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Names and Quantities of Ionizing Radiation 

Quantity Present Unit SI Unit Special Name Conversion Factors 
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and Symbol 

Exposure roentgen (R) C kg I - I R = 2 j 8 x  1 0 ' C k g I  
1 C kgl - 38'6 R 

~ ~ ~~ 

Absorbed Dose rad (rad) J k g '  grd) (Gy) 1 rad = 10 'G)  
1 G y  = 100 rad 

Dow Equivalent rem (rem) J kgl sievert (Sv) I rem = I O '  sv 
1 Sv = 100 rem 

Act i vi t J curie (Curie) s becquerel (Bq) 1 Ci = 3 - x 1 0 " '  Bq 
1 Bq - 2 - x 10 I '  CI 
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T H E  W H I T E  H O U S E  

W A S H I N G T O N  

December 31, 1986 

Dear Dr. Merrifield: 

The enclosed report and forwarding letter from Dr. Alvin L. 
Young, Chairman, Committee on Interagency Radiation Research and 
Policy Coordination (CIRRPC), pertain to the use of SI Metric 
Radiation Units by Federal agencies. Since the leadership for 
implementation of the recommendations contained within the CIRRPC 
report rests within the responsibilities and authorities of the 
Department of Commerce for all metric programs, I recommend that 
you take the necessary steps to implement them by noting the 
recommendations and availability of the CIRRPC report in the 
Federal Register. 

Please advise the Committee of any action taken by the Federal 
agencies in response to efforts of the Department of Commerce. 

Sincerely, 

- _  - 
William R. Graham 

Science Advisor to the President 

Dr. D. Bruce Merrifield 
Assistant Secretary for Productivity, 
Technology and Innovation 

Department of Commerce 
14th & Constitution Ave., NW 
Washington, DC 20230 

Enclosure 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WASHINGTON, D.C. 20506 

DEC 3 I 1986 

Dear Dr. Graham: 

The attached Policy Subpanel Report on SI Metric Radiation Units was 
prepared by representatives of eight Federal agencies of the Committee on 
Interagency Radiation Research and Policy Coordination (CIRRPC). The use of 
the International System of Units (SI) special units in radiation 
measurement and dosimetry is a particularly unique subset of the broader use 
of metric units in the United States but which directly affect many of the 
CIRRPC member agencies. The subpanel reviewed not only the impact on 
international commerce and communications but also activities confined to 
programs internal to the United States and their affected parties. The 
report recommendation for the use of dual units, i.e. present and SI 
radiation units, is a step towards the expected general use of SI special 
radiation units in the future. The report does recognize, however, that for 
reasons of economy or safety that the use of dual units may not be desirable 
in some operational situations and that the differing requirements of the 
Federal agencies will cause them to move at different speeds in implementing 
these recommendations. 

While this report was in preparation, two events occurred which brought 
the issue of SI radiation units more to the forefront, i.e., the Chernobyl 
nuclear reactor accident in the Soviet Union and changes in the labeling of 
international shipments of radioactive materials. These two events may 
indicate a need for reassessment of the United States position on SI 
radiation units in less than the five years recommended in the report. 

I have discussed the implementation of 
with officials of the Department of Commerce. 
action. 

n ,  Sincerely, 

the report's recommendations 
They will take appropriate 

Qpyty, tK$pt+/ 
Alvin L. Younn. Ph.D. 
Senior PolicyvAnalyst for 
Life Sciences 

Chairman, CIRRPC 

ALY/lb 
Attachment 

Dr. William R. Graham 
Science Advisor to the President 
Office of Science and Technology Policy 
Executive Office of the President 
Washington, DC 20506 
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EXECUTIVE SUMMARY 

The Metrication Subpanel of the Committee on 
Interagency Radiation Research and Policy Coordina- 
tion (CIRRPC) was established in January 1785 to 
recommend a U.S. policy with regard to the use of 
the International System of Units (SI) metric radiation 
units the coulomb per kilogram, becquerel, gray, and 
sievert These units have been proposed to replace 
the present radiation units: the roentgen, curie, rad 
and rem, which are themselves based on an older 
form of the metric system. The Subpanel consisted 
of members from several Federal agencies with direct 
interest in radiation programs The Subpanel review- 
ed the status of conversion or transition to SI radia- 
tion units both world-wide and within the U.S and 
gathered information on the conversion (or non- 
conversion) in various sectors of the economy. The 
Subpanel recognized that it is possible to deal with 
the conversion of the radiation units without coup- 
ling this to the general conversion process for other 
SI (metric) system units Nevertheless, it is important 
that any policy with regard to radiation units be con- 
sistent with the general U.S. metric conversion policy. 
That policy, as enumerated in the Metric Conversion 
Act of 1775 and further elaborated in a 1785 Federal 
Register notice published by the Interagency Commit- 
tee on Metric Policy, provides for the voluntary, coor- 
dinated conversion to the SI (metric) system consis- 
tent with maximizing the benefits and minimizing the 
costs of conversion. Furthermore, Federal agencies are 
to accept and/or adopt SI metric units when in the 
public interest and that each agency’s use of the SI 
metric system is to be consistent with statutory, opera- 
tional, economic, technical and safety considerations. 

A major section of the report is devoted to an 
analysis of the impact of conversion to SI radiation 
units on three major areas: radiation protection, 
emergency preparedness, and trade and commerce. 
Clearly, conversion would be costly for some fields, 
though a well planned strategy and gradual phase-in 
could mitigate this impact Training of personnel is 

a particularly important consideration, especially with 
regard to assuring that radiation exposures would con- 
tinue to be properly controlled or assessed This is 
particularly true in the medical field, where large 
doses are necessarily used for therapy and unit con- 
version errors could have serious consequences. In 
the area of emergency preparedness, there exists a 
large number of non-technically trained personnel 
responsible for making measurements with in- 
strumentation graduated in the present radiation units 
Conversion to the new units would likely prove 
especially difficult considering the training necessary. 
In addition, the general public and the media may 
already be sufficiently skeptical of matters relating to 
radiation that special efforts at communication would 
be necessary. There would also be special problems 
in providing for consistency of historical records. 

Balanced against these considerations are the in- 
ternational aspects of conversion, especially with re- 
gard to international trade. Radiation units common 
in the U.S. were in use throughout the world. How- 
ever, there are clear signs that international 
agreements, practice and trade are tending to en- 
courage replacing the present units. This is especial- 
ly true in the field of international transportation, 
where SI labeling is already required in many cir- 
cumstances. 

The Subpanel evaluated a spectrum of policy op- 
tions, ranging from retaining the status quo to 
establishing a deadline date for full conversion. It 
noted that transition to SI radiation units is already 
occuring in some sectors at quite different speeds and 
that, ultimately, general SI usage is to be anticipated 
However, the voluntary general conversion to SI radia- 
tion units would probably be a long-term proposition, 
given the significant difficulties of conversion facing 
certain sectors. The Subpanel concluded that the 
Federal government should not try to influence the 
rate of conversion in any sector; but that it should 
serve to ease conversion for those sectors where con- 
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version is advantageous and to mitigate economic and 
safety concerns 

The Subpanel’s recommendation to CIRRPC for 
U S. policy concerning the use of SI radiation units 
is as follows: 

Recognizing that use of the International 
System of Units (SI) for radiological quan- 
tities is increasing internationally but is not 
currently widely accepted in the United 
States, and recognizing that the existing U.S 
policy is to plan for the increasing volun- 
tary use of SI units domestically, it is recom- 
mended that it be U.S. policy to use dual 
radiation units in Federal activities. How- 
ever, it is recognized that in certain opera- 
tional situations, by reason of economy or 
safety, the utilization of dual units is 
undesirable. Therefore, in justified situa- 
tions, agencies may adopt that system of 
units which best meets their needs. 

