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INFORMATION
March 29, 2001 SECY-01-0057
FOR: The Commissioners
FROM: William D. Travers

Executive Director for Operations

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.qg., 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 uSv/yr

(2 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 1x10° 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 1x10° 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
guantities 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 lonizing 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.

IRA/

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

1. Primordial Radioisotopes Half-Life Source | Fertile | SNM [ Mill Tailings | NORM | Notes; e.g., Use of Material
(abundance) (decay mode) (yrs) Material [11.e(2)]

U-238 Decay Series (99.27%)

long-lived isotopes:

U-238 (a) (Th-234; 24 days, B) | 4.47x10° Yes Yes Yes Yes Radiation shield; Penetrator

U-234 (a) 2.46x10° Yes Yes Yes

Th-230 (thorium) (a) 7.54x10* Yes Yes

Ra-226 (radium) (a) 1.6x10° Yes Yes

(Radon-222; 3.8 days, a)

Pb-210 (lead) (B) 22.3 Yes Yes

(Bi-210; 5 days, B)

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

Pb-206 (lead) Stable

U-235 Decay Series (0.7%) 7.1x108 Yes Yes | Yes Yes Becomes SNM if enriched

Daughters no significant dose

Th-232 Decay Series

long-lived isotopes:

Th-232 (thorium) (a) (100%) 1.405x10" Yes Yes Yes Yes Th-Mg Alloy; Welding

Ra-228 (radium) (B) 5.75 Yes Yes

Th-228 (thorium) (a) 1.91 Yes Yes

(Ra-224; 3.66 days, a)

Pb-208 (lead) Stable




1. Primordial Radioisotopes, | Half Life Source | Fertile | SNM | Mill Tailings [ NORM | Notes; e.g., Use of Material
continued (decay mode) (yrs) Material [11.e(2)]

K-40 (potassium) (B decay) 1.28x10° Yes major internal body burden
(0.0117%)

V-50 (vanadium) 1.4x10" Yes

(electron capture) (0.25%)

Rb-87 (rubidium) (B) (28%) 4.75x10" Yes earth mantle heat flux
In-115 (indium) (B) (95.71%) 4.41x10™ Yes

Te-123 (tellurium) (e) (0.91%) | 1.0x10™ Yes

La-138 (lanthanum) 1.05x10" Yes

(e & B) (.09%)

Ce-142 (cerium) (B) (11%) 5.0x10 Yes

Nd-144 (neodymium) (a)(24%) | 2.29x10™ Yes

Sm-147 (samarium) (a) (15%) | 1.06x10" Yes

Sm-148 (a) (11%) 7x10" Yes

Sm-149 (a) (14%) 2.0x10" Yes

Gd-152 (gadolinium) (a)(0.2%) | 1.08x10™ Yes

Hf-174 (hafnium) (a) (0.16%) 2.0x10" Yes

Lu-176 (lutetium) (B) (2.6%) 3.78x10™ Yes meteorite dating
Os-186 (osmium) (a) (1.58%) 2.0x10™ Yes

Re-187 (rhenium) (B) (62.6%) | 4.35x10™ Yes

Pt-190 (platinum) (a) (0.01%) 6.5x10" Yes

Pb-204 (lead) (a) (1.4%) 1.4x10" Yes

Pa-231 (protactinium) (a) 3.27x10* Yes




1. Primordial Radioisotopes, | Half Life Source | Fertile | SNM [ Mill Tailings | NORM | Notes; e.g., Use of Material
decay chain missing from the (yrs) Material [11.e(2)]
earth due to short half-lives
Am-241 (americium) (a) 432.2
Np-237 (neptunium) (a) 2.14x10°
U-233 (uranium) (a) 1.59x10°
Th-229 (thorium) (a) 7880
Ra-225 (radium) (B) (Ac-225) 15 days
Rn-221 (radon) (a) 25 minutes
Rn-217 (a) 0.54
millisecond
Po-213 (polonium) (a) 4.2 u second
Bi-209 (bismuth) (stable) >2x10"




2. Cosmic-Ray-Induced Half Life Source | Fertile | SNM | Mill Tailings [ NORM | Notes; e.g., Use of Material

Radioisotopes (decay mode) | (yrs) Material [11.e(2)]

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

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

Be-10 (B) 1.51x10° Yes

C-14 (carbon) (B) 5.73x10° Yes thickness gauge, tracer,
determination of age

Na-22 (sodium) (e) 2.6 Yes

Si-32 (silicon) (B) 172 Yes

P-32 (phosphorus) (B) 14 days Yes

P-33 (B) 25 days Yes

S-35 (sulfur) (B) 87 days Yes

CI-36 (chlorine) (B) 3.01x10° Yes thickness gauge

CI-39 (B) 55 minutes Yes




3a. Reactor-Produced Half Life Source | Fertile | SNM | Mill Tailings [ NORM | Notes; e.g., Use of Material

Radioisotopes; Activation (yrs) Material [11.e(2)]

Products Used in Medicine

(decay mode)

C-14 (carbon) (B) 5.73x10° urea halobacter pylori test

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

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

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

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

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

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

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

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

1-131 (B) 8.02 days hyperthyroidism, thyroid cancer

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

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

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

Au-198 (gold) (B) 2.7 days brachytherapy, interstitial

cancer therapy




3b. Reactor-Produced Half Life Source | Fertile | SNM | Mill Tailings [ NORM | Notes; e.g., Use of Material
Radioisotopes; (% remaining | (yrs) Material [11.e(2)]

20 years post irradiation)

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

Co-60 (cobalt) (B, y) (0.23%) 5.27 density gauge, y radiography
Ni-63 (nickel) (B) (0.13%) 100.1 thickness gauge

Kr-85 (krypton) (B) (0.83%) 10.8

Sr-90 (strontium) (B) (14.65%) 28.8

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

Sb-125 (antimony) (B) (0.04%) | 2.76

Cs-134 (cesium) (B) (0.08%) 2.06

Cs-137 (B) (23.15%) 30.1

Ba-137m (barium) (y) (21.90%) | 2.5 minutes

Pm-147(promethium)(3)(0.18%) | 2.62

Sm-151 (samarium) (B) (0.12%) | 90.0

Eu-154 (europium) (B) (0.84%) | 8.59

Eu-155 (B) (0.17%) 4.76

Pu-238 (plutonium) (a) (1.26%) | 87.7

Pu-239 (a) (0.12%) 2.41x10* Yes

Pu-240 (a) (0.18%) 6.56x10°

Pu-241 (B) (19.25%) 14.35 Yes

Am-241 (americium) (a)(1.08%) | 432.2 x-ray fluorescence analysis
Cm-244(curium) (a) (0.96%) 18.1




4. Accelerator-Produced Half Life Source | Fertile | SNM [ Mill Tailings | ARM Notes; e.g., Use of Material

Radioisotopes (decay mode) (yrs) Material [11.e(2)]

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

0O-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) (B) 20.9 hours Yes

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

P-33 (B) 25 days Yes palliative treatment

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

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

Sc-49 (scandium) (B) 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 Half Life Source | Fertile | SNM [ Mill Tailings | ARM Notes; e.g., Use of Material

Radioisotopes, continued (yrs) Material [11.e(2)]

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

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

Cu-67 (B) 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) 2.8 hours Yes bone scan, index of bone

(isomeric transition) 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 Half Life Source | Fertile | SNM [ Mill Tailings | ARM Notes; e.g., Use of Material

Radioisotopes, continued (yrs) Material [11.e(2)]

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

1-125 (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

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

TI-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

'Data 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
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INTRODUCTION

Naturally Occurring Radioactive Material (NORM) is everywhere. We are exposed to it
every day. However this is not unusual; it is, as the terminology expresses, natural. Actually,
NORM is one of the primary reasons that Earth remains habitable. NORM is the source of the
Earth’s heat flux, drives the movements of the planet’s tectonic plates, and so plays a major role
in the evolution of life on Earth. NORM is an integral part of the planet, our bodies, the food we
eat, air we breathe, the places where we live and work, and within products we use. We are also
bathed in a sea of natural radiation coming from the sun and deep space. Terrestrial life has
evolved with this natural radiation and radioactivity. Conversely, processing of some natural
resources concentrates naturally occurring radionuclides to a degree that they may pose risks to
humans and the environment. These and other activities, such as flying at high altitudes, increase

exposures to radioisotopes beyond limits that occurred naturally.

This session focuses on Technologically Enhanced (TE) NORM. All degrees of
TENORM exist, but our concerns are typically with components of large-volume, low specific
radioactivity industrial waste streams. These include minerals mining, transport, beneficiation
and chemical processing of ores, production of phosphate fertilizers, extraction and purification
of trace elements, manufacture of some metals, water treatment and purification, use of
TENORM-bearing by-products, as well as oil and gas and other energy production. The majority
of radionuclides in TENORM are found in the uranium and thorium decay chains. Radium
(**Ra) and its decay products (e.g., radon — **’Rn) are quite often used to characterize the
redistribution of TENORM that results from human activities. A synopsis of these large volume
streams of TENORM will be presented, as shall a brief review other natural radionuclides, e.g.
potassium and rubidium isotopes, and other such minor sources that primarily contribute to

background doses.

TENORM is found in various concentrations in a variety of forms (physical and chemical
matrices) such as scrap metal, sludges, slags, fluids, scales in storage tanks and piping, chemical
residues, processing fluids, surface and groundwaters, and mine tailings. TENORM has also been

found in industries that were not thought to be subject to radioactive contamination. The levels
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of and sources of radioactivity in TENORM vary significantly in various forms. Although
TENORM is prevalent in industrialized societies, it is emphasized that few industrial processes
actually concentrate NORM. Neither the Atomic Energy Act nor any other U.S. Federal
regulations address TENORM. Control and regulation of TENORM is inconsistent from

industry-to-industry and between states, provinces, and nations.

So when is TENORM a problem? Where is it a problem? This depends on who is
presenting and organizing the data and discussion, when it is presented, and where. Oné is likely
to receive somewhat differing views on exactly the same topic from, for instance, the phosphate
industry versus that of state/provincial or federal regulators. The authors do not wish to
contribute to conflicting views on TENORM regulatory issues; our main objective is to present
unbiased facts relating to NORM and TENORM. These session notes are organized to begin with
a brief review of backgrouﬁd radioactivity followed by a discussion of the geological framework,
mobility, and variability of these radionuclides. A review of some of the industrial sectors

affected by TENORM is then given. An overview of proposed guidelines and regulatory aspects

of TENORM concludes these notes. W 7:/(4* WL

BACKGROUND RADIOACTIVITY

There are two generic definitions for background radioactivity:

1) Radioactivity that is the result of naturally occurring concentrations of
radionuclides that represent ambient conditions present in the environment that
are in no way influenced by human activity, or

2) Concentrations of radionuclides from anthropogenic sources originating from

non-site sources (Gesell and Prichard, 1975). An example is global fallout.

Components of Background Radioactivity

The following discussion is drawn largely from NCRP 94. Four major components

constitute “background sources” of radiation:
¢ Human Produced ¢ Cosmogenic

o Terrestrial e Cosmic
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Most TENORM is associated with terrestrial sources, but the other types may interfere with

measuring levels of TENORM. Fig. 1 shows the background sources to the U.S. population.

Contributions to U.S. Population

Background Radiation
(given as Relative Percentages)

Cosmic
Terrestial 8% 55 Yo

8% Radon
54%

Intemal
1%

Medical X-rays

1%
. Ofth Other
Nuclear Medicine er Occupational  0.3%
4% < 1°/° O,
Fallout <0.3%
Consume: Products Fuel Cycle 0.1%
3% Misceltaneous  0.1%

Adapted from NCRP Report 93

Figure 1. Sources of Background Radiation to the Public

Human Produced (Anthropogenic) Sources of Radioactivity

Anthropogenic sources of radiation are often considered as a component of the
background. Why is this; it is not logical or intuitive? This likely occurred since these types of
human produced sources are ubiquitous throughout the environment as opposed to being locally
distributed. Activities that have contributed to the dispersion of radionuclides in the environment

include:
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e Nuclear weapons tests and use
e Nuclear accidents (Chernobyl) and incidents

e Nuclear reactors (for this discussion, 14C and Tritium)

Most anthropogenic radionuclides are short-lived, but some have intermediate half-lives

of a few years and worthy of note. These intermediate half-lived nuclides are listed in Table 1.

Table 1. Examples of Half-Lives for Some Anthropogenic Radionuclides

Radionuclides Half-Life (t,,)

of Interest
13cs 302y
9Sr 28.1y
5Kr 10.73 y

Also, the global inventory of '*C and *H has been increased from human activities, and
it is sometimes necessary to measure these globally distributed radionuclides separately and to

distinguish them from locally produced sources. In addition Pu isotopes were released in fallout.

The variability of anthropogenic sources of radiation and radioactivity relates directly to
the population distribution and level of technology found in different areas around the world.

Deposition in an area depends upon wind and precipitation patterns (NRC 1994).

Cosmic Radiation
This type of background refers to both the primary energetic particles of extraterrestrial
origin that strike the earth’s atmosphere and to the secondary particles generated by their

interaction with the atmosphere.

[
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Primary radiation itself consists of two components, designated as galactic or solar

depending on origin.

Primary particles are attenuated in upper atmosphere. Reactions take place and generate
secondary particles. The cosmic radiation field at ground altitude (0 to 3 km) consists almost

entirely of secondary particles whose origins are almost exclusively galactic.

Annual external dose rates from cosmic rays depend slightly on latitude and strongly on
altitude (Table 2). The latitude effect is due to the charged-particle nature of the primary cosmic
rays. When they come near the earth, its magnetic field tends to deflect the rays away from the

equator and toward the poles (Gollnick 1988).

Table 2. Altitude Dependence of Cosmic Ray Dose
(Dose equivalent; does not include the neutron component).

-1

Altitude, m (ft) Dose Rate, "SY yr Example
(mrem yr™)

Sea level ~270 31) Los Angeles

1,525 (5,000) ~478 (55) Denver

3,050 (10,000) ~1,190 (137) Leadville, Colo.

9,140 (30,000) ~16,530 (1900) Normal jetliner

15,240 (50,000) ~76,125 (8750) | Concorde

24,340 (80,000) | ~106,140 (12,200) Spy plane

Adapted from Gollnick 1988.
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Cosmogenic Radiation

Cosmogenic radionuclides arise from the collision of highly energetic cosmic ray particles
with stable elements in the atmosphere and in the ground. The entire geosphere, the atmosphere,
and all parts of the earth that directly exchange material with the atmosphere contain cosmogenic
radionuclides. The major production of cosmogenic radionuclides results from the interaction

of cosmic rays with atmospheric gases.

The outermost layer of the Earth’s crust is another area where reactions with cosmic rays
occur. However, the rate at which they occur is several times smaller than the atmospheric
component because most of the cosmic rays are attenuated in the atmosphere. The result is that

the contribution to background dose is minimal.

The most important cosmogenically produced radionuclide is '*C. However, many others,
such as °H, *Na, and "Be, occur. Carbon-14 produced in the atmosphere is quickly oxidized to
CO;. The equilibrium concentrations of “C in the atmosphere are controlled primarily by the
exchange of CO, between the atmosphere and the ocean. The oceans are the major sinks for

removal of "C from the atmosphere.

Most of fhe other cosmogenically produced radionuclides in the atmosphere are oxidized
and become attached to aerosol particles. These particles, or geoaerosols, act as condensation
nuclei for the formation of cloud droplets and eventually coagulate to form precipitation. About
10 t0 20% of cosmogenically produced radionuclides are removed from the atmosphere by dry

deposition on the earth’s surface.

Concentrations of cosmogenic radionuclides vary in the atmosphere with time and
location. Variations are day-to-day, seasonal, longitudinal, and sunspot-cycle related. The
concentrations of some cosmogenic radionuclides, such as *H, '*C, 2Na, and A, have increased
during nuclear tests. Reactors also generate '*C that eventually will be distributed in the

atmosphere, but is estimated to be two orders of magnitude lower than the natural concentration.
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The total effective dose equivalent rate to the body produced by the primary cosmogenic

radionuclides is just over 10 pSv (1 mrem yr™"), with essentially the entire dose arising from '*C.

Terrestrial Radiation

The final component of background comes from radionuclides found on Earth. Several
dozen naturally occurring radionuclides have half-lives of at least the same order of magnitude
as the estimated age of the earth (4.5 x 10° y), and are assumed to represent a primordial
inventory. These primordial radionuclides are also what we are most concerned with in the
TENORM issue.

The primordials are usually divided into two groups:
e Those that occur singly (non-series) and decay directly to a stable nuclide

e Those radionuclides that occur in decay chains (series) and decay to a stable

isotope of lead through a sequence of radionuclides of wide-ranging half-lives.

Non-Decay Series Radionuclides

Two primary non-decay series radionuclides contribute to background dose, Potassium-40
(*°K) and Rubidium-87 (*’Rb). Potassium-40 is a beta (87.3%) and gamma (10.67%) emitter and
contributes to both internal and external doses. It exists as a constant fraction of stable potassium
(0.0117%). Potassium-40 behaves chemically as does stable potassium. It is ubiquitous at the
Earth’s surface and is concentrated in felsic igneous rocks and their weathering products.
Potassium-40 is also concentrated in flowering plant buds, in cereal grains, and mesostems of
many plants. Potassium-40 is also present in most organisms; for instance human sweat contains
40K . This is one reason why gamma spectrometrists take care not to touch detectors or sample

containers — an elevated background for the K photopeak may result. The 4K contribution to
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external dose is variable, depending on its concentration in rocks and soil. Average concentration
is about 0.6 Bq g (17 pCi g") in crustal rock. Potassium-40 is found in TENORM, particularly
building materials (bricks, cinder blocks). It may be necessary to determine background fractions
separately from total concentrations. Potassium is metabolically regulated by the body and is not

controlled by intake.

Rubidium-87 is a pure beta emitter and is found in crustal rock in concentrations of about
0.07 Bq g'l (2 pCi g"). It is not an external hazard and is rarely considered in dose calculations.

However, 8’Rb is quite important in the generation of heat in the mantle and crust of the Earth.

The remainder of the non-series radionuclides has combinations of half-lives, isotopic
abundance, and elemental abundance such that they have negligibly' small specific activities and

are not significant in background calculations.

Decay Series Radionuclides

There are three naturally occurring decay series, headed by the radionuclides 28y, B8,
and *2Th. These series are commonly called the uranium series, the actinium series, and the
thorium series r;spcctively. Table 3A lists cdmponcnts of the uranium and thorium series.
Table 3B lists a few of the non-series radionuclides. Generally, the actinium series does not play
a significant role in industrial TENORM due to its very low presence (one-sixth of 28U) in the

natural environment.

If not subjected to chemical or physical separation, each of these series attains a state of
secular radioactive equilibrium. Technological enhancement of NORM as well as natural
physical and chemical reactions often interfere with this balance. Crustal concentrations of the
heads of the three series are extremely small (parts per million); the short-lived decay progeny
are present in such exceedingly minute concentrations that their behavior does not always follow

chemical (mass action) controls. There will be further discussion about this later.
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Table 3A. Principal Natural Radionuclide Decay Series

Nuclide Symbol

Half-Life (t;7)

Major Radiations

Uranium-238  (3*0)
Thorium-234 (**Th)
Protactinium-234m (**"Pa)
Uranium-234 Gat§)]
Thorium-230 (*°Th)

Radium-226 (**Ra)
Radon-222 (**Rn)
Polonium-218  (*®*Po)
Lead-214 (*'*Pb)

Bismuth-214 (*"Bi)
Polonium-214 (***Po)
Lead-210 '°Pb)
Bismuth-210 *'Bi)
Polonium-210 . (*'°Po)

Lead-206 (*®Pb)
Thorium-232 **Th)
Radium-228 (**®Ra)

Actinium-228 **Ac)
Thorium-228 (**Th)

Radium-224 (*'Ra)
Radon-220 (**°Rn)
Polonium-216 (*'*Po)
Lead-212 (*'?Pb)

Bismuth-212 (¢"Bi)
Polonium-212  (*'*Po)
Thallium-208 Gan¥))
Lead-208 (*®Pb)

4.47 billion years
24.1 days

1.17 minutes
248,000 years
77,000 years
1600 years

'3.83 days

3.05 minutes

26.8 minutes

19.7 minutes

164 microseconds
22.3 years

5.01 days

138 days

stable

14.1 billion years
5.75 years

6.13 hours

1.91 years

3.66 days

55.6 seconds

0.15 seconds
10.64 hours

60.6 minutes
0.305 microseconds
3.07 minutes

stable

alpha, x-rays

beta, gamma, x—rays
beta, gamma

alpha, x-rays

alpha, x-rays

alpha, gamma

alpha

alpha

beta, gamma, x-rays
beta, gamma

alpha

beta, gamma, x-rays
beta

alpha

alpha, x-rays

beta

beta, gamma, x-rays
alpha, gamma, x-rays
alpha, gamma

alpha

alpha

beta, gamma, X-rays
alpha, beta, gamma, x-rays
alpha

beta, gamma
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238 234y 8.y Decay
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| ool |
. T T N
zﬁh S L , « Decay
-1 days ' 7.52 % 10% yrs !
SRS A VoA Jo
226Ra
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222p, feortr—
3.824 days 210pg
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From Hull (1996a,b; 1997)

Figure 2. A Simplified Decay Scheme of the Uranium Decay Series
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Table 3B. Principal Natural Radionuclide in Non-Decay Series - YK and *Rb

Nuclide Symbol Half-Life (t;») Major Radiations
Potassium-40 (**K) 1.28 billion years beta, gamma
Argon-40 (*°Ar) stable
Calcium-40 (*°Ca) stable
Rubidium-87  (’Rb) 47 billion years beta
Strontium-87 *’sr) stable

Source: NRC (1994a)

GEOLOGY OF NORM

Igneous Rocks

The original sources of uranium-series, thorium-series, actinium-series, potassium and

rubidium radioactivity in the terrestrial environment are the earth’s crust and mantle (Table 4).

Table 4. Crustal Concentrations of Terrestrial Radionuclides

Rock Type Uranium (U) | Thorium(Th)| Potassium (K) Rubidium (Rb)
Mafic (Dark 0.5to 1 ppm 3to4 ppm 0.8% 40 ppm
Colored)
Salic (Light 3 ppm 17 ppm : 4% 170 to 200 ppm
Colored)

Source: NCRP 94.

As molten magma cools, silicate minerals crystallize (magmatic differentiation). In the

early stages of cooling, the silicates tend to be mafic (those that contain proportionately more iron

11
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and magnesium), and deficient in aluminum, silicon, sodium, and potassium. As cooling and
differentiation progress, the salic (containing mostly silicon-aluminum) igneous rocks as formed.
Fig. 3 shows a generalization of the process, known as Bowen’s Reaction Series (Montgomery
1990). Neither uranium nor thorium “fits” into the crystalline structures of the major silicate
minerals so they are excluded by the solid phases and concentrated in the fluid phase of the
magma. In addition, they are present in such small quantities as to have little tendency to form
minerals in which they would be essential components. The result of this relationship is that the
remainder of the magma cools to form varied minor mineral which contain relatively elevated
concentrations of uranium, thorium and other minor and trace elements. The last crystallizing

silicates contain most of the potassium and rubidium.

HIGH TEMPERATURE

A (sodium-rich)
Potassium feldspar -— % .

Muscovite : '
Quartz

LOWTEMPERATURE .,

Figure 3. Bowen’s Reaction Series 2 4 - ,
fis ! (19%2) btz
A 2

Weathering of Igneous Rocks

Mechanical (physical) and chemical processes break rock down into soil. Weathering
plays a key role in this process. Where mechanical processes dominate the breakdown, the

separation usually occurs along mineral boundaries that lead to a separation of the major silicates

12
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from the minor ones containing the thorium and uranium. These minor minerals include zircon
and monazite. They are stable and resistant to chemical decay and are often found as small

individual grains.

Where chemical (or biological) action predominates, the thorium- and uranium-bearing
minor minerals can give up their radionuclides to layers of cations in clay minerals. When the
host rocks erode, the clay minerals containing with the adsorbed series radionuclides tend to be

separated from the major minerals.

Therefore, if igneous rock is broken down to individual grains, the products end up as:
e Sands of the major mineral (depleted of the radionuclides),
e Fine-grained clay minerals (slightly enriched in the radionuclides), and

e Relatively small quantities of resistant, dense grains of the minor minerals

containing most of the series radionuclides.

e The potassium and rubidium are removed in solution.

Sedimentary Rocks

Although they comprise only a small part of the earth’s crust by volume, sedimentary
rocks cover about 85% of the land area of the continental U.S. Therefore, much of the surface
soil is derived from sedimentary rock. Sedimentation processes naturally sort the products of
weathering and develop several major sedimentary rock types of significantly differing
radionuclide concentrations. The major types are:

e Shales

o Sandstones

e Carbonate rocks

13
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As with the igneous rocks, thorium and uranium tend to be minor or disseminated. The
radionuclides may become mobile or be deposited by migration of water or oil. Some organic

complexes, notable humic acids, create mobile complexes of uranium.

Uranium and other minor and trace elements have an affinity for crude oil. They are v
probably residues of consolidated organic and marine deposits. Petroleum is often assumed to
have migrated to a position of minimum hydraulic potential in a reservoir rock, which may or may

not be derived from the same source deposits as the petroleum.

Shales

Shales normally contain at least 35% clay minerals, and a significant fraction contains
potassium as an essential constituent. Shales can adsorb the series radionuclides. The
radionuclides may also be present bound to organic matter in minor minerals or as precipitates

or coprecipitates in the cementing material that binds the rock.

Sandstones

Sandstones are usually made of grains that are primarily quaﬁz, but may contain some
potassium-containing feldspars. Those sandstones that contain more than 25% feldspar are called
arkoses, and the chief feldspars are those containing potassium. On the whole, sandstones are low
in both the series and non-series radionuclides. However, many deposits of uranium are found

at the boundary of different layers of sandstones.

Carbonate Rocks

Carbonate rocks are limestones or dolomites derived by chemical precipitation from water
or by the buildup of shells, bones, and teeth of organisms. Although the carbonate minerals
themselves are relatively free of radionuclides with the exception of U, the intergranular spaces
may contain elements found in the seawater from which they were deposited. Potassium is very
soluble and does not stay in the deposited matter. Thorium is depleted in seawater and is not

metabolized by marine organisms. Therefore, potassium and thorium are usually of low
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concentrations in carbonate rocks, but uranium may be present because it may be fixed by
reducing conditions in decaying organic matter where the rocks are deposited. Uranium also is

chemically speciated as uranyl carbonate aqueous complexes.

Uranium can replace calcium or be adsorbed in the principal phosphate minerals. U is

associated with phosphates, as will be discussed in more detail in a following section.

Metamorphic Rocks

The characteristics of metamorphic rocks are based on those of the parent rock in many
instances. However, fluids involved in metamorphic processes are often enriched in “eutectic
compositions” and these often contain elevated concentrations of U and other NORM.
Significant fractionation of decay-series radionuclides can occur during metamorphic events as

radioelements are re-distributed in fluids and partial melting zones.

Soils

Radioactivity in soils results from the rock from which it is derived. It is often:

® Diminished by leaching of water,
® Diluted by increased porosity and by added water and organic matter, and

® Augmented by sorption and precipitation of radionuclides from incoming water.

It is the top 0.25 m of soil that contributes significantly to background dose. Table SA
is a summary of concentrations of long-lived radionuclides in major rock types and soil. Table
5B is a compilation of data for U and Th in accessory mineral phases. Background concentrations
of radionuclides in soil vary because of many factors. Soil may have been produced from the
weathered top layer of still-intact bedrock below or transported laterally from the same rock unit

or type some distance away. Some methods of transport are:
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Table SA. Concentrations of Long-Lived Radionuclides in Major Rock Types and Soils.

Potassium-40 | Rubidium-87 | Thorium-232 | Uranium-238
Rock Type g $Rb 321 238y;
e | Bake! [ PPl g ie| ppm | Bake'| ppm | Bqke’
Igneous Rocks :

Basalts - Average 0.8 300 40 30 34 10-15 | 0.5-1 7-10
Mafic Basalts 0.3-1.1|7-400 | 10-50 | 1-40 |(1.6,2.7 | 7,10 |0.5,09 | 7-10
Rhyolites 4.5 |>1000 {170-200 (150-180 16,20 | 60,80 {3.9,4.7 | 50, 60

Granite - Average >4 >1200 |170-200 {150-180| 17 70 3 40
Sedimentary Rocks

Shales - 27 |80 [ 120 | 110 | 12 | 50 | 37 | 40

Sandstones
Quartz Sandstones] <1 <300 <40 <40 <2 <8 <] <10
Silty Sandstones 2 400 90 80 3-6 10-25 2-3 40

- Arkoses 2-3  1600-900 |80-120 | 80 2 <8 1-2 10-25

Beach Sands

(unconsolidated) <1 300 40 40 6 25 3 40

Carbonate Rocks 0.3 70 10 8 2 8 2 25

Upper Continental
CI:zI: st (Lithosphere) 2.8 850 112 100 10.7 44 2.8 36
Soils 1.5 400 65 50 9 37 1.8 66
Source: NCRP 1994
Table SB. Concentrations of U and Th in Accessory Minerals.
Accesory Mineral Phases Total Uranium | Total Thorium Th/U
(ppm) (ppm)
Allanite {accessory " 30-700 500-5000 5-10
{ pegmatitic ?-100 1000-20000 High
Apatite {accessory 5-150 20-150 1
{coarse aggregate 10-50(7) 50-250(7) 1-5
Epidote 20-50 50-500 2-6
Ilmenite 1-50 - -
Magnetite (and other opaques) 1-30 0.3-20
Monazite 500-3000 25000-200000 25-50
Sphene 100-700 100-600 1-2
Zenotime 500-35000 Low Low
Zircon {accessory 300-3000 100-2500 0.2-1
{ pegmatitic 100-6000 50-4000 1

Adapted from Ivanovich and Harmon (1982)
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e Natural phenomena such as earthquakes, volcanoes, glaciers and changes in soil

composition from flooding.

e Water is the dominant transporting medium. Glacier-derived deposits are
common in the Great Lakes area, New England, and Alaska. Outwash erosion
products from mountains may produce a soil surface that is more radioactive than

the underlying bedrock.

e Wind can be a significant factor, particularly in the Southwest United States.

Mobilization and Redeposition of NORM
(Largely taken from the CRCPD E-4 Committee Report on NORM Contamination and D&D -
CRCPD 19%4a).

In addition to the geological weathering of rock and soil, NORM concentrations and
exposure rates vary because of physical and chemical processes, both natural and anthropogenic.
If mobilized, the NORM radioisotopes are available for transport. When radionuclides are
dissolved in groundwater, the isotopes tend to travel with the water until redeposition takes place.
Airflow serves totransport fine particulates, combustion or volatilization products. Radon, a
noble gas, moves in the vapor phase. Radon emanation coefficients will vary depending on the
matrix; vitrified products will release less radon than a sandy matrix. We will discuss radon

emanation in the sections pertaining to industrial sectors.
Mobilization by human activity can be intentional or unintentional. Two examples are:
1) Uranium extraction by in situ leaching maximizes solubility of uranium.

