC $83, "Loss of All
Vital DC Power,"™ and an alert in IC SA3, "Inability to Maintain Plant In
Cold Shutdown.”

lmgulatory Analysis:

NUMARC recognized that the severity of this condition demends on the mode
of operation. A loss of DC power is significant because it affects the
ability of the licensee to maintain the plant in a safe condition.

In IC SA3, NUMARC proposed that the licensee declare an alert when the loss
of dc power results in an inability to remove decay heat during the cold
shutdown and refueling modes. However, a loss of dc power is only one of
the conditions that can cause the licensee to lose the ability to remove

decay heat. The NUMARC EAL addresses the consequence rather than the root
cause.

This condition is classified as a site area emergency for the hot shutdown
through power operation modes because of the effects the loss of vital de

power has on controlling and monitoring functions necessary to maintain
CSFs.

The MRC concurs with this approach.

*Complete loss of any plant function needed for hot shutdown.”

Disposition:
This IC results in a site area emergency under NUMARC IC $S4, "Complete
Loss of Function Required to Achieve or Ma.itain Hot Shutdown."

Regulatory Analysis:
In the basis of this IC, NUMARC clarified that the complete loss of any
function required to achieve or maintain hot shutdown qualifies as this IC.

The NRC staff agrees that this IC adequately covers the key concerns of
NUREG-0€54.

"Transient requiring operation of shutdown systems with failure®to scram
(continued power generation but no core damage immediately evident)."
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Disposition:

This IC would quir the licens 16 Aire a ¢ € area emerge

NUMARC IC S$82, "Failure of Reacto otection System Instrumentation
Complete or Initiate an Automatic Scram Once a Reactor Protection System

-

Setpoint Has Been Exceeded and Manual Scram Was NOT Successful."

Ragulatory Analysis:
NUMARC §82 is the logical ation path of SA2 if the plant’s automatic
scram system does not respo .0 a valid scram signal an manual scram

fails to bring the reactor to a subcritical state (ATWS

The NRC staff accepts the NUMARC approach.

"Major damage to spent fuel in containment or fuel handling building (e.g.,

large object damages fuel or water loss below fuel level)."

Disposition:

his IC would require the licensee to declare a site arez emergency under
NUMARC IC 8§85, "Loss of Water Level in the Reactor Vessel That Has or wWill
Uncover Fuel in the Reactor Vessel.™ 1If this IC involves fuel outside the
reactor vessel in PWRs and BWRs, the licensee would declare an alert under
NUMARC IC AA2, "Major Damage to Irradiated Fuel or Loss of Water Level that

Will Result in Uncovering of Irradiated Fuel Qutside the Reactor

Raegulatory Analysis:
The manner in which NUMARC treats this condition depends on the location of

the fuel at the time of this event

NUMARC chose to decrease the severity of the fuel incident outside of the

reactor vessel to follow the guidance in NUREG/

CR-4982, "Severe Accident in Spent Fuel Pools in Support of Generic Safety

Issue 82." 1In NUREG/CR-4982, the NRC concluded that the probability of
injury would be low and that no fatalities would result even if corrective
actions were not taken. These conclusions and the amount of time that
would lapse after these events before the fuel would be damaged
significantly indicate that the threshold for a site area emergency
exceeded for events outside of the reactor vessel. The quantity

heat could increase if the event occurred inside the reactor vessel,

would warrant declaring a site area emergency as an anticipatory respon

Further escalation would be by radiation monitor IC
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The NRC staff concurs with this change,.
"Fire compromising the functions of safety systems."”

Disposition:

NUMARC identified fire in vital areas of the plant as an alert in IC HA2,
“Fire Affecting the Operability of Plant Safety Systems Required for the
Current Operating Mode," unless other ICs stipulate that the consequences
of the fire warrant classifying the condition as a site area emergency.