The objective of the recommended use of dual 
units is primarily to familiarize people with the SI 
units. This should serve to ease transition when and 
where transition is appropriate and mitigate economic 
and safety concerns. 

The Subpanel has made suggestions on how this 
policy should be implemented by Federal agencies: 
using dual units in issuing regulations containing 
radiation units, except where determined to be im- 
practical; incorporating dual units in agency internal 
operating procedures as they are written or revised, 
and using dual units in contracts and procurement 

The Subpanel recommends that this policy be 
reexamined in about five years following an assess- 
ment of the use of SI radiation units both interna- 
tionally and within the United States 



I. Introduction 

The Committee on Interagency Radiation Re- 
search and Policy Coordination (CIRRPC) Metrication 
Subpanel was established by CIRRPC Chairman, Dr. 
Alvin L. Young, in January 1985, to formulate and 
recommend a CIRRPC position on what U.S. policy 
should be with regard to the use in the United States 
of the International System of Units (SI) for radiation 
quantities and measurements Chairman Young’s let- 
ter creating the Subpanel (See Appendix 1) established 
its charter as follows: 

Define the metrication issue with emphasis 
on radiation-related units. 

Define and evaluate metrication alternatives 
and their policy implications and/or impact. 

3. Evolve a final report with recommendations 
for a CIRRPC position on the issue as well 
as a recommended position for the U.S. to 
espouse in international forums. 

From the context of this charter and other con- 
siderations, the Subpanel concluded that the word 
“metrication,” as used in the title and the charter of 
the Subpanel, was intended to refer only to the SI 
radiation units, and not to the broader area of metric 
units in general The Subpanel’s considerations were 
limited to this narrower scope. 

The members of the Subpanel and their Federal 
agency affiliations are given in Appendix 2. 

1 

2 

11. Background 

A. The International System of Units 
(SI)* 
Prior to the early part of this century, several 

metric systems known as esu (electrostatic units), emu 
(electromagnetic units), cgs (centimeter-gram-second), 
and mks (meter-kilogram-second) evolved for use in 
various branches of science This diversity led to 
development of the MKSA (meter-kilogram-second- 
ampere) system, covering the fields of electricity, 
magnetism, and mechanics 

I For more information see “The International System of Units (SI)” NBS 
Specidl Publication 330 (1986) (reference 1) 

In response to a request by the International 
Union of Pure and Applied Physics, which expressed 
the need for the adoption of an “international prac- 
tical system of units,” the Ninth General Conference 
on Weights and Measures (CGPM from the initials of 
the French title) in 1948 decided “to study the 
establishment of a complete set of rules for units of 
measurement and to make recommendations on the 
establishment of a practical system of units of 
measurement suitable for adoption by all signatories 
to the Metre Convention.” The United States is a 
member of the CGPM, being an original signatory of 
the 1875 Treaty of the Meter which created the 
organization. In 1954, the Tenth General Conference 
decided that such an international system was to be 
based on six units, namely the meter, kilogram, sec- 
ond, ampere, kelvin and candela; a seventh base unit, 
the mole, was added in 1971. The International System 
of Units was established in 1960 by the Eleventh 
General Conference, which officially adopted the 
name “International System of Units” (Le Systeme In- 
ternational d’unites), (symbol: SI) and divided SI units 
into three classes: base units, supplementary units, and 
derived units. 

To form a system of units, a limited set of “base 
units” can be chosen and an entire set of units can 
logically be constructed from these. The SI system is 
based on the principle that for each physical quanti- 
ty there would be only one internationally accepted 
unit. Beginning with seven base units (meter, 
kilogram, second, ampere, kelvin, mole, and candela) 
and two supplementary units for plane angle and solid 
angle (radian and steradian), all other SI units, called 
“derived units,” are formed by multiplication or divi- 
sion of the base and supplementary units. SI is called 
a “coherent system” because no numerical factor oth- 
er than unity is needed in forming derived units from 
the base units. A set of SI prefixes (e g., kilo, mega, 
micro) is defined to allow multiples and submultiples 
of the SI base and derived units to be formed 

B. Units for Ionizing Radiation 

Certain units, which are not part of SI but are 
used so widely that it is viewed as impractical to aban- 
don them, are accepted by CGPM for continued use 
with SI. Examples of such units are the hour and elec- 
tron volt. Additionally, there are certain units which 
are accepted temporarily for use with SI. The special 
radiation units, curie, roentgen, and rad, are among 
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those units acceptable for use for a limited time These 
radiation units are metric in form, but they are not 
coherent because they require numerical factors other 
than unity to form them from the SI base units. The 
corresponding SI units are reciprocal second, cou- 
lomb per kilogram, and joule per kilogram, respec- 
tively. Note: the coulomb (one ampere per second) 
and the joule (one kilogram meter squared per sec- 
ond squared) are coherent with the SI base units. (See 
Table 1) 

The radiation units most widely used in the 
United States have evolved together with the 
developments of the scientific understanding of radia- 
tion and its biological effects. The following is a sum- 
mary of the history of the present units. 

Curie: The curie was first defined by the Inter- 
national Congress of Radiology and Electricity in 1910 
as the quantity of radon in equilibrium with one gram 
of radium. The definition was later generalized for 
all radionuclides by defining it as the quantity of a 
radionuclide which disintegrates at a rate equivalent 
to one gram of radium (approximately 3.7 x 1 O 1 O  
disintegrations per second). Because the disintegra- 
tion rate of radium is subject to measurement uncer- 
tainty, this definition was imprecise 

In 1950, the Joint Commission on Radioactivity 
of the International Council of Scientific Unions 
recommended that the curie be defined as a quanti- 
ty of a radionuclide having exactly 3.7 x 1Olo 
disintegrations per second. Currently, the Interna- 
tional Commission on Radiation Units and 
Measurements (ICRU) defines the curie as the special 
unit of activity. Activity is the quotient of d N  by dt, 
where d N  is the expectation value of the number of 
spontaneous nuclear transitions from a particular 
energy state in the time interval dt. A curie is 
numerically equal to 3.7 x 10’0 becquerels, the SI unit 
for activity. 

Roentgen: The roentgen was first introduced at 
the Radiological Congress held in Stockholm in 1928 
as the special unit of exposure. It was initially defined 
as the “quantity of x- or gamma radiation such that 
the associated corpuscular emission per 0.001293 
gram of air produces, in air, ions carrying one elec- 
trostatic unit of quantity of electricity of either sign.” 
Currently, the ICRU defines exposure as the quotient 
of dQ by dm, where dQ is the absolute value of the 
total charge of the ions of one sign produced in air 

when all the electrons (negatrons and positrons) 
liberated by photons in air of mass dm are complete- 
ly stopped in air. There is no special name for the SI 
unit of exposure, coulomb per kilogram 

Rad: The rad was first defined by the ICRU in 
1953 as the special unit of absorbed dose. It was based 
on the approximate numerical equality that exists be- 
tween the value of exposure in roentgens and the val- 
ue in rads of the absorbed dose in water or soft tissue 
Currently, absorbed dose is defined as the quotient 
of d E  by dm, where dE  is the mean energy imparted 
by ionizing radiation to matter of mass dm. 
Numerically, 1 rad = 100 erg/gram. The SI unit of 
absorbed dose, joule/kilogram, has the special name 
gray. 

