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INTRODUCTION:
It has recently been reported that Table A.1 of Attachment 1 of DOE STD-1027-921 is being
improperly used to determine the Category 3 inventory threshold values for non-reactor nuclear
facilities. The concern of this paper is that Safety Analysts and Facility Managers at the
Lawrence Livermore National Laboratory (LLNL), as well as at other locations in the DOE
Complex, are improperly using the entries in Table A.1. It is noted at this point that the common
use of this table is to establish the lower thresholds for both Categories 2 and 3 non-reactor
nuclear facilities (see definitions below) by considering inventory quantities, as opposed to a
postulated accident scenario. This paper will provide insight regarding this error and will show
that the error is most likely non-conservative in nature.

DISCUSSION:
In 1992 the Department of Energy (DOE) released DOE Order 5480.23, "Nuclear Safety
Analysis Reports"2, which defines the requirements for the documentation of the Safety Basis of
DOE nuclear facilities. A fundamental consideration for adherence to this Order is the
determination of which facilities are considered nuclear, as well as the level of documentation
required should a facility be determined to be nuclear. Higher levels of detail in these reports
consume resources (manpower and dollars); therefore, the facility management is normally
interested in keeping the Categorization level as low as possible.  To provide guidance for this
effort the DOE subsequently published two standards; DOE STD 1027-92 "Hazard
Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23,
Nuclear Safety Analysis Reports", and DOE STD 3009-94 "Preparation Guide for U.S.
Department of Energy Nonreactor Nuclear Facility Safety Analysis Reports"3.

There are four Categories defined in STD 1027-92 for nuclear facilities (extracted from STD-
1027-92 pg.s 4 & 7).

  Category 1; Hazard Analysis shows the potential for significant off-site 
consequences.

These facilities/operations are Category A reactors and facilities designated by the Program
Secretarial Officer (PSO). ( LLNL does not have any Category 1 facilities.)



Category 2; Hazard Analysis shows the potential for significant on-site 
consequences.

These facilities/operations have the potential for nuclear criticality events or with sufficient
quantities of hazardous material and energy, which would require on-site emergency planning
activities. (LLNL has one Category 2 facility.)

Category 3; Hazard Analysis shows the potential for only significant localized 
consequences.

These are facilities/operations with quantities of hazardous radioactive materials which meet or
exceed Table A.1 values. (LLNL has several Category 3 facilities.)

Radiological; Facilities that do not meet or exceed Category 3 threshold criteria 
but still possess some amount of radioactive material may be considered 
Radiological Facilities.

These facilities are not considered to be nuclear.  However, if the radiological inventory limit is
exceeded the facility may become a Category 3 nuclear facility. (LLNL has several Radiological
facilities.)

Table A.1 of STD 1027-92 is a listing of Category 2 and Category 3 radioactivity and mass
threshold limits for many but not all radioisotopes. A common method for determining the
Category limit is to use the 238U value (13,000 kg) for both natural and depleted uranium. We
will show that the actual Category 3 inventory limit for these alloys is 11.5 % less for D38
(11,500 kg) and 53.3 % less for natural uranium (6,070 kg). The obvious conclusion is that there
may be any number of Radiological facilities which are actually Category 3 facilities if the
Program is pushing the inventory to the limit determined by the 238U Category 3 threshold limit.
It may be necessary to develop an Unreviewed Safety Question Determination (USQD) per DOE
Order 5480.21 "Unreviewed Safety Questions"4 for existing Radiological operations to
determine if the Category 3 threshold limit has been violated. However, in many cases, the
inventory can be controlled to remain below the Category 3 threshold. (LLNL has only one
Category 2 facility, but it has 10 Radiological and 20 Category 3 facilities.)

The heart of the matter is understanding that, in these large quantities, a substance is a mixture of
more than one isotope. The fundamental mixture of (natural) uranium contains 234U, 235U, and
238U. To define the mixture it is necessary to know the exact process from which the material is
derived. Depleted uranium from the gaseous diffusion process has a different isotopic
composition from that produced in the AVLIS process. For a metal obtained from reactor fuel,
the mixture may contain 236U. Note that while these arguments are specific to uranium, the
concept applies to any element which is a mixture of isotopes with which the analyst may be
concerned. The weight per cent of each isotope in the mixture must be known if the appropriate
limit is to be determined (see the computation for plutonium below). It is true that if the most
abundant element has the highest specific activity, using its threshold limit will result in the most
conservative estimate for the mixture. Otherwise the effect of all isotopes should be considered.

The next obvious question is; How was Table A.1 developed? STD-1027-92 provides some
information regarding the answer to this question (see the development below). One interesting
fact is that the Category 2 values may be calculated by a modified NRC equation, but the
Category 3 values were developed by previous work traced to the EPA. It is the Category 3
values that are fundamental in determining if the facility is to be considered as a nuclear facility.



