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FROM: William D. Travers
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SUBJECT: PARTIAL RESPONSE TO SRM COMEXM-00-0002 - “EXPANSION OF
NRC STATUTORY AUTHORITY OVER MEDICAL USE OF NATURALLY
OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE
MATERIAL (NARM)”

PURPOSE:

To provide the Commission with a response to the request in the second paragraph of Staff
Requirements Memorandum COMEXM-00-0002, dated December 5, 2000, by identifying potential
areas in which the U.S. Nuclear Regulatory Commission’s (NRC) jurisdiction might 
be adjusted.

BACKGROUND:

The first paragraph of COMEXM-00-0002 approved the drafting of two potential legislative
proposals by the Office of the General Counsel (OGC), in coordination with the staff.  The first
proposal would extend NRC’s statutory authority in the Atomic Energy Act to regulate radioactive
material to include accelerator-produced material when used for medical purposes.  The second
proposal would extend NRC’s statutory authority to regulate radioactive material to include
accelerator-produced material in all applications, but would not include other sources of ionizing
radiation such as “machine-produced” radiation (e.g., linear accelerators, x-ray units).
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In the second paragraph of COMEXM-00-0002, the Commission made the following request.

The staff, in consultation with OGC, should also identify other areas in which NRC’s
jurisdiction might appropriately be adjusted so as to ensure radioactive materials and
other sources of ionizing radiation presenting similar risks are treated similarly (e.g.,
technologically-enhanced naturally-occurring material).  This is not meant to be a
resource-intensive effort.  The Commission simply wants the potential areas identified so
that it can decide whether to draft legislation and enter a consultation process with the
States and other Federal agencies similar to that for the accelerator-produced material
described in paragraph one.

DISCUSSION:

Radioactive materials and other sources of ionizing radiation can be divided into 
five classifications.

• Reactor-produced radioisotopes
• Accelerator-produced radioisotopes
• Primordial radioisotopes
• Cosmic-ray-induced radioisotopes
• Machines that produce ionizing radiation

As an introduction to the general subject area and for completeness, Table 1 [Att. 1] provides
background information on the four classifications of radioactive material: primordial
radioisotopes; cosmic-ray-induced radioisotopes; reactor-produced radioisotopes; and
accelerator-produced radioisotopes. This paper will not discuss in any detail the reactor-
produced radioisotopes, over which NRC currently has statutory authority, or accelerator-
produced radioisotopes, which will be the subject of the response to the first paragraph of
COMEXM-00-0002, due later this year.  Naturally occurring radioactive material (NORM)
includes both primordial and cosmic-ray-induced radioisotopes.

Primordial Radioisotopes.  The first classification in Table 1, “Primordial Radioisotopes,” includes
those isotopes that have been present on earth since the earliest days of the planet, and begins
with the decay series for U-238 and Th-232.  The radioisotopes in the U-238 and 
Th-232 decay series are NORM if undisturbed in nature, but after human intervention can
become source or byproduct material, over which NRC currently has jurisdiction.  The NORM
radioisotopes are not currently under NRC authority.  On page 2 of Table 1, the remaining
primordial radioisotopes are identified.  The most notable is K-40, which is a major source of our
internal body burden and accounts for 11 percent of the average background radiation to the
public [Att. 2, p. 3].  The estimated annual effective dose equivalent from internally deposited
radioisotopes (e.g., K-40, Po-210) is 0.40 mSv (40 mrem), while the annual effective dose
equivalent from terrestrial radioisotopes is 0.28 mSv (28 mrem) [Ref. 1, p. 58].

Cosmic-Ray-Induced Radioisotopes.  The second classification includes cosmic-ray-induced
radioisotopes, which are identified in Table 1 on page 4.  Since these radioisotopes are induced
by widely dispersed, random interactions with cosmic radiation, they are not amenable to
regulatory control [Att. 3, p. 7].  The most important cosmic-ray-induced radioisotope is C-14 [Att.
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2, p. 6].  The estimated annual effective dose equivalent to the body from the primary cosmic-ray-
induced radioisotopes (i.e., H-3, Be-7, C-14, and Na-22) is just over 10 FSv/yr 
(1 mrem), with essentially the entire dose arising from C-14 [Att. 2, pp. 6-7].  This dose could be
compared to the estimated annual effective dose equivalent of 0.27 mSv (27 mrem) received
directly by a U.S. resident from cosmic radiation from beyond the earth [Ref.1, p. 58].

TENORM.  Technologically enhanced naturally occurring radioactive material (TENORM) is
defined to be material whose radioactivity has been increased or concentrated as a result of
human intervention.  TENORM is a subset of NORM. The Environmental Protection Agency
(EPA), in EPA 402-R-00-01 dated June 2000, reported that the amount of TENORM produced
annually in the U.S. may be in excess of 1x109 tons.  For comparison, the annual amount of low-
level waste produced for disposal under the Low-Level Radioactive Waste Policy Amendments
Act is less than 1x105 tons.