Rem: The rem was first defined by the ICRU in 
1962 as the unit of dose equivalent. Dose equivalent 
is the product of the absorbed dose, quality factor, 
dose distribution factor, and other necessary modi- 
fying factors. I t  is defined to highlight the fact that 
different kinds of ionizing radiation can produce 
biological effects of different intensity even though 
the absorbed dose is the same. The SI unit of dose 
equivalent is the sievert, which is numerically equal 
to 100 rem. 

In 1969 the curie, roentgen, and rad were ac- 
cepted by the CGPM for temporary use with the SI. 
No  definition of “temporary” was given, but a 
number of nations and many international scientific 
and legal organizations have already discontinued 
their use Recognizing that the shift to different units 
might cause difficulty, particularly in radiation 
therapy, the ICRU solicited comments on this matter 
in 1973 and 1974 From these comments, it appeared 
that workers in the field would find SI units accep- 
table if the transition period were sufficiently long 
and if there were special names, at least for reciprocal 
second and joule per kilogram. Therefore, the ICRU 
proposed special names for these units. The 1975 
meeting of the CGPM adopted, for use with ionizing 
radiation, the special names of becquerel for 
reciprocal second, as the special unit of activity to 
replace the curie, and gray for joule per kilogram, as 
the special unit of absorbed dose to replace the rad. 
It was further deemed desirable for purposes of radia- 
tion safety to adopt a special name for the SI unit of 
dose equivalent, defined in joule per kilogram. In 
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1977 the special name sievert, symbol Sv, was pro- 
posed jointly by the ICRU and ICRP (International 
Commission on Radiological Protection). This special 
name was approved by the General Conference of 
Weights and Measures in 1979 as the special unit of 
dose equivalent To date, no special name has been 
adopted for the SI unit of exposure, but that quanti- 
ty is expressed in units of coulomb per kilogram. 

7 TABLE 1- I 
I A Comparison of Present and SI Radiation Units 

Quantity Present Value in Terms of Special Name 
Unit SI Units for SI Unit 

activity 1 curie 3 7 x 10“’ second I becquerel 
exposure 1 roentgen 2 58 x 10‘ coulomb 

per kilogram 

per kilogram 

per kilogram 

absorbed dose 1 rad 0 01 joule gray 

dose equivalent 1 rem 0 01 joule sievert 

C. Units for Non-ionizing Radiation 

The International System of Units is also applicable 
to non-ionizing radiation. The physical description 
of non-ionizing radiation and its interaction with mat- 
ter are defined in terms of the base and derived SI 
units. Quantities applicable to this field include: elec- 
tric field strength in volts per meter (V.ml), 
magnetic field strength in amperes per meter (A mi), 
power density in watts per square meter (W.mz), 
and specific absorption rate in watts per kilogram 
(W.kg1). These units are coherent within the SI 
framework and no action needs to be taken for con- 
version or change. 

D. Federal Policy on Metric I 

i Conversion 

U S policies and procedures for conversion to 
the metric system were formalized by the Metric Con- 
version Act of 1975 (Public Law 94-168; 15 U.S.C. 
205a). This Act (1) declared that the policy of the 
United States shall be to coordinate and plan the in- 
creasing use of the metric system in the United States, 
and (2) established the U.S. Metric Board to coordinate 
the voluntary conversion to the metric system. The 
“metric system of measurement” was defined in the 
Act as the International System of Units as established 

by the General Conference on Weights and Measures 
in 1960 and interpreted or modified by the Secretary 
of Commerce. Although the Secretary of Commerce 
has primary responsibility for defining the metric 
system for use in the United States, no specific recom- 
mendation has yet been made with respect to radia- 
tion units. Both the current and SI radiation units were 
included in the Federal Register notice on the 
Metric System in the United States, published on 
February 26, 1982 (2). Use of the current radiation 
units was qualified by the proviso that “(1)n those 
cases where their usage is already well established, 
the use for a limited time of the(se) units is accepted, 
subject to future review.” 

The Federal Interagency Committee on Metric 
Policy published a notification of “Metric Conversion 
Policy for Federal Agencies” and “Federal Agency 
Guidelines for Implementation of Metric Conversion 
Policy” in the Federal Register on April 30, 1981 (3). 
The Policy Statement provides for: coordination and 
planning for metric conversion consistent with the 
interests and views of Federal agencies, state and local 
government, and affected parties in the private sec- 
tor; identifying areas for metrication within an agen- 
cy’s purview and taking action which reflects the 
needs of the United States; responding to initiatives 
outside the agency; and maximizing benefits and 
minimizing costs in areas of application. 

The guidelines for implementation of the Federal 
policy emphasize the voluntary nature of metric con- 
versions and provide that “each agency shall adopt 
metric units and practices when in the public in- 
terest,” and that “each agency’s use of the metric 
system in its activities and products shall be consis- 
tent with statutory, operational, economic, technical, 
and safety considerations.” 

The statement of policy was reaffirmed by the 
Department of Commerce in the Federal Register 
notice of July 5, 1985 (4). 

111. IMPACTS AND OTHER 
GENERAL CONSIDERATIONS 

This section discusses the potential impacts and 
other general considerations related to the conversion 
to SI radiation units. Because conversion to SI units 
is a change from the status quo, impacts are expected. 
The impacts addressed below focus in general on the 
difficulties involved with conversion. They are catego- 
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rized in five major areas: cost, safety, communications, 
international considerations, and public/worker reac- 
tion. Within each impact area, key radiation related 
activities or endeavors are discussed and examples of 
specific impacts are drawn from organizations or af- 
fected groups. No attempt has been made to catalogue 
all radiation related activities or affected groups. Fur- 
thermore, for simplicity, the impact discussions were 
written from two general policy perspectives. The first 
assumes a Federal government policy which strives 
toward conversion to SI radiation units across-the- 
board, and the second assumes a policy favoring con- 
tinuation of the present units. These two general 
policy perspectives give rise to a number of policy 
options, each with associated impacts. Thus, the 
discussion which follows must be viewed as a gener- 
alized study of impacts. 

A. Cost 

1. Operational Radiation Protection 

According to an Environmental Protection 
Agency (EPA) report (5) published in 1984, there were 
about 1 32 million U S. workers potentially exposed 
to ionizing radiation in 1980. Of these, about 44% 
were employed in medicine, 23% in industry, 16% 
in government, and 11% in the nuclear fuel cycle. The 
EPA estimates that the number of workers has in- 
creased from about one-half million in 1960. Because 
the U S nuclear industry is such a large and mature 
industry, the cost for across-the-board conversion to 
SI units would be large. Hundreds of thousands of 
workers would require retraining. Tens of thousands 
of radiation and radioactivity measuring instruments 
and dosimetry devices would have to be replaced or 
modified. Innumerable records, procedures, stan- 
dards, manuals, regulations, and computer programs 
would have to be changed. 

There has never been a comprehensive effort un- 
dertaken to quantify the cost for conversion to SI 
units, although typical cost estimates for certain ele- 
ments are available. For example, the Oak Ridge Na- 
tional Laboratory (ORNL) report, “Cost-Benefit Effects 
of Conversion to SI Units in Health Physics,” published 
May 1980, estimated, based on a survey of affected 
parties, the cost for retraining 1,000 workers at a pub- 
lic utility to be $60,000 and the cost for converting 
a single utility’s radiation survey instruments to be 
$150 per instrument, required for perhaps 150-180 

instruments (6). Thus, for the approximately 100 com- 
mercial nuclear power reactors in this country, the 
combined cost for instrumentation changes and train- 
ing alone is estimated at over six million dollars. Simi- 
lar cost impact analyses can be performed for other 
affected groups For example, within the Department 
of Defense, the U.S. Navy estimates the cost for con- 
verting its instruments and dosimetry devices could 
be as high as $4 million. Added to this would be the 
cost for retraining more than 80,000 personnel. The 
other military services would also bear significant, 
although somewhat lower, costs. 

