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ABSTRACT 
The development of national consensus standards in the USA had its beginnings in the document series 
titled “The Nuclear Safety Guide”. This document was the product of collaboration among criticality safety 
and critical experiment specialists from the major fissile material processing sites nationwide. Starting in 
1964 with the first standard, the number has grown to sixteen, with two currently under development. They 
provide guidance in essentially all aspects of criticality safety that are important to accident prevention. The 
two regulatory bodies in the USA, which oversee operations with significant quantities of fissile materials, 
the Nuclear Regulatory Commission and the Department of Energy, both adopt all of these sixteen nuclear 
criticality safety standards as the basis for regulation. The application of philosophies and technical 
guidance found in these standards is judged to be the underlying reason for the very low criticality accident 
rate that exists in the USA and, indeed, in the world today. 
 
 
HISTORICAL DEVELOPMENT 
The earliest appearance of guidance for criticality safety in process operations in a 
document authored by and with input from specialists at several installations across the 
USA was in 1956. This guidance was contained in the first edition of  “The Nuclear 
Safety Guide” [1]. The authors represented Oak Ridge National Laboratory, the Hanford 
Works, the Rocky Flats Plant, and Los Alamos Scientific Laboratory, but additional 
contributors to the document represented the Savannah River Plant, the General Electric 
Company, Goodyear Atomic, Philips Petroleum, Union Carbide (Y-12 Plant and K-25 
Plant) and Livermore National Laboratory. 
 
This first edition of the Nuclear Safety Guide was followed by a series of revisions to 
accommodate the rapidly expanding knowledge base resulting from vigorous critical 
experiment programs at many sites within the USA as well as expanded discussions 
among the pioneers in the field concerning improved safety administration and 
philosophy. The second edition appeared in 1957, a third edition in 1961, a fourth edition 
in 1978, and after significant changes, a fourth edition with a revised title, “The Nuclear 
Criticality Safety Guide”, in 1996 [2,3,4,5].  
 
It was at the time that the third edition was being worked on, about 1960, that the first 
criticality safety standard was begun. The finished, approved standard was first printed in 
1964 with the title "Safety Standard for Fissionable Materials Outside Reactors".  Its 
contents are still found today, largely intact, in its descendant standard, ANS-8.1, 
"Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors". 
Nuclear criticality safety standards in the USA are now developed and maintained by 
Subcommittee ANS-8, under the secretariat of the American Nuclear Society within the 
administrative oversight of the American National Standards Institute, ANSI.  
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Over the subsequent 37 years, 13 additional standards have been developed and issued by 
Subcommittee ANS-8 and 4 more are currently under development. However, it was the 
basic guidance that first appeared in the Nuclear Safety Guide and was subsequently  
incorporated into the first standard that formed the foundation for criticality safety 
practices worldwide that exists largely unchanged to this day. A list of the current and 
proposed standards is provided in Table I on the following page (3). 
 
KEY REQUIREMENTS  
 
Three points pertaining to the practice of criticality safety are discussed below. 
These are examples of important principles recognized and documented by the 
early practitioners in the 1956 Nuclear Safety Guide and the 1964 consensus 
standard. These requirements are only three of hundreds in the sixteen standards, 
but they are judged to be some of the most significant. 
 
1) Responsibility for criticality safety lies with the line organization, not with 
the criticality safety staff.  The criticality safety staff provides support to the line 
organization. In the 1956 edition of the Nuclear Safety Guide one finds the 
words: 

 
“The responsibility for nuclear safety in the plant considered is placed 
upon line organization. Individuals directing activities which are of 
such a nature as to involve nuclear hazards are responsible for control 
in these activities to the same extent that they are responsible for 
research, design, maintenance, and operation.” 

 
In the current version of the ANS-8.1 and 8.19 standards, one finds: 

 
4.1.1Responsibilities………Supervision should be made as responsible for 
nuclear criticality safety as for production, development, research, or other 
functions. 
 