The majority of TENORM is produced by eight industrial sectors [Att. 2, pp. 24-25]:

• Uranium mining overburden;
• Phosphate waste;
• Phosphate fertilizers;
• Coal ash;
• Oil and gas scale and sludge;
• Water treatment;
• Metal mining and processing (including rare earths and other metals); and
• Geothermal energy production wastes.

In Table 2 [Att. 4], the staff identifies several TENORM waste streams that produce very large
quantities of relatively low specific radioactivity.  For each waste stream, Table 2 presents the
estimated quantity produced each year and the contained concentrations of radioactivity from
uranium, thorium, and radium.  The more notable waste streams are uranium overburden,
phosphate, coal ash, and mineral processing.  Table 3 [Att. 5] identifies the occurrence and
concentrations of NORM in natural rocks and soil.  Tables 2 and 3 allow a comparison between
TENORM and NORM concentrations of radioactivity.

At the Federal level, a number of agencies assert authority over some aspect of TENORM.  EPA
has asserted authority to regulate TENORM based on several statutes, including the Clean Air
Act; Uranium Mill Tailings Radiation Control Act; Comprehensive Environmental Response,
Compensation, and Liability Act; and Toxic Substances Control Act [Att. 6, p. 7]. Other Federal
agencies, such as the Departments of Labor, and Health and Human Services, also have an
interest under legislation specific to them.  However, although EPA has issued relevant guidance
documents, according to Egidi and Carter [Att. 2, p. 56] and the Committee on Evaluation of EPA
Guidelines for Exposure to Naturally Occurring Radioactive Materials [Ref.1, p. 246], there are
currently no Federal regulations that specifically control TENORM.

States have general regulatory authority to protect the health and safety of their population, 
and TENORM is one area in which States have asserted such authority.  The Conference of
Radiation Control Program Directors (CRCPD), a nonprofit professional organization, whose
primary membership is made up of individuals in State and local government who regulate the
use of radiation sources, has developed model regulations for control and disposal of 
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TENORM for State use.  Even though many States consider TENORM to be regulated by their
general rules on radiation, some States have specific regulations on the subject.  Eleven States
currently have regulations specifically for TENORM - [Att. 2,  p. 57; Ref.1, p. 197].  Eight States
are considering TENORM regulations - [Att. 2, p. 57].

Machines that Produce Ionizing Radiation.  In this section the staff will present a brief overview of
some of the machines that produce ionizing radiation, based on readily available information,
without conducting a resource-intensive effort.  Machines that produce ionizing radiation, include
x-ray units, betatrons, cyclotrons, linear accelerators, microtrons, heavy-ion accelerators, neutron
generators, and electrostatic accelerators.  In Table 4 [Att. 7], the staff identifies various types of
particle accelerators.  Based on data from the CRCPD, there are at least 650,000 x-ray machines
in current use across the country.

Electron accelerators such as betatrons, linear accelerators, and microtrons are used for either
electron or x-ray therapy.  These machines typically accelerate electrons at energies ranging
from 10 to 50 MeV [Ref. 2, pp. 1-4].  There are probably between 3000 and 4000 medical linear
accelerators in use across the country.  For electron accelerators that operate above 10 MeV,
neutrons can be produced through the photonuclear reaction, resulting in additional doses to
patients and operating personnel from direct exposure both to neutrons and the resulting residual
radioactivity [Ref. 2].

Cyclotrons are used to bombard enriched stable isotopes with particles to produce a variety of
different radioisotopes used in medicine or research.  Cyclotrons are also used to produce the
radioisotopes necessary for positron emission tomography (PET).  There are more than 50 PET
Centers in operation in the United States.  PET involves the injection of a beam of charged
particles from a cyclotron into a “black box” containing the stable target, which in turn becomes
the activated radioisotope for quick injection into the patient.  The black box amounts to a hot
chemistry laboratory.  The entire system is rather complex and must work together to be
successful.  Moreover, the PET system is only possible because of close coupling of a cyclotron
machine whose radiation produces a relatively short-lived radioisotope and a patient waiting for
the diagnostic procedure.  If NRC were to regulate PET, it may be that the entire system would
have to be controlled [Att. 8, p. 8].

Heavy-ion accelerators are used by industry as ion implanters, primarily to modify the properties of
materials.  In 1987 there were 3000 heavy-ion accelerators being used in semiconductor
fabrication plants.  Electrons are created by the interaction of positive ions with component 
parts of the implanter, which in turn produce x-rays upon decelerating.  Resulting dose rates can
be 0.5 mrem per hour [Att. 8, p. 7].