STD 1027-92 does not provide complete information  from which missing data may be
determined.

SUBSTANCE/MIXTURE THRESHOLD CALCULATION:
The final mass threshold value for the substance is found by using the sum of the ratios
technique described in STD 1027-92 for "combinations of radioactive materials". The
fundamental relationships for these calculations are:

n = qi × SAi

Tii
∑   and 1)

 qi = f i × Q 2)
where:
n =  the ratio of the individual isotope activity contribution in the mixture 
compared to the Category threshold value
n = 1 for the case where the inventory is at the mass threshold limit
qi = the mass of the isotope in the mixture (g)
SAi = specific activity for isotope i (Ci/g)
Ti  = the radioactivity threshold for isotope i (Ci)
f i = weight % of the isotope in the mixture as a decimal fraction
Q= mass of the mixture
Therefore, when n =1, Q = the mass threshold limit,  and
1
Q

= f i × SAi

Tii
∑ 3)

For a given substance the values for Ti  may not be listed in Table A.1 of STD 1027-92.

CATEGORY 2 VALUES:
On page A-6 of STD 1027-92 an equation is provided by which the Category 2 threshold
quantity of an isotope may be found. For completeness this equation is repeated below:

Q = 1rem( ) ÷ RF × SA × χ
Q

CEDE × RR + CSDE( )





4)

Q =  Quantity of material used as threshold (grams)
RF =  Airborne release fraction of material averaged over an entire facility (unitless)
SA =  Specific activity of radionuclide released (Ci/gm)
χ
Q

=  Expression accounting for dilution of release at a point under given meteorological

conditions (sec/m3)
CEDE =  Committed effective dose equivalent for a given radionuclide (Rem/Ci)  (This is a

dose conversion factor for the inhalation pathway.)
RR =  Respiration rate, which is assumed equal to the standard value used for an    active     man

(3.5 E-4 m3/sec)
CSDE =  Cloud shine dose equivalent (Rem x m3/Ci x sec) (This is a dose conversion factor

for the external exposure pathway.)



The values for the release fractions may be found on page A-9 of STD-1027-92. For the purpose
of this discussion, item number 4 of that list indicates that the value for U and Pu Metal is 1.0 E-
3. The specific activity of any isotope may be found from the relationship

SA = 3.578 ×105 ÷ τ 1

2

× at.wt.






5)

τ 1

2

=  Radionuclide half-life in years

at.wt. = radionuclide atomic mass
Note that once the mass threshold has been calculated, the radioactivity threshold limit in Curies
is easily found from the value of SA just calculated.

χ
Q

 used for the table is given at the bottom of page A-7 as 1 E-4 sec/m3 (1.0 x 10-4 sec/m3 ) at

<300 meters given the assumed meteorological conditions of Pasquill stability class D and a
wind speed of 4.5 m/sec. The discussion in STD-1027-92 centers on the modification of the
NRC derived values as tabulated in 10CFR30. The effect of building wake makes the
determination within a few hundred meters somewhat soft. In any case, for comparison purposes,
the value of  1 E-4 sec/m3 must be used as that is the value used in the calculations for Table A.1.

The next task is to determine the CEDE value. This may be done by using Table 13.24.2
"Committed Dose Equivalent per unit intake via Inhalation", The Health Physics and
Radiological Health Handbook5. (Note the conversion factor of 3.7 x 1012 (rem/Ci)/(Sv/Bq).)
The other issue in using this table is the lung clearance class (D, W, Y) which is defined as "A
classification scheme for inhaled material according to its rate of clearance from the pulmonary
region of the lung".  For the most part, the value listed for Y class should be used, however,
depending on the half life of the radioisotope, as well as its chemical form, this issue may need a
determination by a health physicist.  For uranium the value listed for Y class is used to generate
the values in Table A.1.

The respiration rate (RR) given is 3.5 E-4 m3/sec (3.5 x 10-4 m3/sec) (active man). The final
factor is the CSDE. The cloud shine value is taken as zero for the values listed in STD 1027-92
as the inhalation dose is the dominant factor.

Calculation of the Category 3 isotopic threshold values is based on EPA information and does
not have a direct relationship with the Category 2 calculations.

