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INTRODUCTION

Criticality safety experts establish Fissile Material Control Areas
(FMCA's). Safeguards personnel establish Material Balance Areas (MBA's).
Safeguards personnel deal with nuclear material (NM) or, better yet,
special nuclear material (SNM) and criticality safety personnel deal with
fissile materials (FM). Fire protection personnel establish protection
zones or criteria and deal with combustible, hazardous or flammable
materials. Fire protection personnel love to use water; criticality
personnel calculate the effects of water; safeguards personnel drink
water. Safeguards personnel are happiest when nuclear material is locked
up; criticality experts are similarly disposed when fissile material is
neatly stacked in arrays or cells or flowing purposefully through process
vessels and piping systems. Safeguards personnel perform vulnerability
analyses of MBA's; criticality personnel perform safety analyses of FMCA's;
fire protection personnel perform loss potential evaluations.

Management has been known to have nightmares sorting out the nomen-
clature, priorities and regulations of safeguards, criticality and fire
protection. The poor program or project people are caught in the middle.
They just want to use their nuclear material in a safe, economical and
effective manner.

DEFINITIONS
Before describing a system that can be used by management to sort

out the multitude of rules and regulations pertaining to safeguards,
criticality and fire protection, let me spend a couple of minutes with a
short definition of two terms that may be new to some of this group -
nuclear material and safeguards. Figure 1 shows a current list of
nuclear materials1 for which Department of Energy (DOE) contractors must
establish safeguards control and accountability procedures. Subsets are
special nuclear material, i.e., plutonium, and uranium enriched in the
isotopes 233 or 235, and source material, i.e., normal and depleted
uranium and thorium. It is noted t.'iat fissile Material, the commonly
used term to describe a material capable of sustaining a neutron chain
reaction, is generally synonymous with special nuclear material.

Safeguards is defined1 as an integrated system of physical protection,
accountability and material control measures designed to deter, prevent,
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detect or respond to unauthorized possession and use of special nuclear
materials. In practice, it is the development and application of
techniques and procedures dealing with the establishment and continued
maintenance of a system of activities including physical protection,
quantitative knowledge of the location and use of SNM, and administrative
control and surveillance to assure that procedures and techniques of the
system are effective and are being carried out. Safeguards provides,
therefore, either the timely indication of possible diversion or credible
assurances by audits and inventory verification that no diversion of SNM
has occurred.

Since EG&G Idaho, Inc. is a DOE contractor, the influences of safe-
guards and fire protection on criticality safety will be directed
principally toward DOE requirements and regulations. There are basic
similarities between DOE and Nuclear Regulatory Commission (NRC) regula-
tions but those of you who are not DOE contractors should use appropriate
NRC regulations and guides.

MANAGEMENT REVIEW SYSTEM

To assure that management has considered all aspects of criticality
safety, fire protection and safeguards, and can view them in balanced
perspective, EG&G Idaho, Inc. routinely uses an Occupancy-Use Readiness
Manual2. This guideline manual was originally designed for use by MORT3

(Management Oversight and Risk Tree) Certified Safety Analysts; more
recently, non-MORT users have employed it for safety and management
evaluations required for occupancy and use of new or modified facilities.
Users of the manual will also find its principles appropriate for in-depth
appraisals of facilities that have been in use for some length of time.

The analytical tree used in conjunction with the Occupancy-Use
Readiness Manual (Figure 2) is simply a graphical display of information
to aid the user in recalling what details must be considered and what their
relationships are to one another. In a positive tree, such as shown here,
a desired objective or goal is stated at the top and all of the elements
or events needed to achieve that goal are listed on the adjacent level or
tier directly below. These elements, in turn, may be further hroken down
into their constituents and so on in order to show the finest degree of
detail which is necessary or appropriate to consider. Thus, from top to
bottom, the tree goes from general to specific.