Neutron generators are used for preparing short-lived radioisotopes.  Over 50 radioisotopes can
be produced this way, with the more important medically useful radioisotopes being fluorine-18,
bromine-80, and mercury-199m.  Neutron generators are also used for neutron therapeutic
treatment of cancer.  They also have been used for neutron activation analysis, using the
conventional Cockcroft-Walton accelerators.  In addition, accelerator well-logging devices are
used for activation analysis of boreholes, to indicate the type of formations [Att. 8, p. 7].
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CONCLUSION:

Consistent with the Commission’s direction to identify potential areas, the staff has not attempted
to re-analyze the situation, or make recommendations at this time.  Moreover, SECY Papers from
April and December 1978, March 1988, and September 1992 have made recommendations to the
Commission on whether to extend NRC’s statutory authority.  Attachment 9 provides a short
synopsis of the staff’s earlier efforts.  The staff notes that the information in this paper may be
useful to both the Interagency Jurisdictional Working Group on Evaluating the Regulation of Low
Concentrations of Uranium and Thorium, that is responding to the Staff Requirements
Memorandum for SECY-99-259, and the National Materials Working Group.  Moreover, in
accordance with COMEXM-00-0002, the Office of the General Counsel, in consultation with the
staff, will separately address the Commission’s direction regarding accelerator-produced
radioactive materials used in medicine and other applications.

COORDINATION:

The Office of the General Counsel has no legal objection to this paper.

/RA/

William D. Travers
Executive Director
   for Operations
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Attachment 1; Table 1 - Four Classifications of Radioactive Material 1

1. Primordial Radioisotopes
    (abundance) (decay mode)

Half-Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

U-238 Decay Series (99.27%)
long-lived isotopes:

U-238 (α) (Th-234; 24 days, β) 4.47x109 Yes Yes Yes Yes Radiation shield; Penetrator

U-234 (α) 2.46x105 Yes Yes Yes

Th-230 (thorium) (α) 7.54x104 Yes Yes

Ra-226 (radium) (α)
(Radon-222; 3.8 days, α)

1.6x103 Yes Yes

Pb-210 (lead) (β)
(Bi-210; 5 days, β)

22.3 Yes Yes

Po-210 (polonium)  (α) 138 days Yes Static eliminator

Pb-206 (lead) Stable

U-235 Decay Series (0.7%)
Daughters no significant dose

7.1x108 Yes Yes Yes Yes Becomes SNM if enriched

Th-232 Decay Series
long-lived isotopes:

Th-232 (thorium) (α) (100%) 1.405x1010 Yes Yes Yes Yes Th-Mg Alloy; Welding

Ra-228 (radium) (β) 5.75 Yes Yes

Th-228 (thorium) (α)
(Ra-224; 3.66 days, α)

1.91 Yes Yes

Pb-208 (lead) Stable



1. Primordial Radioisotopes,
continued (decay mode)

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

K-40 (potassium) (β decay)
(0.0117%)

1.28x109 Yes major internal body burden

V-50 (vanadium)
(electron capture) (0.25%)

1.4x1017 Yes

Rb-87 (rubidium) (β) (28%) 4.75x1010 Yes earth mantle heat flux

In-115 (indium) (β) (95.71%) 4.41x1014 Yes

Te-123 (tellurium) (e) (0.91%) 1.0x1013 Yes

La-138 (lanthanum)
(e & β) (.09%)