2) Unintentional mobilization occurs when the element is desirable for its non-
radiological properties. Vanadium and uranium were originally mined for their
non-radiological properties. Usually, however, the TENORM isotope is

mobilized along with other minerals of interest.
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Generally, redeposition of NORM involves the same factors as mobilization. Changes in any of
the parameters of a stream of material may result in reduced mobility and subsequent
redeposition. These processes may also take place preferentially; concentrations of specific
minerals may occur. Examples include chlorination of metallic ores as one step in metal
production mobilizes radium, which accompanies uranium in the ore. The high solubility of
RaCl, relative to other species leads to extraction of radium wherever the parent mineral is
exposed to chloride ions. Production of brine or brine-contaminated oil includes dissolved

radium as well, since the brine contains chloride ions.

e Low solubility of alkaline earth SO,* (sulfate) species is also a factor in
redeposition of NORM. Movement of sulfuric acid solutions through piping in
mineral extraction processes is known to cause precipitation of scale containing
high concentrations of radium. Production of water containing sulfate-bearing
solutions can also cause precipitation of pipe scale containing elevated

concentrations of uranium.

¢ Groundwater chemistry may change as the water reaches the surface or as it
passes through different strata and the dissolved minerals form at the surface.
Changes in pH, oxidation state, or chemical equilibrium may result in
precipitation of dissolved minerals. This mechanism accounts for the existence
of many ore bodies. Addition of alum and softening chemicals in drinking water
treatment plants similarly precipitates radium with the other minerals.
Uncontrolled discharges from tailings may contain radionuclides (as well as other

. heavy metals).

e Oxidation-reduction potential can affect solubility. Variation in oxidation state
affects solubility since the formation of many chemical complexes depends
strongly on oxidation state. For example, water exposed to sulfur-bearing
minerals generally exhibits reducing potential, which may alter the oxidation

state of other minerals in contact with the water.
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e Adsorption depends on the substrate and the specific species in question. Clays
are known to adsorb some chemical species preferentially over others; passage
of groundwater through a layer of clay may strip out NORM species that would
otherwise travel with the water. Adsorption of radon on activated charcoal is an
equilibrium process. Desorption can occur if the ambient radon concentration

drops; saturation can prevent further radon removal.

e Ion exchange is used to control water chemistry, typically to remove
contaminants, soften potable water, or remove radium. Ion exchange does not
cause mobilization of radionuclides, but once mobilized in water, any subsequent

treatment by ion exchange has clear potential for reconcentration.

e Temperature-dependent variations in solubility result in increased concentrations
of radionuclides, together with other elements in geothermal waters. Thermal
processes can mobilize radionuclides. Any high-temperature process such as
furnaces, kilns, roasters, calcination, and smelting can volatilize lead and
polonium. Combustion of coal or lignite volatilizes some isotopes (thorium,
uranium, radium, and bismuth). Subsequent redeposition may occur in process
equipment, in pollution control equipment, or in the environment. Minerals
dissolved in naturally occurring geothermal waters typically plate out as the
temperature drops. Deposits of scale containing substantial concentrations of

radionuclides may result.

e As the water comes to the surface and the partial vapor pressure drops, radon
dissolved in water partitions into the air. In open air, dilution, convection, and
diffusion minimize increases in concentration, but in caves or buildings, higher
concentrations of radon and its progeny may result. Brines exhibit similar
behavior. Oil mixed with brine brings radium with it; as the chemical and
physical conditions change in the pipe string and at the well head, the radium

precipitates with other minerals and forms scale inside the piping.
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® Mechanical reduction in particle size enhances the potential for mobilization of
material, such as erosion, movement of alluvial or glacial particles, bulldozers,
mining, and construction. In addition, radionuclide concentrations can increase
when part of the matrix is removed, leaving radionuclides behind in increased
concentrations in the residue. Extraction of phosphate from ore leaves uranium
behind in filter cake; bauxite ore contains aluminum, which is extracted leaving

“red mud” containing uranium. Coal combustion leaves uranium in ash and slag.

® Suspended materials settle out of material streams as the velocity decreases.
Fines settle out where the current is slowest, with successively coarser material
settling out in the faster sections. Such gravimetric separation may result in
deposits of zircon or monazite sands. Airborne particles exhibit similar behavior,

with the coarser material settling closest to the source.

VARIABILITY OF BACKGROUND RADIATION

Background radiation varies over a range of concentrations and exposure rates from a
variety of causes. The magnitude of variation can be significant over a short distance and also
can vary in the same place from time-to-time. The background variance can result from natural
as well as human activities. Understanding the characteristics of background radioactivity, and
the wide range of background values encountered in the field is beneficial when designing and
conducting surveys. This is especially important because some of the current regulatory exclusion
limits are set at an activity or exposure rate above background (EPA 1980). Proposed clean-up
guidance is essentially indistinguishable from background (NRC 1997). Variation due to
geology, chemical and physical mobility and deposition, temporal, and human affects should all

be considered.
TEMPORAL VARIABILITY OF BACKGROUNDS

Temporal changes in background radioactivity range occur ovér a wide range of

timeframes; hours to days, months to years, and centuries or more. Short and medium term
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changes in background have been measured (Maiello 1997). There are changes in background

from terrestrial and cosmic sources that can be summarized as follows (NUREG-1501):

¢ Cyclic changes on a daily basis are due to changes in radon concentrations in air,

which are dependent on the atmosphere (Fig. 4). Early mornings are typically

calm, so radon escaping from the ground stays near the surface causing radon

levels to rise. During the day, the sun warms the ground and air near it rises,

generating a mixing effect that sends the radon (and its progeny) to higher levels

in the atmosphere, thus lowering the radon level.

® Diurnal Variation Dose rates rise gradually as soil dries out. Water shields the

radiation coming from the NORM in the ground, and dilutes the concentrations

of NORM in the soil. After rainfall, the background values drop.

Exposwre Rate
(aFr)

Enposure Rals Psak Frem A ph
Scavenging of Radon Progeny

Gradus! Elevation in Exposute Rate
due 10 Drying Oul of Sod Atwer Rein

& s
¥ AR 14 T ' T T

12 813 @14 615 ene &7 @18 &9 @20 6721

g4+

Note: Conwversion of exp 10 dose made by using 1R = 0.0087 Qy.
For enviroremental radistion, coversion of absorded dose in air W0
otteciive dose in the human body is 1 Gy = 0.7 Sw.

Typical short-term variations observed in the out door exposure rate.

Figure 4. Diurnal Variation of Radon Emanation.
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Figure 5. Shielding effect of snow cover on exposure rates and dose equivalence.

e Rainfall scours radon and its progeny from the atmosphere, causing radiation
levels to rise at ground level.” Some larger storms may double the gamma

exposure rate for a short period of time.

e The shielding effect of snow is substantial (Fig. 5). Shielding is dependent on the
water equivalent of the snow because a heavy wet snow is more effective at

shielding than a dry snow.

e Daily and longer term variations in background are due mostly to changes in soil
moisture content and snow cover. Winter months trend to lower radiation levels
because of higher soil moisture and summer months trend toward higher levels
because of lower soil moisture. Seasonal effects actually average out over the

course of a year (Fig. 6).
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Figure 6. Daily and Longer Term Variations in Background Radiation. These

variations are primarily

due to changes in soil moisture content and snow cover.

e Anthropogenic activities also affect background values. According to NUREG

1501 (NRC 1994a), about two-thirds of the background gamma dose comes from

NORM contained in the top 15 cm of soil out to at distance of 6 meters from

where a person stands. Therefore, ground coverings, (€.g., asphalt, concrete) may

decrease the gamma exposure rate.

Conversely, building materials may

contribute to dose. The magnitude of change depends on the amount of material

involved, and relative radionuclide concentrations in the old and new situations.

Background increases have been related to nuclear accidents and weapons tests.

Cosmic ray variations tend to be small and result from changes in barometric

pressure. With a high pressure system, there is a larger mass of air to provide a

shielding effect, as compared to a low pressure system, which has less air mass

and less shielding.
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e Cosmogenic radionuclide production varies accordin'g to changes in the cosmic
ray intensity. A more active sun produces changes in the solar wind and
magnetic field, which oppose the cosmic rays coming from outside the solar

system.

e Seasonal changes also occur in the deposition of cosmogenic radionuclides on the
ground. Deposition is greater during the spring months when air in the
stratosphere mixes with air in the troposphere. As mixing occurs, cosmogenic

material fluxes to the surface usually increase with higher precipitation rates.

INDUSTRIAL SECTORS WITH TENORM

Data in this section are taken primarily from EPA (1993).

The majority of TENORM issues center on waste from industrial processes. Most of the
wastes that are discussed are produced in very large volumes, but are of relatively low specific
radioactivity. While some wastes are disposed of, others are put to commercial uses. The
improper disposal, re-use, and recycling of diffuse TENORM has led to circumstances resulting
in contamination events and unnecessary public exposures. Disposal in piles or stacks can lead
to groundwaier contamination and to airborne releases of radioactive particulates and radon.
Improper use and/or disposal, such as for soil conditioning or fill around homes, can lead to
buildup of radon gas in homes, direct exposure to individuals, and contamination of soil and of
the crops growing in the soil. Reuse of TENORM- contaminated materials, such as in concrete

aggregate, can lead to increased radiation risks to members of the public in a variety of ways.

This overview is not comprehensive. It is representative of the types of industries that
have TENORM. The summaries presented in EPA 1993 were extracted from studies that were
conducted to characterize the presence of radioactivity, industry practices, and waste and
materials. It should be noted that quality data are not available for many of these industries, and
some sectors are not overly willing to share data. Therefore, the data presented in Table 6 are

often extrapolated and best estimates. The main radionuclides investigated in the uranium series
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in industrial TENORM situations are 2*U, 2**U, °Th, **Ra, and **’Rn (and progeny). In the
thorium series, we look at *2Th, *®Ra, and **Rn (and progeny). In addition, “’K should be
characterized. Radium-226 is used here to show the relative activity and volume among the
TENORM sectors. In assessing dose and risks, all radionuclides need to be considered. Eight

industrial sectors will be examined: ﬂf 7

22
N Fede 7h-
o Uranium mining overburden 7

e Phosphate waste

e Phosphate fertilizers ?M - Fb —o ol
e Coal ash

e QOil and gas scale and sludge
® Water treatment - P s "fw
e Metal mining and processing (including Rare Earths and Other Metals)

e Geothermal energy production wastes.

Uranium Overburden and Mine Spoils

Unlike ore (source material) and mill tailings (byproduct material), uranium overburden
is not regulated by the Atomic Energy Act (AEA 1954) or the Uranium Mill Tailings Remedial
Action (UMTRA) program (EPA 1980), and therefore is considered TENORM.

The uranium mining industry began in the 1940s primarily for the purpose of producing
uranium ore for use in weapons and soon after for nuclear fuel fabrication. The majority of the
mines are located in the west, mainly in Utah, Colorado, Wyoming, Arizona, South Dakota, New
Mexico, and Texas. Mining of uranium ores by surface and underground methods produces large
amounts of bulk material, including overburden, low-grade ore, and mining spoils. Surface

mining produces the bulk of the spoils.
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Table 6. Estimated TENORM Annual Production Rates and
Average *Ra Specific Activities

. Average **Ra

Material/Waste Stream (mzfr:(ch:(c):::;el:?far) Concentration,

Bq g-1 (pCig”)
Uranium overburden 3.8E+07 0.92 (25)
Phosphate waste

- Phosphogypsum 4 8E+07 1.2 (33)

- Slag 1.6E+06 1 1.29 (35)
Phosphate fertilizers* 4 .8E+06 0.31(8.3)
Coal ash 6.1E+07 0.14 (3.7)

- Fly ash 4 4E+07 0.14 (3.9)

- Bottom ash and slag 1.7E+07 0.11 (3.1)
Oil and gas scale and sludge 2.6E+06 3.33(90)
Water treatment 3.0E+06 0.59 (16)

- Sludges 2.6E+06 0.59 (16)

- Radium selective resins 4.0E+04 1295 (35,000)
Metal mining and processing 1.0E+09 _ 0.18 (5)

- Rare Earths - 2.1E+03 33.3 (900)

- Zirconium, hafnium, 4.70E+05 1.59 (43)

titanium, and tin

- Large volume industries 1.0E+09 0.18 (5)

(e.g., copper, iron)
Geothermal energy production wastes 5.4E+04 4.9 (132)

Adapted from EPA (1993) and Hull (1996, 1997)

*Phosphate fertilizers shown above in Table 6 are not wastes, but are included in this tabulation due
to their widespread use; especially in North America.
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Overburden, which overlies the ore deposit, contains limited amounts of natural uranium

and its progeny; average “*°Ra concentrations are .92 Bq g (25 pCi g'') (Table 7).

Table 7. Radionuclide concentrations of Environmentally Significant Radionuclides in
Uranium Mining Overburden

Radionuclide Concentration Bq g™ (pCi g™)
B3y 0.92 (25)
24y 0.92 (25)
20Th 0.92 (25)
1226R4 0.92 (25)
210p, 0.66 (18)
210p, 0.66 (18)
35y 0.048 (1.3)
BIp, 0.048 (1.3)
2pc 0.048 (1.3)
227y, 0.037 (1.0)
28pa 0.037 (1.0)
281y, 0.037 (1.0)

Source: EPA (1993)

Mining spoils include low-grade ore and other materials excavated during the mining
process. Low-grade ore contains significant amounts of uranium, but usually not enough to make
milling economically attractive. The concentrations of **°Ra at the interface of overburden and

low-grade ore boundaries vary from about 0.1 to ~10 Bq g”' (three to several hundred pCi g™").

i

27



NORM and TENORM HPS 1999 Midyear PEP Course 1.A

The estimated total volume of mine waste produced is about 4 billion metric tonnes (MT),
almost 90% of this within the last 20 years by surface mining. Although demand has fallen off,
the deposits that were recently mined are of lower quality and harder to access; therefore, the
amount of waste per volume of ore generated has increased significantly. As of 1988, there were
3.1 billion MT of unreclaimed overburden in the United States. Uranium mining and milling in
America had virtually ceased due to market forces. However, there is now some renewed interest

in mining and milling of uranium because stockpiles are low and the price of uranium is rising.

Most uranium overburden is piled and stabilized where it is mined. Uranium overburden
has few uses. It is typically used for backfilling mined out areas and for constructing site roads.
Mine reclamation will utilize overburden as the practice is implemented. Only about 4% of the
mines have been reclaimed. ORNL has found overburden and mine muck used as road aggregate
in Colorado (Rice 1995).

Most areas where uranium mining has occurred are remote and arid. These areas are
starting to become more populated, and chances for exposures to populations are increasing. A
good example of this phenomena is Moab, Utah. The population of Moab was stagnant and
actually decreasing during the 1970s and early 1980s. The population of Moab has increased
dramatically in recent years with the advent of recreational activities like mountain biking and
river rafting. Not only is the population increasing, but tourism in the back country is increasing.
The possibility of exposure to TENORM is a concern because numerous uranium mines are
located in eastern Utah. These abandoned mines have spoils piles that may not be under any
control, and can be accessible. Old mining roads into the back country are used by the

recreationists.

Radon concentrations are reduced by escape through diffusion and advection at varying
rates. The amount of 2'°Po and ?'°Pb are also reduced by the amount of radon lost. If a radon
emanation coefficient of 0.3 is used (sandstone matrix), the 2'°Po and 2'°Pb concentrations are 0.7
times that of 2Ra or about 0.66 Bq g (18 pCi g™). Radon rates were not given because its

release rate from the surface of the overburden was determined from the *2°Ra concentration.

28



NORM and TENORM HPS 1999 Midyear PEP Course 1.A

Phosphate Industry Wastes

Phosphate rock extraction is the fifth largest mining industry in the United States in terms
of quantity of material mined. Domestic production from these open pit mines was 38 million
metric tonnes (MT) in 1988. Florida produces about 80% of domestic capacity, with North
Carolina and Tennessee generating 10% and Idaho, Utah, Montana and Wyoming the balance.
Phosphate rock is processed to produce phosphoric acid and elemental phosphorus. These are
then combined with other chemicals to produce phosphate fertilizers, detergents, animal fecds,
other food products, and phosphorous chemicals. The production of fertilizers accounts for over

90% of the phosphate rock demand in the United States.

Phosphate ore contains one-third quartz sands, one-third clay minerals, and one-third
phosphate particles. Uranium in phosphate ores ranges in concentration from 20 to 300 ppm
(0.26 10 3.7Bq g (7 to 100 pCi g"). Thorium is present in background amounts, ~1 to 5 ppm
(3.7 10 22.2 mBq) (0.1 t0 0.6 pCi g'). When the phosphate panicles are separated from the bulk
ore (beneficiated), two types of wastes are produced: phosphatic clay tailings and sand tailings
(Fig.7). The clay slimes contain 48% of the radionuclides in the host ore, the sand tailings
contain 10%, and the remaining 42% ére carried by the phosphate rock. Florida clay slime

contains about 1.67 Bq g (45 pCi g") *Ra.

Phosphogypsum is the principal waste by-product generated during the phosphoric acid
production process (wet process), and phosphate slag is the principal waste by-product generated
from the production of elemental phosphorous (thermal process). It is estimated that there have
been over 8.2 billion MT (9.1 billion short tons) of phosphogypsum generated globally between
1910 and 1991. Impurities contained in the phosphogypsum and phosphate slag include uranium

and thorium and their progeny (Table 8). These can become concentrated in the waste by-

products.' o 22 co2%h
P 2 5@7,1@4»7& fﬁlw 10 o
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Figure 7. Schematic Production Flow Diagrams.of the Thermal and Wet
Processes for Manufacture of Phosphate Fertilizers.
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Table 8. Radionuclide Concentrations in Phosphogypsum

Radionuclide Concentration, Bq g-1
(pCig™h
By 0.22 (6.0)
24y 0.23 (6.2)
20T 0.48 (13)
*Ra 1.22 (33)
210y 0.96 (26)
210py, 0.96 (26)
By 0.01 (0.30)
s ~ 0.01(0.30)
A 0.01 (0.30)
B2Th 0.009 (0.27)
2%Ra 0.009 (0.27)
*%Th 0.052 (1.4)

Source: EPA (1993) and Hull (1996a,b; 1997)
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Figure8. A Generalized Flow-Chart of the “Wet Process” Productlon of
Phosphoric Acid from Phosphate Ore Rock.

A schematic diagram of the “wet-process” of phosphoric acid production and the
fractionation of TENORM in this process is shown in Fig. 8. The sulfur is usually processed into
sulfuric acid at the fertilizer production facility. The sulfuric acid, water, and ore are reacted
under controlled conditions to maximize the production of phosphoric acid. The phosphoric acid
is filtered through large, woven polypropylene filter screens under a partial vacuum to separate
the majority of solid, by-product phosphogypsum (PG). The phosphoric acid is pumped to
storage tanks and again filtered prior to reaction with liquid ammonium to produce diammonium
phosphate fertilizers. These fertilizers contain almost all the uranium and most the thorium from

the ore rocks.

About 85% of the 2°Ra follows the phosphogypsum, while about 86 % of the uranium and

70% of the thorium are found in the phosphoric acid. Typical radium concentrations in Florida
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Figure 9. Cross-Plots of the Fractionation Of 2*U, *Th, **Ra, 2'°Pb, and *'°Po
from Phosphate Ore to the Corresponding Phosphogypsum By-Product.

phosphogypsum stacks fall within a range of 0.41to 1.3 Bq g™ (11 to 35 pCi g), with progeny
also in that range. About 88% to 92% of the radium (226Ra) and lead (2’°Pb) are fractionated to

the phosphogypsum.

During the wet process, there is selective separation and concentration of radionuclides.
Cross-plots of radionuclides in the phosphate ore rock being acidulated (plotted on the abscissa)
 at the time the corresponding phosphogypsum samples (ordinate) were collected as shown in Fig.
9. These plots illustrate the fractionation and re-distribution of radionuclides of interest during
the processing of phoéphate rock into phosphoric acid in Florida. Virtually all of the polonium
(*'°Po) is also included in the phosphogypsum. The slopes of the best-fit, regressed lines for these

ore rock - phosphogypsum pairs is not 1 due to the stoichiometry of the reaction; about 1.7 grams
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of phosphogypsum are produced for each gram of phosphate rock. It is easily discerned from this

graph most of the U and Th are ending up in the phosphoric acid and processing solutions.

Phosphate production wastes, primarily phosphogypsum, is stored in large stacks which
are commonly referred to as “gyp-stacks.” The solid by-project PG is slurried with processing
solutions and discharged onto the adjacent gyp-stack.. These stacks are huge and often cover 4
to 12 km? with an average height of 35 m. The slurries “de-water” and huge volumes of PG
accumulate in storage “stacks” that cover a number of square kilometers at each fertilizer plant.
Each facility may have one or more stacks that range from 2 to 300 hectares and range in height
from 3 to 60 meters. Much of the stack is covered with low pH (2.5 or less), very high ionic

strength solutions in ponds and ditches.
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Figure 10. Phosphogypsum storage stacks in Florida (gyp-stacks). Most stacks
are not lined to prevent contamination of the groundwater aquifers with -
high ionic strength, low pH solutions that contain TENORM.
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Within Florida alone there are over 20 active and inactive gyp-stacks (phosphogypsum
is no longer being deposited on inactive stacks). The locations of these gyp-stacks in Florida are
shown in Fig. 10. Within the next two years storage of this water-soluble, radioactive waste shall
exceed 1x10°tons. Most of these “gyp-stacks™ have been deposited directly on the land surface
without any liners or other physical to reduce the flux of high ionic strength and radionuclide-
bearing solutions into groundwater reservoirs. One of the larger of these “gyp-stacks” recently
“fell-into” the Floridan Aquifer system. The acidic solutions emanating from these stacks
dissolved the underlying carbonate rocks. Thousands of tons of this material was introduced into

one of the largest fresh water aquifer systems in North America just upgradient of Tampa, Florida.

Radon flux rates from phosphogypsum stacks vary widely, due to the radium
concentration in the parent rock, the emanation fraction, and other factors. Average fluxes have
been reported to vary from 0.063 to 0.44 Bq m-s"" (1.7 to 12 pCi m-2 s), with a mean value of
0.25Bgm-*" (6.8 pCi m-? 5. The radon emanation coefficient for phosphogypsum is estimated

at a value of 0.2.

Gamma radiation exposure rates from phosphogypsum stacks have been measured around
~0.287 uSv hr'! (33 MR hr'!)!. Radiation surveys conducted in areas where large volumes of
phosphate ores are stockpiled have yielded gamma exposure rates ranging from ~0.174 to 0.87

uSv hr' (20 to 100 pR hr'), with an average of ~0.522 puSv hr (60 MR hr'h),

* Some phosphogypsum is used for agricultural and construction purposes. EPA has ruled
that “Phosphogypsum intended for agricultural use must have a certified average concentration
of ?%Ra of no greater than 10 pCi g (EPA 1992). However, virtually no phosphogypsum has
specific activities of 22°Ra in this low range; the great majority averages 20 to 35 pCi g”! (Hull,
1997).

! Conversion from exposure to dose made by using 1R=0.0087 Gy. A quality factor of
1.0 is used to convert from Gy to Sv.
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In contrast to the “wet-process,” during the thermal process vitrification yields slag, a
material that contains thé non- volatile radionuclides. This slag has been found to contain
uranium and thorium concentrations in the range of 0.74 to 1.85 Bq g (20 to 50 pCi g') and
226Ra concentrations in the range of 0.15to 1.5 Bq g! (41040 pCi g") (Table 9). Because of the
high temperatures, some radionuclides are vaporized during the process. As much as 95% of the
210p and 2'°Po have been measured in stack releases. Eventually, these isotopes decay and grow

back into equilibrium with the 26Ra.

Table 9. Radionuclide Concentrations in Phosphate Slag

Radionuclide Concentration Bq g-1 (pCig™”)
B8y 0.92 (25)
B4y 0.88 (24)
30T ' 1.19 (32)
2%Ra ', ~ 1.26(35)
210py : 1.26 (35)
210p, 1.26 (35)
85y 0.05 (1.3)
Blp, 0.05 (1.3)
21a¢ 0.05 (1.3)
BlTh 0.03 (0.77)
28pa 0.03 (0.77)
287ThH 0.03 (0.77)

Source: EPA (1993)

The total slag inventory in the United States in 1991 is estimated at 224 to 424 million
MT (247 to 467 million short tons). The radon emanation coefficient for slag is estimated to be

very low because of the vitrified matrix. A value of 0.01 was assumed for the referenced report.
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Radon flux measurements conducted on Idaho slag indicate that very little radon escapes
the vitrified slag matrix. An average radon flux rate of 0.02 Bq msec™ (0.5 pCi m? sec’!) is
estimated for a typical phosphate slag pile. For comparison, measurements taken on two
phosphate ore samples revealed radon fluxes of 2.11 and 2.37 Bq msec™ (57 and 64 pCim?sec’
"); radon fluxes from native soil samples ranged from 0.063 to 0.63 Bq m2sec”! (1.7 to 17 pCim?

sec’h).

Gamma radiation exposure rates of ~0.87 uSv hr'' (100 uR hr’') have been measured on
slag piles. Phosphate slag has been used as aggregate in making roads, streets, pavements,
residential structures, concrete. aggregate, railroad ballast, and buildings. Radiation surveys
conducted in Montana and Idaho where slag has been used in construction materials and to pave
streets have yielded measurements of ~0.565 pSv hr' (65 uR hr”) in homes and ~0.435 pSv hr’

(50 uR hr") on streets that utilized slag. |

Phosphate Fertilizers and Potash

Phosphate fertilizers are one of the end products from the phosphate industry just
discussed. Phosphate and potassium are also found in multiple-nutrient fertilizers, which are

available in different blends of nitrogen (N), phosphorous (P), and potassium (K).

Potash is another material used as a fertilizer that contains natural radioactivity, primarily
“K. Potash is composed principally of the salts of potassium, of which potassium chloride and

potassium sulfate are the major components.

Phosphate fertilizers are produced by mixing phosphoric acid directly with phosphate
rock. Ammonia and potassium salts are also added to produce a variety of fertilizers. Mined from
sylvinite ore or produced by solar evaporation, potash can be used directly as a fertilizer without
extensive chemical conversion. The continued widespread use of phosphate fertilizers may

eventually result in a measurable increase in background radiation levels.
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Radionuclide concentrations vary with the type of fertilizer and production process, with
average concentrations ranging from 0.18 to 0.74 Bq g' (51020 pCi g’ for **Ra, 0.74 to 2.22
Bq g" (2010 60 pCi g"') for uranium, and 0.037 t0 0.18 Bq g (1 to 5 pCi g™) for thorium (Table
10). The activity of “K in potash depends of the quantity of potassium present, which is normally
expressed as equivalent mass of K;O. The equivalent concentration of “OK in potash is about
25.75 Bq g (696 pCi g') K»0. Since marketable potash contains about 60% KO, the

concentration of “°K in the final product calculates to approximately 15.5 Bq g (420 pCi g'').

Radon fluxes for phosphate fertilizers in soil are expected to be similar to those for
unfertilized soils. A typical flux for a fertilized soil is approximately 0.037 Bq m™ (1.0 pCi m?)
per pCi g of °Ra. The external gamma radiation attributable to fertilizer materials is only

about 0.25% of that from unfertilized soil.

Table 10. Radionuclide Concentrations in the
Average Phosphatic Fertilizer

Phosphate Potash
Fertilizer
‘Radionuclide

Concentration, Bq g-1 (pCig™)
oK - 25.75 (696)
=y - 2.04(55) -
By 2.07 (56) -
20Th 1.96 (53) -
2%6Ra 0.31 (8.3) -
210py, 0.22 (5.8) -
20py, 0.22 (5.8) -
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2y 0.096 (2.6) -
2pa 0.096 (2.6) -
2TAc 0.096 (2.6) -
B2Th 0.037 (1.0) -
2%Ra 0.037 (1.0) -
2Th 0.037 (1.0) -

Source: (EPA 1993)

Coal Ash

There are over 1,300 coal-fired boilers operated by electric utilities and nearly 60,000
industrial boilers in the United States Electric utilities consume the most coal, currently at about
700 million MT (771 million short tons) per year. Domestic coal production has increased, as
well as imports, while exports have remained relatively stable. In 1990, 61.6 million MT (67.9
million short tons) of ash and slag were generated, with another 17.2 million MT (18.9 million
short tons) of sludges. Coal consumption generates large amounts of coal ash that requires proper
management and disposal, either at the point of use or elsewhere in ash impoundment facilities.

Since coal contains naturally occurring uranfum and thorium, large quantities of coal ash may
present a potential radiological risk to exposed individuals. The degree of risk will depend on the

physical and radiological properties of the ash and on how the ash is disposed of or used.

The radioactivity of coal can vary over two orders of magnitude depending on the type of
coal and the region from which it is mined. The concentrations of >**U and #*Th in coal average
about 0.022 and 0.018 Bq g (0.6 and 0.5 pCi g, respectively. The concentrations of the

radionuclides in ash will also vary (Table 11). They tend to be enriched in ash compared to coal.

Electrical utility boilers generate ash at a rate of about 10% of the original volumes of
coal. Over 95% of the ash is retained. Bottom ash and slag make up about 20% and fly ash

makes up the other 75%. Fly ash is formed when flue gases entrain (to draw after oneself) ash.
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Fly ash is very fine. The remainder of the ash that is too heavy to go off with the gas settles to

the bottom of the boiler to become bottom ash.

Ash also typically contains silicon, aluminum, iron and calcium. Liquid slag is produced
when the ash melts under intense heat. Treatment of stack exhausts also results in the generation
of flue gas desulfurization sludges. About 17 million MT (18.75 million short tons) were

produced in 1990.

Table 11. Typical Average Radionuclide Concentrations for Coal Ash

Radionuclide Concentration, Bq g-1
(pCig")
3y 0.12 (3.3)
24y 0.12 (3.3)
20Th 0.085 (2.3)
2%Ra 0.14 (3.7)
210py 0.25 (6.8)
210pg 0.26 (7.0)
By 0.0037 (0.1)
3ipy 0.0059 (0.16)
ZTAc 0.0059 (0.16)
32Th 0.077 (2.1)
2%Ra 0.066 (1.8)
28Th 0.19 (3.2)

Source: EPA (1993)
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The radon emanation coefficient for ash is low because the ash is vitrified. A factor of
0.02 can be used to compare to other coefficients. Radon flux is also low, estimated at 0.018 Bq

Zsec”! (0.5 pCi m? sec™).

o

About 70 to 80% of the coal ash generated is disposed of in landfills or ponds. There are
about 300 off-site coal-ash landfills and surface impoundments. A typical ash disposal landfill
may be anywhere from 30 to 60 hectares. It is estimated there are 305 off-site coal-ash landfills
and surface impoundments and that there are about 900 on-site disposal facilities. Fly ash, bottom
ash, and boiler slags are used as substitutes in cement and concrete, as structural fills, for snow
and ice control, and as blasting grits. The potential impact of long-term accumulation of by-

products in the biosphere should be considered (Gabbard 1993).

Coal ash is used as an additive in concrete, cement, and roofing materials, land
reclamation, paint and undercoatings, and various products and as a structural fill for road
construction. About 30% of ash is reused. There is concern that fly ash may become regulated

in the future, which would discourage reuse.

Oil and Gas Production Scale and Sludge

The rate of production of domestic crude oil is closely tied to the international price of
crude and to fluctuations that depend on world-wide political and economic conditions.
Production for the month of November 1995 was estimated at 6.5 million barrels per day (API
1996). Production in 1970 was approximately 9.6 million barrels per day. It is estimated that
about 25 thousand MT (27.5 thousand short tons) of TENORM scale and 230 thousand MT
(253.5 thousand short tons) of TENORM sludge are generated from domestic production each

year, based on 1989 figures.

Radioactivity in oil and gas production and processing equipment is of natural origin and

is now known to be widespread, occurring throughout the world. Estimates suggest that up to
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30% of domestic oil and gas wells may produce some elevated TENORM contamination. The
geographic areas with the highest recorded measurements were northern Texas and the gulf coast
crescent from southern Louisiana and Mississippi to the Florida panhandle. Very low levels of
TENORM radioactivity were noted in California, Utah, Wyoming, Colorado, and northern

Kansas fields.