Regulatory Analyeis:

By declaring the alert, the licensee would ensure that it receives support
from the Technical Support Center and that it increases the plant
monitoring capability. To address the large number of fire-initiated
damage scenarios that could result from fire, all with varying levels of
consequences, the NUMARC methodology provides that the licensee would
escalate the condition according to the consequential damages and their
effect on the performance of critical safety functions, as stated in other
NUMARC event ICs and in the Fission Product Barrier Matrix.

The NRC staff concurs with this change.
Gl

"Most or all alarms (annunciators) lost and plant transient in progress.”

Disposition:

NUMARC identified this IC as a site area emergency in IC §86, "Inability to
Monitor a Significant Transient in Progress" and as an alert in IC SA4,
"Unplanned Loss of Most or All Safety System Annunciation or Indication in
Control Room with Either (1) a Significant Transient in Progress, or (2)
Cumpensatory Non-Alarming Indicators are Unavailable."

Regulatory Analysis:
In IC 886, NUMARC proposed that the licensee declare a site area emergency

when a transient is in progress and the operating crew can not monitor the
plant response.

NUMARC recognizes that redundant systems such as SPDS and the passive,
non-annunciating systems as backup to plant annunciators should ensure that
the operator has the ability to monitor a transient. Under these
circumstances, the licensee should declare an alert o ensure that it

receives support from the Technical Support Center and has increased plant
monitoring capability.
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The discriminating factor between an alert and a site area emergency is the
ability of the operator to monitor the transient in progress.

This is an acceptable change.

' Effluent moni’ ~rs detect levels corresponding to greater than 50
mr/hr for 1/2 hour gr greater than 500 mr/hr W.B., for two minutes (
or five times these levels to the thyroid) at the site boundary for
adverse meteorology

b. These dose rates are projected based on other plant parameters (e.g.,

radiation level in containment with leak rate appropriate for
exiasting containment pressure) or are measured in the environs

S EPA Protective Action Guidelines are projected to be exceeded outside
the site boundary."

Disposition:

BUMARC classified Part "c" of this NUREG~0654 as a general emergency under
IC AGl. NUMARC modified the remaining conditions and classified them as a
site area emergency under IC AS1, "Site Boundary Dose Resulting from an
Actual or Imminent Release of Gaseous Radioactivity Exceeds 100 mR Whole

Body or 500 mR Child Thyroid for the Actual or Projected Duration of the
Release.”

Regulatory Analysis:

Exceeding Environmental Protection Agency (EPA) Protective Action
Guidelines (PAGs) outside the site boundary has become, by exercise
practice, the threshold for a general emergency. Therefore, NUMARC
addreased part "c" under AGl, which results in a higher emergency class.

The dose rates identified in part "a,”™ which indicate failures of equipment
neceasary to protect the public, lacked clarity. Instead of using the
specified dose rates for specified duration, NUMARC chose criteria based on
dose. The 100 mR whole body and 500 mR child thyroid values are 10 percent
of the EPA Protective Action Guides. These values are appropriate
thresholds for a site area emergency because 100 mR whole body is the non-
occupational annual radiation exposure limit in the revised 10 CFR 20.

The NRC staff agrees with this approach.
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Disposition:

This IC would require the licensee to declare one of the following:

a. A general emergency under NUMARC IC HGl1l, "Security Threat Resulting in
Loss of Ability to Reach and Maintain Cold Shutdown, " NUMARC IC HG2,
"Other Conditions Which in the Judgment of the Emergency Director
Warrant Declaration of a General Emergency”

b. A site area emergency under NUMARC IC HS1, "Security Event in a Vital
Area,” NUMARC IC HS2, "Control Room Evacuation Has Been Initiated and
Plant Control Cannot Be Established,™ and NUMARC IC HS3, "Other
Conditions which in the Judgment of the Emergency Director Warrant
Declaration of a Site Area Emergency."

Regulstory Analysis:

NUMARC recognized the severity of this condition in classifying it as
either a general emergency or a site area emergency. If the plant staff
vill not be able to control the facility and thus lose the ability to
maintain fission product barriers, the licensee should declare a general
emergency. Those conditions not immediately threatening a loss of physical
contral of the entire facility meet the definition of site area emergency.