1.05x1011 Yes

Ce-142 (cerium) (β) (11%) 5.0x1016 Yes

Nd-144 (neodymium) (α)(24%) 2.29x1015 Yes

Sm-147 (samarium) (α) (15%) 1.06x1011 Yes

Sm-148 (α) (11%) 7x1015 Yes

Sm-149 (α) (14%) 2.0x1015 Yes

Gd-152 (gadolinium) (α)(0.2%) 1.08x1014 Yes

Hf-174 (hafnium) (α) (0.16%) 2.0x1015 Yes

Lu-176 (lutetium) (β) (2.6%) 3.78x1010 Yes meteorite dating

Os-186 (osmium) (α) (1.58%) 2.0x1015 Yes

Re-187 (rhenium) (β) (62.6%) 4.35x1010 Yes

Pt-190 (platinum) (α) (0.01%) 6.5x1011 Yes

Pb-204 (lead) (α) (1.4%) 1.4x1017 Yes

Pa-231 (protactinium) (α) 3.27x104 Yes



1. Primordial Radioisotopes,
decay chain missing from the
earth due to short half-lives

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

Am-241 (americium) (α) 432.2

Np-237 (neptunium) (α) 2.14x106

U-233 (uranium) (α) 1.59x105

Th-229 (thorium) (α) 7880

Ra-225 (radium) (β) (Ac-225) 15 days

Rn-221 (radon) (α) 25 minutes

Rn-217 (α) 0.54
millisecond

Po-213 (polonium) (α) 4.2 c second

Bi-209 (bismuth) (stable) > 2x1018



2. Cosmic-Ray-Induced
Radioisotopes (decay mode)

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

H-3 (tritium) (β) 12.33 Yes thickness gauge

Be-7 (beryllium) (e capture) 53 days Yes

Be-10 (β) 1.51x106 Yes

C-14 (carbon) (β) 5.73x103 Yes thickness gauge, tracer,
determination of age

Na-22 (sodium) (e) 2.6 Yes

Si-32 (silicon) (β) 172 Yes

P-32 (phosphorus) (β) 14 days Yes

P-33 (β) 25 days Yes

S-35 (sulfur) (β) 87 days Yes

Cl-36 (chlorine) (β) 3.01x105 Yes thickness gauge

Cl-39 (β) 55 minutes Yes



3a. Reactor-Produced
 Radioisotopes; Activation
Products Used in Medicine
(decay mode)

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

C-14 (carbon) (β) 5.73x103 urea halobacter pylori test

P-32 (phosphorus) (β) 14 days medical procedures,
inter-vascular brachytherapy

Co-60 (cobalt) (β) 5.27 teletherapy, brachytherapy,
interstitial and  intracavitary
cancer therapy

Sr-89 (strontium) (β) 50.5 Days palliative treatment

Sr-90 (β) 28.8 brachytherapy, treatment of
superficial eye conditions

Y-90 (yttrium) (β) 64.1 hours micro-sphere brachytherapy

Tc-99m (technetium) (IT, γ) 6 hours imaging

Pd-103 (palladium) (e) 17 days brachytherapy, interstitial
cancer therapy

I-125 (iodine) (e) 59.4 days brachytherapy, interstitial
cancer therapy

I-131 (β) 8.02 days hyperthyroidism, thyroid cancer

Xe-133 (xenon) (β) 5.2 days lung studies

Cs-137 (cesium) (β) 30.1 brachytherapy, interstitial and 
intracavitary cancer therapy

Ir-192 (iridium) (β) 73.8 days brachytherapy, interstitial
cancer therapy

Au-198 (gold) (β) 2.7 days brachytherapy, interstitial
cancer therapy



3b. Reactor-Produced
Radioisotopes; (% remaining
20 years post irradiation)

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

NORM Notes; e.g., Use of Material

H-3 (tritium) (β) (0.09%) 12.33 tracer

Co-60 (cobalt) (β, γ) (0.23%) 5.27 density gauge, γ radiography

Ni-63 (nickel) (β) (0.13%) 100.1 thickness gauge

Kr-85 (krypton) (β) (0.83%) 10.8

Sr-90 (strontium) (β) (14.65%) 28.8

Y-90 (yttrium) (β) (14.65%) 64.1 hours

Sb-125 (antimony) (β) (0.04%) 2.76

Cs-134 (cesium) (β) (0.08%) 2.06

Cs-137 (β) (23.15%) 30.1

Ba-137m (barium) (γ) (21.90%) 2.5 minutes

Pm-147(promethium)(β)(0.18%) 2.62

Sm-151 (samarium) (β) (0.12%) 90.0

Eu-154 (europium) (β) (0.84%) 8.59

Eu-155 (β) (0.17%) 4.76

Pu-238 (plutonium) (α) (1.26%) 87.7

Pu-239 (α) (0.12%) 2.41x104 Yes

Pu-240 (α) (0.18%) 6.56x103

Pu-241 (β) (19.25%) 14.35 Yes

Am-241 (americium) (α)(1.08%) 432.2 x-ray fluorescence analysis

Cm-244(curium) (α) (0.96%) 18.1



4. Accelerator-Produced
Radioisotopes (decay mode)

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

ARM Notes; e.g., Use of Material

C-11 (carbon) (positron) 20 minutes Yes lung uptake & metabolism,
prostrate tumor localization,
positron tomography

N-13 (nitrogen) (positron) 10 minutes Yes pancreatic scan, brain scan,
positron tomography

O-15 (oxygen) (positron)   2 minutes Yes brain scan, shunt detection,
positron tomography

F-18 (fluorine) (positron) 110 minutes Yes bone uptake, brain scan,
chemotherapy, metabolism,
positron tomography

Na-22 (sodium) (positron) 2.60 Yes extra-cellular water

Mg-28 (magnesium) (β) 20.9 hours Yes

P-32 (phosphorus) (β) 14 days Yes medical procedures

P-33 (β) 25 days Yes palliative treatment

Ar-37 (argon) (e) 35 days Yes total calcium measurement

K-43 (potassium) (β) 22 hours Yes myocardial imaging

Sc-49 (scandium)  (β) 57 minutes Yes

Mn-52 (manganese) (e) 5.6 days Yes

Fe-52 (iron) (positron) 8.3 hours Yes

Co-56 (cobalt) (e) 77.3 days Yes tumor localization

Co-57 (e) 272 days Yes vitamin B-12 measurement,
tumor imaging calibration,
x-ray fluorescence analysis,
simulated tumors