A gradual phase-in of SI units has been proposed 
as a way of reducing costs. For example, it would be 
possible to gradually replace instruments as they wear 
out with new instruments scaled in SI or dual units 
A mixture of instruments would exist in the field for 
several years until all instruments have been replaced. 
In the interim, the instrument operator would per- 
form the necessary units conversion either mentally 
or through use of memory aids, such as tags with con- 
version factors. The practicality and cost-effectiveness 
of this strategy depends on many factors, the most 
significant being the size and nature of the operations 
involved and the education or skill level of the 
workers In general, large operationally oriented or- 
ganizations such as public utilities or military units, 
which may be comprised of large numbers of semi- 
skilled workers, would experience difficulty with the 
gradual phase-in of SI instruments because use of 
mixed scale instruments could cause errors and pos- 
sibly disrupt operations This is discussed in greater 
detail below as related to the areas of safety and com- 
munications. 

Although a gradual phase-in could reduce instru- 
ment costs, the substantial cost of training would not 
be reduced and, in fact, may increase since operators 
would have to be continuously trained throughout 
the phase-in period to be fluent in both systems 

2. Emergency Preparedness 

In considering emergency preparedness as a 
radiation related activity, the potential cost impact of 
conversion to SI radiation units takes on significant 
proportions. The affected groups are the Federal, state, 
and local authorities responsible for protecting the 
public in the event of a major radiation accident or 
nuclear weapons attack. If such an event occurred, 
radiological information must be gathered using in- 
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struments from civil defense stockpiles. Decisions af- 
fecting public safety would be made based on 
information obtained from the scene as communi- 
cated to local, state, and Federal officials Currently, 
the Federal Emergency Management Agency (FEMA) 
estimates that more than one million radiation sur- 
vey meters and three million dosimeters exist in civil 
defense stockpiles and more than 160,000 personnel 
have been trained to use this equipment. FEMA esti- 
mates the cost to convert these instruments, retrain 
personnel, and update written guidance would be be- 
tween 75 and 90 million dollars 

Gradual conversion is not considered a viable al- 
ternative by FEMA As with operational radiation pro- 
tection, the problem of coping with two systems of 
units at one time would be intensified in a national 
emergency. Public safety will depend upon accurate 
communication of radiological information and an 
unprecedented degree of coordination of emergency 
response organizations at all levels. Confusion over 
units would be a great hindrance Given that civil de- 
fense instruments are stored upwards of 20 years, a 
policy favoring the gradual conversion to SI radiation 
units would perpetuate a period of emergency pre- 
paredness vulnerability far into the future unless large 
sums of money are expended to accelerate conversion 

3. Trade and Commerce 

A potential cost impact could occur in U S. trade 
and commerce activity from pursuing either of the 
general policies (i.e , conversion to SI or continuation 
of present units). The most strongly affected groups 
engaged in radiation-related trade and commerce are 
the manufacturers of radiation measuring instrumen- 
tation, radiation producing machines and the sup- 
pliers of radioisotopes If these manufacturers and 
suppliers were to convert their products, there would 
be initial costs associated with the design and 
manufacture of new instrument models and changes 
in radioisotope labelling. A poll among 22 instrument 
manufacturers documented in the ORNL report (6), 
“Cost-Benefit Effects of Conversion to SI Units in 
Health Physics,” indicated that about half of the 
manufacturers anticipated significant costs to them- 
selves with the introduction of SI units. No attempt 
has been made to quantify these costs. However, it 
is likely that initial costs to manufacturers would be 
quickly offset by the increase in demand generated 
if significant conversion among major user groups re- 

quires a large-scale update of instruments 
While the above discussion addresses the cost im- 

pact of conversion on trade and commerce activities, 
it is also possible to project a cost impact if conver- 
sion is not pursued in the United States Some have 
argued that failure of the United States to proceed with 
conversion could result in the deterioration of the 
competitive position of U.S. manufacturers in world 
markets. This view maintains that additional costs as- 
sociated with production and marketing of both a 
domestic and overseas version of the same instrument 
or a dual scaled instrument suitable for both markets 
will render U.S. manufactured instruments non- 
competitive. It is difficult to quantify the cost impact 
of this concern because of the many factors which 
influence the marketability of U.S. products abroad. 
Nevertheless, it appeared to the Subpanel that factors 
such as quality, level of technology, strength of the 
dollar, interest rates, importkxport policies, and cost 
of labor would have a more profound effect than the 
adjustments necessary to accommodate two systems 
of units. It should be noted that none of the three 
commercial interests consulted by the Subpanel in- 
dicated that accommodating two systems of units 
would pose a serious problem for them. 

B. Safety 
1. Radiation Medicine 

A concern associated with conversion to SI radia- 
tion units is that more errors affecting personnel and 
patient safety could occur. Although this concern is 
relevant to all fields where radiation protection is prac- 
ticed, it is of particular concern in radiation medi- 
cine where large radiation doses are used for therapy 
and where a units conversion error could have seri- 
ous results The ORNL report referenced above docu- 
ments that a majority of respondents to a 
questionnaire sent to professionals in radiation medi- 
cine anticipate increased hazards to patients during 
a transition to SI. However, the authors were unable 
to find evidence, based on a search of relevant psy- 
chology and human factors literature, concerning the 
probability of such errors occurring. Furthermore, 
they maintain that, given the current incidence of ex- 
posure errors in radiation therapy of the order of 4- 
5 percent of all treatments, SI conversion would con- 
tribute an insignificant increment of excess errors. 

The greatest potential for units errors in radia- 
tion therapy exists in the prescription of treatment 
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regimens currently specified as absorbed dose in rads. 
Localized doses ranging from 1,000 to 7,000 rads, de- 
pending on the tumor, are typically administered in 
a series of fractionated treatments. For certain cancers, 
it has been demonstrated that deviations of as little 
as 7-10 percent from the prescribed dose can markedly 
increase both the incidence of tumor recurrence and 
the incidence of serious adverse effects. Conversion 
to SI would require established treatment regimens 
to be divided by a factor of 100 to express the dose 
in grays. The misapplication of the conversion fac- 
tor could result in anything from an undertreatment 
to a lethal dose. Likewise, for therapy or diagnosis in- 
volving administration of radioisotopes, quantities 
would be expressed in becquerels instead of curies. 
Given that there exists ten orders of magnitude differ- 
ence between these units, it is obvious that great care 
must be taken in making the necessary conversions. 

In order to reduce the potential for a units con- 
version error with serious health consequences, radi- 
ologists and specialists in nuclear medicine might use 
the centigray (equal to 1 rad) in absorbed dose 
prescriptions and megabecquerel (equal to 27 
microcuries) in radioisotope administrations. Also, the 
conversions discussed above should only be a transi- 
tory necessity, until the full and sole use of the SI 
radiation units becomes established. 