Uranium and thorium compounds are mostly insoluble and as oil and gas are brought to
the surface, remain in the underground reservoir. As the natural pressure within the bearing
formation falls, formation water present in the reservoir will also be extracted with the oil and
gas. Some radium and radium daughter compounds are slightly soluble in water and may become
mobilized when this production water is brought to the surface. The precipitate consists
principally of barium sulfate (BaSOy), calcium sulfate (CaSO;), and calcium carbonate (CaCOs).
Because the chemistry of radium is similar to that of barium and calcium (all are Group IIA

elements), radium may also precipitate to form complex sulfates and carbonates.

The amount of TENORM material from a producing field generally increases as the
amount of water pumped from' the formation increases. Since radium concentrations in the
original formation are highly variable, the concentrations that precipitate out in sludges and as
scale on internal surfaces of oil and gas production and processing equipment are also variable.
This scale in these chemical matrices is relatively insoluble and may vary in thickness from a few
millimeters to more than an inch. Scale deposits in production equipment may at times become

so thick to completely block the flow in pipes as large as 10.1 cm (4 in.) in diameter.
Radium-226 in scales generally has higher specific activities than “’Ra. Typically, *Ra

in scale is in equilibrium with its progeny, but 228Ra is not. The nominal activity appears to be

about three times greater for 226Ra than for **Ra (Table 12).
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Table 12. Average Radionuclide Concentrations in Oil and Gas Scale

Radionuclide Concentration, Bq g (pCig™)
26Ra 13.3 (360)
210py, 13.3 (360)
210p,, 13.3 (360)
- 22Ra 4.44 (120)
28T 4.44 (120)

Source: EPA (1993)
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Figure i1. Schematic of Oil and Gas Processing Equipment.
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The oil and gas production stream passes through a separator where the oil, gas, and water
are divided into separate streams based on their different fluid densities (Fig. 11). Most of the
solids removed in the separator accumulate there. The product may also be treated using a
heater/treater to separate oil from produced water and sludge. The produced water flows from
the separators into storage tanks and is often injected into disposal or recovery wells. Scales are
usually found in piping and tubing, including oil flow lines, water lines, injection and production
well tubing, manifold piping and small-diameter valves, meters, screens, and filters. The highest
concentrations of TENORM occurred in wellhead piping and production piping near the
wellhead. Concentrations of radium in scale deposited in production tubing near wellheads can
range up to tens of thousands of picocuries per gram. The concentration of radium deposited in
separators is about a factor of ten less than that found in wellhead systems. There is a further
reduction of up to an order of magnitude in the radium concentration in heater/treaters. The
activities in granular deposits found in separators range from one to about one thousand
picocuries per gram. The largest volumes of scale have been found in the water lines associated

with separators, heater/treaters, and gas dehydrators.

TENORM radionuclides may also accumulate in gas plant equipment from *’Rn decay
products, even though the gas is removed from its °Ra parent. Rn-222 concentrates in the liquid
petroleum gas (LPG) fraction during processing. Gas plant deposits differ from oil production
scales, typically consisting of radon decay products plated out on the interior surfaces of pipes,
valves, and other gas plant equipment. The only significant radionuclides remaining in gas plant

equipment are 2'°Po and 2'°Pb.

Radon flux rates from scale are hard to determine. Several factors, such as particle size,
thickness of the deposit, and the presence of oil and other material may reduce radon flux rates.
Since much of the waste is internal to components, it may be challenging to characterize net

radon flux. A 0.05 radon emanation coefficient has been assumed for the referenced report (EPA, 1993).

Exposure rates vary widely depending on geographic location and the type of equipment.
Median exposure rates were measured for water handling equipment in the ~0.261 to 0.348 uSv

hr! (30 to 40 pR hr'') i'ange. Gas processing equipment with the highest levels include reflux
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pumps, propane pumps, and tanks and lines. Median exposure rates were reported to be in the
~0.348 to 0.609 uSv hr' (30 to 70 uR hr') range. For both oil and gas processing equipment,

a few measurements were observed to be in excess of ~8.7 uSv hr! (1 mR hr").

The origin of TENORM-contaminated sludge is similar to that of scale. As the produced
water is subjected to changes in temperature and pressure, dissolved solids may precipitate out
of solution and deposit sludge within the oil production system. These deposits are generally in
the form of oily, loose material. Sludge often contains silica compounds, but may also contain
significant amounts of barium. Some of the solids in the original product stream are removed in
the separator and accumulate there as sludge. As the stream is further treated using heater/treaters
to separate oil from water, sludge is also separated and allowed to accumulate. The largest
volumes of sludge settle out of the production stream and remain in the oil stock and water
storage tanks. Radionuclide concentrations in sludge vary from background levels to several
hundred picocuries per grarﬁ, with the highest concentrations in the separator and collection areas
near the separator (drains, efc.) (Table 13). The levels deposited in heater/treaters and in sludge
holding tanks are about a factor of 10 less than those found in the separator. TENORM
concentrations in sludge deposits in heater/treaters and tanks are generally around 2.78 Bq g (75
pCig™).

Table 13. Average Radionuclide Concentrations in Sludge

Radionuclide Concentration, Bq g
(pCig")
2%6Ra 2.07 (56)
210py, 2.07 (56)
210pg 2.07 (56)
2%Ra ‘ 0.7 (19)
2TH 0.7 (19)

Source: EPA (1993)
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Radon flux from sludge is also hard to characterize for several reasons. The presence of
oil or other petroleum products associated with the sludge may reduce radon flux rates. The
presence and concentration of 226Ra will govern radon flux and diffusion properties from sludge.

A radon emanation coefficient of 0.22 was assumed for the referenced report (EPA 1993).

Oil field tubulars and equipment are now surveyed for the presence of radioactivity, and
contaminated equipment is either held in storage or sent to a commercial decontamination facility.

Tank sludges are also surveyed for radioactivity, dewatered, and held in storage pending disposal.

In some states and provinces, production water from oil and gas industry is disposed down
hole. In addition, well injection for slurried material at limited concentrations has been permitted
for oil field TENORM. Some oil field scale is stored in drums. The industry disposes of scale
and sludge wastes removed from production equipment and also discards contaminated
components. There are instances where TENORM waste is disposed of off-shore, under license

from the United States Mineral Management Service.

Waste Water Treatment Sludge

Since water for domestic use comes from streams, lakes, reservoirs, and aquifers, it
contains varying amounts of naturally occurring radioactivity. Radionuclides are leached into
ground or surface water when water comes in contact with uranium- and thorium- bearing
geologic media. The predominant radionuclides found in water include radium, uranium, and

radon, as well as their progeny.

Water treatment includes passing the water through various types of filters and devices
that rely on physical and chemical processes to remove impurities and organisms. If water
containing radionuclides is treated by such systems, it is possible to generate radioactive wastes
even if the treatment system was not originally intended to remove radioactivity. Such wastes
include filter sludges, ioh-exchange resins, granular activated carbon, and water from filter

backwash.
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Of the over 60,000 public water supply systems, it was estimated that about 700 of them
treat water containing elevated NORM radionuclide concentrations. The areas suspected of
having the most systems with elevated radionuclide concentrations are the North Central Region,
the Piedmont and Coastal Plain Provinces, and portions of Arizona, New Mexico, Texas,

Mississippi, Florida, and Massachusetts.

It is estimated that approximétely 260,000 MT (287,000 short tons) of water treatment
sludge containing elevated levels of TENORM, including spent resins and charcoal, are generated
annually (Table 14).

Three technologies are likely to produce the TENORM waste because they generate -
sludge and are known to remove radioactivity from water. They are lime softening, greensand

filtration, and ion-exchange and activated charcoal.

¢ Lime softening is used on larger systems to soften water by the addition of
calcium hydroxide, which raises the pH causing calcium and magnesium in the
water to precipitate. The precipitate, along with the suspended solids, is removed
by sedimentation and filtration. Eighty to 90 % of the radium in the water is also

trapped in the sludge.

® Greensand is made of grains of glauconite often mingled with clay or sand and
may also contain natural algae. These large sand bed filtration systems remove

nearly 60% of radium found in the water.

® Jon-exchange resins are used to soften water. Cation exchange removes about
95% of the radium. Anion exchange removes about 95% of the uranium. These
resins are usually back- washed for reuse. The backwash water is typically
discharged or back-washed to another column for further treatment.
Radionuclide content eventually builds up in the resin after prolonged use.

Activated charcoal is often used in conjunction with ion-exchange systems to
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remove organics and gases, including radon. Over 95% of the radon, with

smaller amounts of uranium and radium can be removed.

Table 14. Average Radionuclide Concentrations in Water Treatment Sludge

Influent Water, Bq/L . .
Radionuclide (pCi/L) Sludge, Bq g-1(pCi g
(above normal )
concentrations)
By 0.074 (2.0) 0.15 (4.0)
B4y 0.074 (2.0 0.15 (4.0)
2301 0.0037 (0.1) 0.0074 (0.2)
?Ra 0.30 (8.0) 0.59 (16.0)
210py, 0.18 (4.8) 0.41 (11.0)
210
Po 0.18 (4.8) 0.41 (11.0)
By 0.00052 (0.014) 0.0011 (0.03)
Bipy 0.00052 (0.014) 0.0011 (0.03)
N 0.00052 (0.014) 0.0011 (0.03)
23_2Th 0.0037 (0.1) 0.0074 (0.2)
28Ra " 0.37 (10.0) 0.74 (20.0)
[0.59 (16)]
28T 0.0037 (0.1) 0.0074 (0.2) [0.33
(9.0))°

2 For 22%Ra and 2*Th, the values shown in brackets are concentrations after two

years of decay and ingrowth. Adapted from EPA (1993).
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Ion-exchange resins generate waste at higher concentrations of those found in sludges but
in much smaller quantities. Field data indicate that radium concentrations between 11.8 to 129.5
Bq L™ (320 to 3,500 pCi L™') occur in the column rinse and brine. Radium buildup in cation-
exchange resins has been observed to average about 0.33 Bq g’ (9 pCi g"), with peak

concentrations ranging from 0.92 to 1.48 Bq g”! (250 40 pCi g™).

Selective sorbants specifically designed to remove radium from water are particularly
effective, with wastes retaining concentrations of *°Ra averaging 1.48 kBq g (40,000 pCig™)
and up to 4.07 kBq g (110,000 pCi g'). This material is considered discrete NARM, > 74 Bq

g! (>2nCi g"), and should be treated as low-level waste.

The concentration of radionuclides in water treatment sludge will depend on:

® The amount of naturally occurring radioactivity and radionuclide

concentrations in the water supply
e Radionuclide removal efficiency for the system, and

® The amount of sludge produced per unit volume of water processed.

Water treatment sludges are placed in lagoons and may include lime sludge, back flush
water, spent ion-exchange media, and sand filter elements. Disposal in lagoons results in the
accumulation of radium in bottom sediments that may have to be dredged and disposed of
properly. Sludge is also disposed of in sanitary landfills, discharged to sewers, injected in deep

wells, or spread on agricultural soils, while the decanted water is recycled.
Radon fluxes from disposed sludges are assumed to be near those of typical soils.

Radiation exposure rates from sludges are expected to be near those of ambient background

levels. Exposure rates from spent resins and charcoal beds, however, would be much higher.
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Exposure levels as high as several mR hr' have been observed on charcoal and resin beds. An

average of ~0.748 uSv hr' (86 uR hr'') was adopted for the referenced report.

Metal Mining and Processing Waste

The mining and processing of ores for the production of metals generates large quantities
of residual bulk solid and liquid wéstes. Because the minerals of value make up only a small
fraction of the ore, most of this bulk material has no direct use. Itis estimated that the mining and
processing of ores and minerals, other than uranium and phosphate, has resulted in the production

of more than 40 billion MT (44 billion short tons) of mine waste and tailings from 1910 to 1981.

The metals extraction industry typically generates about 1.5 billion MT (1.65 billion short
tons) of waste per year, including about 1.0 billion MT (1.1 billion short tons) of waste rock and
overburden, 0.40 billion MT (0.44 billion short tons) of ore tailings, and less than 0.10 billion MT
(0.11 billion short tons) of smelter slag. Depending on the original ores and processing methods,

some of these wastes contain elevated concentrations of TENORM (Table 13).

It is generally believed by geologists that the level of NORM found in ores depends more
on the geologic formation or region rather than on the particular type of mineral being mined.
These ores often contain many different minerals, and the radionuclide content of one type of ore
or mining operation or its wastes will not be representative of other mines or waste types. For
some ores, the refining process may yield a waste process that may contain higher radionuclide
concentrations when compared to the original ore. It has been reported that some of the more
uncommon metals have highly radioactive waste products. Also, some processes associated with

metal extraction appear to concentrate certain radionuclides and enhance their mobility.

Most of the metal mining waste is stored on-site or near the point of generation, in tailings
ponds or used to construct dams, dikes, and embankments. About two-thirds is mine waste, and
one-third is tailings. Metal mining processing wastes have only been reused in a limited number
of applications, typically for backfilling mined out areas and for construction and road building

near the mines. Some mineral processing wastes have been used to make wallboard and concrete.
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Some of the mining wastes are stored in stockpiles that are reprocessed several times to
extract additional minerals. NRC staff published guidance on September 22, 1995 (NRC 1995);
allowing for certain feedstocks containing uranium and thorium to be processed by licensed
uranium mills. This will allow the wastes to be disposed of in the uranium mill tailings pile.

There are several restrictions on the feedstock.

Table 15. Metal and Mining Industries Known or Believed to Involve TENORM

Bauxite Lead Thorium
Beryllium Molybdenum Tin
Columbium Nickel Uranium
Copper Rare Earths (Lanthanides) Titanium
Gold Silver Zinc

Iron Tantalum Zirconium

Source: EPA (1993)

Rare Earths

The rare earth elements, sometimes called lanthanides, are a group of 15 chemical
elements with atomic numbers 57 through 71. Yttrium, which has an atomic number of 39, is
also included because it occurs with other rare earth elements and has similar chemical properties.
The special properties of the rare earth elements are why they are used in catalysts, ceramics,
- refractory and metallurgical processes, magnets, efc. They are also used in low-temperature
superconductor technology, which may increase their demand in the future. The United States
is the world’s leading producer of rare earth elements. Rare earth oxides include bastnasite,

monazite, and xenotime.
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Bastnasite (also spelled bastnaesite) can contain up to 75% rare earth oxides, including

up to 0.1% ThO,. Monazite can contain about 60% rare earth oxides, including 4 to 10% ThO..
Uranium may also occur in monazite at 0.1 to 0.5% U30s. Thorium can be removed from
monazite ores by several methods, resulting in thorium residue wastes. Xenotime can contain
elevated levels of thorium and uranium. The ThO, and U;Og components from the rare earth
metals appear in the waste products. Although some of these wastes have been treated as low-
‘level waste and disposed of properly, some of the TENORM-contaminated wastes remain at the

processing sites.

The annual generation rate of waste is assumed to be 20,800 MT (22,900 short tons) per
year containing 6% TENORM with relative activities of 144 Bq g (3,900 pCi g™ for thorium
and 666 Bq g (18,000 pCi g') uranium. These values are considerably higher that the NRC’s

0.05% for source material.

The radon flux rate from rare earth oxide waste piles depends on many factors, such as
the radium concentration in the wastes, moisture content, porosity, and depth of the pile. The

radon emanation coefficient for these wastes is estimated at 0.3.

Radiation exposure rates associated with these wastes can range from near background
to several uSv hr! (several hundred pR hr') for monazite wastes. Depending on the source,
radiation levels may differ because many of the decay products may no longer be in secular
equilibrium with uranium and thorium. A total external radiation exposure rate from thorium and

uranium can be up to ~122 pSv hr' (14 mR hr').

Other Metals

Zirconium, hafnium, titanium, and tin generate approximately 470,000 MT (518,000 short
tons) of waste a year with an average *’Ra concentration of 1.59 Bq g (43 pCi g"). Much of
the ore from which titanium is obtained originates in sands that also contain monazite. Ores can

contain concentrations of uranium and thorium in the range of 0.18 to 0.74 Bq g (5t0 20 pCi
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g’"). Total radium in sludge from titanium process streams had concentrations as high as 2.85 Bq
g' (77 pCi g'). Some ZrO, concentrates from South Africa are used in a process that chlorinates

the sands and converts the zirconium to tetrachloride.

Measurements indicate that *°Ra concentrations in this ore are about 7.4 Bq g (200 pCi
g‘_'). Direct chlorination of zircon puts the radium into the highly soluble radium chloride
chemical form, which can yield high leachate concentrations in liquid waste streams. Values of
1665 Bq L™ (45,000 pCi L") of **Ra were detected in water samples at one plant. The high

solubility and mobility of radium chloride could pose a potential threat to the environment.

Ainang is a general term for the by-products obtained when tin tailings are processed into
concentrated ores. It includes minerals such as monazite, zircdn, ilmenite, rutile, and garnet.
Radium-226 and %**Th activities in amang have been reported to range from 15.91 to 17.76 Bq
g’ (43010480 pCi g") and 42.9 t0 326.7 Bq g (1,160 to 8,830 pCi g™ respectively. Tailings

from these ores may have a significant potential to cause elevated radiation exposures.

Measurements made at a tin smelter showed 2®U concentrations upto 1.59 Bq g (43 pCi
g') and Th concentrations up to 0.7 Bq g (19 pCi g"). Gamma survey measurements at a tin
smelter showed radiation levels in slag storage areas ranging from ~0.087 to 4.35 uSv hr' (10
MR hr' to 500 uR hr"), with average levels less than ~0.522 pSv hr* (60 uR hr'). The large
industries, including copper and iron, generate over 1.0 billion MT (1.1 billion short tons) of

waste per year, with an average “°Ra concentration of 0.18 Bq g”' (5 pCi g').

Geothermal Energy Production Waste

Geothermal energy in the United States is utilized only in a few places, mostly in
California. Solid wastes originating from the treatment of spent brines contain TENORM. Hot,
saline fluids from geothermal reservoirs may have a dissolved solids content approaching 30%
by weight. The average *°Ra concentration in this waste is estimated at 4.88 Bqg' (132 pCigh),
with waste generation estimated at 54,000 MT (59,500 short tons).
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REGULATION, CONTROL, AND MANAGEMENT OF TENORM

Federal Regulation of TENORM

EPA and other Federal and State agencies are responsible for regulating public exposures
to NORM that are.not licensed by NRC. State authority is derived from the Constitution, by
which the States have primary responsibility for the health and safety of the public. EPA, State,
and NRC programs do not treat the radiological risks from NORM consistently. NRC licensees
generally are required to meet more restrictive conditions than are possessors and users of other
NORM. There are no significant differences in the radiological risks of these materials, although ‘
radon and some discrete radium sources have a higher radiological hazard than uranium and

thorium (NRC, 1996).

The definition of source material found in the Atomic Energy Act (AEA 1954) is based
on the early'safeguards concerns for material that could be used to ultimately make reactor fuel
or nuclear weapons. When the definition was written, Congress considered that source materials
needed to be placed under regulatory control on the basis of promoting common defense and
national security. The health and safety impacts from NORM other than source material were
considered to be manageable, to be relatively insignificant, and to have no basis for regulation

from the standpoint on the common defense and national security (NRC, 1996).

The hazards posed by mill tailings (by-product materials) were incompletely recognized
in the uranium industry’s early years, and, while the AEA of 1954 instituted licensing of mill
operators, tailings remained free of controls (EPA 1980). Byproduct material under the Act
limited control to tailings “produced by the extraction or concentration of uranium or thorium
from any ore processed primarily for its source material content” (AEA, 1954). Therefore, other

tailings (vanadium, radium, efc.) are not regulated by the AEA, and are considered TENORM.

In 1965, it was discovered by the Public Health Service (PHS) and the Colorado

Department of Health that uranium mill tailings were being hauled from the mill site and used
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for construction purposes in around habitable structures (CDH, 1989). Regulations were
promulgated to effect cleanup for Grand Junction based on PHS recommendations, known as the
Grand Junction Remedial Action Criteria, found at 10 CFR 712 (AEC, 1972). These regulations
were designed to mitigate radon in structures from uranium mill tailings. In 1978, the Uranium
Mill Tailings Radiation Control Act (UMTRCA)was passed to address the mill sites themselves,
as well as disposal of the tailings. The regulations supporting UMTRCA are found at 40 CFR
192 (EPA, 1980) (Table 16). These regulations are the basis for the current regulations for
NORM the States have adopted, along with surface contamination release limits found in

NUREG 1.86 (NRC, 1974).

Table 16. 40 CFR 192 Standards

Soil, *Ra averaged over 100 5 pCi g"! #°Ra averaged over the first
m?, shall not exceed background | 15 cm of soil below the surface

by more than:
15 pCi g"! *Ra averaged over 15 cm
thick layers of soil more than 15 cm

below the surface

Habitable buildings: Annual average radon decay product
concentration (including background)
not to exceed 0.02 WL. In any case,
not to exceed 0.03 WL

Level of gamma radiation shall not
exceed the background level by more

than 20 microroentgens per hour.
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There are a number of issues to be considered when adopting the 40 CFR 192 values to

TENORM:

e The limits were promulgated when radiation protection guidance policies in place-
at that time limited exposures to the public to ~5 mSv yr'! (500 mrem yr'') whole
body with limiting factors to critical organs. The proposed RPG is for an upper
limit of ~1.0 mSv yr" (100 mrem yr") from all sources (60 CFR 49296).

e The risks from low levels of radiation are assumed to be proportional to dose, that
is, they are based on the linear no-threshold model. There is considerable debate

over the validity of this theory (Patterson, 1997).

e The limits in 40 CFR 192 were calculated using radon emanation values for

sandy material. Many TENORM wastes have very low radon emanation fractions

(slag).

e The indoor gamma exposure rate criteria of ~0.174 mSv hr!' (20 mR hr') above
background was designed to allow some limited flexibility in the methods chosen
to reduce indoor radon decay product concentrations, not to meet a certain dose
limit. In fact, based on 75% occupancy, the standard would allow gamma
radiation doses from the tailings of about ~1.13 mSv yr"' (130 mrad yr'') (EPA,
1980).

Currently there are no federal regulations specifically controlling TENORM.
EPA was going to consider TENORM in proposing 40 CFR 196, but that rule was withdrawn at
the request of DOE. It is unlikely that TENORM would be in a final rule due to pressure from
industry.
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Df ~ M AEA

States Regulation of TENORM

Many states consider TENORM to be regulated by their general rules on radiation. Other
States believe that TENORM should have specific regulations. The Conference of Radiation
Control Program Directors (CRCPD) has developed templates for States to use in drafting
regulations for control and disposal of TENORM. The previous drafts were based on the 40 CFR
192 radium in soil values with exemptions, methods for licensing, protection of workers and
general population, and disposal. The draft regulations have gone through many iterations. Eight
states currently have regulations pertaining to TENORM, most of them based on the CRCPD
terﬁplatc. The States are listed in Table 17. CRCPD has established a blue ribbon panel to work
more efficiently and effectively to finalize the Part N suggested state regulations for the control
of TENORM. The panel released a new draft of the proposed State regulations in February 1997,
the comment period ends June 30, 1997 (HPS 1997). A review of the new draft follows.

Table 17. States with TENORM regulations

New Mexico South Carolina Mississippi

Arkansas Louisiana Texas

Ohio Georgia Oregon

Other states currently considering TENORM regulations are listed in Table-18.

Table 18. States considering TENORM regulations

Alabama | Alaska Connecticut | Florida

Ilinois Michigan | New Jersey Oklahoma | Colorado?
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CRCPD Suggested State Regulations for Control of Radiation (Part N)

Some features of the current draft are:

e A new definition of what TENORM is: “naturally occurring materials not
regulated under the AEA whose radionuclide concentrations have been increased
by or as a result of human practices. TENORM does not include the natural
radioactivity of rocks or soils, or background radiation, but instead refers to
materials whose radioactivity is technologically enhanced by controllable

practices (or by past human practices)”.

® The limits in the standard are dose-based. The implementing State is to
determine what fraction of 100 mrem yr' TEDE (excluding natural background)

to the reasonably maximally exposed individual is allowed from TENORM.

e Exemption limit of 5 pCi g *Ra or **Ra, /Ulj’,
/ 7/”/
e Surface contamination guidelines follows NUREG 1.86 (NRC 1974), ﬁmuf[

/

e Excludes indoor radon from TEDE calculations,

e States are given a flexibility for implementing Part N consistent with their

respective, unique circumstances,
e Safety criteria for products containing TENORM,
¢ Quality control, labeling and reports of transfer of TENORM,

e Implementation Guidance will be developed that will address issues such as

determination of background, survey methods, ezc.
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HPS/ANSI Standard for NORM - Guide for Control and Release of NORM

In addition to the CRCPD efforts, the HPS has a working group that is developing an
ANSI standard for control and release of NORM (HPS, 1997a). The working group is comprised
of representatives of industry and government. The standard is still in draft form, consensus has
not been reached on all issues, however, some basic themes of the standard can be discussed

(Dehmel, 1997):

® - Primary exposure limit of 1 mSv (100 mrem) yr'. TEDE, above background to
average member of critical group exposed under realistic conditions, does not

include radon,
® Limit to be calculated over 1,000 years,
® Allows for institutional or engineered controls,

¢ Provisional limit for infrequent exposures to RME of 5 mSv (500 mrem) yr’

during remediation of facilities contaminated by past practices,
® Surface guidelines adopted from draft ANSIN13.12, July 1996 draft,

¢ Outdoor radon limited to 20 pCi sec” m™, averaged over the entire area of the

disposal unit, waste or material pile, or impoundment,
e Indoor radon limited to 4 pCi L™ in areas that are occupied or occupiable,

¢ Dose limits for prbducts or materials containing NORM.
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GUIDANCE DOCUMENTS FOR TENORM

In addition to the CRCPD template for State regulations, some guidelines for the control,
disposal, and release of TENORM are:

Guidelines for the Handling of NORM in Western Canada (WCNC, 1995),
e Implementation manual for Management of NORM in Louisiana (LDEQ, 1990).

e Texas also has published regulatory guides on conducting close-out surveys of

open land areas and requesting release for unrestrictive use (BRC, 1990).

® Management of NORM in Oil and Gas Production. (AP], 1993) by the American

Petroleum Institute.

® Radiation Protection in the Mineral Extraction Industry. NCRP Report No. 118.

RECYCLING AND DISPOSAL OF TENORM

Reuse of contaminated scrap metal is an industry unto itself and is the tdpic of much
discussion. Scrap dealers and smelting facilities have detected the presence of radioactivity,
including TENORM, in numerous shipments of scrap metals by the use of radiation detectors at
their facilities. More sensitive and rugged detector systems are currently in development for
metal recycling facilities and similar facilities. These should help to protect these industries from

accidental recycling radioactive materials such as TENORM and anthropogenic sources.

Envirocare of Utah owns a licensed facility for commercial TENORM disposal located
in Clive, Utah. The licensing of this facility follows criteria similar to those pertaining to uranium

mill tailings disposal.
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The U.S. Ecology low-level waste facility at Hanford, Washington will accept some
TENORM wastes, but with restrictions. Extra packaging, waste form, and design requirements
may result in lower radon releases and waste leach rates. This option would be limited by cost

and volume restrictions.

Newpark Environmental TENORM Processing Facility of Port Arthur, Texas accepts

TENORM wastes for processing for injection into deep wells.

Campbell Wells Corporation of Lafayette, Louisiana accepts TENORM and NOW for

treatment and disposal.

Efforts have been made to convince NRC to allow disposal of TENORM wastes in
11e.(2) disposal cells. NRC staff published a notice in the Federal Register on September 22,
1995, stating that “Radioactive material not regulated under the AEA shall not be authorized for

disposal in an 11e.(2) byproduct material impoundment” (NRC 1995).

EXAMPLES OF TENORM EXPOSURES

There have been a number of cases where the improper disposal of TENORM wastes has

resulted in increased levels of direct radiation exposure to individuals. A few examples include:

® In Montclair, New Jersey, radium-contaminated soil caused elevated gamma
exposure rate levels. This project is now a CERCLA site; cleanup is under way
(EPA 1990).

¢ In Polk County, Florida surface soils have been removed during grading at
construction site to expose and redistribute low-grade phosphate ores. Houses
and condomenia have been built directly on these deposits. No studies of *?Rn
fluxes in the structures built at these sites are known to have been carried out.
Typical radon fluxes in re-worked surface deposits near this site are quite

elevated; sometimes by an order of magnitude or more than local backgrounds.
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e Elemental phosphate slag used to construct roads in Pocatello, Idaho, has resulted
in a doubling of the radiation levels in some areas. Phosphate ore tailings have
also been used as aggregates on dirt roads in some counties in Florida. No
studies have directly addressed the increased exposure to the public due to this

activity.

e In Mississippi, recycled pipes that are contaminated with radium scales have been
used to construct playground equipment and are used in welding classes. Both

activities have resulted in unnecessary exposures.

e A phosphate fertilizer facility in Louisiana discharged thousands of tons a day of
phosphogypsum and phosphate processing effluents directly into the Mississippi
River. This practice ceased in the mid-1980’s. Similar types of discharges in
Spain have been found to significantly increase *°Ra, 2'°Pb, and U isotopes in

rivers downstream of phosphate processing facilities.

e Vanadium and radium tailings have been used in construction materials and have

contaminated soil and groundwater.

o .In the past, pipe scale residue was left on the ground at pipe cleaning yards or
washed into ponds or drainage basins. Surveys showed that some locations
exhibited external radiation levels above 2 mR hr' and ?°Ra concentrations

above 1,000 pCig'.

e il field sludges often were dumped into waste pits. Both burn and brine waste
pits have been used for disposal of sludges and production water residues. This
past practice may lead to ground and surface water contamination. In addition,
direct radiation exposures may have occurred to individuals working or living

near the disposal pits.
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® Relatively elevated concentrations of 22Ra were used for decades to produce

luminous dials on instruments in aircraft, military equipment, on watches, efc.

In addition to these specific examples, numerous incidents occur each year in metal
recycling. Scrap metals containing elevated TENORM as well as radiation sources are
inadvcrténtly combusted and smelted. These examples represent a very small fraction of events
that result in elevated exposures, either through ignorance or neglect, to TENORM that the public

is subjected to on a regular basis.
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APPENDIX A

TERMS AND DEFINITIONS

Atomic Energy Act Definitions (42 USC 1954): Source material: Sec.11(z) “. .. means
(1) uvranium, thorium, or any other material which is determined by the
Commission pursuant to the provisions of section 61 [42 U.S.C. 2091] to be source
material; or (2) ores éontaining one or more of the foregoing materials, in such
concentrations as the Commission may by regulation determine from time to time”

(0.05% by weight).

Special nuclear material: Sec.11(aa) ““. .. means (1) plutonium, uranium enriched
in the isotope 233 or in the isotope 235, and any other material which the
Commission, pursuant to the provisions of section 51 [42 U.S.C. 2071}, determines
to be special nuclear material, but does not include source material; or (2) any
material artificially enriched by any of the foregoing, but‘docs not include sourcé

material.”

By-product material: Sec.11(e) “ . . . means (1) any radioactive material (except
special nuclear material) yielded in or made radioactive by exposure to the
radiation incident to the process of producing or utilizing special nuclear material,
and (2) the tailings or wastes produced by the extraction or concentration of

uranium or thorium from any ore processed primarily for its source material

content.”