In this top level tree, then, we see - recalling the function of the
"AMD" gate - that to accomplish the objective of "FAULT-FREE SAFETY", we
must assure that "INDUSTRIAL SAFETY REQUIREMENTS" and "FIRE PROTECTION
REQUIREMENTS" ̂ nd "CRITICALITY SAFETY REQUIREMENTSTnd all the others
there listed are fulfilled. Noticeably absent from tin's chart are
"Safeguards and Security Requirements" since the latter, as defined, does
not relate to safety concerns. In lower level tiers, however, where our
general concerns are implemented through specific means, security elements
are identified.
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INFLUENCES OF FIRE PROTECTION ON CRITICALITV SAFETY

Let's transfer then to the "FIRE PROTECTION" Branch and examine
what events might influence criticality safety. Incidently, the
chart indicates by use of the triangle symbol that a complete "branch"
or series of events is duplicated elsewhere in the analytical tree.
Figure 3 indicates that "FIRE PROTECTION" can be satisfied by success-
fully fulfilling requirements for a "FIRE ALARM SYSTEM" ̂ nd "FIRE
SUPPRESSION SYSTEM" and "EMERGENCY ACTIONS" and "BUILDING CRITERIA",
to nnine a few. These lead to another degree of detail that we can
address specific to criticality safety.

Applicable fire codes, standards and regulations are heavily
oriented tov/ard proper design of fuel use and storage areas to minimize
potential for fire initiation and spread. To paraphrase Regulatory
Guides'*'5 on the subject: "The principal purpose of a fire protection
program is to protect the genera] public, plant personnel and the
environment from adverse radiological consequences due to fire. The
adverse effects of fires and explosions in structures, systems and
components important to safety can be minimized by providing systems
with sufficient capacity and capability for d(iti!<!ing and suppressing
explosions and fires. It is important to recoynizo these potential
adverse effects and eliminate or mitigate them by proper design and
installation." DOE programs are more stringent- by requiring that
property loss be minimized.

Let's look at a third tier of detail (Figure 4) and see what impact,
design, and maintenance of fire suppression systems have on criticality
safety. Water is recognized as a principal fire suppressor for combustible
materials. Water is also known to have certain neutron moderation and
reflection properties. Thus, if water is to be used in fuel storage or
use areas, care must be taken to analyze the potential for an inadvertent
criticality during fires. In practice, design is accomplished to be
critically safe with full moderation. Design of the facility should
include adequate floor drains for anticipated flows from automatic sprinker
systems. If water is not to be used, the area should be conspicously
posted, and training of fire fighters should emphasize, "no water or
combustibles in this area". Regulatory Guides provide for use of non-
aquous suppression systems such as Halon in areas where nuclear critical-
ity or other hazards preclude its use. The influences of fire cippression
systems on criticality are indicated by an asterisk (*) in the 1 gure.

Another important aspect of "FIRE PROTECTION" is training for
"EMERGENCY ACTIONS". Every "fail safe" design approach and criticality
analysis showing safe configuration during fires could be undone in a
moment if an untrained fire fighter drags a hose from a "water use" area
to a "no water area" to fight a fire. As shown on Figure 5, preplanning,
training, equipment, and location are identified as important elements in
emergency action. These are typically the responsibility of Facility
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Managers who must ensure that any restrictions or special hazards are
properly appreciated by fire protection personnel, operating staffs
and, indeed, anyone entering or working in the area. Areas of influence
are indicated by an * on the figure.

We have seen that there are several influences of fire protection
systems on criticality safety. A systematic approach in the review of
facilities during design, construction and occupancy as provided by a
thoroughly field-tested technique like MORT will detect, reduce, and
in some cases eliminate potential adverse effects in this area. The
number of such effects, however, can be reduced at the start if de-
signers and approvers of fuel use and storage areas would use nation-
ally accepted codes, guides and standards early in their work. All
disciplines must work together to arrive at a mutually acceptable
solution.