The NRC staff agrees.

"Severe natural phenomena being experienced or projected with the plant

not in cold shutdown.”®

a. Earthquake greater than SSE levels

b. Flood, low water, tsunami, hurricane surge, seiche greater than design
levels of failure of protection of vital equipment at lower levels

C. Sustained winds or tornadoes in excess of design levels

Disposition:

NUMARC proposed that the licensee declare a site area emergency for these
events only if they adversely affect the Fission Product barriers under the
Fission Product Barrier Degradation ICs, the System Malfunction ICs, and
HS3, “Other conditions existing which in the judgement of the Emergency
Director warrant the Declaration of a Site Area Emergency." Otherwise,
these events, which would cause no consequential damage, would warrant that
the licensee declare an alert under the NUMARC IC HAl, "Natural and
Destructive Phenomena Occurring Within Plant Vital Area." L
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Regulatory Analysis:

Consequential damage to safety systems as a result of these hazards would
prompt the licensee to declare a site area emergency under other NUMARC
ICs, depending on specific circumstances. The ICs for the fission product
barrier would most likely be the NUMARC ICs to address the effects of such
events and provide for the appropriate classification. The NUMARC approach
anticipates these events sufficiently to address the results of multiple
failures, whether they have a common cause or not.

NUMARC proposed that, if the licensee does not find an indication of
consequential damage, these events would warrant an alert, thus ensuring
that the licensee receives support from the Technical Support Center for an
increased plant monitoring capability.

The NRC staff agrees.

"Other hazards being experienced or projected with the plant not in cold
shutdown."

a. Adrcraft crash affecting vital structures by impact or fire.

b. Severe damage to safe shutdown equipment from missiles or explosion.

¢. Entry of uncontrolled flammable gases in vital areas. Entry of
uncontrolled toxic gases into vital areas where lack of access to the
area constitutes a safety problem.

Disposzition:

NUMARC classified these events as warranting a site area emergency only if
consequential damage could cause the loss of two fission product barriers
under the fission product barrier matrix, the System Malfunction ICs, or
HS3, "Other conditions existing which in the judgement of the Emergency
Director warrant the Declaration of a Site Area Emergency." Without such
consequences, such events are classified as alerts under the NUMARC IC HA1l,
"Natural and Destructive Phenomena Occurring within Plant Vital Areas,” and
NUMARC IC HA3, "Release of Toxic or Flammable Gases within a Facility

Structure Which Jeopardizes Operation of Systems Required to Establish and
Maintain Cold Shutdown."®

Regulatory Analysis:
Consequential damage to safety systems from these hazards could prompt the

licensee to declare a site area emergency under other NUMARC ICs, depending
on specific circumstances. -

The results of this IC only qualify as an alert unless two Fission Product
barriers could be lost, the System Malfunction ICs are met, or the
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Emergency Director determines otherwise, This classification ensures that
the licensee would receive support from the Technical Support Center and
increased plant monitoring capability. As stated on page 5«2, NUMARC ICs
anticipate these events sufficiently to address the results of multiple
failures, regardless of whether or not they have a common cause.

The MRC staff agrees.

*Other plant conditions exist that warrant activation of emergency centers
and monitoring teams or a precautionary notification to the public near the
site.”

Disposition:

NUMARC provided that, if conditions warrant the declaration of a site area
emergency, the emergency director can use discretion in IC HS3, "Other
Conditions Which in the Judgment of the Emergency Director Warrant
Declaration of a Site Area Emergency."”

Ragulatory Analysis:
The NUMARC IC addresses the key concerns of NUREG~0654.

The NRC staff agrees.