NARM: Naturally Occurring and Accelerator Produced Material. Any radioactive material
that can be considered naturally occurring and is not source, special nuclear, or by-

product material or that is produced in a charged particle accelerator (DOE 1988).
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NORM: Naturally Occurring Radioactive Material, NORM is considered a subset of
NARM. NORM is basically defined by exclusion. This has caused regulatory
problems because NORM is not specifically regulated by the AEA. Definitions

vary between agencies and all have exemptions.

HPS (1997a): “...means any radionuclides or radioactivity disturbed by man-made activities
or technologically-enhanced state, which may result in a relative increase in

radiation exposures and risks to the public above background radiation levels.

Technologically enhanced: “...means that the physical and chemical properties have been
altered and radionuclide concentrations have been increased by human practices, such

that there exists a potential for:

1) Exposures to individuals or populations

2) Environmental redistribution and contamination

3) Increased environmental mobility

4) Incorporation of radioactivity in products and construction materials

5) Recycling or re-use of contaminated material or equipment

6) Improper disposal or use of disposal methods that could result in unnecessary

exposures to individuals and populations or environmental contamination

Technologically Enhanced Naturally Occurring Radioactive Material: CRCPD (1997):
“..means naturally occurring materials not regulated under the AEA whose
radionuclide concentrations have been increased by or as a result of human
practices. TENORM does not include the natural radioactivity of rocks or soils, or

background radiation, but instead refers to materials whose radioactivity is
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technologically enhanced by controllable practices (or by past human practices).

Technologically Enhanced Naturally Occurring Radioactive Material: (cont’d.)

Gesell and Prichard (1975) define technological enhancement as: “...exposures to
truly natural sources of radiation (i.e., naturally occurring isotopes and cosmic
radiation) which would not occur without (or would be increased by) some

technological activity not expressly designed to produce radiation.”
There are two methods to consider under their definition:

1) Bringing the receptor to the source; e.g., inadvertent or deliberate proximity

to a radiation source, air or space travel

2) Bringing the source to the receptor:

e Industrial processes
e  Consumer products

e Indoor radon

70



é}ﬁ@ e Lo/ 57&/“"‘/'3/" FW PYyA /”"“‘/75,.5/
i W/%’I&,Z/’/ﬂ 3&/,,,_,,,,// Ww

— (ZFF / St 52 W
/7(/5/7W Oy —F © it e [ pasan letiTri
gyl b v ATl Laen

! //W’y W-wﬂ%-
CMM/W ;ffzw/zﬁ/ 4 A M/&.T;«}
T elek= H%/Z’MVW%@,

*—f/ltfr& Yp /5(«,) 500
’A’MIL/MA’ //M-ﬁm _ F—bit=

WM Z‘No/C/'/ .-—,f—}‘EA, P

Fau - VM Fo C, o



/U ey WEE, -—'-‘}/ﬁsf_.

The Regulation of NORM from a Nuclear
Decommissioner's Viewpoint

Shankar Menon
Programme Co-ordinator
OECD/NEA Co-operative Programme on Decommissioning

ABSTRACT

Radiation protection and the management of radioactive material have hitherto been
concerned mainly with artificial nuclides arising within the nuclear fuel cycle. In the last few
years, there has been an increasing awareness of naturally occurring radioactive material NORM)
and the enhancement of its concentration in various non-nuclear industrial processes. This
technologically enhanced NORM is of the same activity levels as low level waste and is very
similar to the candidate material for exemption and clearance in the nuclear industry, but occurs in
quantities that are huge in comparison.

Nuclear decommissioning projects are characterised by the large volumes of very low
activity level materials arising. So the regulatory treatment of much larger volumes of material
with similar radiological characteristics in the non-nuclear industries is being viewed with the
greatest interest by the nuclear industry.

This paper gives an overview of the quantities of NORM arising both in Europe and the
United States. An evaluation of the radiological impact of NORM in the Nordic countries is
presented. Finally a comparison is made between some of the regulatory approaches being
considered for NORM and the current regulatory treatment of very low level material in the
nuclear industry.

INTRODUCTION

The management of the large volumes of contaminated materials arising from the
decommissioning of nuclear facilities represents one of the most substantial cost fractions of such
projects. Consequently, the minimisation of the volumes that have to be disposed of as radioactive
waste is a high priority goal for decommissioners. Much of the redundant material is at very low
levels of activity and is valuable for recycling, thus conserving natural resources and protecting
the environment. The recycling of such material (or its reuse or disposal), without radiological
restrictions, is seen as a significant means of achieving the aim of waste minimisation.
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In the last few years, there has been an increasing awareness of naturally occurring
radioactive material (NORM and the enhancement of its concentration in various non-nuclear
industrial processes. This technologically enhanced NORM is of the same activity levels as the
low level redundant material arising from the decommissioning of nuclear facilities, but occurs in
quantities that are huge in comparison.

Many national and international organisations have put forward (or are working on)
proposals, recommendations or directives regarding the activity levels at which material could be
exempted or released from radiological regulation. Lately such discussions have also covered
NORM. As the radiological characteristics of technologically enhanced NORM are very similar to
those of candidate material for recycling from the nuclear industry, nuclear decommissioners are
very interested in the regulatory treatment of such material.

This paper will focus on the quantities of NORM arising in the USA and in Europe, the
collective dose impact of NORM on the population and on a comparison between the proposed
regulatory treatment of NORM and radiologically similar material from the nuclear industry.

QUANTITIES OF NORM ARISING

The quantities of candidate material assumed in various studies on recycling from the
nuclear industry have been '

- 10000 t of steel per year arising from decommissioning projects in European studies [ 1],
- 50000 t of steel per year in the OECD Nuclear Energy Agency's Task Group on
Recycling and Reuse study [2].

In comparison, the quantities of technologically enhanced NORM arising in the USA are
huge, as illustrated in Table I, which shows the volumes and radioactivity of such material arising
annually in the United States [3, 4]. More or less comparable quantities of NORM arise in Europe,
with similar concentrations of radioactivity, as shown in Table II [5].

CPD/PC/99/01-990110



TABLE1 Sources, Volumes and Concentrations of Naturally Occurring Radioactive

Materials [3]*

Waste Production Total U Total Th Total Ra
Stream Rate per Yr. Bqg/kg Bqg/kg Bq/kg
Phosphate - 5.0x 10" kg bkgd - 3000 | bkgd- 1800 | 400 - 3700000
Phosphogypsum 4.8x10%kg bkgd - 500 bkgd - 500 900 - 1700
Slag 1.5x 10°kg 800 - 3000 700 - 1800 400 - 2100
Scale 4.5x 10°kg ** ** 1100 - 3700000
Coal Ash 6.1 x 10 kg 100 - 600 30 - 300 100 - 1200
Fly Ash 44x10%kg *x *x **
Bottom Ash 1.7x 10% kg ** ** *k
Petroleum Production 2.6 x 106 kg ** *k bkgd - 3700000
Scale 2.5x 107kg *x * bkgd - 3700000
Sludge 23x 100 kg *x ** bkgd - 3700
Petroleum Processing ** ** ** *xk
Refineries i *k ** > 4000
Petrochem Plants ** *x *x > 4000
Gas Plants %ok de ok % 3¢ sk %k %
Water Treatment 3.0x 108 kg ** *x 100 - 1500000
Sludges 2.6x10°kg *x ** 100 - 1200
Resins 40x107kg *x ** 300 - 1500000
Mineral Processing 1.0 x 102 kg 6 - 129000 8 -900000 | <200 -129000
Rare Earths 2.1x10°kg | 26000 - 129000 | 9000 - 900000} 13000 - 129000
Zr, Hf, Ti, Sn 4.7 x 108 kg 6 - 3200 8 - 660000 300 - 18000
Alumina 2.8x10°kg 400 - 600 500 - 1200 300 - 500
Cu and Fe 1.0x 10" kg <400 <400 <200
Geothermal Waste 54x 10" kg *x *x 400 - 16000
Paper Mills ** o o > 3700

*  Derived partially from US EPA, 1993 [4]

**  PData not available

*** | ead-210 and Polonium-210
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Table II:1  NORM and Technologically Enhanced NORM [5]
PROCESS SCALE OF OPERATION PROMINENT TYPICAL ACTIVITY RADIOLOGICAL IMPACT
i) Feed materials RADIONUCLIDES CONCENTRATIONS (Bg/kg) (O)ccupational
i) Product AND ENHANCEMENT (P)ublic
iii) By-product/Waste
Power production from coal: World-wide usage. 1) U238 and Th 232 + d’s. i) 20 Bg/kg for each of U 238 (O) Active dust exposure:
i) Coal. iii) 30 Mt/a coal ash in the EU. | iii) As feed material but more and Th 232, both with d’s in Pb 210 and Po 210, ~pSv/a.
ii) Energy production. volatile components (Pb 210 equilibrium. (P) Negligible dose from
iii) Coal ash (bulk and aerosol), and Po 210) follow airborne iii) Factor 10 enhancement for | power plant, but poorly
sludges. pathways. ‘ U 238 and Th 232, perhaps a disposed ash can contaminate
factor 100 for volatiles: foodchain, 10°’s pSv/a.
Pb 210, Po 210.

Phosphate ore processing and
use:

i) Phosphate rock.

ii) Phosphoric acid, fertiliser.
iii) Slag, sturry, off-gas.

i) 126 Mt/a (world).
if) 4 Mt/a phosphate fertiliser
in EU.

i) U 238 and Th 232 +d’s.

if) Up to 50 % enhancement,
especially Ra 226 in fertilisers.
iii) Ra 226, Pb 210, Po 210.

i) 100’s - 1000’s Bg/kg in ore.
i) 100’s - 1000’s Bg/kg in
fertiliser.

iif) 5000 Bq/kg Ra 226 in
phosphogypsum.

(0) 5 pSvf/a for plant workers
and 100’s pSv/a for transport
and storage workets.

(P) 2 uSv/a from fertilisers, up
to several mSv/a doses from
certain marine pathways
otherwise only uSv/a doses
from alternate pathways.

Recycling waste in building
materials:

i) By-products/wastes.

ii) Bricks, concrete, cement...
iii) Slag, scales, gases, used
products.

i) Process wastes recycled
whenever possible: coal ash,
phosphogypsum, slag...

if) Only lower activity
materials used in inhabited
structures.

iii) Further recycling possible.

U238 and Th232 +d’s as
from process wastes.

ity Rn 222 + d’s accumulation
in buildings, otherwise external
exposures from gamma
emitting nuclides.

ii) 50 - 100 Bg/kg U 238 /
Th 232 / Ra 226.

(0) 100’s pSv/a from dusty
operations.

(P) Up to 500 mSv/a from
close association with active
buildings and roads. Rn + d’s
build-up in unventilated
buildings

Rare earths and zirconium:

i) Rare earth and zirconium
ores,

ii) Refined ores, glazes, polish,
refractories.

iii) Solid waste, aerosols, used
products.

i) 0.7 Mt/a of zirconium ore
(world), 30 kt/a rare earths in
EU.

i) Milling and processing of
Zr operations on 1y in EU,

U238 and Th 232 + d’s.

100’s - 1000°s Bqg/kg for both
ores, products and wastes.

(0) Minimal puSv/a doses due
to protective measures.
(P) Little impact noted.
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TableII:2 NORM and Technologically Enhanced NORM ([5]

PROCESS SCALE OF OPERATION PROMINENT TYPICAL ACTIVITY RADIOLOGICAL IMPACT
i) Feed materials RADIONUCLIDES CONCENTRATIONS (Bq/kg) (O)ccupational

ii) Product AND ENHANCEMENT (P)ublic

iii) By-product/Waste

Metal smelting: 130 Mt/a crude steel in EU. ii) Pb 210 and Po 210 in tin i) 500 - 100 Bg/kg in ores. (O) Fractions of mSv/a from
i) Metal ores (Sn, Nb, Pb, Bi, Niobium steel production smelting. jii) Various waste products 10> | tin smelting and low doses
Fe..). much smaller. iii) U 238 and Th 232 in slag, 10° Bg/kg. from steel production.

ii) Metals / alloys (steels). Pb 210 and Po 210 in dusts. 10 000’s Bg/kg U 238 and Niobium steel production:

iii) Slags, scales, aerosols and
gases.

Th 232 in niobium steel ore,
. product and waste.

4 mSv/a with protective
measures.

(P) 10’s uSv/a from various
exposure pathways.

Storage and use of copper
mining tailings:

Exploitation of high activity
tailings previously occurred in

i) U238 and Th 232 +d’s in
ores. -

iii) Slags: 1000 Bq/kg Ra 226.
some sludges and furnace

(O) Nil - industry closed.
(P) Local waste piles: dose

i) Copper ore. Eastern Germany. jii) Ra 226, Pb 210 and Po 210 | wastes have up to 20 000 rates of 100°s - 1000’s pSv/h.
ii) Copper. progeny in solid and sludge Bg/kg Pb 210 and Po 210.
iii) Rock, slags, sludge, roast wastes. -
product. Pb 210 and Po 210 in airborne

waste streams
Qil and gas production: i) Largely North Sea regions. i) U238 and Th 2320 d’s. ii) 300 Bg/m* Rn 222 on (0) 1-2 mSv/a from working
i) Natural oil and gas ii) 140 Mt/a oil in EU, i) Natural gas has radon average in natural gas. with or in the vicinity of scales
reservoirs. 2 x 10" m*a gas in EU. content. iii) 10° Bg/kg each in sludges and sludges.
ii) Purified oil and gas. iii) 10 000/m® of active waste iii) Ra 226, Pb 210 and Po 210 | and up to several times this in (P) Little contact between the
iii) Sludge, scale. before treatment from EU oil in scales and sludges. scales. public and the industries.

and gas industries..

Other minor processes:

i) Various.

ii) Chemicals, water usages,
glass...

iii) Various.

Generally small scale
operations with limited public
contact. Water use in treatment
plants and spas. Chemical
industry scale in not recorded.

Various: U 238 and Th 232 +
progeny.

Water: radon plus progeny can
be significant.

Little known about the
radionuclide involvement in
the chemical industry.
Perhaps as much as 10° Bq/kg
Ra 226 in mineral waters.

(0) Tend to be localised doses
to parts of the body. Perhaps
several mSv/a from Rn 0 d’s to
those workers in spas.

(P) 10’s uSv/a from radon in
water supplies.
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RADIOLOGICAL IMPACT OF NORM

A characteristic of NORM is that, because of their wide distribution from many sources,
they give rise to relatively large collective radiological doses to the public in comparison to
those caused by the nuclear industry. This is vividly illustrated in a study, made in 1990 [6] by
the radiation protection authorities from the five Nordic countries, on the annual collective
dose to their populations from natural radioactive sources, including some NORM-related
ones. The respective contributions of the various sources were compared with the collective
dose taken by the Nordic populations during the first year after the Chernobyl accident as well
as with the annual collective dose from the operation of the 16 nuclear reactors in Sweden and
Finland, with the following results:

Table II1 Annual collective dose to population in Nordic Countries from
natural radioactive sources, Chernobyl and operation of 16 nuclear
power plants

Source Collective Dose

Person-Sv/a

Radon in dwellings 65 000
Artificial fertiliser : 50
Energy production (Thermal, non-nuclear) 80
Radioactivity in own body 8 100
Ground, building materials, etc : 11 600
Cosmic radiation 7 100
Chernobyl accident (First year) 6 000
Normal operation of nuclear reactors in

Sweden and Finland 20

On closer examination of the study repbrt, the comparative impact of some of the
NORM-related industries are, in fact, even more significant than shown.

The 20 person-Sv/year from the operation of the nuclear reactors is mostly occupational
doses to the operating personnel. The total collective dose to the general public from plant
emissions is less than 1 person-Sv/year.

The annual 50 person-Sv dose shown in the figure coming from artificial fertiliser covers
only the internal doses taken by the Nordic public, through ingestion of food produced on the



fertilised soil. The external doses have not been included. The figure does not either cover the
use of the by-product, gypsum, as a building material. Even a modest use of gypsum in homes
could lead to an annual collective dose of about 100 person-Sv.

The figure of 80 personSv/year due to energy production from coal (mainly in Denmark)
and from peat (mainly in Finland) refers only to radioactive emissions from the power plants.
Not shown are the effects of the use of some of the fly ash in concrete, which increases the
external gamma radiation in buildings and is likely to dominate the total dose from the use of
coal and peat. The report mentions that most of the bottom ash ends up on municipal tips but
does not attempt to estimate the radiological impact.

The Nordic study thus shows that the collective dose from the operation of the 16
nuclear plants is 1 person-Sv, while the use of artificial fertiliser and the operation of coal and
peat for energy production causes two to three orders of magnitude higher collective
population doses.

CURRENT REGULATORY APPROACHES

In connection with regulation of radioactivity, the following words are conventionally in

use to denote specific conditions:

¢ Exclusion covers activity sources not amenable to control, such as K-40 in the human
body, cosmic radiation, etc.,

e Exemption denotes radioactive materials which never enter the regulatory regime
because it is considered that they give rise to low risks, and control would be a waste -
of societal resources,

e Clearance refers to material that has earlier been regulated but is released from
regulatory control.

It is to be noted that, in principle, both "exempted" and "cleared" materials have, at the
same activity levels, the same radiological impact on human beings.

In the nuclear industry, exemption and clearance are based on the IAEA Safety Series 89
[7], which prescribes

- amaximum individual dose/practice of about 10 pSv/year,
- amaximum collective dose/practice of 1 person-Sv/year,

to determine whether the material can be cleared from regulatory control or other options
should be examined. The IAEA TECDOC 855 [8] was issued on these bases in January 1996
on an interim basis and will be revised after about three years to react to comments received
and to experience gained in its application. This document presents recommended nuclide
specific clearance levels for solid materials.

The EC recommendations for clearance levels for recycling of metals [1] were also based
on the Safety Series 89 criteria.

To a large extent, the radiation protection regulators have been focusing on the nuclear
fuel cycle with little attention given to the technological concentration of radioactivity in the



NORM industries. Consequently, the current regulatory management of NORM is very
inconsistent with that of similar material arising in the nuclear industry.

Examples:
. Current level for clearance of material from the nuclear industry in Sweden is
0.5 Bq/g, while current exemption level for non-nuclear industries (by European
Commission Directive 84/467/Euratom of 1984) is 100 Bg/g (or 500 Bq/g for "solid
natural material").
. Exemption level for oil and gas industry NORM wastes [9]:
- In the Netherlands, 100 Bq/g,
- In Germany, 500 Bq/g.
¢ For subsurface road stabilisation in Germany:
- Clearance level for concrete from a nuclear plant was 0.5 Bg/g,
- Exemption level for slag from melting of scrap from the oil and gas industry was
65 Bg/g (to be diluted by a factor 4)

The EC came out with a new Directive in May 1996, with revised basic safety standards
(BSS) for the radiation protection of both workers and the general public [10]. The Directive
covers radioactivity in both nuclear and non-nuclear industries and will have to be ratified by
member states within 4 years, i.e. by May 2000. In the BSS, industries are divided into
"practices" (where radionuclides are, or have been processed in view of their fissile or fertile
properties) and "work activities" (where the presence of radioactivity is incidental). Broadly
speaking, "practices”" refer to the nuclear industries, while "work activities" to the non-nuclear
ones, i.e. industries like oil and gas or phosphate industries. The table of exemption values in
the new EC-BSS covers only practices. The exemption values for work activities are not
explicitly given. It seems clear, from the presentations at the NORM II meeting in November
1998, that the exemption values for material from non-nuclear industries can be based on a
criterium of 1 mSv/year individual dose to the public, which is a factor of 100 greater than that
for similar material from the nuclear industry [12].

In the United States, a draft set of regulations for technologically enhanced NORM
(TENORM) was given out in February 1997 by the Conference of Radiation Control Program
Directors (CRCPD). The CRCPD is an organisation primarily consisting of directors and
technical staff from state and local radiation control programs and functions as the common
forum for state, local and federal regulatory agencies to address NORM-related health and
safety issues. Several states have already regulations in place to meet their specific individual
needs. There is, however, no uniformity in these regulations. One of the main aims of CRCPD
is working towards uniformity in regulations governing radiation [11].

SUMMING UP

The recycling and reuse of material arising from the decommissioning of nuclear
facilities can very significantly affect the volume that would have to be disposed of as
radioactive waste. Internationally accepted radioactivity clearance levels for such material are
a necessary requirement for utilising this alternative advantageously.

Various national and international bodies have issued interim or draft recommendation
on exemption and clearance levels. Recent discussions have also covered the management of



radioactivity in "non-nuclear" industries, where naturally occurring radioactivity is
technologically enhanced to levels similar to those in low level redundant material arising from
the decommissioning of nuclear facilities. The quantities of such technologically enhanced
NORM are much larger than the candidate material for recycling from the nuclear industry.

The current approach as to the radiological regulation of technologically enhanced

NORM seems to differ greatly from the stringent regulation of similar material in the nuclear
industry. There is a great need for imposing consistency on the regulatory treatment of
radioactive material, irrespective of the industry it arises in.
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Attachment 4; Table 2 - Sources, Quantities, and Concentrations of TENORM [Att. 2,3]

Source Waste Stream Quantity/Yr | U Concentration | Th Concentration Ra Concentration
(kg) (Barkg) (Barkg) (Barkg)

Uranium overburden 3.8x10" 1.8x10° 990 920

Phosphate: 5.0x10" bkgd - 3.0x10° bkgd - 1.8x10° 400 - 3.7x10°
Phosphogypsum 4.8x10™ bkgd - 500 bkgd - 500 900 - 1.7x10°
Slag 1.5x10° 800 - 3.0x10° 700 - 1.8x10° 400 - 2.1x10°
Scale 4.5x10° % & 1.1x10° - 3.7x10°

Phosphate fertilizers 4.8x10° 740 - 2.2x10° 37 -180 180 - 740

Coal Ash: 6.1x10" 100 - 600 30 - 300 100 - 1.2x10°
Fly Ash 4.4x10" ® % %
Bottom Ash 1.7x10™ % % %

Petroleum Production: 2.6x108 ® %k bkgd - 3.7x10°
Scale 2.5x10’ ® %k bkgd - 3.7x10°
Sludge 2.3x10° s i bkgd - 3.7x10°

Petroleum Processing: % % & Pb-210 & Po-210
Refineries % % % >4.0x10°
Petrochemicals ® ® % > 4.0x10°
Gas Plants % & & Pb-210 & Po-210

Water Treatment: 3.0x108 % % 100 - 1.5x10°
Sludge 2.6x108 ® % 100 - 1.2x10°
Resins 4.0x107 ® % 300 - 1.5x10°

Mineral Processing: 1.0x10" 6 - 1.3x10° 8 - 9.0x10° <200 - 1.3x10°
Rare Earths 2.1x107 2.6x10%*-1.3x10° 9.0x10° - 9.0x10° 1.3x10* - 1.3x10°
Zr, Hf, Ti, Sn 4.7x108 6 - 3.2x10° 8 - 6.6x10° 300 - 1.8x10*
Alumina 2.8x10° 400 - 600 500 - 1.2x10° 300 - 500
Cu & Fe 1.0x10" <400 <400 <200

Geothermal Waste 5.4x10’ % % 400 - 1.6x10*

Paper Mills ® ® > 3.7x10°

** means data are not available

1 Bq = 27 pCi; 1 kBq =27 nCi; 1 Mbq = 27 «Ci; 1 «Ci = 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 | Bg/kg ppm Ba/kg ppm Ba/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




Regulatory Initiatives for Control and Release of Technologically Enhanced Naturally-Occurring Radioactive -
Material

Philip V. Egidi
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ABSTRACT :

Current drafts of proposed standards and suggested State regulations for control and release of technologically-
enhanced naturally-occurring radioactive material (TENORM), and standards for release of volumetrically-
contaminated material in the United States (U.S.) are reviewed. These are compared to the recommendations of the
‘International Atomic Energy Association (IAEA) Safety Series and the European Commission (EC) proposals.

Past regulatory efforts with respect to TENORM in the U.S. dealt primarily with oil-field related wastes. Currently,
nine states (AK, GA, LA, MS, NM, OH, OR, SC, TX) have specific regulations pertaining to TENORM, mostly
based on uranium mill tailings cleanup criteria. The new U.S. proposals are dose- or risk-based, as are the JAEA
and EC recommendations, and are grounded in the linear no threshold hypothesis (LNT). TENORM wastes involve
extremely large volumes, particularly scrap metal and mine wastes. Costs to control and dispose of these wastes can
be considerable. »

The current debate over the validity of LNT at low doses and low dose rates is particularly germane to this
discussion. Most standards setting organizations and regulatory agencies base their recommendations on the LNT.
The U.S. Environmental Protection Agency has released a draft Federal Guidance Report that recommends
calculating health risks from low-level exposure to radionuclides based on the LNT. However, some scientific and
professional organizations are openly questioning the validity of LNT and its basis for regulations, practices, and
costs to society in general. It is not clear at this time how a non-linear regulatory scheme would be implemented.

INTRODUCTION

It has been known for years that naturally occurring radioactive material (NORM) may be concentrated during
processing of natural resources (thus becoming technologically enhanced NORM or TENORM). Little attention
was paid to the potential consequences of low concentrations of TENORM in waste streams. Industries have been
identified as having TENORM contamination and waste problems, include the oil and gas industry, water treatment
plants, séwer treatment plants, the phosphogypsum industry, hard rock mining waste and coal ash, scrap metal, and
geothermal energy generation (1). Today TENORM is an international problem - not only do individual countries’
industries grapple with it, increased globalization of business has led to cross-border transport of TENORM
contaminated items and equipment. There is also commercial international trade of TENORM, in addition, there is
also a growing black market dealing in TENORM. Radioactively contaminated scrap metal (including TENORM)
has been found on an increasing basis at border crossings and scrap yards in Europe (2).

Several regulatory initiatives are being undertaken in the United States with respect to diffuse sources of
TENORM. The Health Physics Society NORM Working Group is preparing a standard for submission to the
American National Standards Institute (ANSI) (3). The proposed U.S. standards are dose-based, and are set
according to the current radiation protection guidance (RPG) for past activities, and the proposed RPG for current
and future activities (with exceptions). The Council of Radiation Control Program Directors (CRCPD) is
developing suggested regulations for States to use when developing their rules (4). The new CRCPD proposal also
changes the basis for its suggested regulations from concentration-based standards to dose-based. The
Environmental Protection Agency (EPA) has proposed changes to the RPG (5), which could impact TENORM
régulations. The proposed RPG adopts the recommendations of ICRP 60 (6), and would recommend regulation of
sources as well as limits to individuals. The U.S. Nuclear Regulatory Commission (USNRC) is considering a
recycling/release standard that may influence NORM standards setting in the U.S. The USNRC has also changed its
* policy on alternate feedstocks and disposal of waste in uranium mill tailings disposal sites (7). Canada is



considering adopting regulations for NORM based on a current Canadian guidance document (8). Initiatives to
update existing regulations are also being undertaken in Europe as part of the European Union efforts (9).

A review of the evolution of International, Federal and State regulations, guidance, and standards-setting '
organizations lays the groundwork for the current initiatives. An abbreviated listing of regulations, standards, and
guides pertaining to TENORM are presented in Table 1.

ICRP :

The primary document outlining the system of radiation protection being adopted world-wide is the International
Commission on Radiation Protection (ICRP) Publication 60 (6). This document outlines the system to regulation of
sources as well as individuals. It is based on general principles with respect to practices: justification, optimization
of protection, and limitation (individual dose limits). The concept of intervention (distinct from other practices) is
based on general principles that: the intervention should do more good than harm; and the form, scale, and duration
of the intervention should be optimized. For the public, an annual limit on effective dose of 1 mSv (100 mrem),
with a subsidiary limit in some years, provided the average over five years does not exceed 5 mSv (500 mrem). It
also recommends treatment of potential exposures, e.g., practices which may lead to interventions. ICRP 65
addresses indoor radon, both for the public and in occupational settings, and gives recommendations for practices
and interventions (10). Buckley, et.al., (9) identifies provisions ICRP 60 has that are of particular relevance to
current initiatives in the U.S. and for the EU countries:

. The drawing of clear distinction between the twin concepts of "practices” and “interventions";
. The more explicit treatment of intervention, and the development of the intervention principles;
. Introduction of lower dose limits, coupled with a five year dose limitation period for the adult
' worker limit; :
. Concept of dose constraints as an elaboration of the principle of optimisation; and
. The need to bring natural radiation into the system in situations where there is a basis for
exercising control. :

IAEA

The International Atomic Energy Agency (IAEA) published standards based on the recommendations of the ICRP
and other organizations. The Euratom treaty of 1957 prescribes that uniform basic safety standards (BSS) shall be
prescribed. The first Directive was issued in 1959, and was revised over the years. The current revision to the
Basic Safety Series was issued as Principles for Exemption of Radiation Sources and Practices Jrom Radiological
Control, Safety Series 89 (11). A draft revision, International basic safety standards for protection against
ionising radiation and the safety of radiation sources was published in 1994. It introduces the distinction between
practices and intervention and the concepts of dose constraint and potential exposure. There are two basic criteria
that can determine whether or not a practice can be a candidate for exemption from the BSS: a) individual risks
must be sufficiently low as not to warrant regulatory concern; and b) radiation protection, including the cost of
regulatory control, must be optimized. The guide states that an individual effective dose of 10 - 100 uSv (1to 10
mrem) per year would result in insignificant risks. Based on the possibility of multiple exposure from several
exempted practices, the guidance recommends an annual de minimis dose of 10 uSv (1 mrem). The proposed
HPS/ANSI 13.12 recommendations have some similarities to the Safety Series 89 limits (1). The EC issued a similar
council directive in 1996. Current revisions to the EC BSS are due by May 2000. Additional BSS documents have
been published that give measurable quantities to the dose limits in Safety Series 89 (12).

European Commission

The European Commission (EC) laid out its BSS for radiation protection (13): It is similar in many ways to the
IAEA BSS. But the EC BSS distinguishes between "practices” of the nuclear industry, and "work activities" where
radioactivity is incidental, but can lead to significant exposure of workers or the public. The EC BSS list of
exemption values covers only practices (14). The most relevant directive recommends exposure limits and
exemptions from various sources of radioactivity, including NORM, and authorizes specific practices without any
regulatory controls. It endorses ALARA, including provisions for justification, optimization, and dose limitations
for specific practices.
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Table I. Current regulations, standards, and guides pertaining to TENORM.

Regulation/Standard Statute, Standard Application
/Guidance Guide, or
Standard

Radiation Protection RPG The RPG is 0.5 rem/year each to the whole body and bone marrow, and 5 Provides a general framework for
Guide for Federal rem in 30 years to the gonads. Additional RPGs at comparable levels are radiation protection and general
Agencies, May specified for exposure to the thyroid and bone (1.5 rem/year). In addition, principles of radiation control based
1960, September doses should be "as low as reasonably achievable(ALARA) and advised that | on the annual intake of radioactive
1961. control should be applied to keep doses below the RPG. materials. .
Radiation Protection Doses to workers limited to 5 rem/year, 1.5 R per quarter. Provides recommendations for
Guidance to Federal population groups. ‘
Agencies for
Occupational Provides general principles, and
Exposure, January specifies the numerical primary
1987. guides for limiting worker exposure.
Proposed Radiation | EPA Dosé limit to members of the public 1 mSv (100 mrem), from all combined Replaces old RPGs
Protection Guidance sources of radioactivity. .
for Exposure of the Adopts ICRP 60 methodology
General Public - Allows an annual dose of 5 mSv (500 mrem) for special and temporary

circumstances involving infrequent radiation exposures.