5.1 Each supervisor shall accept responsibility for the safety of operations 
under his control. 
 

2) Subcriticality is to be assured whenever practical through control of the dimensions of 
the vessels and piping - including the spacing between adjacent components. It is 
recognized that fixed neutron absorbers may prove very cost-effective in some large-
scale operations and also that at some point waste solutions can usually only be 
practically handled in large, unfavorable geometry vessels. In the 1956 edition of the 
Nuclear Safety Guide one finds the words: 
 

“The nuclear safety of any process will be assured, whenever possible, by the 
dimensions of the components – such as pipe size and container capacities – 
including spacing between individual components of the same or adjacent 
systems.” 
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TABLE  1 
 

 

 

ANSI  STANDARDS  SUBCOMMITTEE  8 
PRODUCTS 

 
ANS-8.1 Nuclear Criticality Safety in Operations with Fissionable Materials 

Outside Reactors (1998) 
ANS-8.3 Criticality Accident Alarm Systems (1997) 
ANS-8.5 Use of Borosilicate-Glass Raschig Rings as Neutron Absorber in 

Solutions of Fissile Material (1996) 
ANS-8.6 Safety in Conducting Subcritical Neutron-Multiplication 

Measurements in Situ (1995) 
ANS-8.7 Nuclear Criticality Safety in the Storage of Fissile Materials (1998) 
ANS-8.10 Criteria  for Nuclear Criticality Safety Controls in Operations with 

Shielding and Confinement (1999) 
ANS-8.12 Nuclear Criticality Control and Safety of Plutonium-Uranium Fuel 

Mixtures Outside Reactors (1993) 
ANS-8.14 Use of Soluble Neutron Absorbers for Criticality Control of Aqueous 

Homogeneous Solutions – Proposed 
ANS-8.15 Nuclear Criticality Control of Special Actinide Elements (1995) 
ANS-8.17 Criticality Safety Criteria for the Handling, Storage, and 

Transportation of LWR Fuel Outside Reactors (1997) 
ANS-8.19 Administrative Practices for Nuclear Criticality Safety Training 

(1996) 
ANS-8.20 Nuclear Criticality Safety Training (1999) 
ANS-8.21 Use of Fixed Neutron Absorbers in Nuclear Facilities Outside 

Reactors (1995) 
ANS-8.22 Nuclear Criticality Safety Based on Limiting and Controlling 

Moderators (1997) 
ANS-8.23 Nuclear Criticality Accident Emergency Planning and Response 

(1997) 
ANS-8.24 Validation of Computer Codes . . . Proposed 
ANS-8.25 Postings, Signs, Labels . . . Proposed 
ANS-8.26 Criticality Safety Engineer Training and Qualification Program . . . 

Proposed 

 
 
 
 
 
 
 

 3



 

 
In the current version of ANS-8.1 one finds: 
 

4.2.3 Geometry Control. Where practicable, reliance should be placed 
on equipment design in which dimensions are limited rather than on 
administrative controls.   
 
4.2.4 Neutron Absorbers. Reliance may be placed on neutron-
absorbing materials, such as cadmium and boron, which are 
incorporated in process materials or equipment or both. 

 
It is important to note that statement on geometry control uses the verb 
“should” which means a “recommendation” while the statement on the 
use of neutron absorbers uses the verb “may” which is not a 
recommendation but only  “permission”. That is, the hierarchy of 
importance of the statements in the standards is first those that use the 
verb “shall” then those that use the verb “should” and lastly those that 
use the verb “may”. 

 
3) Where subcriticality based on geometry alone cannot be assured, then multiple barriers 
to prevent the accident should be present. This is now commonly called the Double 
Contingency Principle and in essence states that defense in depth must be present such 
that no single, credible process upset would lead to the accident happening. In the 1956 
edition of the Nuclear Safety Guide one finds the words: 
 

“Where safety based on geometry alone is precluded, designs may be 
predicated on batch size and/or chemical concentrations, or 
combinations of them with geometry, and such designs will be 
considered satisfactory only if two or more simultaneous and 
independent contingencies must occur to promote a chain reaction.” 
 
In the original 1964 version of the current ANS-8.1 standard, there are 
the words: 
 
“(1) Process designs should, in general, incorporate sufficient factors 
of safety to require the occurrence of at least two unlikely, independent 
and concurrent changes in one or more of the conditions originally 
specified as essential to nuclear safety before a nuclear accident is 
possible.” 
 
In the current (1998) edition of ANS-8.1 one finds the words: 
 
4.2.2 Double Contingency Principle. Process designs should, in 
general, incorporate sufficient factors of safety to require at least two 
unlikely, independent and concurrent changes in process conditions 
before a criticality accident is possible. 
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While the words describing the Double Contingency Principle (DCP) have 
changed slightly over the years, it is clear that the intent has remained the same. 
The goal is to have multiple barriers to the accident and not rely on a single 
barrier. 
 