INFLUENCE OF SAFEGUARDS ON CRITICALITY SAFETY

Turning now to the second portion of the paper, influence of safe-
guards on criticality safety, I will utilize, as r« basis for discussion
the Criticality Safety portion of the Occupancy-Use Readiness Manual
tree. As shown on Figure 6, the assurance of criticality safety is ful-
filled when applicable codes, standards and regulations are used to ensure
positive satisfaction of the following areas: "SHIPMENTS" ̂ nd "INTRA-AREA
TRANSFERS" ̂ nd "STORAGE PROCESSES HANDLING". These three broad categories
are further broken into subtier topics as indicated on the following
slides (transfer branches are again indicated by the triangle symbol).
The basic approach for using these positive trees is to go to the lowest
level and ensure that all components are satisfied as one works up the
branches to the top tier statement, In this manner, then, we will examine
the influences of safeguards on each branch of the Criticality Safety Tree.
Looking first at "SHIPMENTS" (Figure 7) we see that all three subtiers,
"CONTAINERS", "PERSONNEL" and "DOCUMENTATION AND REVIEW" must be satisfied.
The important safeguards iTrfTuences here are, from a DOE standpoint1'6,
measurements of material being shipped, entry of quantities being shipped
into a safeguards real-time or "near real-time" inventory system, use of
tamper-indicating devices for certain types and quantities of SNM being
shipped or use of continuous surveillance procedures for other quantities
and types of SNM and assurance that a receiver is not only qualified but
authorized to receive nuclear material by virtue of an NRC license or
DOE contract. The areas of influence are indicated by an * on the figure.

Regarding "DOCUMENTATION AND REVIEW", the proper review and approval
of procedures, records and plans will not only ensure that both criticality
safety and safeguards objectives are met but will make these objectives
mutually supporting. Management attention to this important facet of
planning is essential so that one system can indeed act as a "check and
balance" program on the other. When nuclear material safeguards personnel
cooperate with criticality personnel, knowledge of type and quantity of
material shipments or other transfers benefits both groups. More will be
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discussed on this subject under "STORAGE PROCESS HANDLING".

With regard to "PERSONNEL" for "SHIPMENTS" (Figure 8 ) , we see that
authorized personnel must be designated and trained in criticality con-
cerns as fissile material handlers. They must also be knowledgeable in
safeguards aspects of shipments. Many companies successfully use and
train the same people to perform both functions; thus, a fissile material
handler may also receive training to become a nuclear material custodian.
Such a policy has the desirable effect of eliminating a communication
interface. These added duties or areas of training are indicated by an
* on the chart.

For the most part, the same "SHIPMENT" re'ationships between critical-
ity safety and safeguards apply to the "INTRA-AREA TP^.NSFERS" of nuclear
material. Figure 9 shows this by transferring 'av.K to "SHIPMENTS" and
to "PERSONNEL". It should be noted that the same general rules apply to
nuclear material "RECEIPTS". From a safeguards standpoint, on-site
destructive or nondestructive measurements of SNM must be performed (or
ether procedures followed) to evaluate and resolve any shipper/receiver
differences. The use of these same measured vniUifs will enable criticality
safety groups to evaluate safety of new material on actual rather than
upper limit or estimated quantities of fissile material thus providing
added assurances of safety. It is important to note, however, that
FMCA's must be established with upper limit loading criteria prior to
actual receipt of fissile material. Upper limit storage or use criteria
are also established for operational convenience.

"STORAGE HANDLING" is a rather broad term which encompasses a multi-
tude of possible in-plant uses of nuclear or fissile material. Depending
on the facility objective, i.e., SNM storage, processing or reprocessing,
details of using the tree will vary, but the principle remains the same.
As shown on Figure 10, any storage, process or handling area or facility
must have acceptable "CONTROL DOCUMENTS", "CONTROL AREAS", "EQUIPMENT"
and "PERSONNEL".

"CONTROL DOCUMENTS" (Figure 10) for criticality safety include
preparation, review and approval of "PROCEDURES", "SAFETY EVALUATIONS",
"INSPECTION QA RECORDS", "TRAINING RECORDS" and "EMERGENCY PLANS".
Safeguards influences here are shown by the * on the figure to be
"PROCEDURES", "TRAINING RECORDS" and "EMERGENCY PLANS". "PROCEDURES"
will be discussed later in a subtier detail. "TRAINING RECORDS" are
obviously required for a viable criticality safety program to ensure
that periodic training and requalification for FM handlers is not just
acknowledged but accomplished. Similarly, training and requalification
of NM custodians is needed, not only to ensure that all changes in
safeguards regulations are transmitted to custodians but to strengthen
weaknesses noted in custodian performance. Properly organized, the two
training programs could supplement one another, or be combined to
maximize training effectiveness.
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In a closely related matter, I have observed that many companies
do not give FM handlers or NM custodians sufficient credit in job
descriptions or job evaluations to attract and hold people capable of
continued high level performance. Management should re-examine their
real expectations for these positions and take positive steps to correct
any deficiencies in the job descriptions for these important "base line"
positions.