Requires that the RPG be e)ipressed in terms of a single weighted sum of

doses to organs, and the separate RPGs for individual organs be deleted;

The RPG limiting the average genetic dose to members of the U.S.

population to 5 rems in 30 years and the annual whole body dose to 500

mrem dose equivalent be replaced by a single RPG of 1 mSv (1 mrem)

effective dose equivalent received by or committed in a single year to any

individual from all sources combined;

Doses from individual sources be limited to a fraction of the RPG; and

increased emphasis be given to ALARA, within the RPG.
40 CFR 192 - UMTRCA | Concentration of ?°Ra in land averaged over any area of 100 square meters Cleanup criteria for uranium and
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Regulation/Standard Statute, Standard Application
/Guidance Guide, or
Standard
Health and shall not exceed background by more than (1) 5 pCi/g, averaged over the first | thorium mill tailings.
Environmental 15 cm of soil below the surface and (2) 15 pCi/g, averaged over any 15 cm
Protection thick layers, thefqaﬁer. ' Used by DOE in DOE Order 5400.5,
Standards for FUSRAP/SFMP criteria
Uranium and 20 pCi/m¥/sec’ of *Rn flux; 500 yrs longevity for tailings piles.
Thorium Mill CRCPD Part N template used limits
Tailings, as 20 uR/h indoors above ambient background radiation exposure rate. For for exemption
amended by EPA thorium, limits are the same as radium, thoron the same as radon.
on 1/11/95 - : Used as basis for many State
Groundwater Groundwater: 5 pCi/L (**Ra and Ra), 30 pCi/L (®*U and 2*U) and 15 pCi/L. | regulations
Standards for gross alpha, excluding radon and uranium.
Remedial Actions at Used by EPA in CERCLA cleanups
Inactive Uranium under certain conditions
Processing Sites. '
40 CFR 300 CERCLA | Risk - based standard in the range of 10* to 105, Establishes goals for selecting
National remediation goals at NPL sites.
Contingency Plan
Radionuclides are hazardous
substances under CERCLA, it has
. been applied to TENORM sites.
s .
EPA has issued guidance establishing
cleanup levels on risk over dose.
ICRP 60 - ICRP Primary annual guidance for members of the public - 1 mSv (100 mrem) for Basis for general regulations on
Recommendations continual exposures. 5 mSv (500 mrem) for infrequent exposures. radiation protection
of the ICRP '
Advocates:
Justification, Optimization, and
Limitation
NCRP 116 NCRP Primary annual guidance for members of the public - 1 mSv (100 mrem) for Basis for general regulations on

continual exposures. 5 mSv (500 mrem) for infrequent exposures.
10 pSv (1 mrem) as a negligible dose.

radiation protection for Federal States.
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Regulation/Standard Statute, Standard Application
/Guidance Guide, or
Standard
Advocates:
Justification, Optimization, and
Limitation
Council Directive Euratom maximum annual dose limit of 1 mSv (100 mrem) to the public, provision for | Follows ICRP 60 methodology
96/29 higher doses in a single year, provided average over 5 consecutive years does
not exceed 1 mSv per year (100 mrem). Basis for EC member countries'
radiological protection standards.
specific practices may be exempted if the resulting annual dose in less than _
10 pSv (1 mrem) and the collective effective dose in any one year does not Must be implemented by 2000
exceed 1 man-Sv (100 person rem).
» Directive includes provisions for
1 pSv/hr (0.1 mrem/h) at a distance of 0.1 meter from any material or items alternate criteria, through dose
containing radioactive materials in excess of the above limits, provided that assessments, for demonstrating when
materials are contained in the form of a sealed source and that conditions for | a practice or exemption is at its
their disposal have been identified. optimum, but exceeds the basic
criteria.
Clearance levels and dose constraints
are recommended
. Dose limits for workers
HPS/ANSIN13.12 | HPS Primary dose limits of 100 pSv (10 mrem), TEDE to average member of Proposed criteria for release of
: critical group. surface and volume contaminated
Secondary screening limits for unconditional clearance: equipment.
0.1 Bq/g or Bg/cm® for Group I (includes radium and thorium decay series)
1.0 Bq/g or Bg/cm? for Group II (includes uranium decay series) Replaces Reg Guide 1.86
Reduced by a factor of 10 for soil
Submitted for balloting




NCRP

The National Council on Radiation Protection and Measurements periodically updates its recommendations,
including those germane to this discussion. NCRP published its Report 91 in 1988 (15) and was based on risk.
estimates given in ICRP 26 (16). NCRP Report 116 (17) was published to update the previous estimates and adopts
the recommendations of ICRP 60 in general terms. For purposes of TENORM, the recommendations are similar.
NCRP 116 is considered in the HPS/NORM working group recommendations (3). A committee has been formed to
examine the linear dose response model (18), and will be discussed later.

NATIONAL RESEARCH COUNCIL )

The National Research Council (NRC), an arm of the National Academy of Sciences, conducts research on the
Biological Effects of Ionizing Radiation (BEIR). .NRC also evaluated the current guidelines for TENORM, and
will be discussed later.

BEIRV

BEIR V addressed health effects and risks due to low levels of radiation (19). The report concludes that the
carcinogenic effectiveness of low LET radiation is generally reduced at low doses and low dose rates. In comparing
protracted versus acute exposures, protracted exposures are expected to reduce lifetime risks by a factor of about
two for the same dose of low LET radiation. Due to the amount of new data available since the publication of BEIR
V, a new committee is in process of evaluating the effects of low LET radiation. This BEIR VII report is due about
three years after commencement, and will examine the dose-response relationship at low doses and low dose rates.

BEIR VI :

BEIR VI, based on an earlier report, focused on risk factors associated with the inhalation of radon gas and radon
gas decay products (20). The report updated a previous report (21) and concluded (abbreviated): a) that reducing
indoor radon concentrations below the EPA guideline of 148 Bg/m’® (4 pCi/L) could prevent approximately about
one-third of the radon related lung cancer cases in the U.S.; b) and that lung cancer cases could be prevented most
effectively by limiting smoking; c) a single alpha particle traversal in a cell can result in mutation and
transformation. There has been criticism of the methodologies used in this report, particularly the use of LNT as the
basis for risk assessment, and failure to use residential domestic radon studies as a basis for setting the lower bound
of heath risks to zero. o

FEDERAL REGULATION OF NORM

In the U.S., as elsewhere, NORM and TENORM has often been defined by what it is not, rather than what itis. It
has been defined by exclusion: it is not low level waste, nor is it source, special nuclear, or byproduct material under
Atomic Energy Act. The definition of source material found in the Atomic Energy Act (22) is based on the early |
safeguards concerns for material that could be used to ultimately make reactor fuel or nuclear weapons. When the
definition was written, Congress considered that source materials needed to be placed under regulatory control on
the basis of promoting common defense and national security. The health and safety impacts from NORM other
than source material were considered to be manageable, to be relatively insignificant, and to have no basis for
regulation from the standpoint on the common defense and national security (23). The hazards posed by uranium
mill tailings (byproduct material) were incompletely recognized in the uranium industry's early years, and, while the
AEA of 1954 instituted licensing of mill operators, tailings remained free of controls. Byproduct material under the
Act limited control to tailings "produced by the extraction or concentration of uranium or thorium from any ore
processed primarily for its source material content” (22). Therefore, other tailings (vanadium, radium, etc.) as well
as other NORM bearing wastes are not regulated by the AEA, and are considered TENORM.

EPA and other Federal and State agencies are responsible for regulating public exposures to NORM that are not
licensed by USNRC. These exposures are set based on the recommendation of standards setting organizations, ie.,
IAEA and NCRP. State authority is derived from the Constitution, by which the States have primary responsibility
for the health and safety of the public. EPA, State, and USNRC programs do not treat the radiological risks from
TENORM consistently. USNRC licensees generally are required to meet more restrictive conditions than are
possessors and users of other NORM. There are no significant differences in the radiological risks of these
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materials, although radon and some discrete radium sources have a higher radiological hazard than uranium and
thorium (23).

Federal Radiation Protection Guidance

*The purpose of the RPG is to provide a common framework to help ensure that the regulation of exposure to
jonizing radiation is carried out by Federal agencies in a consistent and adequately protective manner." (24). The
current basis for radiation protection in the U.S. dates back to the RPG of 1960 and 1961. New Federal guidance
issued in 1987 replaced those portions of the 1960 and 1961 guidance that applied to protection of workers.

The RPG is 0.5 rem/year each to the whole body and bone marrow, and 5 rem in 30 years to the gonads. Additional
RPGs at comparable levels are specified for exposure to the thyroid and bone (1.5 rem/year). In addition, doses
should be "as low as reasonably achievable (ALARA) and advised that control should be applied to keep doses
below the RPG, but that surveillance alone was sufficient for levels up to 10% of the RPG (25). It should be noted
here that the RPG for the gonads was based on limiting the incremental rate of mutation in the entire genetic pool of
the U.S. population. The incremental level of mutation deemed unacceptable was on the order of a few percent
(24).

Richardson (25) classified problems with the old RPGs into three categories: 1) methodological problems - the
approach used organ-specific limits and failed to address future commitments of dose from the intake of
radionuclides; 2) the guidance focuses on exposure of the individual and does not provide adequate insight on how
to deal with the regulation of sources; and 3) the permitted individual risk level is now considered to be far too high.
These same arguments can be applied to the TENORM issue and are considered in the proposed standards. '

Proposed RPG

In 1994, EPA proposed new RPGs replacing the 1960s vintage guidance. The guidance would reduce the dose limit
to members of the public from 5 mSv (500 mrem) to 1 mSv (100 mrem), from all combined sources of
radioactivity. It allows an annual dose of 5 mSv (500 mrem) for special and temporary circumstances involving
infrequent radiation exposures. It requires that the RPG be expressed in terms of a single weighted sum of doses to
organs, and the separate RPGs for individual organs be deleted; the RPG limiting the average genetic dose to
members of the U.S. population to 5 rems in 30 years and the annual whole body dose to 500 mrem dose equivalent
be replaced by a single RPG of 1 mSv (1 mrem) effective dose equivalentreceived by or committed in a single year
to any individual from all sources combined; doses from individual sources be limited to a fraction of the RPG; and
increased emphasis be given to ALARA, within the RPG 24).

Uranium Mill Tailings

In 1965, it was discovered by the Public Health Service (PHS) and the Colorado Department of Health that uranium
mill tailings were being hauled from the mill site located at Grand Junction and used for construction purposes in
around habitable structures (26). Regulations were promulgated to effect cleanup for Grand Junction based on PHS
recommendations, known as the Grand Junction Remedial Action Criteria (10 CFR 712. [27]). These regulations
were designed to mitigate radon in structures from uranium mill tailings. In 1978, the Uranium Mill Tailings
Radiation Control Act (UMTRCA) was passed to address the mill sites themselves, as well as disposal of the
tailings. The regulations supporting UMTRCA are found at 40 CFR 192 (28). Final groundwater standards were
promulgated in 1995 and are consistent with USNRC values found in 10 CFR 40 (29).

The UMTRCA regulations have been used as the basis for the current regulations for NORM the States have
adopted, along with surface contamination release limits found in REG Guide 1.86 (30). :

Other EPA Regulations

- EPA has authority to protect the public health and environment from adverse affects of exposure to ionizing
radiation. The authority to regulate TENORM is-derived from several statutes, including the AEA; the Clean Air
Act (CAA); UMTRCA (as mentioned); The Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA); and the Toxic Substances Control Act (TSCA). The Resource Conservation and Recovery Act
(RCRA) and the Solid Waste Disposal Act (SWDA) explicitly exclude source, byproduct, and special nuclear -
material (by definition), but they do not explicitly exclude NORM/TENORM. TSCA includes a subchapter on
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Indoor Radon Abatement, which was written with residential NORM (i.e. Rn) in mind (1).

CERCLA :

EPA considered regulating TENORM in the first discussion draft of 40 CFR 196, but that rule was withdrawn (31).
It is unlikely that TENORM would be in a final rule. In practice, CERCLA is used for radioactive materials that:
1) were not subject to regulations before the passage of the AEA, 2) are presently unregulated (radioactive material
that was never licensed or registered and they should have been), or 3) are outside the capabilities of regulators (lack
of funding, staffing or capability to resolve the issue) (32). CERCLA has been used at sites with byproduct material
(33). EPA has recently issued guidance documents on implementing cleanup levels under CERCLA that are risk-
based to a reasonably, maximally exposed individual. Superfund issued a directive Use of Soil Cleanup Criteria in
40 CFR 192 as Remediation Goals for CERCLA Sites that clarifies when the UMTRCA standards can be used
(32,34). This is important to TENORM sites because many of the wastes are similar to uranium mill tailings in that
they have *°Ra as a principle contaminant.

USNRC

As mentioned earlier, USNRC regulates source, byproduct and special nuclear material under authority of the AEA.
Byproduct material under USNRC control, i.e. Title I UMTRCA sites are regulated at 10 CFR 40. The criteria for
soil are the same as UMTRCA. Thirty States have entered into agreements with USNRC and have assumed
jurisdiction over the use of byproduct material. The USNRC does not license TENORM, although many States
believe they have authority over TENORM in their general rules on radiation. Prior to the implementation of the
revised 10 CFR 20 in 1996, the 1981 Branch Technical Position (BTP) addressed four options for disposal of
uranium and thorium wastes (35). Recent changes in USNRC policy on feedstocks for uranium mills has led to a
series of reprossessing of industrial waste streams from non UMTRA sites to recover uranium. The wastes from
these reprocessed materials are being disposed of in UMTRA disposal cells.

DOE :

DOE regulates source, byproduct, and special nuclear material through its directive system. Under DOE Order
5400.5, exposures to members of the general public are limited to an annual dose of 1 mSv (100 mrem) from all
pathways, and all sources. DOE has generic cleanup limits for radium and thorium based on the 40 CFR 192
criteria, with clarification on ingrowth, equilibrium, and hot spots (36). Authorized limits for other radionuclides
are derived on a case-by-case basis. DOE Order 5400.5 has been proposed to be codified at 10 CFR 834, but has
yet to be promulgated (37). DOE manages its waste-through DOE Order 5820.2A (38). It treats NORM that is
commingled with regulated wastes as low level waste. NORM that is not commingled is exempt.

The Formerly Utilized Sites Remedial Action Project (FUSRAP) addresses the cleanup of former DOE facilities that
had been previously released. Oversight of this program was transferred from DOE to the Army Corps of Engineer
(COE) by Congress in 1997. Guidelines issued under the FUSRAP program are essentially the same as those found
in DOE Order 5400.5 (36).

States :

Many states consider TENORM to be regulated by their general rules on radiation. Other States believe that
TENORM should have specific regulations. The Conference of Radiation Control Program Directors (CRCPD) has
developed templates for States to use in drafting regulations for control and disposal of TENORM. The previous
drafts were based on the 40 CFR 192 radium in soil values with exemptions, methods for licensing, protection of
workers and general population, and disposal. The draft regulations have gone through much iteration. Nine states
currently have regulations pertaining to TENORM, most of them based on the CRCPD template (AK, GA, LA, MS,
NM, OH, OR, SC, TX). In addition to the soil criteria, some of the States also allow for clearance based on
exposure rate. Michigan has promulgated regulations allowing disposal of up to 50 pCi/g **Ra to be disposed of in
a Type 2 Municipal Landfill (39). i -

There are some things that need to be considered when adopting the 40 CFR 192 values to TENORM: 1) The limits
are based on the current RPG, exposures to the public allowed are now considered by most regulatory agencies to be
too high. The proposed RPG is for an upper limit of ~1.0 mSv/year (100 mrem/y) from all sources (24), 2) The
risks from low levels of radiation are assumed to be proportional to dose, that is, they are based on the LNT model.
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There is considerable debate over the continued use of this theory in setting radiation protection standards (40), 3)
The limits in 40 CFR 192 were calculated using radon emanation values for sandy material (~30%). Many
TENORM wastes have very low radon emanation fractions. An example is slag, which has emanation fractions of
<1% (41). Gamma radiation is the limiting factor for those wastes. Some States have a higher limit for low
emanation wastes, typically 30 pCi/g **Ra, 4) The indoor gamma exposure rate criteria of ~0.174 uSv/h (20 uR/h)
above background was designed to allow some limited flexibility in the methods chosen to reduce indoor radon
decay product concentrations, not to meet a certain dose limit. In fact, based on 75% occupancy, the standard
would allow gamma radiation doses from the tailings of about ~1.13 mSv/year (130 mrad/year) (28), and 5) The
subsurface standard 555 Bq/g (15 pCi/g), is not a health-based standard, but instead is a instrumentation-based
standard. It is not clear if the 555 Bq/g standard will survive.

CRCPD

- CRCPD has established a blue ribbon panel to work more efficiently and effectively to ﬁnahze the Part N suggested
state regulations for the possession, use, transfer, and disposal of TENORM. The panel released a draft of the
proposed State regulations in February 1997, held public meetings on the draft, and issued a revised draft in
September 1998 (4). Stakeholder meetings have been held with industry and State representatives, numerous issues
are still under consideration. A review of the current draft follows.

Some features of the current draft are:

. A new definition of what TENORM is: "naturally occurring radionuclides whoses concentrations
are increased by or as a result of past or present human practices. TENORM does not include
background radiation or the natural radioactivity of rocks or soils. TENORM does not include
uranium or thorium in “source material” as defined in the AEA and US NRC regulations."

. The limits in the standard are dose-based. The implementing State is to determine what fraction -
of 100 mrem/y total effective dose equivalent (TEDE) (excluding natural background) to the
reasonably maximally exposed individual is allowed from TENORM.

. Exemption limit of 5 pCi/g 2°Ra or ?*Ra,

. Surface contamination guidelines follow REGGUIDE 1.86,

. Excludes indoor radon from TEDE calculations,

. States are given flexibility for implementing Part N consxstent with their respective, unique
circumstances,

. Safety criteria for products containing TENORM,

. Quality control, labeling and reports of transfer of TENORM,

. Implementation Guidance will be developed that will address issues such as determination of

background, survey methods, etc.

It is not clear at this time why the current draft does not address: 1) liquid media (other than brief reference to
CWA/SDWA for disposal), 2) intervention by States (CERCLA would need to be invoked), or 3) why Part N does
not address radioactivity of material in its natural state that has been relocated (bnngmg subsurface NORM to the
surface). Clearly, exposures to the public can occur from these activities.

HPS/ANSI Standard for NORM - Guide for Control and Release of NORM

In addition to the CRCPD efforts, the HPS has a working group that is developing an American National Standards
Institute (ANSI) standard for control and release of NORM (3). The working group is comprised of representatives
of industry and government. The standard is still in draft form, some basic themes of the standard can be discussed
(42):

. Primary exposure limit of 1 mSv (100 mrem)/year. TEDE, above background to average member
of critical group exposed under realistic conditions, does not include radon,

. Constraint of 0.25 mSv (25 mrem) per year above background from any single source of
radioactivity,

. Sites with groundwater pathways use MCL for 2°Ra and **Ra at the point of use,

. Limit to be calculated over 1,000 years,

. Allows for institutional or engineered controls,
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. Provisional limit for infrequent exposures to Reasonably Maximally Exposed Individual of 5 mSv
(500 mrem)/yr during remediation of facilities contaminated by past practices,

. Surface guidelines adopted from draft ANSIN13.12, July 1996 draft,
. Outdoor radon limited to 20 pCi/s m?, averaged over the entire area of the disposal unit, waste or
material pile, or impoundment,
. Indoor radon limited to 4 pC/L in areas that are occupied or occupiable,
. Dose limits for products or materials containing NORM.
HPS/ANSI N13.12

The HPS has also submitted a draft American National Standards Institute (ANSI) standard, Surface and Volume
Radioactivity Standards for Unconditional Clearance (43) for review. The draft standard replaces Reg. Guide 1.86,
which was instrumentation-based, not risk-based, and therefore may not be protective of public health. It adopts the
effective dose definitions of NCRP 116 (17), which is compatible with ICRP 60 (6). It lists a primary dose criteria
of 100 pSv/y (10 mrem/y), above background to an average individual in.a critical group. for the unconditional
clearance of materials from regulatory control. It provides screening levels for surface and volume contaminated
material and equipment, and clearance screening levels for soil. Current BSS clearance values are based on 10
uSv/y (1mrem/y).

NAS Report

Recently, the National Academy of Sciences (NAS) issued a report through the NRC evaluating guidelines for
exposures to TENORM materials (43). The committee was tasked to address: 1) whether the differences in the
guidelines for TENORM developed by EPA and other organizations are based upon scientific and technical
information, or on policy decisions related to risk management, 2) if the guidelines developed by EPA and other
organizations differ in their scientific and technical basis, what the relative merits of the different scientific and
technical assumptions are, and 3) whether there is relevant and appropriate scientific information that has not been
used in the development of contemporary risk analysis for NORM.

Findings of the committee are briefly summarized:

. The differences between EPA guidelines for TENORM and similar guidelines developed by other
organizations are not based on scientific and technical information.

. The differences in the guidelines for TENORM developed by EPA and other organizations are
based essentially on differences in policy judgements for risk management.

. There should be no difference between NORM and other radioactive materials with regard to
suitable approaches to estimating doses and risks related to external or internal exposure.

s  Transferability of standards developed for a specific class of TENORM waste is limited by the

_extent that the physical and chemical properties of the TENORM in issue, as well as projected
exposure pathways, are substantially similar to those considered for uranium mill tailings.

Dose Response Relationship

The basis for current radiological standards are based on the LNT. The concept of using LNT as a philosophy of
radiation protection has been recognized as conservative, but prudent because of all the uncertainty with
extrapolating from high doses and dose rates to low doses and dose rates. There is also discussion in the literature
as to the accuracy of the dosimetry, particularly for neutrons, with respect to the Hiroshima bomb. If so, significant
changes to the dose-response relationship may be needed. There are also current studies that attribute more
significance to dose rate than before. There are differing positions with respect to LNT, but three basic categories
can be given for this paper: a) those who-believe LNT is excessively stringent and result in increased financial costs;
b) those who believe the standards are appropriately conservative; and c) those who believe that more stringent
standards are needed (45).

TENORM regulations based on LNT may cost industry billions of dollars to implement, therefore, it is prudent to
evaluate the applicability of LNT. Conversely, everyone is exposed to NORM, and proposed clearance levels will
allow TENORM into commerce. More prudent practices (or interventions) may be needed to protect public health
if LNT underestimates risk.
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Dose- or risk-based standards also have a weakness in that the scenarios and parameters chosen for modeling the

exposures can vary widely, and yield large differences in allowable residual source terms while still reaching the
same “limit.”

The answers to the question of dose response to low-level radiation will probably come from the field of biology
and not physics. Current modeling methods are inconclusive, and most existing experimental and epidemiological
data on the effects of low-LET radiation are extrapolated from observations at doses far above those in which the
average cell is struck by no more than one radiation track. Based on direct experimental observations involving
alpha particle microbeam experiments and theoretical considerations, it is concluded that cellular traversal by a-
single radiation track of any type of ionizing radiation has a finite probability of depositing enough energy in a
critical macromolecular target, such as DNA, to injure, but not necessarily kill the cell in question (1). There are
also new concerns about genomic instability due to alpha particle interactions with DNA (46).

The public has been told that there is no safe level of radiation based on LNT. Industry is concerned because of the
tremendous costs involved in managing low levels of radioactive materials. The NCRP has commissioned a study
of LNT, the draft report concludes that “For radiation protection purposes, therefore, pending further clarification of
the relevant dose-response relationships, the weight of evidence causes the Council to conclude at this time that the
risk from radiation increases monotonically with the dose, in the low dose range above natural background radiation
levels” (1). A conference was held in 1997 to explore various approaches for bringing together scientific
information, policy judgements, and legislative needs related to the control of health risks from low-level radiation
exposures (45). "

CONCLUSION :

Despite the lack of leadership at the Federal level for regulations of TENORM, current recommendations-for
regulations (and lack thereof) in the U.S. for control of TENORM are being revised. These current revisions are
more consistent with international guidance than previous recommendations. The revised standards-will probably
be based on some fraction of ImSv/y (100 mrem/y) TEDE to an individual from all sources combined, with
ALARA. Screening levels for clearance of surfaces and volumetric contamination may be available, although at
this time it is not clear if the levels will be consistent with international recommendations. Indoor radon will be
addressed separately, based on ICRP 65 or EPA current guidance. The proposed standards assiime LNT, although
there is significant pressure from industry and professional organizations to ‘abandon LNT. Risk- or dose-based -
standards could effectively allow for higher concentrations of radionuclides to remain in the environment, -
depending on scenarios used in modeling. Environmental groups and other professional organizations are
concerned that new information coming from the biological sciences showing that high-LET radiation (alpha
particles) are more dangerous than previously thought, and therefore, the standards should be tighter for high-LET
nuclides.

Other aspects: political, pragmatic, and economic will also drive the final implementation of the proposed standards.
EPA has the authority to regulate TENORM, but seems reluctant to do so. A proposed scrap metal rule was
abandoned in favor of USNRC rulemaking on clearance and recycling. Incidents involving the discovery of
contaminated scrap metal, including TENORM, are increasing. This is leading to a necessity for a consistent
international policy sooner rather than later. Industry is reluctant to see more regulations be promulgated. States
will ultimately be the regulators, but with potential for inconsistency which can lead to difficulties in commerce.
Although a direction has been taken, it is not clear where it will end. The next generation of guidance may very
well be based on microdosimetry.
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Attachment 7; Table 4 - Particle Accelerators [Ref. 3]

Accelerator Type Particle Accelerated Energy Level

Electrostatic Accelerators:

Tandetron p, d, a, & heavy ions to 3 MV
Cockcroft-Walton p, d, a,, e, & heavy ions to 4 MV
Dynamitron p, d, a,, e, & heavy ions to 4 MV
Tandem Van de Graaff p, d, a,, e, & heavy ions to 20 MV
Tandem pelletron p, d, a,, e, & heavy ions to 26 MV
Vivitron p, d, a,, e, & heavy ions to 35 MV

Time-Varying Field Accelerators:

Microtron e to 200 MeV
Sector or isochronous cyclotron p,d, &a to 590 MeV (p)
heavy ions to 90 MeV/amu
Superconducting cyclotron heavy ions 200 MeV/amu
Synchrotron (weak focusing) p, e 1-6 Ge (p)
heavy ions 2 GeV/amu
Alternating-gradient synchrotron p, " 10-900 GeV (p)
heavy ions; mass 12-197 11.4 GeV/amu
heavy ions; mass 12-208 160 GeV/amu

Linear Accelerators:

Heavy ion linear accelerator p, d, a, & heavy ions to 30 MeV/amu
Linear accelerator p 50-800 MeV
CEBAF recirculating superconducting e 0.5-4 GeV

linear accelerator

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™) 1.8TeV (CM)
Note:

p = proton; d = deuterium; a = alpha particle; e = electron; e* = positron;
amu = atomic mass unit;
pp = two proton beams; (pp™') = proton & antiproton beam; CM = center of mass
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ABSTRACT

From time to time, the issue as to whether the U.S. Nuclear Regulatory Commis-
sion (NRC) should seek legislative authority to regulate naturally occurring

and accelerator-produced radioactive materials (NARM) is raised. Because NARM
exists in the environment, in homes, in workplaces, in medical institutions,

and in consumer products, the issue of Federal controls over NARM 1is very old
and very complex. This report presents 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, is provided to develop an understanding
of existing Federal regulatory activity in ionizing radiation and in control of
NARM. In addition, State controls over NARM are reviewed. Eight questions are
examined in terms of whether the NRC should seek legislative authority to regu-
late NARM. The assessment of these questions serves as the basis for developing
and evaluating five options. The evaluation of those options leads to two
recommendations.
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EXECUTIVE SUMMARY

From time to time the issue as to whether the U.S. Nuclear Regulatory Commission
(NRC) should seek legislative authority to regulate naturally occurring and
accelerator-produced radioactive materials (NARM) is raised. NARM is in the
environment, in homes, in medical jnstitutions, in consumer products, and in
jndustrial applications. Congress has never seen fit to expand Atomic Energy
Commission (AEC)/NRC jurisdiction into the NARM arena, apparently because other
agencies already have jurisdiction and because the States have the primary
responsibility for protecting the public health and safety. Thus, NRC's respon-
sibilities and activities have remained linked to the neutron chain reaction.

In deciding whether NRC should seek legislative authority over NARM, it is
important to understand what NARM encompasses, how it is used, how the NARM
risks compare to other related risks, previous congressional and Federal agency
actions on radiation protection matters, and what the States are now doing to
regulate NARM.

Defining the universe of NARM is extremely important because naturally occurring
radioactive materials are ubiquitous. Radon-222 and radium-226 are significant
sources of radiation to which the public is exposed. Radium can be uninten-
tionally concentrated through routine operations such as phosphate mining and
purifying drinking water. Radium use in medical institutions, in industrial
applications, and in consumer products appears to be diminishing. Thousands of
cyclotrons produce NARM and NARM wastes in medical, industrial, and research
applications. Eight radionuclides important to the medical community are
produced exclusively by cyclotrons. These are: carbon-11; nitrogen-13;
oxygen-15; cobalt-57; gallium-67; indium-111; jodine-123; and thallium-201.

Two other important radionuclides produced through cyclotrons or nuclear
reactors are fluorine-18 and strontium-87. Most of these isotopes have half-
1lives in the order of minutes to hours.

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. However, incidents and problems involving NARM do not always
reflect a consistent and significant actual hazard associated with NARM. To be
sure, there have been significant incidents involving contamination of facil-
ities, loss of materials, and inadvertent introduction of radium into commerce,
but significant exposures of the public to discrete sources of radium rarely
occur, based on available data. One particular problem with NARM is proper
disposal of discrete radium sources, primarily radium needles. Meager
information exists on the hazards associated with cyclotron-produced radio-
pharmaceuticals, probably mainly because of their relatively infrequent use.
Apparently, about 1 percent of the total misadministrations of diagnostic
radiopharmaceuticals involves cyclotron-produced radionuclides.
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Congress has already vested jurisdiction over NARM in the Environmental Protec-
tion Agency, the Consumer Product Safety Commission, the Department of Health

and Human Services, and the Department of Labor. In addition, the Departments

of Agriculture, Commerce, Energy, Housing and Urban Development, the Interior,
State, and Transportation and the U.S. Postal Service and the Interstate Commerce
Commission have possible or actual interests in exposures to or commerce in NARM.

There has never been an explicit decision on the Federal role versus the State
role in protecting the public from exposures to ionizing radiation, except that
set out in Section 274 of the Atomic Energy Act of 1954, as amended. Federal
agencies exercise discretion regarding the degree to which they implement their
authorities to control exposures to ionizing radiation. Furthermore, congres-
sional mandates to the above agencies vary so greatly that it is not ciear
whether the worst and most controllable exposures are being addressed without
undue attention to lesser ones. As a consequence of all of the above, Federal
controls over ionizing radiation, in general, and over NARM, in particular, are
fragmented and uneven.

A1l 29 Agreement States regulate and control discrete sources of NARM in the
same way they do Atomic Energy Act materials. Of the 21 non-Agreement States,
only 4 have a NARM licensing program. Of the remainder, 2 States have voluntary
or partial licensing programs, and 14 States have registration programs, leaving
1 State, Montana, with nothing. With regard to NARM inspections, all 29 Agree-
ment States inspect NARM, as do 14 non-Agreement States, whereas 4 States conduct
partial inspections and 5 States conduct no inspections. A comparison of the
1977-versus-1987 level of activity indicates that the States are increasing the
amount of attention they give to NARM. Nonetheless, on August 26, 1987, the
Conference of Radiation Control Program Directors (CRCPD) once again urged that
the NRC seek legislative authority to regulate NARM.

An analysis of the sources and uses of NARM, the incidents and problems with
it, and the current jurisdictions and activities of other Federal agencies and
the States, led to the following eight questions, which help to clarify the
jssue as to whether the NRC should seek regulatory authority over NARM:

(1) 1Is there a national problem with NARM?