2. Emergency Preparedness 

The concern that conversion to SI units could 
detrimentally affect emergency preparedness and 
hence public safety was introduced above in the sec- 
tion discussing cost impact. The basis for this con- 
cern was that cost constraints would necessitate a 
lengthy transition period in which emergency pre- 
paredness organizations would have to use two sys- 
tems of units. The massive scope and diversity of the 
civil defense establishment in this country makes the 
coordinated action essential to public safety during 
a major emergency extremely difficult. The prospect 
of radiological information being miscom- 
municated due to confusion over units is likely to 
compound this problem considering the stress of the 
situation and all the organizations involved. As a mea- 
sure of such involvement, consider the scenario of 
a major radiological emergency such as a nuclear reac- 
tor accident involving a public utility. If such an event 
were to occur, personnel from the utility, local civil 
defense authorities, police, fire and rescue operations, 

local hospitals, the state, Nuclear Regulatory Commis- 
sion (NRC), and FEMA would have to coordinate ac- 
tions. It is primarily through radiological 
measurements that these groups would decide on the 
proper protective actions for emergency personnel 
and the public. Given the potential for very high 
doses, the accuracy of such measurements is para- 
mount. Obviously, the use of two systems of units 
simultaneously would complicate the training and 
operational competency of these groups. 

3. Operational Radiation Protection 

As discussed previously, the potential safety im- 
pact of SI conversion in operational radiation protec- 
tion likely depends on the size and nature of the 
operations involved and the educational or skill level 
of the workers. At best, it is only possible to assess 
the impact in general terms While many of the same 
considerations regarding the difficulties of transition 
to SI discussed above in the emergency preparedness 
context apply to certain operational radiation protec- 
tion situations, the potential for seriously impacting 
safety is much less, since most operational settings 
do not involve exposure to high radiation or radio- 
activity levels. However, there are some situations 
where such levels may exist, such as during main- 
tenance on highly radioactive reactor components or 
during industrial radiography. In any case, it is possi- 
ble that a unit conversion error could have dose con- 
sequences for a worker or a member of the public, 
but an assessment of the frequency and potential 
health effect of such errors is highly speculative. In 
large measure, it would appear to be a question of 
how effective training programs might be. It may be 
possible to draw some conclusions based on ex- 
perience outside the United States with countries who 
are proceeding with SI conversion. A report (7) of 
radiotherapy experience in Australia indicates, for ex- 
ample, no significant change in the rate of errors. 
However, the Subpanel is not aware of any compre- 
hensive study overseas. Also, the extension of over- 
seas experience to the United States may be 
questionable because of the different scope, diversity, 
and regulatory makeup of the U.S. nuclear industry. 
Further, impetus to convert to SI units overseas has 
been relatively recent so that the base of experience 
is short and conversion at all operational levels in- 
complete. 
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4 .  Transportation 

Existing Department of Transportation (DOT) 
regulations require radioactive material shipments to 
be identified using present units. This identification 
generally consists in part of documentation (i e , ship- 
ping papers) and package labelling which specifies the 
radioactivity content in curies or submultiples of cu- 
ries and the radiation level at 3 feet in millirem per 
hour (known as the transport index) A major reason 
for this identification is to assure safe handling of the 
shipment by the carrier and the receiving organiza- 
tion. Also, if an accident occurs during transport, the 
identification serves to alert emergency response per- 
sonnel of the potential hazards. 

From a safety point of view, the need for con- 
sistency in radioactive material shipment identifica- 
tion is critical. All parties potentially coming in 
contact with the shipment must be able to understand 
the units used in order to establish proper controls. 
Consequently, conversion to SI radiation units in the 

solved. 
As a practical matter, the International Atomic 

Energy Agency (IAEA) has already taken steps to ac- 
commodate the transition to SI units in international 
radioactive material shipments The 1985 Edition of 
Safety Series Number 6 (IAEA Regulations for the Safe 
Transport of Radioactive Material) (8) allows use of 
both SI and present radiation units, with the SI radia- 
tion units controlling. Values in present units would 
not necessarily be required but, if used, are to be iden- 
tified in parentheses. Although member countries are 
not legally bound by IAEA regulations, except inso- 
far as IAEA activities are concerned, these regulations 
are traditionally used as the basis for the member 
states' own transport regulations. The IAEA has es- 
tablished a goal of January 1, 1988 for implementa- 
tion of Safety Series Number 6, but the actual 
implementation period is expected to extend to 1990. 
Presumably, after 1990, the next edition of Safety Se- 
ries Number 6 would address whether the present 
units will continue to be allowed. 

In recognition that conversion to SI units in some 
countries is not expected in the near-term, the Radio- 
active Transport Study Group, a semi-official advisory 

transportation area presents special problems since, 
in order for it to succeed without jeopardizing safety, 
the new units must be used, or at least understood, 

organization on international transport matters, has 
recommended (9) that for the duration of the transi- 
tion period both sets of units be required (not just 
allowed) with SI controlling. This will ensure that at 
least one set of values identifving the shiDment will 

universally 
The most limiting group with respect to SI con- 

version in transportztion is likely to be state and lo- 
cal emergency response personnel, rather than the 
shippers, carriers, or receivers As discussed gener- 

, "  ally in the context of emergency preparedness, the 
practical problems of converting this large and diverse 

be understood by all parties. 

group are great. 
The above discussion deals primarily with the 

potential safety concerns with conversion to SI radia- 
tion units in transportation within the United States 
However, the fact that certain U.S overseas trading 
partners are proceeding with SI conversion could give 
rise to similar safety concerns if the United States fails 
to accommodate SI units in shipments to or from 
these countries. As a matter of perspective, this prob- 
lem is less significant than the case of U S domestic 
shipments because of the numbers involved. There 
are approximately 2.5 million domestic radioactive 
material shipments, whereas there are fewer than 
200,000 international radioactive material shipments 
to or  from the United States. Nonetheless, for safety 
reasons and to avoid an impediment to trade due to 
incompatible transportation requirements, the issue 
regarding which units should be used needs to be re- 

C. Communications 

Although safety is a primary concern, there may 
be non-safety related impacts in the area of commu- 
nications if SI conversion is pursued or not pursued. 
The most significant of these impacts is the poten- 
tial for disruption to operations brought about by con- 
fusion over units. The potential for such disruption 
is greatest when a number of operational units must 
be coordinated via voice communication, as is the 
case with military operations. Such operations require 
uniform training, instrumentation, and procedures in 
order to ensure safe and efficient performance. A 
gradual transition to SI units to minimize costs runs 
counter to the need for uniformity Communication 
difficulties and errors would be more likely to occur 
when two systems of units are employed simul- 
taneously. 
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D. International Considerations 

Apart from the needs of international trade and 
transportation discussed previously, a major argument 
in favor of adoption of SI units for radiological ap- 
plications in the United States is that SI is the only 
officially accepted system of measurement interna- 
tionally It is clearly desirable, from the point of view 
of worldwide scientific and technological exchange, 
that all countries use the same units Hence, the In- 
ternational Commission on Radiation Units and Mea- 
surements uses and recommends the use of SI units. 
It is unlikely that the desire for enhanced worldwide 
scientific and technological exchange would strongly 
motivate an across-the-board conversion to SI in the 
United States, at least in the near-term, since the vast 
majority of hands-on practitioners (i.e., those on the 
operational level) are not engaged in radiation work 
having international involvement. Alternatively, what 
appears to be occurring in the United States today is 
that the trend toward SI conversion internationally 
has influenced professionals (as opposed to the prac- 
titioners) to learn the new units in order to commu- 
nicate with their foreign counterparts and understand 
international scientific publications. This trend has 
certainly taken hold in scientific circles within the 
United States, and it  remains to be seen whether this 
will generate changes on the operational level 

E. Public/Worker Reaction 

1. Public 

Public reaction to unit conversion issues has 
generally been neutral to negative, depending largely 
on how directly they are affected. That is not, how- 
ever, always the case, for, although reaction to met- 
ric road signs and gasoline in liters has been negative, 
acceptance of metric nuts and bolts on cars and li- 
quor containers has been good. Relative isolation of 
the public from radiation-related activities suggests 
a neutral reaction among the majority in spite of 
occasionally strong public reaction to certain radia- 
tion issues such as the safety of nuclear reactors. How- 
ever, there have been, and will be, instances where 
government and private organizations will find it 
necessary to communicate information to the public 
on radiation-related activities in quantitative terms. 
This occurs from time to time, for example, in re- 
sponse to press interest. In such cases, it is essential 

that these communications be clear, simple, and con- 
sistent The possibility for misunderstanding and a 
perception of inconsistency may result if the public 
hears radiation matters being explained in two “lan- 
guages.” For example, a public perception problem 
could arise in trying to explain the significance of 
planned environmental releases of radioactivity which 
before were expressed in microcuries and now must 
be expressed in megabecquerels. 