4. Accelerator-Produced
Radioisotopes, continued

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

ARM Notes; e.g., Use of Material

Co-58 (cobalt) (e) 71 days Yes intestinal absorption studies

Cu-62 (copper) (positron) 9.7 minutes Yes radiopharmaceuticals

Cu-67 (β) 61.8 hours Yes studies of Wilson’s disease

Ga-67 (gallium) (e) 3.26 days Yes lung scan, bowel scan, parotid
gland uptake (Sjogren’s
syndrome), cardiac scanning

Ga-68 (e) 68 minutes Yes brain scan, positron emission
tomography for cerebral hemo-
dynamics

As-74 (arsenic) (e) 18 days Yes brain tumor localization

Br-77 (bromine) (e) 57 hours Yes

Kr-77 (krypton) (positron) 74 minutes Yes brain scan, positron tomography

Rb-81 (rubidium) (e) 4.6 hours Yes myocardial imaging

Rb-82 (positron) 1.3 minutes Yes imaging, positron tomography

Rb-84 (e) 33 days Yes radiopharmaceuticals

Sr-87m (strontium)
(isomeric transition)

2.8 hours Yes bone scan, index of bone
growth

Y-87 (yttrium) (e) 80 hours Yes parent of Sr-87m

Tc-97m (technetium) (IT) 91 days Yes imaging

Pd-103 (palladium) (e) 17 days brachytherapy, interstitial
cancer therapy

In-111 (indium) (e) 2.8 days Yes cisternography, tomography,
tagged platelets, tagged
lymphocytes



4. Accelerator-Produced
Radioisotopes, continued

Half Life
(yrs)

Source
Material

Fertile SNM Mill Tailings
[11.e(2)]

ARM Notes; e.g., Use of Material

I-123 (iodine) (e) 13 hours Yes thyroid studies, imaging, labeled
fibrinogen for in-vivo
identification of thrombophlebitis

I-125 (e) 59 days Yes bone mineral analysis,
interstitial treatment of cancer,
uptake studies

Xe-127 (xenon) (e) 36 days Yes cardiac studies, blood-flow
studies, pulmonary function
studies

Cs-129 (cesium) (e) 32 hours Yes myocardial imaging

Cs-131 (e) 9.7 days Yes thyroid scanning

Dy-157 (dysprosium) (e) 8 hours Yes bone tumor localization

Ir-190 (iridium) (e) 11.8 days Yes

Au-195 (gold) (e) 186 days Yes

Hg-197 (mercury) (e) 64 hours Yes brain and kidney scanning

Tl-199 (thallium) (e) 7.4 hours Yes cardiac scanning

Tl-201 (e) 73 hours Yes cardiac scanning

Pb-203 (lead) (e) 52 hours Yes detection of malignant
melanoma

Bi-204 (bismuth) (e) 11 hours Yes soft tissue scanning

Bi-206 (e) 6.24 days Yes soft tissue scanning

1Data from online data base, Table of the Nuclides, linked to web site for Brookhaven National Laboratory at
http://www.dne.bnl.gov/CoN/index.html















































































































































































Attachment 4; Table 2 - Sources, Quantities, and Concentrations of TENORM [Att. 2,3]

Source Waste Stream Quantity/Yr
(kg)

U Concentration
(Bq/kg)

Th Concentration
(Bq/kg)

Ra Concentration
(Bq/kg)