(2) Are there currently integrated Federal controls over NARM?

(3) Would NRC regulation of NARM overlap other Federal agencies' programs?
(4) Are the States' controls over NARM adequate?

(5) Is NARM a Federal, State, or professional responsibility?

(6) Would Congress consider the NRC responsible for controlling NARM hazards?
(7) What are the resource implications?

(8) Would NRC responsibility for NARM regulation change the nature of NRC?

An assessment of these eight questions served as the basis for developing the
following five options, regarding possible NRC involvement with NARM:

(1) status quo, but continue to encourage the CRCPD efforts on NARM
regulations

(2) seek legislative authority over NARM
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(3) seek authority to regulate radium disposal

(8) seek authority to regulate cyclotron-produced radionuclides for medical
use only

(5) refer the issue of NARM regulation to the Committee on Interagency
Radiation Research and Policy Coordination (CIRRPC)

The evaluation of those options and given that many Federal agencies already
have jurisdiction over NARM and that the States are jncreasing their regulation
of NARM, leads to the conclusion the unregulated NARM risks are not rising to a
Jevel that would suggest they should be the next target of congressional legisla~
tion. A forthcoming EPA regulation will address radium disposal. NRC can
facilitate that regulation by specifying acceptable and unacceptable concentra-
tions of radium for disposal at Jow-level waste sites. Finally, NRC regulation
of NARM in hospitals would divert limited hospital resources to a lesser problem
(NARM) at the expense of greater problems in hospitals.

Two recommendations evolve from this review:

(1) Refer the issue of NARM regulation to CIRRPC for the purposes of developing
an integrated policy and agency assignments on NARM, in particular, and
jonizing radiation, in general, in those situations where one agency's
jurisdiction overlaps that of another (e.g., in the Federal regulatory

programs dealing with health care activities).

(2) Inform the Governors of those States not within the CRCPD-recognized NARM
‘Jicensing States that NRC is not going to seek 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. Further, urge those Governors to take the neces-
sary actions and to assign appropriate resources to become such recognized
States.

Although not directly within the scope of this assignment, it should be noted
that information gathered during the conduct of this study suggests that, because
of the varying congressional mandates of the numerous agencies having jurisdic-
tion over jonizing radiation, because of the varying and conflicting priorities
and programs among those agencies, and because there has never been an explicit
and consistent determination of the Federal role versus the State role in
protecting the public from exposures to ionizing radiation, there is a need for
better integration of the numerous Federal programs governing exposures to
jonizing radiation.
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1 INTRODUCTION

NARM refers to the collective body of naturally occurring and accelerator-
produced radioactive materials. NARM is in the environment, in homes, in

medical institutions, in consumer products, and in industrial applications.

NARM is one of the more significant sources of radiation exposure to the public.
Thus, on the premise that it is prudent to have an orderly Federal program to
control harmful radiation exposures, NARM regulation is more an issue of
regulating exposures to jonizing radiation than one of regulating certain radio-
active materials. A rational Federal program to control risks would first seek
to address the worst and most controllable exposures to ionizing radiation; to
do otherwise would mean that the total amount of harm being prevented would be
Jess than that which could be prevented, given a constant application of resources.
(See "Risk Assessment in the Federal Government: Managing the Process," National
Research Council, National Academy Press, washington, DC, 1983.)

Federal control over NARM is a very old and complex issue. It resurfaces every

few years, occasionally in the context of whether there is sufficient rationale

to consider having the U.S. Nuclear Regulatory Commission (NRC) regulate all

but that small portion of nuclear medicine that involves radium and accelerator-
produced radioactive materials. The direct and short answer to why the Federal

government has not taken overall jurisdiction of NARM is history.

It has long been recognized that there is a fundamental Federal, State, and
professional responsibility for protecting the public from exposure to jonizing
radiation. The issue of governmental controls over exposures to NARM is not
whether the Federal government should create an authority to establish such
controls, but, rather, whether the Federal government should preempt the
authority that the States already have. A preeminent purpose of the Federal
government, in the creation of an organized community bound by common rules, is
to promote the general welfare. Because the nation's resources are lTimited,
the Federal government must direct jts resources toward the actions that will
produce the greatest reductions in risks to the public health and safety. If
the risks of the same type (e.g., risks of cancer from exposure to ionizing
radiation) are to be regarded as comparable regardless of the route through
which people are exposed to them, then there should be an integrated approach
to controlling exposures of people to such risks.

About 18 Federal agencies currently have an uneven and fragmented role in
programs governing exposures to ionizing radiation. Although the responsibil-
jties of the Federal government and State governments have shifted somewhat

over time, there has been no explicit decision on what the Federal role is--or
should be--in protecting the public from exposures to jonizing radiation. For
example, is it--or should it be--a function of the Federal government to ensure
that exposures of the public be as low as reasonably achievable? Inasmuch,
assuming a general Federal role, at what exposure level does the Federal govern-
ment believe exposures are below concern? Furthermore, there has been no explicit
definition of the Federal role versus the State role on protecting the public
from ionizing radiation, except that set out in Section 274 of the Atomic Energy
Act of 1954, as amended. Because there is no generally applicable policy on
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the Federal role in regulating exposures of the public to jonizing radiation

and because there is no generally applicable Federal definition of de minimis
exposures, there appears to be no precise rationale for bracketing the universe
of NARM for possible regulation by the NRC. Depending on any selected bracketing
of the definition, as will be illustrated later, other Federal agencies may be
involved.

In deciding whether the NRC should seek Jegislative authority over NARM, it is
important to understand what NARM encompasses, how it is used and misused, how
the risks associated with NARM compare to other related risks, and what is now
being done about those risks.

In the medical field, there are higher risks associated with other sources of
jonizing radiation than those that are apparent with accelerator-produced radio-
active materials. Congressional interests with respect to the quality of health
care and problems in the health care delivery programs, including those involv-
ing ionizing radiation, are much more important and fundamental than those repre-
sented by a small percent of a nuclear medicine institution. Even so, Congress
appears to be moving rather slowly on addressing these more important problems.
Thus, the issue of whether there should be additional Federal controls over NARM
is an issue of defining Congress' next target for reducing exposures of the
public to jonizing radiation. (See, for example, "The Environmental Protection
Agency Needs Congressional Guidance and Support to Guard the Public in a Period
of Radiation Proliferation," General Accounting Office (GAQ) Report CED-78-27,
Washington, DC, January 1978; "Unnecessary Exposure to Radiation from Medical
and Dental X-rays," U.S. House of Representatives Committee Print 96-52,
Washington, DC, August 1980; "Nationwide Evaluation of X-ray Trends," Department
of Health and Human Services (HHS) PB 84-189281, Washington, DC, April 1984;
"Medical Technology and Costs of the Medicare Program," Office of Technology
Assessment (OTA)-H-227, Washington, DC, July 1984; "Federal Policies and the
Medical Devices Industry," OTA-H-230, Washington, DC, October 1984; P.L. 99-660
and Legislative History on Health Programs; "Medical Devices: Early Warning

of Problems is Hampered by Severe Underreporting,” GAO/PEMD-87-1, GAA,
Washington, DC, December 1986.)

2 DEFINITION OF NARM

The definition of the universe of NARM for possible Federal regulatory juris-
diction is extremely important because naturally occurring radioactive materials
are everywhere in the environment. Natural radiation and naturally occurring
radioactive materials are the dominant sources of human radiation exposure.

(See "Ionizing Radiation Exposure of the Population of the United States,"
National Council of Radiation Protection and Measurements (NCRP) Report No. 93,
Bethesda, MD, November 1987.) Naturally occurring radionuclides that represent
a significant source of human radiation exposure inciude carbon-14, potassium-40,
polonium-210, radon-222, and radium-226. Some of these radionuclides, particu-
larly radium-226, can be unintentionally concentrated through routine operations
such as purifying drinking water (resins used to bring drinking water into
compliance with the Environmental Protection Agency standards remove and concen-
trate radium-226 on the resins) and transmission of 0il1 and gas through pipelines
(scale on the inside of the pipes trap and concentrate radium-226).

NUREG-1310 2



The book, Radionuclides Production (CRC Press, Boca Raton, FL, Vol. II, F. Helus
Ed., 1983), identifies 24 specific radionuclides that the biological and medical
fields use most often. Of these, 14 are produced exclusively in nuclear reactors
(thus, byproduct material), 8 are produced exclusively in cyclotrons (carbon-11,
nitrogen-13, oxygen-15, cobalt-57, gallium-67, indium-111, iodine-123, and
thallium-201), and 2 are produced by either means (fluorine-18 and strontium-87).
There are many other cyclotron-produced radioisotopes being used in the medical,
research, and development fields. Most of the cyclotron-produced radionuclides
have relatively short half-lives, in the order of minutes to hours; thus, they
typically decay onsite or are disposed of with byproduct low-level wastes.
Cobalt-57, with a half-1life of 271 days, is an exception. In addition, there
are some longer-lived gamma ray emitters, produced through accelerators, which
are used in agricultural tracer studies (e.g., sodium-22 and manganese-52 with
half-1ives of 2.6 years and 312 days, respectively). Another major exception
with respect to the half-lives of accelerator-produced radionuclides derives
from accelerator targets and components. For exampie, from 1976 to 1986, the
average annual amount of radioactive waste shipped from the Fermi National
Accelerator Laboratory was 7,700 cubic feet per year. This volume of low-level
waste is about as much as that generated by a large power reactor. (See Depart-
ment of Energy (DOE) memorandum from L. E. Temple to Prospective Proposers on
the Superconducting Super Collider, dated August 3, 1987.)

There is another issue that frequently surfaces in the context of NARM and that
has a bearing on the issue of whether risks of the same type are to be considered
comparable, regardless of the route of exposure, that is, the similarity of
cobalt-60 teletherapy units and X-ray devices. Both machines are used in radia-
tion therapy, but X-ray devices are replacing cobalt-60 units because the linear
accelerators are more versatile. (See "Trends in Radiation Therapy Demographics -
1974 to 1983," J. J. Diamond et al., Int. J. Radiation Oncology Biol. Phys.,

Vol. 12, pp. 1673, 1674, Pergamon Press, New York, NY, 1986.)

NRC regulates the possession and use of cobalt-60, whereas the Food and Drug
Administration (FDA) regulates the manufacture and assembly of medical devices,
including X-ray devices and cobalt-60 teletherapy devices, but not the use.
Albeit, FDA has recommended that quality assurance programs be developed at
user facilities (2L CFR 1000.55), but this is not a requirement. Thus, the
cobalt-60 and X-ray devices can stand side by side and the use of cobalt-60
devices is subject to Federal requirements (including the reporting of mis-
administrations) whereas the use of X-ray devices is not. This is a dichotomy
equal to that of NRC regulating byproduct material used in nuclear medicine and
not regulating NARM used in nuclear medicine. However, X-ray teletherapy units
are not strictly within the definition of NARM. Nonetheless, this dichotomy
has surfaced as an example of the importance of having a clear logic on any
extension of the scope of Federal controls over NARM beyond that which already
exists.

3 SOURCES AND USES OF NARM
3.1 Radium
First discovered in 1898, radium has been used longer than any other radioac-

tive material. As an alpha- and gamma-emitter with a half-1ife of about 1600
years, and as a bone-seeker, radium is one of the most hazardous radionuclides
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to human beings. Until around the 1930's, radium was considered almost magical
as a cure for cancer and other ailments. As a radioluminous material, radium
constituted the first application of radioactive materials in consumer products,
including dials for aircraft instruments, religious articles, pull chains for
electric lights, and knobs for chamber pot covers. Approximately 60 known deaths
resulted from the use of radium in luminizing compounds. Before the dangers of
radium came to be appreciated, an unknown fraction of the total production also
was used in quack medicine, resulting in additional cases of radium-induced

bone cancers. For example, compresses used for miscellaneous aches and pains
contained 0.1 mg of radium-226. (See Environmental Radiocactivity, Third Edition,
pp. 4 and 234, Merril Eisenbud, Academic Press, San Diego, CA, 1987.)

As an investment in the 1920's and 1930's, radium was hoarded until cheaper,
substitute sources of ionizing radiation became available after the Manhattan
Project. Doctors and others who bought radium when the price was high were
reluctant to let it go at a small fraction of the purchase price, so some stored
jt in safe-deposit boxes and in attics. (See "Lost Radium...Killer at Large,"
Popular Mechanics, Hearst Magazines, New York, NY, February 1966.)

The total amount of radium produced worldwide by the time production ceased in
about the 1950's was little more than 3000 grams. (See Radionuclides Production,
Vol. I, p. 2, F. Helus, Ed., CRC Press, Boca Raton, FL, 1983.) Of this amount,
according to the only extensive national survey of radium use, undertaken in

1968, approximately 1300 grams (curies) of radium were sold in the United States.
About 550 grams of radium were apparently sold as a luminous compound for such
jtems as watches, clocks, and aircraft dials; another 320 grams of radium were

sold to the medical community; and 260 grams were sold for other applications.

In 1968, there were 152 grams under leases for medical and other uses. Although
fraught with uncertainties, in 1968 it appeared that almost all major users of
radium had been located. Not known are the possessors of small, but potentially
hazardous, quantities of radium. (See "State and Federal Control of Health Hazards
from Radioactive Materials Other than Materials Regulated Under the Atomic Energy
Act of 1954," pp. xi, 29, 43, and 44, FDA 72-8001, FDA, Washington, DC, June 1971.)

0ff and on from 1964 through 1982, FDA and the Environmental Protection Agency
(EPA) carried out a program to collect and dispose of radium sources that were

no longer needed. In the summer of 1983, all of the radium collected during

the program, 145 grams, was transferred to Hanford, Washington. (See "NORM-EPA's
Point of View," F. L. Galpin and S. T. Windham, Conference of Radiation Control
Program Directors Meeting on May 21, 1987.)

The medical uses of radium generally involve brachytherapy treatments, but most
observers believe such use is declining. Industrial uses include soil density
gauges, well logging, calibration standards, and radiography. Residential

uses of radium involve smoke detectors, and clocks and watches that are illumi-
nated with radium. The estimated 550 grams of radium in luminous compounds are
so dispersed that it is unlikely there could ever be an accounting for that
source. Radium, in conjunction with berryllium, becomes a neutron source with
applications in activation analyses. Most observers believe this use of radium
is being replaced by americium.

Four companies have been identified as marketing radium or radium-containing
devices. The Thomas Register lists only one company marketing radium; based on
an informal contact with people in that company, they indicate that there is
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little interest in radium and that companies are moving away from radium. Their
total sales over the last year were between 0.5 and 1.0 curie of radium (i.e.,
about one-half to one gram of radium). Most of the sources sold are in the few
millicurie range, usually for level measurement gauges. Some standard solutions,
containing either 0.5 microcurie or 5 microcuries of radium, for calibrating
instruments are sold each year. The company obtains its radium through imports
from its parent company in the United Kingdom. One company in Wisconsin has
been identified as still offering radium in its soil-density gauges, but it may
change to another radionuclide for economic reasons. Another company in New
York distributes 1ightning rods containing up to 80 microcuries of radium.

Sti1l another company owns 140 grams of radium; most of which is housed in its
facility in New York City. Since 1983, the State of New York has banned all
commercial operations at the site. (See "Queens Radium Supplier is Faulted on
Safety," New York Times (NYT), New York City, NY, October 4, 1987.)

EPA has identified 70 specific waste streams containing NARM and has grouped
these into 10 general categories, based on similarities in source type, waste
form, and/or waste processing. EPA emphasizes that there are two very different
types of NARM wastes. First, there are discrete sources of higher radioactive
concentrations, such as radium needles used in medical practices, or radium-
contaminated drinking water cleanup resins that have radioactivity character-
istics similar to much of the byproduct low-level wastes. Second, there are
lower activity, diffuse sources such as residuals from mining and extraction
industries and from burning ignite coal. The latter are produced on the order
of hundreds of millions of tons per year. (See ") ow-Level and NARM Radioactive
Wastes, Background Information Documents," EPA 520/1-87-012, EPA, Washington,
DC, August 1987.)

With regard to the diffuse sources of NARM, the following radium-226 concentra-
tions have been measured in mineral ores: phosphate ores, from 3°to 50 pico-
curies per gram; titanium metal ores, from 12 to 15 picocuries per gram;
zirconium ores, 13 picocuries per gram; and alumina ores, 7.4 picocuries per
gram. Depending on the processing technique used to extract the mineral,
radium enhancement factors of perhaps 80 may occur in going from ore to waste, .
resulting in radium concentrations ranging from 100 to 2000 picocuries per

gram. (See "NORM in Mineral Processing," D. W. Hendricks, given at Conference
of Radiation Control Program Directors Meeting of May 21, 1987.)

Building materials for homes and offices can contain potentially significant
concentrations of radium, including red-mud brick (7.6 picocuries per gram),
fly ash (5.7 picocuries per gram), some tuff (6.5 picocuries per gram), some
concrete (35 picocuries per gram), and phosphogypsum (17 picocuries per gram).
(See "NORM: 1Is it NORMal or abNORMAL?" E.D. Bailey, Eighteenth Annual National
Conference on Radiation Control, May 20, 1986.)

For comparative purposes, the EPA standards for remedial actions at inactive
uranium processing sites call for cleaning up the mi1l tailings if the radium
concentration is greater than 5 picocuries per gram within the top 15 centimeters
of the surface or if the radium concentration is greater than 15 picocuries per
gram in any 15-centimeter layer below the surface. (See Federal Register, 48
FR 592, January 5, 1983.) EPA has analyzed the wastes from 17 uranium mines to
determine their radium concentration and found that 14 of the waste piles had

at least one sample measuring 20 picocuries radium per gram or more. (See
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"Report to Congress: Wastes from the Extractions and Beneficiation of Metallic
Ores, Phosphate Rock, Asbestos, Overburden from Uranium Mining, and 0i1 Shale,"
EPA/530-SW-85-033, pp. 4-31, EPA, Washington, DC, December 1985.)

Some food products concentrate naturally occurring radioisotopes. For example,
Brazil nuts can contain up to 3 picocuries radium per gram whereas legumes,
leafy vegetables, fruits, and nuts can contain between 3 and 6 picocuries
potassium-40 per gram. (See "CRC Handbook of Environmental Radiation," A. W.
Klement, Jr., Ed., CRC Press, Boca Raton, FL, 1983.) Drinking water can

also contain high concentrations of radium-226, leaving some to state that
"nature often violates Federal radiation standards.” (See letters to the
Editor, NYT, New York City, NY, December 3, 1987.)

3.2 Other Naturally Occurring Radioisotopes

Exposures of the public to naturally occurring radon constitute 55 percent (200
millirem per year) of the average total dose the U.S. population receives in a
year. Radon doses to the public are over twice that of the combined man-made
sources of radiation exposures through medical X-rays, nuclear medicine, and
consumer products and may cause thousands of deaths each year. (See "lonizing
Radiation Exposure of the Population of the United States," NCRP Report No. 93,
Bethesda, MD, November 1987, and NYT, New York City, NY, November 20, 1987.)

Polonium-210 is believed to enter tobacco by ingrowth of lead-210 deposited on
tobacco leaves from the atmosphere. In addition, dietary habits that tend to
favor broad-leaf vegetables or other foods subject to surface deposition may
influence the polonium-210 content of tissues. Of the two pathways, smoking
is by far the more significant. However, it is very difficult to estimate the
effective dose equivalent resulting from tobacco use. One such estimate is
1300 millirem for the average smoker. (See Environmental Radioactivity, Third
Edition, p. 148, Merril Eisenbud, Academic Press, San Diego, CA, 198/; and
"lonizing Radiation Exposure of the Population of the United States," NCRP
Report No. 93, NCRP, Bethesda, MD, November 1987.)

And finally, for completeness, it is worth noting that polonium-210 is used in
products as a static eliminator. However, rather than separate polonium-210 as

a naturally occurring radionuclide, the industrial sector obtains it through
neutron irradiation of bismuth-210, thus making possession and use of polonium-210
subject to the provisions of the Atomic Energy Act of 1954.

3.3 Accelerator-Produced Radiocactive Materials

Some 40 cyclotrons have been installed in the United States. Generally, the
machines bombard enriched stable isotopes with particles to produce over 40
different radioisotopes for the practice of medicine and for research and
development purposes. In addition, the Los Alamos Meson Physics Facility and
the Brookhaven National Laboratory produce important radionuclides for medical
applications, including beryllium-7, copper-67, strontium-82, and xenon-127.
(See letter from Kenneth B. Halliday, CTI Group, Inc., Knoxvilie, TN, to

J. Austin, NRC, dated November 10, 1987; Separated Isotopes: Vital Tools for
Science and Medicine, National Academy Press, Washington, DC, 1982; and

J. Nucl. Med., Society of Nucl. Med., New York, NY, Vol. 28 [9], pp. 1371-1382,
September 1987.)
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Heavy ion accelerators are used in the industrial sector as ion implanters,
primarily to modify the properties of materials. There are nearly 3000 of these
machines installed in semiconductor fabrication plants. One of the potential
hazards associated with these machines is exposure to ionizing radiation.
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 millirem per hour. The extent to which these machines
present a NARM waste stream has not been determined. (See "Design of Accelerators
for Ion Implantation," B. 0. Pedersen, Nucl. Instr. and Methods in Physics Res.,
B24/25, pp. 776-782, North Holland Publ. Co., Amsterdam, Netherlands, 1987; and
"Radiation Protection Considerations of Ion Implantation Systems," C. J. Maletskos
and P. R. Hanley, Institute of Electrical and Electronics Engineers (IEEE)

Trans. on Nucl. Science, Vol. NS-30, No. 2, pp. 1592-1596, 1EEE, New York, NY,
April 1983.)

Electron accelerators are used in radiation therapy. For those machines that
operate above 10 million electron volts (Mev), neutrons can be produced through
the electroproduction reaction, resulting in additional doses to patients and to
operating personnel from direct exposure both to neutrons and to the resulting
residual radioactivity (i.e., NARM). (See "Neutron Contamination from Medical
Electron Accelerators," NCRP Report No. 79, Bethesda, MD, November 1, 1984.)

Neutron generators fuse deuterium and tritium to yield a 14-Mev neutron and an
alpha particle. The machines are useful for preparing short-lived radionuclides
only, through (n, p), (n, 2n) and (n, He) reactions. Over 50 radionuclides can
be produced this way, with the more important medically useful radionuclides
being fluorine-18, bromine-80, and mercury-199m. The costs of the generators
are comparable to the costs of cyclotrons. (See "Radionuclides Production,"
Vol. II, pp. 153-160, F. Helus, Ed., CRC Press, Boca Raton, FL, 1983.)

Neutron generator machines also are used for neutron therapeutic treatment of
cancer. Although there are probably no more than about 25 such active facil-
jties, there is one estimate that as many as one-third of the yearly cancer
deaths in this country could be helped by neutron therapy. The neutron genera-
tors also have been used for years for neutron activation analysis, using the
conventional Cockcroft-wWalton accelerators. In addition, accelerator well-
logging devices, employing the T(d,n)He reaction, are used for activation anal-
ysis of boreholes, to give indications of the type of formations. (See
"Industrial and Medical Applications of Accelerators with Energies Less Than

20 Mev," J. L. Duggan, IEEE Trans. Nucl. Science, Vol. NS-30, No. 4, pp. 3039-
3043, IEEE, New York, NY, August 1983.)

One significant source of cyclotron- or accelerator-produced radioisotopes is
the Department of Energy, which compiles annually, its production and distribu-
tion activities. (See, for example, "List of DOE Radioisotope Customers with
Summary of Radioisotope Shipments, FY 1985," D. A. Baker, Pacific Northwest
Laboratory Report PNL-5948, Richland, WA, August 1986.) A comparison of DOE

FY 1985 records on customers in non-Agreement States with NRC headquarters and
regional files on licensees revealed that all recipients of DOE radioisotopes,
whether materials covered by the Atomic Energy Act or NARM, were holders of NRC
byproduct licenses.

Foreign countries export radioisotopes to this country, with Canada, Belgium,
and Switzerland being the major exporters. Although Switzerland generates
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accelerator/cyclotron-produced radioisotopes, it only exports them to neighbor-
ing countries because of the short half-1ives of the isotopes. (See letter from
H. P. Hertiz, Embassy of Switzerland to J. H. Austin, NRC, dated November 19,
1987.) Although Canada exports radium in very small quantities to the United
States for use in instrument calibration, information on the quantities is

not readily available. The extent to which Canada exports cyclotron-produced
radioisotopes has not been determined. However, the Atomic Energy Control Board
of Canada has issued licenses to authorize exports to the United States of
cobalt-57, gallium-65, indium-111, jodine-123, and thallium-201. (See letters
from T. D. McGee, Canadian Embassy, to J. H. Austin, NRC, dated December 14 and
29, 1987.) It alsc could not be determined whether Belgium exports NARM to the
United States, although its situation is probably similar to Switzerland's.

Radioisotopes, both those covered by the Atomic Energy Act and NARM, are used
extensively in the medical field to diagnose ailments and to treat cancers. New
and emerging uses of radioisotopes include modalities, such as positron emission
tomography (PET) and monoclonal antibodies. (See, for example, Nuclear Medicine
Technology and Technigques, D. R. Bernier et al., Eds., C. V. Mosky Company,

St. Louis, MO, 1981; "Radiation Protection and New Medical Diagnostic Approaches,"
NCRP Proceedings No. 4, Bethesda, MD., April 6-7, 1982; and CRC Handbook of
Radiobiology, K. N. Prasad, Ed., CRC Press, Boca Raton, FL, 1984; "Scientific
Highlights: 'Slices of Life,'" H. N. Wagner, J. Nucl. Med. vol. 28 [8],

pp. 1235-1245, Soc. of Nuclear Med., New York, NY, August 1987; and "Diagnosis
and Treatment of Metastatic Tumors with Radiolabeled Monoclonal Antibodies:
Experience with Lymphoma, Melanoma, and Colon Cancers," S. M. Larson, National
Institutes of Health (NIH), Bethesda, MD, E. P. Pendergrass, New Horizons
Lecture, 1986.)

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
chemical for quick injection into the patient who is being diagnosed for a
medical problem. The black box amounts to a hot chemistry laboratory. The
entire system is rather complex and must work together accurately to be success-
ful. The FDA is currently considering whether the system is a medical device
(and subject to the provisions of the Medical Device Amendments Act) or a drug
(and subject to the provisions of the Pure Food and Drugs Act, as amended) or
neither. (See "Transcript of Radiopharmaceutical Drugs Advisory Committee," FDA,
5600 Fishers Lane, Rockville, MD, public meeting on November 16, 1987.)

Should NRC regulate this aspect of NARM, it may be that the entire system (the
cyclotron, the "black box" and the patient) would have to be regulated, because
the success of the PET diagnostic procedure depends on the entire system working
together successfully. Worth noting is the fact that the radiolabeled chemicals
are produced, used, and generally decay at the site, raising the question as to
whether interstate commerce is involved in this modality.

3.4 Trends

The trends and uses of nuclear medicine in the United States have been surveyed
for the years 1972 through 1982. The results indicate that, while the nuclear
medicine procedures changed markedly in type over the decade, the overall
frequency of examination doubled to 32 per 1000 population. The growth was a
result of a markedly increased frequency of, for example, bone, liver, lung,
and cardiovascular imagery. Such a trend may portend increased use of NARM.
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(See "Trends and Utilization of Nuclear Medicine in the United States," F. A.
Mettler et al., J. Nucl. Med., Vol. 26 [2], pp. 201-205, Soc. of Nuclear Med.,
New York, NY, 1985.

3.5 Discussion

As evident from the above, sources and uses of NARM are ubiquitous. NARM is in
the environment (and of interest to EPA); in homes (and of interest to EPA and
the Department of Housing and Urban Development); in consumer products (and of
possible interest to the Consumer Product Safety Commission), in industrial
applications (and of interest to the Department of Health and Human Services
(HHS) and the Department of Labor); and in medical institutions (and of interest
to the HHS). The Departments of Agriculture, Commerce, Energy, the Interior,
State, and Transportation and the U.S. Postal Service and the Interstate Commerce
Commission also have possible or actual interests in exposures to or commerce in
NARM.

The quantities and concentrations of NARM form a continuum in the human world,
and thus the potential hazards of NARM form a continuum, ranging from back-
ground to potentially significant ones, in all facets of 1ife. Thus, to the
extent that there is a need for centralized controls over those hazards, there
is a need for an integrated control program to ensure that the dominant hazards
are appropriately addressed without undue attention to the lesser hazards.

4 PROBLEMS AND INCIDENTS WITH NARM |

4.1 Radium and Radon

Incidents involving radium have occurred since the earliest days of radium use,
including losses, thefts, contamination from ruptured sources, and overexposures
of individuals. The total number and severity of such occurrences cannot be
determined since the Federal government has never had the authority to control
radium possession and use and there is no government requirement to report
radium incidents.

The potential acute hazard associated with radium sources is well known. A
milligram (millicurie) of radium can expose a person in close proximity to about
100 millirems in an hour. The sources in therapeutic medical applications range
from 1 to 50 milligrams, with concomitant exposures of 100 to 5000 millirems
per hour. Industrial sources may be as large as several hundred milligrams.

From 1963 through about 1968, the Bureau of Radiological Health (BRH) of the
Public Health Service collected, analyzed, and disseminated radium-incident
information for the purposes of determining the extent and causes of radium
incidents and to devise preventive measures. BRH also assimilated reports of
earlier incidents, as reported in literature, for example, The New York Times.
Altogether, BRH collected information on 415 incidents that took place since
1905. BRH found that the apparent rate of occurrence of radium incidents
increased almost continuously up to the early 1960's and then stabilized at
about 20 to 30 incident reports annually. Sixty-five percent of the reported
radium incidents involved losses of the source, with virtually all of them
occurring at medical facilities. Of those sources eventually recovered, over
half were found in the conventional trash system, generally at the municipal
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disposal site or sanitary landfill. (See "A Review of Radium Incidents in the
United States of America," J. C. Villforth et al., International Atomic Energy
Agency, Vienna, Austria, IAEA-SM-119/26, pp. 389-398, 1969.)

No single organization or agency has compiled radium incidents since around 1969.
In 1975, the Conference of Radiation Control Program Directors (CRCPD or the
Conference) established Task Force No. 7, Natural Radioactivity Contaminated
Problems, to, among other reasons, define the currently known or suspected
sources of materials containing possibly hazardous amounts of naturally occurr-
ing radioactive materials (NORM) and to recommend priorities for control programs
to address such problems. (The Conference is comprised of Radiation Control
Directors from all States and territories and was incorporated in 1968.) Its
last report was printed in 1981 and listed an extensive array of radiation path-
ways from incidental NORM use. In that report, the Conference recommended soil
contamination guidelines for cleanup or control of selected radionuclides. The
concentration above which removal or controls would be mandatory for radium-226
bearing residuals was 6 picocuries per gram. (See "Natural Radioactivity Con-
tamination Problems," Report No. 2, Conference of Radiation Control Program
Directors, August 1981.)

The NRC 1977 task force that examined the regulation of NARM summarized NARM
incidents in the following manner:

The available information indicates that radium is the NARM
isotope which is most often identified in reports of incidents.
However, the available information is incomplete. Present avail-
able information does not permit an overall assessment of the
possible or actual impact or threat to the public health and
safety. It is known that available data represents an under-
reporting but the degree is unknown. (See "Regulation of
Naturally Occurring and Accelerator-Produced Radioactive
Materials," D. A. Nussbaumer et al., NUREG-0301, July 13877.)