2. Workers 

A potential concern with the introduction of SI 
units on the operational level is the possibility of a 
negative reaction on the part of workers. In contrast 
to members of the public, the radiation worker is 
thoroughly familiar with the present units through 
daily use and has gained an appreciation for their 
physical significance. Without a doubt, there is a nat- 
ural reluctance to accept a change from what is fa- 
miliar when the advantages of the change are not 
evident. This,of course, can be counterbalanced if 
sufficient effort is devoted to training. However, as 
with public perception, there may be problems with 
worker perception. Workers may question the mo- 
tive behind the change. This might be a particular con- 
cern relative to personnel dose histories where 
substitution of the sievert in place of the rem appears 
to make lifetime doses look smaller. 

E Other General Considerations 

1. Coherence 

As discussed previously, adherence to the prin- 
ciple of coherence resulted in the CGPM’s resolution 
to adopt new radiation units. Scientists maintain that 
calculations are simplified and errors minimized when 
coherent units are used. However, the lack of coher- 
ence in the present units has not been identified as 
a major source of error. Likewise, the value of in- 
creased calculational simplicity is difficult, if not im- 
possible, to assess. 

2. Independence of Radiation Units 

Because radiation units are already in metric 
form, the issue is not metric versus non-metric. There- 
fore, because radiation units are derived, rather than 
basic units, and the user community is relatively iso- 
lated, it can be argued that there would be no harm 
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in leaving radiation units as they are. Other precedents 
are the previously mentioned units of the hour and 
electron volt 

the flexibility to allow continued required use 
of the present units in certain cases for reasons 
of economy or operational safety 

3. Conversion at Different Rates 

Accommodating different rates of transition in 
different sectors is a central element of Federal metri- 
cation policy. The pace of transition need not neces- 
sarily be determined by the lehst or most willing 
sectors if all sectors can maintain desired practices 
without adverse impact on the others. 

Option C - Phase-in SI Units With a Near- 
Term Target Date 

Federal policy would establish the changeover 
to SI radiation units to be completed by Decem- 
ber 31, 1989. This date was selected to be con- 
sistent with a National Council on Radiation 
Protection and Measurements (NCRP) report 
which recommends SI conversion by that date 

Option D - Phase-in SI Units with a Long- 
Term Target Date 

This option is the same as Option C except the 
date for total changeover would be ten years or 
more from now This date would be reflected in 
Federal policy. 

Option E - Comprehensive Study of Issue 

4. Consistency in Records 

Consistency in historical records is important in 
the radiation protection field because of the need for 
continuity in the control of materials (for safety and 
security reasons) and because of the importance of 
accumulated dose and dose rate information. Even if 
a painless transition of current operations to SI units 
were accomplished tomorrow, the issue of relating 
to and perhaps converting past records would remain. 

IV. POLICY OPTIONS 

In formulating a recommendation, the Subpanel 
considered the options listed below These options 
were identified by the Subpanel after giving consider- 
ation to input provided by representatives of affected 
organizations on their views and concerns regarding 
the use of the SI radiological units. These organiza- 
tions (See Appendix 3) along with the Federal agen- 
cies on the Subpanel represent a cross section of the 
nuclear industry 

Option A - Status Quo 

A more exhaustive study would be undertaken 
before establishing a Federal policy 

V. DISCUSSION OF AFFECTED 
PARTIES’ POSITIONS ON 
THE OPTIONS 

It is recognized that the data presented comprise 
in large part the Subpanel’s subjective opinions regard- 
ing the position of certain groups. It is further recog- 
nized that each of these groups contain diverse 
elements whose views may not correspond with the 
position indicated. 

Use of the SI radiation units would continue on 
its current course of voluntary usage where not A. Medical 
prohibited by agency regulations. NO formal Fed- 
era1 policy regarding the use of these units would 
be established. 

The medical community consists of those who 
use radiation for diagnosis and therapy Some are con- 
cerned with the potential for error when using units - 

to which they might not be accustomed. The practi- 
tioners (as distinct from the researchers) seem to be 
satisfied with the status quo They would not be in 
favor of any short term conversion plan, but would 
not necessarily be opposed to a long term target date 
for transition. Medical researchers are more inclined 
to use SI units. 

Option B - Dual Units 

Federal policy would be established recommend- 
ing the use of dual units. Barriers against the use 
of the SI radiation units would be removed from 
agency regulations and internal operating proce- 
dures Federal policy would be established with 

9 



B. Federally Regulated Activities 

This sector consists of those who regulate or hold 
a Federal license or certificate to process, transport, 
use or dispose of radioactive materials. The NRC, EPA, 
DOT and Department of Health and Human Services 
(HHS) are the principal Federal agencies regulating this 
sector. The regulated portion of the nuclear industry 
is not in favor of converting to SI in the near future 
They believe strongly that conversion would create 
operational difficulties, impose economic and safety 
penalties, and not be well received by the workers. 
Extensive training would be necessary to accomplish 
the conversion with no apparent benefits. A long term 
conversion effort, five to twenty years, would be more 
acceptable to this group if conversion is to occur. The 
Federal regulators, on the other hand, are reluctant 
to get ahead of their constituencies. EPA sees no le- 
gal problems with conversion, and NRC believes it 
would take a number of years before its radiation pro- 
tection regulations could be fully converted. A phased 
approach (dual units) to conversion would, therefore, 
appear to be more acceptable. 

C. Instrument Manufacturers 

The National Electrical Manufacturers Association 
noted a dichotomy between instrument manufacturers 
with domestic markets and those with international 
interests; the latter being more in favor of transition 
than the other. They recommended dual units for at 
least the next decade. Ori the other hand, one of the 
private commercial interests consulted stated that 
within the next five years all manufacturers will have 
converted their instruments to offer present and SI 
(i.e., dual) capability. Instrument manufacturers should 
benefit from a product which could be easily mar- 
keted internationally. Therefore, some are providing 
SI instruments for the international market now. 

D. State Regulated Activities 

States appear to be satisfied with the status quo, 
unless it can be demonstrated that a change would 
be beneficial. Even though the NRC Agreement State 
model regulations have listed the SI units in parenthe- 
sis for a number of years, no state has adopted them 
in their regulations, awaiting further action on the 
part of the NRC. 

E. Emergency Preparedness Activities 

This sector is made up of individuals, organiza- 
tions, and Federal, state and local agencies who re- 
spond to emergencies involving radioactive materials 
Because of the large number of instruments and the 
difficulty of retraining this diverse group, conversion 
to SI units is viewed as all but impossible The status 
quo is the preferred option for this sector 

F. International Communities 

This sector is made of those groups outside the 
United States who have an interest in the U.S. posi- 
tion on the use of SI. Canada has already raised a con- 
cern about the U.S. position. The IAEA decision to 
phase-in the use of SI in the transportation of radio- 
active material internationally will have impacts on 
the U.S. modes of operation in this area. Therefore, 
near term phase-in is viewed as the preferred option 
by the international sector since that is closest to their 
current practice. On the other hand, they might ac- 
cept the adoption of an option by the United States 
which pointed toward conversion as a very positive 
step, even though actual conversion may not occur 
until 10-15 years hence. 