Uranium overburden 3.8x1010 1.8x103 990 920

Phosphate: 5.0x1010 bkgd - 3.0x103 bkgd - 1.8x103 400 - 3.7x106

   Phosphogypsum 4.8x1010 bkgd - 500 bkgd - 500 900 - 1.7x103

   Slag 1.5x109 800 - 3.0x103 700 - 1.8x103 400 - 2.1x103

   Scale 4.5x106
¨ ¨ 1.1x103 - 3.7x106

Phosphate fertilizers 4.8x109  740 - 2.2x103 37 - 180 180 - 740

Coal Ash: 6.1x1010 100 - 600 30 - 300 100 - 1.2x103

   Fly Ash 4.4x1010
¨ ¨ ¨

   Bottom Ash 1.7x1010
¨ ¨ ¨

Petroleum Production: 2.6x108
¨ ¨ bkgd - 3.7x106

   Scale 2.5x107
¨ ¨ bkgd - 3.7x106

   Sludge 2.3x108
¨ ¨ bkgd - 3.7x103

Petroleum Processing: ¨ ¨ ¨ Pb-210 & Po-210

   Refineries ¨ ¨ ¨ >4.0x103

   Petrochemicals ¨ ¨ ¨ > 4.0x103

   Gas Plants ¨ ¨ ¨ Pb-210 & Po-210

Water Treatment: 3.0x108
¨ ¨ 100 - 1.5x106

   Sludge 2.6x108
¨ ¨ 100 - 1.2x103

   Resins 4.0x107
¨ ¨ 300 - 1.5x106

Mineral Processing: 1.0x1012 6 - 1.3x105 8 - 9.0x105 < 200 - 1.3x105

   Rare Earths 2.1x107 2.6x104-1.3x105 9.0x103 - 9.0x105 1.3x104 - 1.3x105

   Zr, Hf, Ti, Sn 4.7x108 6 - 3.2x103 8 - 6.6x105 300 - 1.8x104

   Alumina 2.8x109 400 - 600 500 - 1.2x103 300 - 500

   Cu & Fe 1.0x1012 < 400 < 400 < 200

Geothermal Waste 5.4x107
¨ ¨ 400 - 1.6x104

Paper Mills ¨ ¨ ¨ > 3.7x103

¨ means data are not available

1 Bq = 27 pCi;  1 kBq = 27 nCi; 1 Mbq = 27 cCi; 1 cCi = 37 kBq; 1 mCi = 37 Mbq; 1 Ci = 37 Gbq



Attachment 5; Table 3 - Occurrence and Concentrations of NORM [Ref.1]

Material K-40 Th- 232 U-238

% of total K Bq/kg ppm Bq/kg ppm Bq/kg

Igneous Rock:

Basalt (crustal) 0.8 300 3-4 10-15 0.5-1 7-10

Mafic 1.1 300 2.7 10 0.9 10

Salic 4.5 1400 20 80 4.7 60

Granite (crustal) › 4 › 1000 17 70 3 40

Sedimentary rocks

Shale 2.7 800 12 50 3.7 40

Sandstones

Clean quartz ‹ 1 ‹ 300 ‹ 2 ‹ 8 ‹ 1 ‹ 10

Dirty quartz 2 400 3-6 10-25 2-3 40

Arkose 2-3 600-900 2 ‹ 8 1-2 10-25

Beach sands ‹ 1 ‹ 300 6 25 3 40

Carbonate rocks 0.3 70 2 8 2 25

All rocks 0.3-4.5 70-1400 2-20 7-80 0.5-4.7 7-60

Continental crust 2.8 850 10.7 44 2.8 36

Soil 1.5 400 9 37 1.8 22





























Attachment 7; Table 4 - Particle Accelerators [Ref. 3]

Accelerator Type Particle Accelerated Energy Level

Electrostatic Accelerators:

    Tandetron p, d, α, & heavy ions to 3 MV

    Cockcroft-Walton p, d, α, , e, & heavy ions to 4 MV

    Dynamitron p, d, α, , e, & heavy ions to 4 MV

    Tandem Van de Graaff p, d, α, , e, & heavy ions to 20 MV

    Tandem pelletron p, d, α, , e, & heavy ions to 26 MV

    Vivitron p, d, α, , e, & heavy ions to 35 MV

Time-Varying Field Accelerators:

    Microtron e- to 200 MeV

    Sector or isochronous cyclotron p, d, & α
heavy ions

to 590 MeV (p)
to 90 MeV/amu

    Superconducting cyclotron heavy ions 200 MeV/amu

    Synchrotron (weak focusing) p, e
heavy ions

1-6 Ge (p)
2 GeV/amu

    Alternating-gradient synchrotron p, e+

heavy ions; mass 12-197
heavy ions; mass 12-208

10-900 GeV (p)
11.4 GeV/amu
160 GeV/amu

Linear Accelerators:

    Heavy ion linear accelerator p, d, α, & heavy ions to 30 MeV/amu

    Linear accelerator p 50-800 MeV

    CEBAF recirculating superconducting       
linear accelerator

e- 0.5-4 GeV

    Electron linear accelerator e+, e- 6 MeV - 50 GeV

Colliding-Beam Storage Rings:

    Electron storage ring e+, e- 0.3-100 GeV (CM)

    Proton storage ring pp 14 TeV (CM)

    Proton-antiproton storage ring collider (pp-1) 1.8TeV (CM)

Note:

p = proton; d = deuterium; α = alpha particle; e- = electron; e+ = positron;
amu = atomic mass unit;
pp = two proton beams; (pp-1) = proton & antiproton beam; CM = center of mass

















































































































ATTACHMENT  9

STAFF’S EARLIER WORK FROM THE PERIODS 1976-‘78; 1984; 1987-‘88; and 1992

In January 1976, in response to requests from the 25 Agreement States, NRC established a Task
Force to review the question of whether to bring Naturally Occurring and Accelerator- Produced
Radioactive Material (NARM) under NRC’s jurisdiction.  The Task Force recommended [Encl. 1]
that the Commission seek legislative authority to:

A.  License and regulate NARM in any activity:

• That is part of, or in support of, the nuclear fuel cycle regulated by NRC;
• Where: (a) NARM is manufactured; (b) NARM is incorporated into sources or devices subject

to licensing; or (c) NARM is used in the same manner as radioactive materials subject to NRC
regulation;

• Where NARM is introduced into products intended for distribution to persons exempt from
licensing; and

• Involving the management of NARM wastes that result from licensed activities.