Other important documents from a safeguards standpoint are Safe-
guards and Security Plans, Material Control and Accountability Plans and
associated Measurement Plans. These documents are required by DOE for
contractor operations and describe safeguards systems, plans and procedures
which are implemented to protect nuclear material from theft or diversion.
"EMERGENCY PLANS" are a part of these documents. Planning for emergencies
is an important aspect of both criticality safety and safeguards. It
does not take an indepth vulnerability analysis of a nuclear material
storage or use area to realize that nuclear material is most vulnerable
to theft or diversion during emergency conditions. This is due to the
long standing conflict of interest between Safety and Safeguards and
Security requirements regarding the use of controlled or SNM monitored
exits versus emergency or secondary exits during emergencies.

A Fissile Material Control Area (FMCA) (Figure 11) is defined as that
portion of a room, unit process, storage area, etc., for which criticality
limits are in force. The analysis for criticality limits is usually based
on upper limit amounts of fissile material contained or to be contained in
particular geometric arrays or storage cells. Material Balance Areas
(MBA's) are usually rooms, vaults or other physical areas wherein the
quantity of nuclear material being moved into or out is represented by
a measured value. Thus, an FMCA can be physically the same as an MBA
and one or more FMCA's can be present in an MBA. If required safeguards
measurements data are available for nuclear material contained in or
transferred to or from MBA's, the same data can be used effectively by
safety personnel to evaluate and audit FMCA's.

In response to the pending ratification of the US-IAEA Safeguards
Agreement, which will place certain U. S. nuclear material facilities
under an international safeguards inspection program, and the growing
concern in this country over protection of SNM, computerized real-time
or "near real-time" measurement systems to monitor or detect movements
of nuclear material in use and storage areas are being developed and
implemented. Two of many notable examples of these systems are the
DYMAC (Dynamic Material Control) System being implemented at the
Plutonium Processing Facility at LASL and the INMAC (Integrated
Nuclear Material Accounting and Control) System at a mixed-oxide fuel
development laboratory at Chalk River, Canada . Use of this "near
real-time" data on status of nuclear materials by criticality experts
could provide significant assistance in safety evaluations. It should
be noted here that this near real-time data is also important to
"production line" economic and efficiency studies as we!1 as quality
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control aspects of production or reprocessing facilities. Thus,
the significant costs associated v/ith these automated safeguards
systems may not be so bad when one considers all benefits and uses
of the safeguards data.

Proceeding down the lowest tier elements of the "CONTROL AREA"
branch (Figure 11), we see three elements that are influenced by
safeguards, i.e., "UNAUTHORIZED HANDLING PREVENTION", "SAFEGUARDS AMD
PHYSICAL SECURITY", and "NUCLEAR ACCIDENT DOSIMETERS". Depending on
the type and quantity of nuclear material present, safeguards and
security regulations can influence the numbers and types of personnel
who have authorized access to and could then handle material in the
control area. For example, physical security and safeguards regulations
are most stringent for large (greater that 5 kg) quantities of greater
than 20% enriched U 2 3 5 and minimal for small (hundred gram) quantities
of low (<20%) enriched U 2 3 5. Detection and communication systems,
barriers and security response forces are designed and implemented to
detect, deter and respond to threats from knowledgeable outsiders - and
insiders! - to steal SNM by force, stealth and deceit. Annual vulnera-
bility analyses of SNM storage and use areas are required by DOE to
assure the appropriate operations office of tin. effectiveness of the
integrated system of physical protection and material control and
accountability measures in deterring, preventing, detecting and respond-
ing to the theft of SNM.

The last starred item is "NUCLEAR ACCIDENT DOSIMETERS" (MAD). If the
MAD contains even gram quantities of nuclear material (uranium, plutoniuin,
lithium, etc.), DOE regulations require that control, accountability, and
inventory procedures be implemented. Because of the headaches involved in
keeping track of these devices, it is recommended that NAD's containing
"accountable nuclear material" be replaced with NAD's containing non-
accountable material as we are doing at EG&G Idaho, Inc. operated
facilities at the INEL. Large NAD's containing depleted uranium,
plutonium and lithium are being replaced with small NAD's containing
indium, sulphur and copper.