G. Public 

The public is viewed as those groups in the 
United States who have no specialized training in nu- 
clear energy, but have a concern for understanding 
issues that may affect them One can expect that any 
change from the status q u o  will not be readily ac- 
cepted by some sectors 

H. Defense Activities 

This sector involves activities in the Department 
of Defense (DOD) and the Department of Energy 
(DOE) related to defense. The limiting factor on ac- 
ceptance of any option is its impact on operations. 
Certain military activities would have to be changed 
over to the use of the SI radiation units all at one time 
to prevent unacceptable safety risks. Because of the 
size and nature of military operations a rapid and com- 
plete changeover would not be practical. Therefore, 
the only acceptable options would be those which 
allowed discretion on the part of DOD to use or not 
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to use the SI units. The DOE has similar constraints, 
but they are not as limiting as DOD’s requirements 
to change all operations at one time. Use of dual units 
could be accepted in most DOE operations, given a 
consensus in the industry. 

I. Research and Development and 
Scientific Activities 

This sector includes non-weapons research and 
development not subject to Federal or state regula- 
tions. This group understands and sometimes uses SI, 
although they primarily still use the present units in 
their daily work. Publication of research reports in 
SI is being required more and more. This group ac- 
cepts the inevitability of SI usage. 

This sector also includes the professional and 
scientific organizations dealing with radiological mat- 
ters. Most have accepted the use of the SI units in 
scientific forums and other areas and have adopted 
policies to that effect. For example, the Health Physics 
Journal and ICRP publications require the use of SI 
units The Health Physics Society, whose members 
would be especially affected by conversion to the SI 
radiological units, advised the Subpanel that the 
cooperation of the health physics community would 
depend on their understanding of why the ICRU 
recommended these changes and what the technical 
advantages of the changes are. On the other hand, the 
NCRP has proposed December 1989 as the target date 
for change-over to the exclusive use of the SI radia- 
tion units. 

VI. RATIONALE FOR AND 
RECOMMENDED POLICY 

The Subpanel’s investigation determined that 
there are a great many considerations involved in the 
adoption of the SI radiation units in the United States, 
that they are complex, and that there is a wide diver- 
sity of views concerning whether and how a transi- 
tion or conversion should occur. Some of these 
considerations and differing views have been summa- 
rized and are discussed elsewhere in this report. As 
a result of studying these considerations and differ- 
ing views, the Subpanel noted that SI units are already 
being used in some sectors of the United States, and 
concluded that, ultimately, general SI usage is antici- 

pated. However, it became apparent that transition 
in some sectors must overcome some significant 
difficulties in order to avoid an unacceptable impact. 
For these sectors, transition was viewed by the Sub- 
panel as a long term prospect, decades hence. Tak- 
ing this into consideration, the Subpanel concluded 
that there should be no sudden conversion imposed 
on all sectors, but rather, that this should be a pro- 
cess that is allowed to match the special needs and 
capabilities of each sector. The Subpanel also con- 
cluded that the Federal government should not try 
to influence the rate of transition in any sector It 
might be noted that all these conclusions are consis- 
tent with the Metric Conversion Act of 1975. 

These conclusions result in a recommendation 
to CIRRPC for U.S policy concerning the use of SI 
radiation units as follows: 

Recognizing that use of the International 
System of Units (SI) for radiological quan- 
tities is increasing internationally but is not 
currently widely accepted in the United 
States, and recognizing that the existing U.S 
policy is to plan for the increasing volun- 
tary use of SI units domestically, it is recom- 
mended that it be U.S. policy to use dual 
radiation units in Federal activities. How- 
ever, it is recognized that in certain opera- 
tional situations, by reason of economy or 
safety, the utilization of dual units is un- 
desirable. Therefore, in justified situations, 
agencies may adopt that system of units 
which best meets their needs 

The objective of the recommended use of dual 
units is primarily to familiarize people with the SI 
units This should serve to ease transition when and 
where transition is appropriate and mitigate economic 
and safety concerns. The recommended policy also 
provides for special operational situations within cer- 
tain agencies by allowing them to adopt, with suita- 
ble justification, exclusive use of one of the systems 
of units which best meets its needs or the sectors it 
serves. The Subpanel views the above policy as con- 
sistent with the status of SI usage in the United States 
today. Given the prospects for increased usage, it is 
recommended that this policy be reevaluated in about 
five years, so that Federal policy may be updated ap- 
propriately. 
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VII. IMPLEMENTATION 

This section discusses how the Subpanel suggests 
that Federal agencies should implement the recom- 
mended policy. It is necessarily stated in general terms 
because the radiation related activities conducted by 
the Government are many and varied. However, the 
methods whereby agencies implement such policy are 
relatively few, consisting primarily of implementation 
through 1) Federal regulations, 2) agency internal 
operating procedures, and 3) government contracts 
and procurement Implementing the recommended 
policy in the context of each of these methods is dis- 
cussed below 

A. Federal Regulations 

1. Radiation Protection Regulations 

Radiation protection regulations are developed 
and administered by a number of Federal agencies ac- 
cording to statutory authority. Each of these agencies 
has numerous regulations which specify limiting 
values for radiation exposure (or dose equivalent) 
and/or radioactivity content for a wide range of 
regulatory settings. Additionally, many of these regu- 
lations require the recording and/or reporting of radio- 
logical information. Insofar as existing regulations are 
written almost without exception in present units and 
recording/reporting requirements generally dictate 
that present units be used, it is apparent that regula- 
tory barriers currently prevent voluntary use of SI 
units It is the intent of the recommended policy, con- 
sistent with the Metric Conversion Act of 1975, to re- 
move such barriers where appropriate. In  
implementing this policy, SI units should be incor- 
porated together with present units in future revisions 
to the subject regulations. Individual agencies should 
determine which units should be considered prime 
and controlling and written first With regard to the 
organizations who are subject to these regulations, the 
regulations should permit either units to be used on 
the working level, but would recommend dual units 
for reporting However, in cases where a user opts 
for one system over another, the burden of convert- 
ing data submitted in fulfillment of regulatory require- 
ments to a common basis would fall with the agency. 
Also, appropriate agency personnel should be required 
to become conversant with both systems of units. The 
Subpanel recognizes that, for certain agencies, this 

burden may be great. Likewise, in the special case of 
personnel dose records, the need for consistent 
recordkeeping may require agencies to standardize the 
units used. Notwithstanding these difficulties, the 
Subpanel concluded that revising existing regulations 
to incorporate dual units should have a small impact 
provided agencies determine those applications where 
continued mandatory use of present units is neces- 
sary for practical reasons. 