B.  Extend authority under Section 274 of the Atomic Energy Act to relinquish authority to regulate
NARM to Agreement States and other States having existing regulatory programs for NARM that
are determined to be adequate to protect the public and compatible with NRC’s program.

The Task Force identified several Federal agencies with some statutory authority over NARM.

• Food and Drug Administration of the Department of Health, Education, and Welfare
• Consumer Product Safety Commission
• U.S. Environmental Protection Agency
• Occupational Safety and Health Administration of the Department of Labor
• Energy Research and Development Administration
• Department of Transportation
• U.S. Postal Service
• Customs Service
• Federal Trade Commission
• National Bureau of Standards
• Department of Interior
• Department of Defense

The Task Force recommended that NRC seek legislative authority to regulate NARM because
these materials present significant radiation exposure potential and current controls are
fragmentary and non-uniform at both State and Federal levels.  Task Force recommendations
were presented to the Commission in SECY-78-211 [Encl. 2] in April 1978.  The Commission did
not take any action, and asked the staff to resubmit the paper for reconsideration after addressing
questions about the magnitude of NARM over-exposures, compatibility of the proposed NRC
regulatory authority with other agencies, and other issues.  In December 1978, staff responded to
these questions with SECY-78-667 [Encl. 3], which also contained several conflicting positions. 
On the one hand, staff continued to recommend that NRC seek legislative authority over NARM.
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On the other hand, the Director of the Office of Nuclear Material Safety and Safeguards
recommended that NRC:

• Forward the Task Force findings to the Congress, Federal agencies, and State Governors;
• Offer to assist others in developing model control programs; and
• Review NARM control programs after several years to determine further appropriate NRC

action.

Moreover, the Executive Director for Operations stated that there are three major issues to be
considered in determining what action should be taken:

• Risk to public health and safety;
• Scope and cost of regulatory control; and
• Federal regulatory conflict and NRC’s role.

In October 1984 the staff published NUREG-0976 [Encl. 4], entitled “Regulation of Naturally
Occurring and Accelerator-Produced Radioactive Materials - An Update.”  This report presented a
review of the status of use and regulation of NARM.  For State regulation of NARM, the staff
reported that in the 27 Agreement States NARM was regulated in the same manner as byproduct,
source, and special nuclear material.  In the 23 non-Agreement States, 5 States had NARM
licensing programs, 2 States had voluntary or partial licensing programs, and 16 States had at
least an initial registration requirement.  All Agreement States and 14 non-Agreement States
inspected NARM users.  Four non-Agreement States conducted partial inspections, while five
States did not inspect NARM users.  The report concluded that the then currently fragmentary
control of NARM leads to licensee confusion and a real potential for excessive radiation exposure
to workers and the public.

In March 1988 the staff published NUREG-1310, entitled “Naturally Occurring and Accelerator-
Produced Radioactive Materials - 1987 Review.”  This report presented a review of NARM sources
and uses as well as incidents and problems associated with those materials.  A review of previous
Congressional and Federal agency actions on radiation protection matters, in general, and on
NARM, in particular, was provided to develop an understanding of existing Federal regulatory
activity in ionizing radiation and in control on NARM.  In addition, State controls over NARM were
reviewed.  Specific questions were examined in terms of whether NRC should seek legislative
authority to regulate NARM.  The assessment of these questions served as the basis for
developing and evaluating several options.  The evaluation of the options led to two
recommendations.  This report was the basis for a subsequent SECY Paper.

In SECY-88-64 [Encl. 5] in March 1988, the staff presented recommendations to the Commission
on the issue of whether NRC should seek legislative authority to regulate NARM.  This paper
noted that the quantities and concentrations of NARM form a continuum in the human world, and
the potential hazards of NARM form a continuum ranging from background to potentially
significant ones in all facets of life.  Thus, any effort to control the risks from NARM calls for an
integrated control program to ensure that the dominant hazards are appropriately addressed,
without undue attention to the lesser hazards.  This paper also reported that Congress had already
vested jurisdiction over NARM in the Environmental Protection Agency; Consumer Product Safety
Commission; Department of Health and Human Services; and Department of Labor.  Moreover, for
State regulation of NARM, the paper reported that the 29 Agreement States regulated discrete
sources of NARM in the same manner as Atomic Energy Act material.  In the 21 non-Agreement
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States, 4 States had NARM licensing programs, 2 States had voluntary or partial licensing
programs, and 14 States had registration programs, leaving 1 State, Montana, with nothing.  All
Agreement States and 14 non-Agreement States inspected NARM users.  Four non-Agreement
States conducted partial inspections, where as five States did not inspect NARM users.  To clarify
the issue of whether NRC should regulate NARM, the staff presented eight questions.