4
2
-
“"Evacuation of control room and control of shutdown systems not established
from local stations in 15 minutes.” ﬁ / '

¢ ) [ . o si Y A g

[, . et s g B ) T

foskest ©F

Disposition: Pt #55

This IC would prompt the licensee to declare a site area emergency in IC

HS2, "Control Room Evacuation Has Been Initiated and Plant Control Cannot
be Established.”

Ragulatory Analysis:
The NUMARC IC addresses the key concerns of NUREG-0654.

The NRC staff agrees.

Other NUMARC ICs in this emergency class for events not addressed by the

example ICs listed in NUREG-0654 include the following:

The NUMARC Fission Product Barrier Matrix allow for more combinations of
events than are specifically identified in NUREG-06%4.
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Emergency Classification: GENERAL EMERGENCY

Dafinition in NUREG-0654:

"Events are in process or have occurred which involve actual or imminent
substantial core degradation with potential for loss of containment integrity.
Releases from these events can be reasonably expected to exceed EPA Protective

Action Guideline exposure levels offsite for more than the immediate site
area.”

Disposition of NUREG-0654 Example ICs Under This Emergency Class:

NUMARC addressed a2 number of the NUREG-0654 ICs in the NUMARC Fission Product
Barrier Degradation ICs. If NUMARC found that the matrix did not adequately
describe an event or did not anticipate it in a timely manner, NUMARC provided
a separate IC for that event. The matrix is better than the individual events
identified in NUREG-0654 because the matrix considers the effect of multiple
events or conditions in determining the classification. 1In comparing the
individual NUREG-0654 ICs to the NUMARC matrix, it is important to recognize
that the individual events often can be detected by more than one monitored
parameter and that the individual events may affect more than one barrier. For
example, a loss of coolant accident in a PWR affecting the RCS barrier could
affect both the fuel cladding and containment barriers. The NUMARC Fission
Froduct Barrier Matrix, recognizing these relationships, properly escalates

the emergency classification as the additional barriers are challenged or
lost.

1. "Example radiation monitering and dose assessment initiating conditions:
a. Effluent monitors detect levels corresponding to 1 rem/.r W.B. or 5
rem/hr thyrcid at the site boundary under actual meteccological
conditions.
b. These dose rates ave projected based on other plar.t parameters (e.g.,
radistion levels in containment with leak rate appropriate for existing

containment pressure with some confirmation f om effluent monitors) or
are measured in the environs.”

Disposition:

This IC would prompt the licensee *- _eclare & general emergency. NUMARC
addressed this IC in IC AGl, ".ite Boundary Dose Resulting from an Actual
or Imminent Release of Gaseous Radiocactivity that Exceeds 1000 mR Whole
Body or 5000 mR Child Thyroid for the Actual or Projected Duration of the
Release Using Actual Meteorology."™
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Regulatory Analysis:
The NUMARC IC fully addresses the NUREG-0654 IC.

The NRC staff agrees.

"Loas of 2 of 3 fission product barriers with a potential loss of 3rd
barrier, (e.g., loss of primary coolant boundary, clad failure, and high
potential for loss of containment.”

Disposition:
NUMARC fully addressed this IC in the Fission Product Barrier Matrix as the
fundamental definition of a general emergency.

Regulstory Analysis:
The FG1 IC fully addresses all the permutations for the loss of two of the

three fission product barriers with the potential loss for the third
barrier. NUMARC cffered a whole range of ICs based on the status of the
three major Fission Product barriers. Thus, NUMARC is providing the
operator with an escalation path to higher classificaticns according to the
effect of the event (s) on particuls- barriers. NUREG 0654 does not provide
the gperator with this ability,

The NRC statr finds the barrier approach in NUMARC to be a significant
improvan .at .

*Losr, of Physical Control of the Facility."

Disposition:

This IC would prompt the licensee to declare a general emergency. NUMARC
addressed this IC in IC HGl, "Security Event Resulting in Loss of Ability
to Reach and Maintain Cold Shutdown,™ and IC HG2, "Other Conditions Which
in the Judgment of the Emergency Director Warrant Declaration of a General
Emergency .*

Regulatory Analysis:
The NUMARC ICs address the NUREG-0654 IC.