2. Transportation Regulations 

The area of transportation of radioactive mate- 
rial warrants special discussion relative to imple- 
menting the recommended policy because it is driven 
by international considerations. As discussed previ- 
ously, the safe transport of radioactive material neces- 
sitates that the same units be used by all parties 
potentially coming in contact with the shipment It 
was also pointed out that the most limiting group with 
respect to SI conversion in transportation is likely to 
be the large infrastructure of state and local emergency 
response organizations who are the least familiar with 
the new units. In this context, the Subpanel considers 
it essential that, until SI units are more widely ac- 
cepted in the United States, DOT regulations continue 
to require use of present units However, this does not 
preclude implementing a policy of dual units To that 
end, DOT regulations could be revised to permit dual 
units at the shipper’s discretion, but as long as pres- 
ent units are required, they would be controlling for 
U S domestic shipments 

In the special case of international shipments to 
or from the United States, the Subpanel agrees with 
the Radioactive Transport Study Group’s (9) recom- 
mendation (discussed in Section II1.B 4 of this report) 
that both sets of units be required, with SI control- 
ling However, the Subpanel recommends against this 
approach for domestic shipments Although dual units 
should be permitted, the added burden of mandatory 
dual units on U.S. domestic shippers is not warranted 
considering the vastly greater number of such ship- 
ments compared to international shipments to or from 
the United States 

In the course of preparing this report, the Sub- 
panel learned that there now exists a recent excep- 
tion to the statement that current DOT regulations 
require present units. As of January 1, 1986 all radio- 
active material shipped by air under International Civil 
Aviation Organizations’ Technical Instructions for Safe 
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Transport of Dangerous Goods by Air (ICAO) (10) had 
to show radioactivity in units of becquerels. Since 
ICAO regulations are incorporated by reference in 
DOT regulations, an inconsistency has been intro- 
duced. Since the United States is presently not pre- 
pared to handle shipments marked exclusively in SI 
units, the Subpanel recommends that this situation 
be rectified by appropriate changes to DOT regula- 
tions so that both units will be required for interna- 
tional air shipments to or from the United States, as 
discussed above. 

B. Agency Internal Operating 
Procedures 

In implementing the recommended policy of 
dual units, agency internal operating procedures 
should incorporate dual units as procedures are writ- 
ten or revised The agency should determine which 
units will be written first. The recommended policy 
of dual units should apply primarily to reports and 
other written correspondence. On the working level, 
the agency should establish a policy on which sys- 
tems of units should be used for day-to-day activities 
This might include, in certain instances, leaving it to 
the individual activity’s discretion. 

Some agencies, by nature of their operations, can- 
not easily implement dual units, as for example cer- 
tain components of DOD Military operations require 
uniform training, instrumentation, and procedures in 
order to ensure safe and efficient performance. DOD 
has persuasively argued that dual units would have 
an unacceptable impact on its operations and the per- 
formance of key DOD elements In recognition of this 
concern, the Subpanel agrees that exceptions to the 

for some operational areas. For such cases, the policy 
provides for cognizant agencies to adopt the system 
of units which best meets their needs 

I recommended policy of dual units may be necessary 

C. Government Contracts and 
Procurement 

of metric goods and services. The policy proposed 
by the Subpanel which recommends dual units, when 
practical, is totally consistent with the general Fed- 
eral policy. Its more proactive stance is especially im- 
portant with regard to the procurement of radiation 
instrumentation. In this case, read-out in both pre- 
sent and SI units is desirable and can be provided at 
slight additional cost when incorporated into the in- 
strumentation design. Because it should not be any 
additional burden to contractors, but will provide a 
specific demonstration of the direction being taken, 
dual units should be required in te chnical reports to 
sponsoring agencies. 

Federal policy, as stated in 41 CFR 101-29, (11) 
“Use of Metric System of Measurement in Federal 
Product Descriptions,” requires that Federal standard- 
ization documents which form the basis for govern- 
ment procurement, when revised or newly 
disseminated, not contain barriers to the procurement 
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APPENDIX 1 

COMMIITEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

1019 Nineteenth Street, NW, Suite 700 
Washington, D.C. 20036 

JAN 1 6  1985 
MEMORANDUM FOR CIRRPC POLICY PANEL MEMBERS 

FROM : CHAIRMAN CIRRPC 

SUBJECT: Metrication of Radiation Units 

A significant policy issue requiring policy resolution is the metrication of 
radiation units. The issue concerns the U.S. policy on the national use of 
the International System of Units (SI units) in the field of radiation, as 
well as the U.S. position on the issue in international forums. 

The Executive Committee has discussed the value of sending this issue to the 
Science Panel and concluded that this is a policy rather than a science 
issue. As you will recall, we decided to form a CIRRPC Metrication Subpanel 
at the Policy Panel Meeting of December 1 4 ,  1 9 8 4 .  

I have asked Dr. David T. Goldman, Executive Associate for Science and 
Technology, Department of Commerce, to chair a CIRRPC Metrication Subpanel. 
By copies of this memorandum, I am requesting the CIRRPC policy members from 
the Departments of State and Energy, the Environmental Protection Agency, 
the Nuclear Regulatory Commission, and the National Aeronautics and Space 
Administration to designate appropriate individuals from their agencies 
familiar with metric conversion to serve as members of CIRRPC's Metrication 
Subpanel, pursuant to the resolution of this action in our last meeting, 
other CIRRPC Policy Panel members having a particular interest in the 
subject may naturally designate an observer to the subpanel. 

The charter of the subpanel is as follows: 

1. Define the metrication issue with emphasis on radiation-related 
units. 

2.  Define and evaluate metrication alternatives and their policy 
implications and/or impact. 

3 .  Evolve a final report with recommendations for a CIRRPC position 
on the issue as well as a recommended position for the U.S. to 
espouse in international forums. 

Present the Metrication Subpanel Report to the CIRRPC Policy Panel 
at their next meeting on March 21, 1 9 8 5 ,  for sign-off by the 
CIRRPC Policy Panel members shortly thereafter. 

4 .  

It is suggested that the subpanel be briefed by Dr.Goldman on his Canadian 
interactions. We are also aware that the NCRP and Health Physics Society 
have considered the issue; and that the American Nuclear Society and the 
Conference of Radiation Control Program Directors and other national 
societies may also have an interest in the issue. We believe that the views 
of these organizations, as well as those of the Federal agencies, should be 
presented to the Metrication Subpanel for full consideration in its 
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deliberations 

The CIRRPC Secretariat will be made available to support the subpanel and 
also will provide a listing of experts from the CIRRPC Talent Pool 
consultation. I might note that Dr. Randall Caswell is a national authority 
in this area and that his counsel should also be sought as needed. 

I would like to provide a CIRRPC position on this issue to Dr. Keyworth 
early in April in order to help formulate the Administration's position on 
the subject. 

Attachments: 

1. Letter to Dr. Goldman 

2. Copy of Recommendations by Dr. Roessler, Editor of Health Physics. 

cc: Science Panel Members 
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SI METRIC RADIATION UNITS 

POLICY SUBPANEL MEMBERS 

Department of Energy 
Dr. David T. Goldman (Chairman) 
(Formerly with Department of Commerce) 

Department of Defense 
CDR R. Thomas Bell 
Mr. Charles W. Burrows (Alt.) 

Department of Energy 
Mr. Robert W. Poe 

Department of Transportation 
Mr. Richard Raw1 
Mr. Wendell Carriker (Alt.) 

Environmental Protection Agency 
Dr. Gordon Burley 
Dr. James Walker 

Federal Emergency Management Agency 
Mr. Carl R. Siebentritt, Jr. 

National Aeronautics & Space Administration 
Mr. Harry Sonneman 
Mr. Richard Weinstein (Alt.) 

Nuclear Regulatory Commission 
Mr. Karl R. Goller 
Mr. Robert E. Alexander (Alt.) 

Technical Program Liaison 
ORAU/CIRRPC 

Mr. David S. Smith 
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APRIL 9, 1985 
Health Physics Journal Dr. Genevieve S. Roessler 

Department of Commerce 

Oak Ridge National Laboratory 

Conference of Radiation Control 
Program Directors 

National Council on Radiation 
Protection and Measurements 

Atomic Industrial Forum 

Mr. G.T. Underwood 

Dr. Uri Gat 

Mr. Albert J. Hazle 

Dr. Harold Wyckoff 

Mr. David Harward 

Amersham Corporation Ms. Linda Bagby 
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