Two other sub-tier branches of the "CRITICALITY SAFETY" tree bear
some discussion. These are "PROCEDURES" and "SAFETY EVALUATIONS". Some
of the same safeguards influences on criticality safety previously dis-
cussed will be repeated here, but for completeness, let's review them
briefly. Turning to Figure 12 which shows the lov/est tier elements for
the "PROCEDURES" branch, it is clear that many procedural elements of
safeguards controls directly support criticality safety concerns.
Procedures must be auditable from both viewpoints. Control areas and
MBA or sub-MBA structures must be clearly defined. Storage and handling
limits lead to corresponding safeguards and security limits which dictate
security protection requirements, physical inventory frequency and
measurement requirements for SNM.
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Special transfer or shipping and receiving procedures are important
to criticality safety and, as we have seen earlier, important to safe-
guards systems. Recordkeeping, including perpetual inventory by FfCA
custodians, is directly supportive of safeguards objectives which require
that the inventories of SNM be kept on a real-time or "near real-time"
basis.

Inspections or audits of procedural compliance are made of FMCA's
and associated equipment by criticality safety personnel; similarly,
safeguards personnel make periodic inspections or audits of MBA's. These
inspections or physical inventories are performed on a schedule commen-
surate with the quantity and enrichment of SNM being used or stored.
Daily inventory checks are required for high enriched attractive material;
bimonthly, semiannual or annual inventories are required for lower enrich-
ments, less attractive types and lower quantities of nuclear material.
Cautions and warnings, as we have seen, are related to safeguards,
criticality and fire protection.

In my opinion, "SAFETY EVALUATIONS" (Figure 13) is probably the most
important branch of the "CRITICALITY SAFETY" tw\ In the preparation,
review and approval of safety documentation, all concerns for criticality
safety must be discussed and resolved. Abnormal and emergency conditions,
including the hazards of explosions and fires, are discussed. Design
approaches to mitigate these effects are described and evaluated. Included
in the design features are security systems to limit access to or detect the
presence of people in nuclear material or fissile material storage or use
areas. Also included, as discussed above, are safeguards systems to
record, measure and inventory material being used or stored or transferred
into or out of these FMCA's. The safeguards and security influences will
assist to ensure that "PHYSICAL CONTROL PARAMETERS", "ADMINISTRATIVE
LIMITS" and "INSPECTION REQUIREMENTS" are satisfied.

It is also important that, as shown on Figure 13, the safety docu-
mentation be reviewed and approved by Management. The review system
implemented by EG&G Idaho, Inc. assures review of criticality safety
documents by fire protection experts as well as safeguards and security
personnel through a formally documented review, comment and approval chain
under the direction of the Director for Security, Health and Safety.
This formal review system minimizes or eliminates the chance for safeguards
and security to be "forgotten" as it used to be at INEL and it could be
with other DOE contractors.

CONCLUSIONS

There are several positive influences of safeguards and fire pro-
tection on criticality safety. Experts in each discipline must be aware
of regulations and requirements of the others and work together to
ensure a fault-free design. Management must also be able to properly
interpret the effects and relationships of each. Use of a Management
review system, such as provided by the Occupancy-Use Readiness Manual,
will provide great assistance to facility managers in assuring resolu-
tion of conflicting requirements and/or positive reinforcement of



Prepared

Introduction
who, what, where

Physical control
parameters

(essential design
features

identified) *

Inspection
requirements

specified

Safety
evaluations

Reviewed

Title,
author, date

Control equipment
description

Administrative
limits specified

Safety

£)
Independent
calculation or
review primary

analysis

Indicate need
foroperations
Office review

Management
review group *

Operations
office

Discussion
of results

Calculations

Analytical
methods

Applicability

Assumptions

Hazards
identified

Abnormal
conditions

Approved

n
•

-

Safety

Management
review group

Operations
Office

INEL-A15 083

Members
independent
and include

Nuclear
Physicist

Risks
evaluated

Figure 13 Cr i t i ca l i ty Safety Subtier Detail Showing Influence
of Safeguards on Safety Evaluations



supportive requirements or influences among the three topics discussed
today. The only negative influences a m those that the reviewers fail
to consider in the analysis of plant safety.
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