That NRC task force report was updated in 1984, wherein the authors stated that
since 1977 "there continue to be numerous NARM incidents. The number of incidents
reported to State agencies involving NARM (both medical and industrial users)
range from 30 to 50 per year." That update also noted that in 1981, numerous
radioactive contaminated gold items were discovered in the Northeastern States,
apparently from inadvertently recycling gold seeds containing radon-222 that

had been used in radiation therapy. (See "Regulation of Naturally Occurring

and Accelerator-Produced Radiocactive Materials: An Update," L. A. Bolling et

al., NUREG-0976, October 1984.)

NARM is inadvertently introduced into commerce in other ways. For example, in
November 1984, a radiation alarm was triggered as a truckload of scrap steel

was entering a processor's facility in Pennsylvania. The source of radiation
was later identified as a static eliminator bar that contained radium-226. (See
letter to H. Cutler, Institute of Scrap Iron and Steel, from V. Miller, NRC,
dated August 12, 1987.)

In a more recent event in September 1987, samples of contaminated aluminum dross
were found to contain radium-226, producing radiation levels of 0.4 to 0.5 milli-
rem per hour at the surface of the rail cars containing the dross. The dross
material in the two box cars was later found to contain 2000 picocuries radium-226
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per gram. (See letter to J. Snyder, United Technology, from J. A. Hind, NRC,
dated September 24, 1987.)

The primary national interest in radon is currently focused on indoor radon
exposures in certain eastern areas of the United States, such as Pennsylvania
and New Jersey, where radon levels in houses are found to exceed levels used by
the Federal Government to clean up misused uranium mill tailings. As previously
mentioned, inhalation of naturally occurring radon results in a significant
contribution to the average radiation dose to the population of the United States.
The hazard is so great that the Committee on Interagency Radiation Research and
Policy Coordination (CIRRPC) has selected radon as one of the major national
jonizing-radiation issues and is urging an accelerated research program as well
as a national indoor radon survey. (See "CIRRPC Third Annual Report," Office

of Science and Technology Policy, Executive Office of the President, Washington,
DC, June 30, 1987.)

4.2 NARM in General

On October 22, 1987, the CRCPD requested all State radiation control programs
to describe, by November 31, 1987, NARM incidents during the past 5 years. As
of December 7, 1987, nine Agreement States, eight non-Agreement States, and one
territory had responded, listing a total of about 91 NARM incidents. Thirteen
of these States and the one territory reported between one and four incidents
over the 5-year period (for a total of 21 incidents); the remaining four States
reported a total of 70 incidents. The incidents range from false alarms (e.g.,
after investigation, no actual involvement of radioactive material was found),
to lost sources, to radium sources appearing from "out of nowhere," to actual
exposures and contamination problems. However, for most of the incidents,
exposures or contamination problems were not reported. The dominant radio-
jsotope identified in the incidents was radium. There were five significant
occurrences of radium-contaminated facilities, requiring State intervention and
jnvolving radium as a luminous paint. Three States reported 26 incidents of
lost cobalt-57 sources--almost always in the microcurie range--whereas a few
other States reported an occasional loss. The State with the most of these
incidents (12) deemed the quantities so small that they did not present an
environmental or public health hazard. One State reported concrete wall mate-
rials had substantial radiation activity because of the use of an accelerator
so that the facility could not be cleared as an uncontrolled area; parts of the
accelerator, such as targets and turning magnets, also showed activity. One
State emphasized a problem with NARM in the 0il and gas industries. The pipes
used in production wells accumulate deposits (scales) that must be periodically
removed. The scales trap radium, thus making the deposits a source of highly
contaminated waste. That State, recognizing that other States have had the
same experience and recognizing that the scales are similar to byproduct wastes,
believes that there is a national issue here, which needs to be addressed by
Congress and the Federal Government. (See letters and enclosures from C. M.
Hardin, Executive Secretary of CRCPD, to J. H. Austin, NRC, one dated November 25,
and two dated December 7, 1987.)

The Conference points out additional problems with NARM:
Non-uniform regulation of NARM sources and devices has caused

considerable problems for Agreement States in their issuance of
specific licenses for the use of such sources and/or devices when
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manufactured in a non-Agreement State. Since most non-Agreement
States do not license the manufacture of such sources and devices,
there is no mechanism to reciprocally recognize the manufacture of
such. Consequently, the Agreement States for NARM sources and
devices, must either license each and every source and/or device,
or issue a license on the good faith that the manufacturer will
apply acceptable quality control in the manufacture of all sources
and devices on the production 1ine. (See attachment to letter
from C. M. Hardin, Executive Secretary, CRCPD, to J. H. Austin,
dated November 25, 1987.)

Informal contacts with manufacturers of radiopharmaceuticals containing
cyclotron-produced radioisotopes indicate similar difficulties in marketing
such materials in a non-uniform regulatory environment.

The United States Pharmacopeial (USP) convention has since 1820 established
national standards of strength, quality, and purity of medicinal products, and
its expertise has been recognized in congressional legislation since as early

as 1848. More recently, the Medical Device Amendments of 1976 recognized the
articles of USP concerning medical devices. Since 1980, USP has operated for

the FDA the voluntary Problem Reporting Program for radiation therapy devices.
From January 1, 1980, to June 1987, USP received 28 reports on problems with
brachytherapy devices; five problems related to apparently housing or intending
to house radium and the rest involved byproduct material. (It should be noted
that the actual problems with the devices did not necessarily involve the radio-
active material.) In the same timeframe, there were 88 problems reported involving
cobalt-60 teletherapy units and 113 problems involving linear accelerators.

(See "Problem Reporting Program for Radiation Therapy Devices, Summary of Reports
Received," National Center for Devices and Radiological Health, periodic reports
from January 1980 through June 1987, FDA, Washington, DC.)

Misadministrations to patients of cyclotron-produced radioactive materials are
not required to be reported to the NRC. However, if a patient is supposed to
receive cyclotron-produced material, but actually receives byproduct material,
then the licensee is required to report the misadventure to the NRC as a mis-
administration of byproduct material. (See 45 FR 31704, May 14, 1980.) Such
reports give an indication, albeit incomplete, of the degree of problems in
handling cyclotron-produced materials. From January 1981 through December 1986,
the NRC received 2298 reports of misadministrations of diagnostic radioisotopes,
generally from licensees in non-Agreement States. (Agreement States did not
require, until recently, reporting of misadministrations.) Of these reported
misadministrations, 1 report involved cobalt-57, 14 reports involved gallium-67,
12 reports involved iodine-123, 14 reports involved thallium-201, and none
involved xenon-127. These five isotopes represent the bulk of the use of
accelerator-produced radioisotopes. For all of these cases, the patients were
prescribed the indicated accelerator-produced radioisotope, but actually
received a byproduct isotope, usually technetium-99m or another iodine isotope.
Thus the apparent rate of misadministration reports involving NARM is about

1 percent of the total number of reports. (See memorandum from S. Pettijohn to
J. H. Austin, NRC, dated December 22, 1987.)

Misadministrations of byproduct radioisotopes in medical diagnostic procedures
are estimated to occur at a rate of about one in 10,000 procedures. (See "NRC
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Reports on Misadministrations and Unannounced Safety Inspections," N. L. McElroy,
J. Nucl. Med. 27, pp. 1102-1107, Soc. of Nuclear Med., New York, NY, July 1986.)

To the extent that the above five radioisotopes reflect the set of applications

of cyclotron-produced radioisotopes, it appears that misadministrations of NARM

in diagnostic procedures occur at a rate of about one in one million procedures.
It is noteworthy that the NRC definition of misadministration does not necessarily
mean any adverse reaction within the patient. '

The Society of Nuclear Medicine (SNM) and the FDA monitor adverse reactions to
radiopharmaceuticals, with the FDA also monitoring conventional pharmaceuticals.
Over the 9 years encompassing 1976 through 1984, SNM received 356 adverse-
reaction reports. Of these, about 70 percent of the adverse reactions involved
compounds labeled with technetium-99m and about 5 percent involved compounds
Jabeled with iodine-131, both being byproduct radioisotopes. Radiopharmaceuticals
labeled with gallium-67, indium-111, or thallium-201 (all cyclotron-produced
isotopes), each accounted for about another 5 percent of the reported adverse
reactions. (See Essentials of Nuclear Medicine Science, pp. 310-31l1, W. B. Hladik,
Williams & Wilkins Co., Baltimore, MD, 1986.)

From 1979 through 1987, the FDA received--through its Spontaneous Reporting
System--1239 communications from domestic sources reporting adverse reactions
associated with patient exposures to radiopharmaceuticals. (Adverse reactions
are essentially any unfavorable experience a patient has in association with
using an FDA-approved pharmaceutical or biological product.) Of these, 746
were reports of “no drug effect," presumably related to lack of imaging and 52
reports were classified as serious. A serious classification denotes the
patient outcome was death, permanent disability, inpatient care (or prolonged
hospitalization if the individual was hospitalized when the reaction occurred);
a report of cancer or a congenital anomaly; or an adverse reaction occurring
after a drug overdose. These 52 serious reactions included 17 deaths over the
9-year period with all of them apparently associated with radiopharmaceuticals
Jabeled with technetium-99m. Of the remaining 35 reports of serious adverse
reactions, one of them involved gallium-67 and two involved indium-111 as the
radionuclides in the drugs. It is important to understand that although a
serious adverse reaction report may be prepared in association with the use of
a drug, that report does not necessarily imply causality. (See letter from

J. B. Arrowsmith, MD, FDA to J. H. Austin, NRC, dated December 15, 1987.)

4.3 Discussion

The above collection of incidents and problems involving NARM does not always
reflect a consistent and significant actual hazard associated with NARM. To be
sure, there have been real problems with contamination of facilities, with the
loss of the materials, and with the inadvertent introduction of radium into
commerce, but significant exposures of the public to discrete sources of radium
rarely occur, based on available data. Some do involve interstate commerce.
However, the information supplied to the CRCPD in jts survey of late 1987 suggests
that actual inadvertent exposures of people to radium or contamination problems
are very infrequent events.

The real and known problem with NARM is the disposal of discrete radium sources.

Radium is not suitable for disposal in sanitary landfills because of its hazardous
properties, some of which are similar to plutonium. Radium is an alpha and a
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gamma emitter, has a higher specific activity than plutonium, has a 1600-year
half-1ife, is soluble, is a bone seeker, and has a radioactive daughter that is
a gas. EPA has reported that a survey of the States by the Conference indicates
that State regulatory agencies know of at least 400 radium sources requiring
disposal, whereas a preliminary survey by a DOE contractor shows over 500 high-
activity commercial sources requiring disposal. (See "Low-Level and NARM Radio-
active Wastes, Background Information Document," pp. 3-34, EPA 520/1-87-012,
August 1987)

The Barnwell low-level waste facility will not accept radium. The Hanford
facility will only accept discrete radium sources that are packaged with a

total activity of less than 100 nanocuries per gram, precluding disposal of

many radium sources. The Beatty facility will accept radium only in specially
constructed sealed containers. The cost for packaging can range up to $2000

for one radium needle. (See Preliminary Draft "Economic Impact Analysis of
Proposed Standards for Disposal of Low-Level Radioactive Waste," Putman, Hayes &
Bartlett, Inc., for EPA Contract No. 68-01-7033, pp. 6-21, Washington, DC,

May 11, 1987.)

The State of Michigan legislature is considering a bil1l that would make Michigan
the host State for a low-level-waste disposal facility for the Midwest Compact.
One of the bills passed by the Michigan Senate on October 8, 1987, would define
low-level waste as given in 10 CFR 61.55 and explicitly excludes NARM wastes.
However, that Bill mandates a study of whether NARM should be included in the
definition of low-level waste. (See bill to amend Act No. 368 of the Public
Acts of 1978, entitled, as amended, "Public Health Code," substitute for Senate
Bi1l No. 65, Michigan Senate, October 8, 1987.)

There is incomplete information on the hazards associated with cyclotron-produced
radiopharmaceuticals. It appears that their misadministration rate is about

1 percent of total misadministrations. However, serious adverse reactions asso-
ciated with the use of radiopharmaceuticals seem to be far more significant

than the "misadministrations" of them.

5 THE FEDERAL GOVERNMENT AND NARM

As indicated previously, numerous Federal agencies have possible or actual
jnterests in or jurisdiction over NARM. A review of past congressional actions
on radiation protection matters in general, and on NARM in particular, is
important to a fuller understanding of Federal regulatory activity in ionizing
radiation. It also would be useful in deciding whether and where any additional
Federal authority over NARM might be vested. Such a review is the purpose of
this section.

5.1 Pre-Atomic Energy Act

As first recognized, ionizing radiation was in the form of X-rays and emanations
from radioactive materials, primarily radium. In the first few decades of the
twentieth century, uses and applications of ionizing radiation sources were
primarily in the hands of physicians or researchers. when physiological effec

of radiation began to manifest themselves, in terms of eye injuries and eryth-
the user community quickly set about to develop protection standards. By 19¢:
the privately funded national organization called the Advisory Committee on X-ray
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and Radium Protection had been formed to establish national protection standards.
That organization evolved into what is now called the National Council on Radia-
tion Protection and Measurements (NCRP). In that timeframe, there was little

or no Federal involvement in developing safeguards against ionizing radiation,
notwithstanding the known harms and deaths to workers in the field. (See
Radiation Protection Standards, L. S. Taylor, CRC Press, Boca Raton, FL, 1971.)

In a major study for the U.S. Senate in 1977, regarding the history of Federal
regulation, the Regulatory Reform Study Group of the Committee on Governmental
Affairs observed:

First, protecting citizens from harm and injury constitutes a
fundamental concern of government, a major premise for creation of
an organized community bound by common rules. To "promote the
general welfare" is a preeminent purpose of the Federal govern-
ment, ranked only after justice and security in the preamble of
the Constitution.

Yet the general welfare clause aside, there is no express provi-
sion of the Constitution for Federal jurisdiction over health

and safety. Rather it is an implied power, emanating from

specific or enumerated constitutional responsibilities. Once a
subject falls within an enumerated power, the Federal ability to
legislate over that activity is complete and comprehensive. For
example, the Constitution in express terms grants to Congress the
power to regulate interstate commerce; and that necessarily involves
considerations of public welfare in commerce between the states.

The comprehensive potential of Federal health and safety regulation,
pursuant to that authority, is suggested by the scope of the inter-
staie commerce clause, as sketched by Mr. Chief Justice Marshall

in 1824:

It is the power to regulate; that is, to prescribe the rule
by which commerce is to be governed. This power, like all
others vested in Congress, is complete in itself, may be
exercised to its utmost extent, and acknowledges no limita-

tions, other than are prescribed in the Constitution.

Federal legislation to protect the worker, the consumer and the
environment rests upon that firm constitutional basis. (Footnotes
removed. )

x Xk X

Congress was slow to exercise its power in health and safety
matters. "Vertical regulation" characterized much of that
legislation; that is, regulatory action directed at a specific
hazard, or a certain occupation, or a particular concern--all too
often with little consideration of the overall situation.
Comprehensive Federal regulation of a "horizontal" nature--that
is, regulation directed across-the-board at the variety of hazards
or industries--is largely a development of the past 15 years or
so. Previously the power was not necessarily denied; rather, the
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potential went only partially realized. (See Study of Federal
Regulation, Vol. V, pp. 308, 309, Committee on Governmental Affairs,
United States Senate, December, 1977.)

Thus, before the Atomic Energy Act, Congress left to the States and private
organizations the development of radiation protection standards for workers,
consumers, the public, and the environment.

A notable exception to this came in 1936, when the attention of the transporta-
tion authorities was forcefully drawn to the fact that radioactive substances
and undeveloped photographic films were incompatible if shipped together. This
led to the first Federal dictates, through the Postmaster General, governing
jonizing radiation:

Radium, thorium or any other radioactive substance or any mate-
rials containing radioactive substance such as powders, containing
radium or thorium, 1iquids containing radium emanation, radium
salts, radioactive minerals, or any radioactive material whatever,
not permitted in the mails. (See "Physical, Biological, and
Administrative Problems Associated with the Transportation of
Radioactive Substances," R. D. Evans, National Academy of Sciences,
washington, DC, 1951.)

Thus, the first Federal excursion into the field of ionizing radiation came
from economic considerations.

The Manhattan Project led to shipments of increasing amounts of radioactive
materials and the need to protect transport workers. Shipping packages relied
on massive lead shielding for radiation protection during shipments of radio-
isotopes from the Oak Ridge Tennessee Manhattan Project facility, at that time,
to hospitals and universities. Recognizing the need to minimize cargo weight
and space without compromising safety and under instructions from Congress in
1946, the Interstate Commerce Commission developed regulations governing
transport of radicactive substances that took into account both safety of
transport workers and economics. (See "The Regulatory and Institutional Outlook
on Meeting the Challenge of the Future," J. G. Davis, Seventh Int'l. Sym. on
Packaging and Transportation of Radioactive Materials, CONF-830528, Vol. 1,

p. 22, New Orleans, LA, May 15-20, 1983.)

5.2 The Atomic Energy Act of 1946, as Amended Through 1959

The nuclear enterprise is unique in U.S. history on two accounts. First, the
technology was created, owned, and monopolized by the Federal Government in the
national security arena. Second, the Congress recognized from the beginning
that this technology was inherently dangerous and required carefully monitored
development. Unlike other sectors of private enterprise where the Government
awaits problems to develop before stepping in, the Congress mandated that the
nuclear industry would be regulated from the outset. (See Controlling the Atom:
The Beginnings of Nuclear Regulation 1946-1962, G. T. Mazuzan and J. S. Walker;
University of California Press, Berkeley, CA 1984.)
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In creating the Atomic Energy Commission (AEC) in 1946 ithrough the Atomic Energy
Act (AEA) and in encouraging widespread private development and use of nuclear
technology through amendments to the AEA in 1954, the Congress.mand ted a very
narrow framework of Federal regulation (i.e., directed to fissionable materials,
to source materials from which fissionable materials could be obtained, and to
radioactive material yielded in, or made, radioactive by exposure to the fission
process). At the same time, Congress directed that such regulation would be
very deep (i.e., possession, use, owning, acquiring, delivering, or transferring
such materials would be regulated). This was in contrast to many other
regulatory mandates that are very broad (i.e., directed across-the-board at a
particular hazard, such as FDA regulating devices emitting ionizing radiation),
but are shallow (i.e., directed to the regulation of the manufacturer, but not
the user).

Naturally occurring radioactive materials--other than source materials--such

as radium were deliberately left outside the scope of the AEA. Also excluded
were the materials that were fissionable, but could not sustain a chain reaction
(e.g., actinium-227). The AEA did not address any health and safety problems
that might be posed by the radicactive materials because these were considered
manageable and relatively insignificant. There appeared to be no urgent need
and, from the standpoint of the common defense and national security, no basis
for Federal regulation of NARM. (See "Regulation of Naturally Occurring and
Accelerator-Produced Radioactive Materials," D. A. Nussbaumer et al., NUREG-0301,
July 1977, and "Anomalies of Nuclear Criticality," E. D. Clayton, PNL-SA-4868,
Rev. 5, p. 89, Richland, Washington, June 1979.)

In 1959, a new section was added to the AEA to authorize the AEC to enter into
agreements with the Governor of any State under which the Commission would
relinquish, and the State would assume, regulatory authority over byproduct
and source materials and special nuclear material in small quantities. (See
P.L. 86-373.)

In doing so, Congress stated:

First, the bill has been redrafted by the Joint Committee to make
it clear that it does not attempt to regulate materials which the
AEC does not now regulate under the Atomic Energy Act of 1954.
Such other sources such as X-ray machines and radium also present
substantial radiation hazards, but have been for many years the
responsibility of the States, the Public Health Service, or other
agencies. (See Senate Report No. 870, accompanying P. L. 86-373,
September 1, 1959.)

5.3 Federal Radiation Council, 1959-1961

Through Public Law 86-373, the Federal Radiation Council was formed in 1959 to
provide a Federal policy on human radiation exposure. A major function of the
Council was to "advise the President with respect to radiation matters, directly
or indirectly affecting health, including guidance for all Federal agencies in
the formulation of radiation standards and in the establishment and execution

of programs of cooperation with States." The President approved and caused to
be published in the Federal Register on May 18, 1960, the Council's first recom-
mendations for the guidance of Federal agencies in the conduct of their radia-
tion protection activities. Those guides, while significant in their time,
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were incomplete. They did not apply to radiation exposure resulting from
natural background or purposeful exposure of patients by practitioners of the
healing arts. The Council set as a guide for the individual in the population,
an annual whole-body dose of 500 millirems, recognizing that “there can be no
single permissible or acceptable level of exposure without regard to the reason
for permitting the exposure." Those guides were advisory and the Council left
it to the individual agencies to decide how and whether they would implement
them. Each agency was allowed to decide its own policy on Federal-versus-State
responsibility for protecting the public from exposures to ionizing radiation.
(See FR May 18, 1960, p. 4402-3.)

In the Council's second report, it made recommendations for the guidance of
Federal agencies in activities designed to limit exposures of the public from
radioactive materials deposited in the body as a result of their occurrence in
the environment. Radium-226 was among the radionuclides for which graded scales
of actions were recommended. Again, it was left to each agency to decide how
or whether to implement the guidance, and there was no guidance on Federal-
versus-State roles. (See FR September 26, 1961.)

5.4 The Radiation Control for Health and Safety Act of 1968

In 1968, Congress declared that the public health and safety required protection
from the dangers of electronically produced radiation through passage of the
Radiation Control for Health and Safety Act. Among other things, that Act
directed the Secretary of the Department of Health, Education, and Welfare (HEW)
to conduct a "study of present State and Federal control of health hazards from
electronic product radiation and other types of ionizing radiation, which study
shall include, but not be limited to (a) control of health hazards from radio-
active materials other than materials regulated under the Atomic Energy Act of
1954; (b) any gaps and inconsistencies in present controls; ... (d) measures to
assure consistent and effective control of the aforementioned health hazards."
(See Sec. 357 of P.L. 90-602.)

The legislative history indicates that Congress believed that such a program on
reducing unnecessary exposures to jonizing radiation could "best be effectuated
through the Department of Health, Education, and Welfare - the Federal agency
with primary responsibility for the protection of the public health." (See
Senate Report No. 1432, accompanying P.L. 90-602, July 17, 1968.)

HEW's study of the health hazards of NARM was sent to Congress in 1971. HEW
concluded:

Responsibility for the control of all non-Federal use of radium
and accelerator-produced radionuclides resides in the States.
Wwhile some States have adequately met these responsibilities, many
have not developed and enforced effective control programs. Not
only have there been ineffective controls at the State level, but
there may also be ineffective control at the Federal level, since
no single Federal agency has been charged with the responsibility
for developing uniform effective controls over all Federal use of
the materials. (See "State and Federal Control of Health Hazards
from Radioactive Materials Other Than Materials Regulated Under
the Atomic Energy Act of 1954," G. L. Pettigrew et al., FDA 72-8001,
Washington, DC, p. 63, 1971.)

NUREG-1310 18



The assessment led to an HEW staff legislative proposal for a radioactive
materials control act that addressed all sources of radioactive materials not
covered by the AEA. The proposal was forwarded to the HEW Office of the
Assistant Secretary for legislation, but no further action was taken. (See
"Activities and Accomp]1shments of the Bureau of Radiological Health in
Controlling Radioactivity in Consumer Products," P. Paras and A. C. Tapert, in
"Health Phys;cs Aspects of Radioactivity in Consumer Products," NUREG/CP-0001,
p. 55, 1978

5.5 The Consumer Product Safety Act of 1972

Through Public Law 92-573 of 1972, Congress consolidated the consumer health

and safety mandates at the Federal level within the newly created Consumer
Product Safety Commission (CPSC). In 1973, FDA's Product Safety Bureau and its
functions under the Hazardous Substances Act were transferred to the CPSC. Since
radium is a naturally occurring radiocactive material not subject to regulation
under the AEA, CPSC acquired jurisdiction over radium in consumer products. In
July 1973, the FDA's Bureau of Radiological Health formally submitted a request
for action to the CPSC to regulate radium in consumer products. Although
acknowledging jurisdiction, the CPSC voted in May 1975 to deny the request for
such regulation on the grounds that the "marginal nature of the hazard posed to
consumers" made the action "unwarranted.” The Bureau persisted and expressed
disappointment at the CPSC decision, noting that in 1975 there were an estimated
500,000 clocks and some 350,000 smoke detectors containing radium in homes.

CPSC staff apparently reviewed the matter, but again concluded that the "level
of risk does not merit a separate commission action on the radioactive hazards
alone" in these consumer products. (See Study on Federal Regulation, Vol. V,

p. 335, Committee on Government Affairs, U.S. Senate, December 1977.)

5.6 The National Institute for Occupational Safety and Health Study of 1976

Under Public Law 91-596, the Occupational Safety and Health Act of 1970, the
Occupational Safety and Health Administration (OSHA) has responsibility for
user compliance with radiation standards for sources not regulated by the NRC
(formerly AEC). Inspection of facilities containing such sources (e.g., radium
and accelerators) was not a high priority. In 1976, HEW's National Institute
for Occupational Safety and Health (NIOSH) commissioned a study of the potential
hazards of these sources to radiation workers. The data for that evaluation
were obtained from the records of five Agreement States, five non-Agreement
States, and the files of a commercial dosimetry service. That study concluded:

This study did not uncover any extraordinary occupational hazards
from the use of industrial x-ray machines, accelerators, or radium
sources. Most of the States surveyed appear to be controlling
these sources, with no significant differences noted between NRC
Agreement and non-Agreement States. In comparing the data collected
from this study with NRC data, the effectiveness of the State
programs in regulating these sources appears comparable to that of
the NRC in regulating radioactive materials. (See "Evaluation of
Occupational Hazards from Industrial Radiation: A Survey of
Selected States," S. C. Cohen et al., HEW Contract No. 210-75-0071,
December 1976.)
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5.7 The 1977 NRC Task Force Review

(1) Initial Review

Following an October 1974 meeting, the Agreement States developed several
requests and recommendations for NRC (then AEC) action, including:

The States recommend that the AEC, or its successor agency,
move immediately to bring accelerator-produced and naturally
occurring radioactive material under its jurisdiction.

On May 8, 1975, the Executive Committee of CRCPD met with the NRC Commis-
sioners. One of the points discussed at the meeting was later summarized
by the Conference in a May 20, 1975 letter to then-Commissioner Richard T.
Kennedy:

There is concern on the part of several States regarding the
need for Federal control of radioactive material not being
regulated by Agreement States or the NRC. Most Agreement
States have included naturally occurring and accelerator-
produced radioactive material under the same regulatory
control as materials coming under the Atomic Energy Act when
these agreements were signed. However, since there are 25
non-Agreement States, there is a definite gap existing in the
proper control of these non-Agreement materials. Therefore,
we strongly urge the NRC to consider taking appropriate actions
to place this type material under the same control as is now
applied to materials falling under the Atomic Energy Act.

In response, the NRC established a task force composed of representatives
from all relevant offices to review the matter of regulation of NARM.
Resource persons representing Agreement and non-Agreement States and
Federal agencies also participated. The task force conclusions included:

The regulation of naturally occurring and accelerator-produced
radioactive material (NARM) is fragmented, non-uniform and
incomplete at both the Federal and State level. Yet, these
radioactive materials are widely used--excluding those who
would be exempt from licensing, about 30 percent of all users
of radioactive materials use NARM. There are an estimated
6,000 users of NARM at present. The use of accelerator-
produced radioisotopes, particularly in medicine, is growing
rapidly.

x X X

Because of the fragmented and non-uniform controls over radium
and other NARM, information on the impact of the use of NARM
on public health and safety is fragmentary. Thus, it is
difficult to know, in an overall sense, whether proper protec-
tion is being provided to workers and the public. A number

of the incidents involving NARM and other data, however, which
have come to the attention of public health authorities give
definite indications of unnecessary and possibly excessive
radiation exposure of workers and the public.
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(2)

The task force had one major recommendation:

The Task Force recommends that the NRC seek legislative
authority to regulate naturally occurring and accelerator-
produced radioactive materials for the reason that these
materials present significant radiation exposure potential
and present controls are fragmentary and non-uniform at both
the State and Federal level.

(See "Regulation of Naturally Occurring and Accelerator-Produced
Radioactive Materials,” D. A. Nussbaumer et al., NUREG-0301, July 1877.)

Response to the 1977 Review

The Commission approved publication of the task force report (NUREG-0301)
for public comment. The report was given wide distribution. A total of
25 comments was received, with 21 of the respondents expressing varying
degrees of support for the task force recommendation. These included all
of the six States and five of the seven Federal agencies that commented.
EPA commented that it had adequate existing authority to regulate NARM,
thus opposing the recommendation. FDA's Bureau of Radiological Health
commented:

As a long-range goal, it appears logical to include all
radioactive material under the authority of one agency with
the intent of having one national, uniformly applied program
to control user radiation safety and to set performance
standards for products and devices, regardless of the origin
of the radioactive material.

The FDA comments went on to say that "the report fails to note, however,
that when specific actions were proposed at the Federal level, it was not
possible to show that the use of NARM represents sufficient hazard to the
public to warrant action when compared to other agency priorities."

Importantly, FDA stated that "the FDA has authority to regulate medical
radiation sources under the Medical Device Amendments of 1976 (Public Law
94-295, 90 Stat. 539-583) of the Federal Food, Drug, and Cosmetic Act.
This authority would include medical radiation sources containing NARM."
Finally, FDA suggested deferring action until the voluntary FDA/State
effort to control NARM had been implemented and its effectiveness had been
evaluated.

On the basis of its analysis of the comments, the NRC staff repeated its
recommendation to draft a bill that would give NRC regulatory jurisdiction
over NARM. The Commission took no action on the staff recommendation
(SECY-78-211), but asked the staff to resubmit it for reconsideration
after addressing questions about the magnitude of NARM overexposure, the
compatibility of the proposed NRC regulatory authority with other agencies,
and other issues.

(See SECY-78-211 and its enclosures, "Final Recommendations of the Task
Force on Regulation of NARM," April 14, 1978; and memorandum dated June 30,
1978 from S. J. Chilk to Lee V. Gossick, regarding the SECY paper.)
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(3) Resolution of the 1977 Review

The NRC staff responded to the Commission directive on December 18, 1978,
in SECY-78-667, without a staff consensus on what actions should be taken.
The NRC Executive Director for Operations (EDO) highlighted four major
jssues that needed to be considered:

. the risk to the public health and safety (the available data appeared
insufficient)

. the scope and cost of regulatory control (The NARM boundaries were
thought to be broader than that suggested by the task force and the
resource requirements may be far in excess of the estimated seven
full-time equivalents.)

. whether there is a regulatory conflict with other Federal agencies
. the NRC's role in radiation protection

Responding in a May 10, 1979, letter to the EDO, the Commission directed
the staff to forward the findings of the task force to interested parties
with a letter indicating that:

___NRC believes that this source of radiation exposure should
be uniformly regulated and should urge that the matter be
addressed promptly. It should note that, while NRC could
logically regulate NARM--given legislative authority--NRC is
not pursuing that authority because it believes that such
efforts should be integrated into the larger effort to
properly allocate Federal responsibilities for radiation
protection.

Ultimately, the issue of whether the Federal Government should regulate
NARM was referred to the U.S. Radiation Policy Council. This will be
elaborated on later.