CATEGORY 3 THRESHOLD:
Pages A-5 and A-10 of STD-1027 provide the criteria for the determination of the Category 3
threshold values. The first criteria to be defined is that the whole body dose value is 10 rem and,
further, the dose is to be determined at 30 meters. In some ways this change in distance is logical
based on the definition of the consequence of the release, i.e., "Hazard Analysis shows the
potential for only significant localized consequences". The determination for Category 2
threshold values is at some "greater" distance (<300 m). It has been shown that the building
wake issue makes the use of the presently used computer models inappropriate at distances under
100 meters. The DOE has chosen to use "an EPA" model for this calculation. This model is
evidently based on "40CFR302.4 Appendix B, calculations described in Users Manual for the
Radionuclides Database Version 1.02" (STD-1027-92 pg. A-10). The values found in Appendix



B, however, do not directly relate to the values found in Table A.1. At LLNL the values found in
Appendix B are used as the de minimus values for Radiological facilities. Below this value the
facility is designated as General Industry. Tim Mossman of SAIC developed a table under a
contract to DOE Headquarters (managed by Rick Stark) which lists values for many
radionuclides for a 500 mrem dose at 30 meters considering four different pathways. We are not
clear as to the origin of the source code which generated the data provided in this table; however,
it is assumed that its origin is the EPA, as referenced in STD 1027. However, to use the table the
analyst must determine which pathway will dominate the exposure, usually inhalation, and then
multiply the value in the table (given in Curies) by a factor of 20 (10 rem dose). The results agree
with the Table A.1 Category 3 radioactivity column. The specific activity (Eq. 5) will yield the
mass threshold value, which is usually the value of interest.

Applying this technique (Eq. 3) to plutonium, the value for the Category 3 mass limit is found to
be 2.65 g for fuel grade material (18 wt. % 240Pu) and 5.67 g for weapons grade (see Tables 1. &
2.). Note that this last value differs significantly from the value of 8.4 gm if the isotopic value, as
listed in Table A.1,  for 239Pu is used. The reason is that the impact of the 240Pu and 241Am
activity is still significant. Note that this result also differs from the "Specific groundrules for
Category 2 hazard categorization..." as stated on page A-3 of STD-1027-92.

"1. In general, it is necessary to consult the individual threshold values only if an individual
isotope is being isolated and collected for some purpose. For example, if a facility
processes weapons grade plutonium, it can simply be classified on the aggregate amount
of Pu-239 present without specifying quantities of trace isotopes (i.e., Pu-238, Pu-240,
Am-241, etc.) carried along in the mixture...."

This statement may be at the heart of the use of 238U Category 3 mass limit for uranium metal.
Note, however, that the "specific groundrules" should apply to Category 2 only. It is obvious, by
the calculation just made, that this position can lead to a less than conservative result by ignoring
those isotopes which contribute most significantly on the impact to a receptor.

Table 1. Determination of Mix Category 3 Mass Threshold Value-Pu Fuel Grade.
Isotope f i

(wt. % /100)
SAi
(Ci/gm)

Ti  (Ci) f i  x SA i
(Ci/gm)

(f i x SAi) ÷ Ti
(1/g)

238Pu   0.001   17.0   0.62 0.017 0.027

239Pu   0.78     0.062   0.52 0.048 0.092

240Pu   0.18     0.23   0.52 0.041 0.079

241Pu   0.016 103.0 32.0 1.648 0.052

242Pu   0.0049     0.004   0.62 0.000 0.0

241Am   0.019     3.47   0.52 0.066 0.127

∑     0.377

Q = 1
0.377

= 2.65g

Table 2. Determination of Mix Category 3 Mass Threshold Value-Pu Weapons Grade.
Isotope f i

(wt. %/100)
SAi
(Ci/gm)

Ti  (Ci) f i x SAi
(Ci/gm)

(f i x SAi) ÷ Ti
(1/g)

238Pu   0.00036   17.0   0.62 0.0061 0.010

239Pu   0.933     0.062   0.52 0.0578 0.111

240Pu   0.0599     0.23   0.52 0.0138 0.026



241Pu   0.00282 103.0 32.0 0.2905 0.009

242Pu   0.0004     0.004   0.62 0.000 0.0

241Am   0.00294     3.47   0.52 0.0102 0.010

∑     0.176

Q = 1
0.176

= 5.67g

CONCLUSION:
The use of an individual isotopic value listed in Table A.1 of STD 1027-92, in lieu of the actual
mixture of isotopes in the substance, for inventory limits may lead to threshold values which are
too high. This is the case for both uranium and plutonium. In dealing with large quantities of
substances, the correct limits can only be defined by considering the contribution of the mixture
as determined by the summation of the activity impact of each isotope. Note that in the case of
plutonium there must be a consideration of a predominant daughter (241Am) as well. A review of
all radiological facilities at LLNL will be conducted to determine if any radiological facility must
undergo either an inventory adjustment or a classification change.

This work was performed under the auspices of the U.S. dept. of Energy at LLNL under contract
no. W-7405-Eng-48.
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