The NRC staff agrees.
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"other plant conditions exist, from whatever source, that make release of
large amounts of radiocactivity in a short time possible, e.g. any core
melt situation.”

and
"Example PWR Sequences"”
and
"Example BWR Sequences”

Disposition:

This IC would prompt the licensee to declare a general emergency in the
Fission Product Barrier Matrix, NUMARC IC SGi, "Prolonged Loss of All
Offsite Power and Prolonged Loss of All Onsite AC Power,"™ and NUMARC IC
G2, "Failure of the Reactor Protection System to Complete an Automatic
Scram and Manual Scram was NOT Successful and There is Indication of an
Extreme Challenge to the Ability to Cocl the Core."™

Regulatory Analysis:

NUMARC developed the fission product barrier matrix, which allows for many
more permutations than could be included in a list of specific sequences.
This matrix reflects the belief of the industry that no list could be all
inclusive. In developing the matrix, NUMARC used fundamental indications
of core melt sequences as the basis for declaring a general emergency. The
matrix encompasses in the general emergency classification those sequences
that could result in offsite radiclogical releases. 1Indicators of

directly the status of the containment barrier. Instead, they indicate

core melt sequences that could result in significant offsite radiological
consequences,

NUMARC determined that the containment barrier in a PWR could be lost if,
for any reason, the core exit thermocouple readings exceeded 1200°F (or
exceeded 700°F with the level below top of active fuel) and the restoration
procedures were not effective within 15 minutes. Core exit thermocouple
readings of greater than 1200°F regardless of duration, mean that the Fuel
cladding barrier is lost. The saturation pressure corresponding to 1200°F
would cause subcooling to be lost. A loss of subcooling is a lpss of the
RCS barrier. This results in a loss of two barriers and could cause ihc
third tc be lost. The improbable pressurized vessel sequence analyzed in
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severe accident studies is possible only with a station blackout, which
under these conditions would be declared as a general emergency under
NUMARC IC SG1.

NUMARC determined that the containment barrier for a BWR could be lost if
the water level in the reactor vessel is less than a (site specific) value
and if the core remains uncovered for longer than the maximum core uncovery
time. 1If the water level in the reactor vessel covers less than 2/3 of the
core for even a brief period, the fuel cladding barrier and the RCS barrier
would both be lost. Thus, two barriers would be lost and the third could
be lost.

NUMARC provided IC SG1, "Prolonged Loss of All Offsite Power and Prolonged
Loss of All Onsite AC Power," recognizing tnc importance of ac power in
restoring challenged or lost critical safety functions. NUMARC developed
IC SG2, "Failure of the Reactor Protection System to Complete an Automatic
Scram and Manual Scram was NOT Successful and There is Indication of an
Extreme Challenge to the Ability to Cool the Core,™ recognizing that
emergency core cooling systems can not remove greater than decay heat.

The NUMARC IC addresses the key concerns of NUREG~0654.
The NAC staff accepts this NUMARC approach.

"Any major internal or external events (e.g., fires, earthquakes,

substantially beyond design basis) which could cause massive common damage
to plant systems resulting in any of the above."

Disposition:

NUMARC deleted this IC because this type of event would better be audressed
under symptom-based and barrier-based ICs.

Regulatory Analysis:

NUMARC did not provide an IC for this event in particular. However, to
respond to the consequences of such events when challenging the integrity
of the fission product barriers, the licensee would likely declare a
general emergency under NUMARC IC FGl, "Loss of ANY Two Barriers and
Potential Loss of Third Barrier."™ Other NUMARC ICs which could
consequences of such events and would prompt the licensee to declare a
general emergency are IC HGl, “Security Event Resulting in Loss.of Ability
to Reach and Maintain Cold Shutdown,”™ IC HG2, "Other Conditions Which in
the Judgment of the Emergency Director Warrant Declaration of a General
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