• Is there a national problem with NARM?
• Are there currently integrated Federal controls over NARM?
• Would NRC regulation of NARM overlap other Federal agencies’ programs?
• Are the States’ controls over NARM adequate?
• Is NARM a Federal, State, or professional responsibility?
• Would Congress consider NRC responsible for controlling NARM hazards?
• What are the resource implications?
• Would NRC responsibility for NARM regulation change the nature of NRC?

This SECY Paper concluded with two recommendations.

• Refer the issue of NARM regulation to the Committee on Interagency Radiation Research and
Policy Coordination (CIRRPC), for the purposes of developing an integrated policy and agency
assignments on NARM, in particular, and ionizing radiation, in general, in those situations
where agency jurisdictions overlap (e.g., Federal regulatory programs involving health care
activities).

• Inform the Governors of the States not within the “Conference of Radiation Control Program
Directors (CRCPD) Recognized NARM Licensing States” program that NRC is not seeking
legislative authority to regulate NARM because such regulation is a responsibility of the States,
and because other Federal agencies already have jurisdiction over most facets of NARM
hazards; urge those Governors to take the necessary actions and to assign appropriate
resources to become recognized NARM Licensing States.

In the Staff Requirements Memorandum for SECY-88-64, dated July 20, 1988, the Commission
approved letters to the President’s Science Advisor (who was the chair of the Federal Coordinating
Council for Science, Engineering, and Technology that administratively created CIRRPC), and
CRCPD.  These letters referred the issue of Federal regulation of NARM to CIRRPC.

In SECY-92-325 [Encl. 6] in September 1992, the staff reevaluated and reported to the
Commission on the public health and safety significance of discrete sources of NARM, and
evaluated whether legislation extending NRC’s jurisdiction to include NARM was necessary or
desirable.  This paper concluded that:

• The Commission should not seek legislative authority to extend its jurisdiction over the
regulation of discrete NARM;

• Further NRC efforts related to discrete NARM should focus on assisting EPA in its efforts to
apply the Toxic Substances Control Act to NARM and be conducted pursuant to the NRC-EPA
Memorandum of Understanding dated March 16, 1992; and

• The NRC should inform the CRCPD, by letter, that the Commission will not seek legislative
authority to regulate NARM, and indicate Commission support of the ongoing CRCPD
program.

In the Staff Requirements Memorandum for SECY-92-235, dated October 15, 1992, the
Commission did not object to the staff position to not seek legislative authority over NARM,
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instructed the staff to so inform CRCPD by letter, and asked the staff to assist EPA in their efforts
to address NARM under the Toxic Substances Control Act.

In September 1996 in Direction-Setting Issue 7 [Encl. 7], the staff identified options for the
Commission’s consideration for whether to continue to regulate or to revise its oversight of the
medical uses of nuclear byproduct materials.  The issue paper discussed five options.

• Expand NRC’s regulatory responsibility to include x-ray, accelerators, and NARM.
• Continue the ongoing program, with improvements.
• Decrease oversight of low-risk activities with continued emphasis of high-risk activities.
• Discontinue regulation of all medical activities, except sealed sources and devices.
• Discontinue the materials program.

At that time, the Commission favored a combination of the second and third options.  But in
implementing the third option, the Commission wanted to use a risk-informed performance-based
approach.

To summarize the staff’s earlier work, SECY Papers from April and December 1978, March 1988,
and September 1992 have made recommendations to the Commission on whether to extend
NRC’s statutory authority.  On each occasion the result has been that the Commission did not
seek to expand its statutory authority to include NARM.  

Enclosures:

1. NUREG-0301, “Regulation of Naturally Occurring and Accelerator-Produced Radioactive
Materials - A Task Force Review,” published July 1977

2. SECY-78-211, “Final Recommendations of the Task Force on Regulation of Naturally
Occurring and Accelerator-Produced Radioactive Materials,” April 1978

3. SECY-78-667, “NRC Action on NARM Task Force Recommendation,” December 1978
4. NUREG-0976, “Regulation of Naturally Occurring and Accelerator-Produced Radioactive

Materials - An Update,” published October 1984
5. SECY-88-64, “Naturally Occurring and Accelerator-Produced Radioactive Materials,”  March

1988
6. SECY-92-325, “Characterization of Discrete NARM and Evaluation of the Need to Seek

Legislation Extending NRC Authority to Discrete NARM,” September 1992
7. Strategic Assessment Issue Paper, Direction-Setting Issue 7 - Materials/Medical Oversight,

September 1996
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