Note that the verb “should” is used in the DCP and not the verb “shall.” Thus the 
DCP is a recommendation (and not a requirement) since not all process operations 
can be practically accomplished and still comply with the DCP. For this reason, 
perhaps the most important statement in all the standards is duplicated in both 
ANS-8.1 (Section 4.1.2) and 8.19 (section 8.1) and reads: 
 

“Before a new operation with fissionable materials is begun or 
before an existing operation is changed, it shall be determined 
that the entire process will be subcritical under both normal 
and credible abnormal conditions.”  
 

Note that the verb is “shall” and thus this statement is a requirement. 
 
Another way to appreciate the relative importance of these two statements in the 
standards, the “should” in the DCP, and the “shall” in determining subcriticality, 
is to recognize that the DCP is in reality a guide for the preferred way to provide 
assurance of subcriticality. Hugh Paxton, one of the original authors of both the 
Nuclear Safety Guide and the original, 1964 version of ANS-8.1, stated this about 
the DCP [7]: 
 
Double Contingency Principle.   The so-called double-contingency principle is 
generally accepted as a guide to the proper degree of protection against 
operational abnormalities that are improbably but still cannot be ignored.  This 
rule calls for controls such that no single mishap can lead to a criticality accident 
regardless of its probability of occurrence.  It is understood, further, that there 
should be protection against chains of related mishaps and against combinations 
of other abnormalities that cannot be considered improbable.  Obviously, this 
rather subjective rule does little more than establish a point of view about 
criticality control – it cannot substitute for expert judgment.  Experience and 
common sense usually provide the only basis for classifying a conceivable mishap 
as “likely” or “unlikely”, or for ruling it out as an impractical concept.  For 
example, leakage between a water jacket and the vessel that it surrounds may be 
in any one of these categories, depending upon such things as material, type of 
construction, and operating temperatures.  Before leaving this subject, we should 
add that a mistake in a record of chemical analysis is hardly ever classed as a 
remote possibility, because of the frequency of slipped decimal points and 
transcription errors. 
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While one cannot prove that the recognition and application of important practices such 
as those stated above were the major reasons for the dramatic decline (see Figure 1 
below) of criticality accidents worldwide in the late 1960's, it is strongly suggestive.  
Discussions in the late 1990's between the US and Russian authors of the third edition of 
the document, "A Review of Criticality Accidents", indicate that the Russians also had 
reached similar conclusions as to these three major points. Unfortunately criticality 
accident likelihood will never reach zero in spite of the best standards and guides. 
However more recent standards provide expanded guidance that, if followed, should 
reduce the likelihood even further. For example, particular aspects of two newer 
standards, ANS-8.19 on administrative practices and 8.20 on training, if implemented, 
might have prevented the recent criticality accident in Japan. 
 

 
 

Figure 1:  Reported Process Criticality Accident Worldwide (7) 
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CURRENT APPLICATION 
 
Initially criticality safety in the USA was practiced under the oversight of policies and 
procedures at the individual installations, with documents such as the Nuclear Safety 
Guide and the early ANS-8 standards being the foundation for these policies and 
procedures. Beginning in the late 1960's in the USA, regulatory bodies began to issue 
directives that discussed criticality safety. These directives generally were consistent with 
the guidance found in the ANS-8 standards, but not identical. Eventually it was 
recognized by the government agencies with criticality safety concerns, the Nuclear 
Regulatory Commission and the Department Of Energy, that it would be best to simply 
endorse all the ANS-8 standards as the basis for criticality safety regulation. That is the 
status today, with only minor exceptions. 
 
The ANS-8 standards have been used as the template for the few existing international 
standards, e.g., ISO 1709 which is analogous to ANS-8.1 There are also additional ISO 
standards under development which will parallel 8.19 and other ANS-8 standards. 
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SUMMARY 
  
Essential guidance that was first documented in the 1950’s, even before the first 
criticality accident in the USA, remains today as the foundation of criticality safety. This 
guidance is embodied in the ANS-8 standards in the USA and is accepted and endorsed 
by both regulatory bodies with oversight for operations with significant quantities of 
fissile materials, the Nuclear Regulatory Commission and the Department of Energy. 
Many other countries also use the ANS-8 standards as a basis for their internal criticality 
safety guidance and regulations. 
 
The historical record of criticality accidents strongly suggests that actions such as 
maximizing the use of geometry control and defense in depth, which were heavily 
implemented in the 60’s, were large influences in the dramatic drop in the accident 
frequency from about one a year during the 50’s and 60’s to about one per ten years 
thereafter, as shown in Figure 1 on the previous page.   
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