5.8 The Interagency Task Force on the Health Effects of Ionizing Radia-
tion - 1979

An Interagency Task Force on the Health Effects of Ionizing Radiation was
established in 1978 to carry out a Presidential directive to formulate a
national program to, among other objectives, reduce adverse radiation exposures.
NRC was represented on the task force. The task force issued its report in
June 1979, observing that virtually everyone agreed that "the Federal govern-
ment should enhance its institutional capacity to develop clear and consistent
policies on radiation matters." It, too, found gaps and inconsistencies in the
controls over ionizing radiation, including NARM, and made a number of recom-
mendations for reducing overall exposures to jonizing radiation. Significantly,
the task force recommended establishing an Interagency Federal Radiation Council
that would be assigned numerous functions, including consideration of basic
issues of policy relating to radiation protection, as well as an evaluation of
the overall direction and effectiveness of Federal activities in this regard.
(See "Report of the Interagency Task Force on the Health Effects of Ionizing
Radiation," June 1979.)
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5.9 The United States Radiation Policy Council from 1980 to 1982

The President's response to the above report was to create, through Executive
Order 12194, the United States Radiation Policy Council (RPC), in 1980, for the
purpose of coordinating the formulation and implementation of Federal policies
relating to radiation protection. In that year, the RPC adopted as a preliminary
agenda, nine broad policy issues that would be examined during 1981 through
1983. Those issues included the roles and responsibilities of Federal agencies,
radiation exposure reduction, and Federal/State relationships. The RPC noted a
perplexing number of Federal agencies involved with ionizing radiation. This
resulted in a maze of functions and responsibilities within the Federal estab-
1ishment that appeared to fragment Federal radiation protection efforts, create
undue administrative difficulties for those being regulated, and bewilder the
public. RPC also observed that the States have a major responsibility in radia-
tion protection. The role of the Federal Government vis-a-vis the States was

to be examined in the policy issue on the Federal/State relationship, particu-
larly as it had a bearing on NARM. However, RPC did not complete this task
before its demise in about 1982. (See "Progress Report and Preliminary 1981-83
Agenda," United States Radiation Policy Council, RPC-80-001, Washington, DC,
September 1980.)

5.10 The Consumer-Patient Radiation Health and Safety Act of 1981

Through the Consumer-Patient Radiation Health and Safety Act of 1981 (Public
Law 97-35), the Congress directed the Secretary of the Department of Human and
Health Services (HHS) to promulgate standards for the accreditation of educa-
tional programs to train personnel to perform radiological procedures and for
the certification of such individuals. On July 12, 1983, HHS issued a notice
of proposed rulemaking (NPR) that would establish standards for five occupa-
tions: radiographers, dental hygienists, dental assistants, radiation therapy
technologists, and nuclear medicine technologists. 1In this NPR, there was no
distinction made between NARM and materials covered by the AEA. The standards
are intended to assist those States that desire to regulate the education and
practice of personnel in the field of radiology. HHS observed that "while the
standards were developed by the Department, the Act preserves the traditional
prerogatives of States in the approval of education programs and in regulation
of personnel." The rule was made final on December 11, 1985, essentially as '
proposed. At the end of 1986, 16 States licensed radiographers; 12 States
licensed radiation therapy technologists; and 7 States licensed nuclear medicine
technologists. (See Report to Congress, "Compliance by the States with the
Consumer-Patient Radiation Health and Safety Act of 1981: Annual Report for
1986," HHS, Washington, DC, September 10, 1986.)

5.11 Committee on Interagency Radiation Research and Policy Coordination
from 1984

The RPC appeared unable to significantly improve Federal policy coordination.

In view of this continuing need, Senator John Glenn introduced legislation in
1982 that would create a Federal Council on Radiation Protection. The
Administration's position was that legislation was not necessary. In May 1984,
the Administration created the Committee on Interagency Radiation Research and
Policy Coordination (CIRRPC) under the Office of Science and Technology Policy
(0STP) for the purposes of, among other things, coordinating radiation matters
between agencies and advising OSTP on issues involving Federal radiation policy.
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At the first meeting of CIRRPC on May 25, 1984, each of the then 15 member
agencies, including NRC, was requested to respond to a questionnaire for
jdentification of current issues of concern to each agency. The 34 specific
jssues identified were condensed into 10 major national issues dealing with
jonizing radiation. NARM was not on the list, but radon was. (See "CIRRPC
Report on Identification of Federal Radiation Issues," OSTP, Washington, DC,
March 1986.)

512 The Low-Level Radioactive Waste Policy Amendments Act of 13885

The NRC sought legislative authority over NARM wastes during the time that
Congress was enacting the Low-Level Radioactive Waste Policy Amendments Act of
1985 (P. L. 99-240). In commenting on H.R. 1083 of the 99th Congress, the
Commission noted that neither Section 3(a) on State responsibilities nor 3(b)
on Federal responsibilities specified responsibility for the disposal of NARM
wastes. The Commission went on to say that without clear statutory direction
jdentifying the responsibility for disposing of these wastes, neither NRC, the
Agreement States, nor waste generators would be able to ensure that all NARM
wastes would eventually be accepted for disposal. The Commission proposed
conforming language for NARM disposal authority, but to no avail. (See letter
from N. J. Palladino, Chairman, NRC, to the Honorable M. K. Udall, Chairman,
Committee on Interior and Insular Affairs, U.S. House of Representatives, dated
June 4, 1985.)

In early versions of what became the Act, Congress considered requiring the
Department of Energy to prepare a report on "orphan wastes." Such a report
would have included a study of NARM. The NARM issue was specifically debated
in the Senate Subcommittee on Energy Research and Development, Committee on
Energy and Natural Resources, without final resolution. The Act did not assign
responsibilities for NARM wastes either to the States or to the Federal govern-
ment. The final language in the Act did not require any Federal agency to study
the NARM issue. Although not explicit in the legislative history, it appears
that the provision for a study of NARM vis-a-vis low-level waste (LLW) was
dropped because the magnitude of the issue appeared almost unbounded. (See
"The Low-Level Waste Handbook: A User's Guide to the Low-Level Radicactive
Waste Policy Amendments Act of 1985," pp. 17-23, H. Brown, National Governor's
Association, Washington, DC, November 1986; and letter from J. W. Vaughan, Jr.,
DOE, to C. M. Hardin, CRCPD, dated July 22, 1986.)

5.13 Advance Notice of Proposed Rulemaking - Definition of High-Level Waste
in 1987

An advance notice of proposed rulemaking (ANPR) was published in the Federal
Register for comment, announcing the Commission's intent to modify the defini-
tion of high-level radioactive waste. (See 52 FR 5992-6001, February 27, 1987.)
The ANPR solicited public comment on the following question:

when the Commission carries out its analyses to jdentify "other
highly radioactive material that...requires permanent isolation,"
should NARM be included in the analyses?

Some 21 commentors addressed this question. Generally, the commentors favored

inclusion of NARM in the analyses, with most observing that materials of like
hazards should be disposed of in similar fashions.
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5.14 U.S. Environmental Protection Agency Activities, 1984-Present

In 1984, State representatives and others indicated to the EPA that the
exclusion of NARM from EPA's LLW standards was the most serious deficiency in
jts program. They expressed to EPA concern that NARM wastes present a radio-
active waste disposal problem with a great potential for harm, without existing
Federal direction or means of ensuring consistent interstate control. Since
then, EPA has been developing a proposed rule that would include NARM in its
LLW standard, under the authority vested in EPA through the Toxic Substances
Control Act (TSCA) of 1976. The TSCA authorizes EPA to prohibit, restrict, or
regulate the manufacture, processing, distribution in commerce, use or disposal
of any substance that presents "an unreasonable risk of injury to health or the
environment." (See EPA memorandum from F. L. Galpin to R. J. Guimond dated
June 6, 1986.)

The recent approach EPA has been taking on the rulemaking is that the regulations
would be limited to only higher activity, low-volume NARM wastes. Apparently
there will be a minimum concentration of about 2 nanocuries per gram; wastes
below this value would not be deemed LLW. The regulations would require the
disposal of NARM wastes (greater than 2 nanocuries per gram) in licensed LLW
facilities in a manner similar to comparable AEA wastes. One major issue in
this effort is how to enforce the standards. An option under consideration is
to include provision for the States to assume the inspection and enforcement
functions of the regulations. (See "Inclusion of NARM in the EPA LLW Standard,"”
M. S. Bandrowski et al., Presented at the Eighth Annual DOE LLW Management
Forum, Denver, CO, September 22-26, 1986.) However, another option under
active consideration is to look to the NRC for inspecting and enforcing the
NARM disposal regulations--of course, NRC does not presently have authority to
do so.

With regard to the Tower limit concentration of 2000 picocuries radium-226 per
gram, as the possible definition of LLW, EPA has established standards for
protection against uranium mill tailings that call for cleaning up of the mill
tailings if the radium concentration is greater than 5 picocuries per gram
within the top 15 centimeters of the surface. (See 48 FR 592, January 5, 1983.)

With regard to radon in dwellings, a science panel consisting of CIRRPC members,
chaired by the Department of Labor, has jssued a report "Radon Protection and
Health Effects," which contains a number of recommendations. Among these recom-
mendations are accelerating research on the health risks from indoor radon and
performing a national indoor radon survey. (See CIRRPC Third Annual Report,
0STP, Washington, DC, June 30, 1987.) EPA has assumed a major role in this
Federal program of sufficient magnitude and importance to create a Division in
the Office of Radiation Programs devoted solely to the radon problem. Of course,
EPA, the Department of Interior, and other agencies have interests in radon as
it exists in mines, caves, and elsewhere.

5.15 The United States Pharmacopeial Convention

As previously mentioned, the United States Pharmacopeial (UPS) Convention has
since 1820 established national standards of strength, quality, and purity of
medicinal products, together with the standards for their production, dispensa-
tion, and use. Both Congress and the States recognize the USP as an "official
compendium." In addition, the Medical Device Amendments Act of 1976 recognized
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that the articles in the USP may constitute devices under the terms of the Act.
As part of its activities, USP prepares meonographs for radiopharmaceuticals,
including cyclotron-produced isotopes, such as cyanocabalamin (cobalt-57) oral
solutions, gallium-67 citrate injections, sodium jodide-123 capsules, and
thallous (T1-201) chloride injections. Thus, national standards have been and
are being developed governing the production and use of radiopharmaceuticals
containing cyclotron-produced radionuclides. (See The United States
Pharmacopeia, Twenty-first Rev. and its supplements, USP Convention, 12601
Twinbrook Parkway, Rockville, MD.)

5.16 U.S. Nuclear Regulatory Commission

Although Congress has never explicitly authorized the NRC to regulate NARM

(with the one special exception of radium in uranium mill tailings only), the
Commission's regulations do address NARM in several places. For example,

Title 10, Code of Federal Regulations, Part 20 (10 CFR 20) specifies the
standards for protection against radiation; § 20.101(a) states that no "indi-
vidual in a restricted area [is] to receive in any period of one calendar
quarter from radioactive material and other sources of radiation, a total
occupational dose in excess of" the specified standards. That is, occupational
doses from radium and/or X-ray machines must be added to the doses from NRC-
licensed materials in determining compliance. Similar language appears in

§ 20.105(a) regarding permissible levels of radiation in unrestricted areas.
With regard to permissible concentrations of radionuclides in effluents released
to unrestricted areas, 10 CFR 20, Appendix B, limits licensee releases of radium
to the air or in the water effluents. Furthermore, § 20.203(e) requires that
licensee areas or rooms containing radioactive materials "in an amount exceeding
10 times the quantity of such material specified in Appendix C" shall be posted
with the radiation caution symbol, among other requirements. A quantity of

0.01 microcurie of radium-226 is listed in 10 CFR 20, Appendix C. Finally, the
packaging and transportation of radium is governed by 10 CFR 71. Thus, NRC cai.,
to a degree, control licensee activities involving NARM, but individuals who

are not licensees and possess NARM would not be controlied by NRC regulations.

Nothing in NRC's regulations prohibits disposal of NARM in NRC-Ticensed LLW
sites. The Agency's authority is sufficient to dictate whatever controls are
necessary over certain hazardous chemical and waste forms to ensure that the
safety of the site is not compromised. License conditions and/or regulatory
guidelines might be employed that specify the concentrations and forms of NARM
that may and may not be disposed of in an NRC-licensed LLW site.

5.17 Discussion

The above indicates that, in general, the States have the primary jurisdiction
over the health and safety of the public. The issue of governmental controls
over exposure to NARM is not whether the Federal government should create an
authority to establish such controls, but is really a matter of whether the
Federal government should preempt the authority the States already have. The
interstate commerce clause of the Constitution provides for Federal preemption
of such State responsibilities to "promote the general welfare." The Congress
exercised this power in creating the Atomic Energy Commission to regulate
fissionable material, source material, and byproduct materials.

NUREG-1310 26



The above review of congressional actions supports a conclusion that over the
years, Congress has consciously chosen not to broaden the AEC/NRC reach into the
NARM arena, leaving it to the States or other Federal agencies. In fact, in
1968, Congress looked to the HEW, as the Federal agency with primary respon-
sibility for protecting the public health and safety, when it mandated an
examination of the regulatory controls over NARM. In creating the OSHA in

1970, Congress mandated Federal controls over NARM in the workplace through
OSHA, provided that the jurisdiction the FDA had over devices emitting radia-
tion remained with FDA. In creating the Consumer Product Safety Commission, in
1972, Congress vested Federal control over NARM in consumer products with that
Commission, again provided that the FDA retain its existing authorities. In

the Medical Device Amendments of 1976, Congress vested with the FDA the author-
ity to regulate medical radiation sources, including those containing NARM.

The EPA has the authority to regulate NARM in the environment. And, in 1976,
Congress authorized EPA to regulate essentially all aspects of any hazardous
substance to the public or to the environment. Thus, there currently exists
Federal authority to control exposures to NARM in the environment, in consumer
products, in the workplace, in homes, and in the medical field. However, there
is no uniform and consistent Federal policy on the degree to which the Federal
agencies will exercise their authorities to control exposures. As a consequence,
Federal controls are fragmented and uneven. In fact, this is true for exposures
to jonizing radiation in general. Finally, the United States Pharmacopeial
Convention, recognized as an expert organization by Congress and the States,

has developed and continues to develop, national standards governing the produc-
tion and use of, among other items, radiopharmaceuticals containing cyclotron-
produced radioisotopes. :

There has never been an explicit decision on the Federal role versus State role
in protecting the public from exposures to ionizing radiation, except that set
out in Section 274 of the Atomic Energy Act of 1954, as amended. Furthermore;
the mandates that Congress has given to agencies vary so greatly that it is not
clear that the worst and most controllable exposures are being addressed without
undue attention to lesser ones.

6 THE STATES AND NARM

State radiation control programs began developing in the 1950's and 1960's. In
about 1968, a group of program directors began realizing that the States were
developing differing regulations, primarily dealing with X-ray sources, and that
each State was trying individually to cope with common concerns. State author-
ities agreed that mutual benefits would accrue through exchanges of information,
which eventually led to the 1970 incorporation of the Conference of Radiation
Control Program Directors (CRCPD), comprised of all 50 States, the territories,
and some large municipal agencies. Among the purposes of this Conference, one
is to "foster uniformity of radiation control laws and regulations.”

In its 1971 report to Congress on the State and Federal controls over NARM, HEW
observed: . '

The only non-AEC controlled radioactive materials of commercial or

health consideration are radium and its daughter products, and
accelerator-produced radionuclides. The production of radium in
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the United States was stimulated in the early 1900's when the U.S.
Bureau of Mines undertook with private industry the development
of a refining process to extract radium from carnotite ore.
Unlike the development of atomic energy by the Manhattan project
some 30 years later, there was little recognition of the hazards
of exposure to radium and radiation protection controls were not
instituted by the Federal government. The regulation and control
of radium and accelerator-produced materials has been a part of
the traditional State function of protecting the health of the
public. (See "HEW Report FDA 72-8001, p. 5, HEW, Washington, DC,
June 1971.)

In 1974, as previously mentioned, the Agreement States urged the AEC/NRC to seek
legislative authority over NARM, as did the CRCPD in 1975. Also in 1975, the
States formed a task force, composed of CRCPD representatives as well as
representatives from NRC, EPA, and FDA, to develop a set of NARM guides as part
of a nationwide system for the uniform evaluation and control of products con-
taining NARM. Those NARM guides were first published in 1877 and included
suggested State regulations. The States, through the CRCPD, indicated their
support of the NARM guide program. (See letter from J. P. Hile, HEW, to
Secretary of the Commission, NRC, dated September 22, 1977.)

In 1977, all of the then 25 Agreement States and 5 non-Agreement States had
licensing programs covering NARM users. The Agreement States' programs for
regulating NARM were deemed comparable to their programs for regulating materials
covered by the AEA under agreements with NRC. However, there were seven States
that exercised no regulatory control over NARM users, whereas the remaining
States had control programs of varying scope. (See "Regulation of Naturally
Occurring and Accelerator-Produced Radioactive Materials," D. A. Nussbaumer

et al., NUREG-0301, July 1977.)

At the end of 1987, all 29 Agreement States regulated and controlled NARM in the
same way they do those materials covered by the AEA. Of the 21 non-Agreement
States, only 4 have a NARM licensing program. Of the remainder, 2 States have
voluntary or partial licensing programs, and 14 States have registration programs,
leaving 1 State, Montana, with nothing. With regard to NARM inspections, all

29 Agreement States inspect NARM, as do 14 non-Agreement States, whereas 4
States conduct partial inspections and 5 States conduct no inspections. (See
"Position Paper on NRC Regulatory Control of NARM," CRCPD, August 24, 1987
revision; and "Profile of State and Local Radiation Control Programs in the
United States for Fiscal Year 1985," CRCPD Publication 87-3, 1987.) Comparing
the 1977-versus-1987 level of activity indicates that the States are increasing
the amount of attention to NARM.

Because there was no mechanism to recognize those States that had a comprehensive
program for the regulation and control of NARM, the CRCPD, in 1983, instituted

a procedure to recognize such State programs. To be a CRCPD-recognized NARM
licensing State, a State must specifically request recognition and must meet

the CRCPD criteria, which are basically the criteria used by the NRC to evaluate
an Agreement State. To date a total of 10 States (all Agreement States) are
CRCPD-recognized NARM licensing States. (See "CRCPD Recognition of Licensing
States for Regulation and Control of NARM," CRCPD LS-1, Rev. of April 28, 1987,
CRCPD, and private communication from C. M. Hardin, Executive Secretary of

CRCPD on December 15, 1987.)
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In FY 1985, the States expended a total of 1037 full-time equivalents (FTE)
positions to support their radiation programs, with about 180 of these posi-
tions applied to radioactive materials. The number of FTE positions for indi-
vidual State radiation programs ranged from 1.6 in Alaska to 125 in I1linois.
The employees filling these 180 FTE positions oversaw about 15,000 materials
Jicensees, and inspected over 6200 of their facilities. (See "Profile," CRCPD
Publication 87-3, 1987.)

The CRCPD has been active in facilitating disposal of discrete radium sources.
They have worked with the U.S. Department of Transportation (DOT) in obtaining

an exemption from its regulations. That exemption authorizes the use of
specially sealed DOT specification 2R containers in concrete-filled drums for
one-time transport for disposal of not more than 500 millicuries of radium-226

in normal or special form, without each shipper keeping a package test performance
certification file. This exemption is estimated to reduce the costs of packaging
by an order of magnitude. CRCPD also has prepared directions for packaging and
has worked with the State of Nevada to ease disposal of radium sources at the
Beatty waste disposal site. (See U.S. Department of Transportation issuance

- USDOT-E 9488 (First Rev.), Washington, DC, April 13, 1987; and letter with
attachments from C. M. Hardin, CRCPD, to A1l Program Directors, regarding the
CRCPD Radium Disposal Project, February 27, 1987.)

The CRCPD attaches some urgency to this program:

Since NARM is not addressed in the Low-Level Waste Policy
Amendments Act and is not included under the definition of
Jow-level waste in any of the Compacts, this may be the last
opportunity to dispose of radium sealed sources in a reasonable
manner. (See Hardin letter of February 27, 1987.)

The CRCPD also has been developing a suggested regulation for disposal of
naturally occurring radioactive materials (NORM). These efforts grew from
requests by private companies to respective States to use phosphate fertilizer
tails and slag and coal ash in road and railroad bases, in concrete, and in
cinder blocks. The States expressed concerns about such uses since the NORM
tcontent/concentrations far exceed those that can be considered de minimis, and
exceed the levels proposed by the EPA for inactive uranium mill cleanup and
those adopted by the NRC for active uranium recovery facilities." Radium is
the primary radionuclide of concern. The States observed that many of the
proposed uses of these wastes involved products or commodities that were to be
introduced into interstate commerce, thus warranting uniform regulation. (See
CRCPD issuance "Rationale: Part N," SSRCR, Draft 5, undated.)

Draft 5 of this proposed regulation calls for a three-tier approach to regulating
NORM. The first tier would exempt, from any requirements, disposal of radium

at a concentration of less than 5 picocuries per gram, i.e., below regulatory
concern. For concentrations above this level, but below levels requiring a
specific license, a general license would be issued to, among other things, use
and dispose of NORM. However, that general license would not authorize the
manufacture or distribution of products containing, among other materials,

radium in concentrations greater than 5 picocuries per gram. With regard to

the disposal of NORM wastes, the proposed regulation stipulates that:
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Each person subject to the general license in N.10 shall manage
and dispose of wastes containing NORM in accordance with the
applicable requirements of the U.S. Environmental Protection
Agency for disposal of such wastes [or in a manner equivalent to
the requirements for uranium and thorium byproduct materials in
40 CFR 192 or shall transfer wastes for disposal to a land
disposal facility licensed by the U.S. Nuclear Regulatory
Commission or an Agreement State pursuant to 10 CFR 61 or
equivalent regulations].

As mentioned above, EPA is considering a regulatory definition of low-level
waste (LLW) as a material containing, for example, radium at a concentration
above 2000 picocuries per gram. Thus, there appears to be emerging significant
differences between Federal and State definitions of LLW and, possibly, what
constitutes radiation levels "below regulatory concern.” (See CRCPD issuance
"part N: Regulation and Licensing of Naturally Occurring Radioactive Materials
[NORM]," Draft 5, undated.)

In September 13881, the National Governor's Association (NGA) undertook a com-
prehensive review of the NRC's Agreement State Program. The NGA report on that
effort was published in January 1983 and contained the following recommendation:

The Atomic Energy Act should be amended to authorize the
regulation of radioactive materials not presently affected by the
act, that is, naturally occurring and accelerator-produced
radicactive material (NARM).

Since such legislation would broaden the scope of the Agreement State functions,
that recommendation is not entirely consistent with the NGA finding that:

The necessity of meeting NRC review criteria sometimes directs
state resources towards those areas on which they will be judged
by NRC and away from what states consider more pressing problems.

The NGA has taken no formal action on the above recommendation. (See "The
Agreement State Program: A State Perspective," H. Brown, NGA, Washington, DC,
January 1883.)

On August 26, 1987, the CRCPD once again urged that the NRC seek legislative
authority to regulate NARM:

The Conference strongly urges the Nuclear Regulatory Commission

to begin the appropriate actions necessary to regulate this
hazardous radioactive material in the states which are not
currently regulating NARM. It is our belief that because

(1) there is no single federal agency where uniform guidance on
NARM is provided and that (2) in some States there is no control
of NARM, the resulting potential for public health exposure and
environmental contamination presents an intolerable situation. We
believe a uniform regulatory program operated by the NRC is the
best solution. The details of our rationale for NRC control of
NARM is clearly described in our position paper. (See letter from
T. R. Strong, Chairman, CRCPD, to H. R. Denton, NRC, dated

August 26, 1987.)
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7 THE ISSUES REGARDING NRC AND NARM

The foregoing establishes that NARM is pervasive in the environment and all
facets of 1ife. However, no clear picture emerges on the risks to society
given the presence of NARM, with the possible exception of radon. Many Federal
agencies already have been granted, through the Congress, jurisdiction over
nearly all aspects of the NARM hazards. Finally, the foregoing establishes

that the level of State regulation of NARM is increasing.

This section presents an assessment of the eight questions listed below, to
serve as the basis for developing options for the NRC to consider regarding
NARM.

(1) Is there a national problem with NARM?

(2) Are there currently integrated Federal controls over NARM?

(3) Would NRC regulation of NARM overlap other Federal agencies' programs?
(4) Are the State controls over NARM adequate?

(5) Is NARM a Federal, State, or professional responsibility?

(6) Would Congress consider NRC responsible for controlling NARM hazards?
(7) What are the resource implications?

(8) Would NRC responsibility for NARM change the nature of NRC?

7.1 1s There a National Problem with NARM?

The collection of incidents involving NARM, discussed in Section 4, does not

give a clear picture as to the degree of hazards associated with NARM. At

jssue is whether those past problems are of sufficient magnitude to warrant
Federal intervention in a general way. Many, if not most, observers believe
incidents involving radium are declining in part because of increased awareness
of its hazards, in part because of the availability of replacement radionuclides,
and in part because of the actions by many States, by the CRCPD and by the EPA
and FDA in rounding up existing radium sources and in discouraging continued

use of radium. Nonetheless, the Conference concludes that there "is the poten-
tial for radiation exposure and/or contamination from the misuse of these sources
and devices. The misuse, including improper storage, of NARM sources and devices
may represent a very significant public health problem." (See the attachment

to a letter from C. M. Hardin, Executive Secretary, CRCPD, to J. H. Austin,

NRC, dated November 25, 1987.)

The most significant national problem with NARM is radon in dwellings. As
already stated, radon constitutes the population's chief exposure to radiation.
Such exposures are over twice that of all man-made sources such as medical X-rays,
nuclear medicine procedures, and consumer products. EPA and other Federal
agencies and the States already have substantial programs under way for radon
monitoring and for promoting remedial action where elevated levels of radon are

found in residences.

The next most significant national problem with NARM concerns radium, but there
are two aspects to it. First, there is the national problem with how to dispose
of the discrete radium sources that were scattered throughout the country largely
during the 1920's through the 1950's, without any central control. Radium in a
concentrated form is not suitable for disposal in sanitary landfills, because

its hazards are equivalent to or greater than the low-level radioactive wastes
that the NRC requires to be disposed of in a site licensed under the Atomic
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Energy Act provisions. According to the CRCPD, no State Compact formed under
the provisions of the Low-Level Waste Policy Act incorporates radium into its
definitions of waste that the Compact will accept. The Beatty LLW site in
Nevada is accepting radium for now. The EPA has jurisdiction over the disposal
of radium and is developing regulations governing such disposal, but there is
an issue as to which authority will enforce the regulations. Candidates are
EPA, the States, and the NRC. There appears to be nothing in NRC's regulations
that would prohibit disposal of radium in NRC-licensed LLW sites. Further, NRC
could facilitate EPA's forthcoming regulations by establishing license condi-
tions and/or regulatory guidance (1) to preclude dispcsal of certain large con-
centrations of radium and low concentration, high-volume sources in LLW sites
for safety and environmental reasons and (2) to avoid filling up licensed burial
grounds with low activity materials just as it precludes disposal of certain
hazardous chemical and waste forms. By such specific exclusions, the NRC
regulates what is suitable and unsuitable for LLW sites--radium could be one
such specification. However, since the NRC does not address radium disposal

at LLW sites and since State Compacts are patterning their regulations after
NRC's, radium is continuing to be an orphan waste by not being incorporated
into the State laws governing LLW sites. Radium disposal is an area for
possible NRC involvement and is included in the options section of this paper.

The second aspect of radium has to do with diffuse sources such as residuals
from mineral extraction industries. The concern is twofold: (1) whether the
wastes need to be cleaned up and (2) whether those waste streams can be used
in construction materials, such as wall boards, bricks, and roadways. On the
cleaning concern, EPA already has jurisdiction, and on the waste-stream-use
concern, other Federal agencies such as CPSC, DOL, Department of Housing and
Urban Development (HUD), or DOT have or could have jurisdiction. Thus, there
appears to be no role for NRC on this aspect of radium.

There may be an emerging problem involving possible differences between Federal
agencies' and States' regulatory definitions of what constitutes LLW and what
constitutes radiation levels that are "below regulatory concern." A national
consensus on these definitions appears warranted.

There does not seem to be a significant problem with radium in the workplace.
The NIOSH study of 1976 (described in Section 5.6) supports this observation.
Further, OSHA maintains a data bank on its inspections. From FY 1973 through
mid-FY 1987, there were a total of 24 serious violations of its radiation
regulations in the health services industry, a major location of radium. On
the basis of an NRC audit of serious violations in the health services industry
and in other industries cited by OSHA, the violations found generally involved
X-ray machines (e.g., not posting the regulations or not wearing radiation film
badges) or in a few cases byproduct material. None of the OSHA field offices
that the NRC has contacted could jdentify problems involving radium, although
some recalled hearing of problems. (See letters from J. A. Kalalinas, Director,
Office of Management Data Systems, OSHA, to J. H. Austin, NRC, dated October 5,
1987 and November 4, 1987.)

Polonium-210 in cigarettes causes significant radiation doses to the lung and
represents a major national problem. However, for this and other reasons, the
CPSC and HHS have substantial efforts targeted to this consumer product, so
there is no need for NRC to become involved.
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The other naturally occurring radioactive materials appear to have no major
national problems associated with them.

Accelerators/cyclotrons are used extensively in industry. Although data on
safety or environmental problems are sparse, what data are available support a
conclusion that the machines are generally not causing health, safety, or
environmental problems rising to a level warranting congressional action.

A growing application of cyclotrons is within medical departments, where short-
1ived radioisotopes are generated for performing diagnostic procedures. Most,
if not all, observers believe these materials are treated in the same manner as
byproduct materials. Misadministrations of NARM in diagnostic procedures appear
to be approximately 1 percent of the total misadministrations. This does not
mean any actual harm to the patient occurred; to the contrary, available data
suggest there is a very low likelihood of a diagnostic misadministration causing
harm. Thus, in terms of health and safety, there appears to be no significant
national problem with cyclotron-produced radioisotopes. Notwithstanding this,
the option of NRC seeking legislative authority over such materials will be
considered below because of the apparent logical inconsistency of NRC not
regulating that aspect of nuclear medicine.

Based on an estimated number of clinical procedures performed in diagnostic
imaging (20 million per year) and the estimated misadministration rate (1 in
10,000) and an estimated misadministrated dose of 100 mrem, there would be,
statistically, about 0.01 cancer death per year resulting from diagnostic
misadministrations. NARM misadministrations might be associated with,
statistically, 0.0001 cancer death per year. This is in contrast with an
average of about two deaths per year, actuarially, associated with the use of
technetium-labeled radiopharmaceuticals. Again, the association does not
necessarily imply causality, but the latter would much more appear to warrant
further study than the former. FDA indicates it is examining those reports,
since FDA approves the safety and efficacy of drugs, including radiopharma-
ceuticals. (NRC rules governing use of radiopharmaceuticals are tied to FDA
approvals. See 10 CFR 35.100, 35,200, and 35.300.) Although there have been a
few serious adverse reactions reported over the past 9 years in association
with the use of cyclotron-produced radiopharmaceuticals, none of the reports
listed death as the outcome.

Another measure of the relative hazards in the medical field is the number of
injuries and illnesses contracted by hospital personnel and reported to OSHA
that involve disability for some period of time. The Bureau of Labor Statistics
compiles such data from the 18 States participating in their Supplementary Data
System Program. For 1983, there were a total of 40,370 reported cases of employee
disability occurring in hospitals for all categories of the nature of injuries
or illnesses. Among the categories that DOL jdentifies as being the nature of
the injury or illness are radiation effects, non-ionizing radiation, microwave,
X-rays, and radioisotopes. Within the 40,370 cases, there were four injuries

or illnesses reported in association with radiation efforts, or 0.01 percent of
the cases; three reported in association with non-ionizing radiations, also

0.01 percent of the cases; and no reports in the other subcategories identified
above. This suggests that radiation in hospitals ijs far from a significant
contributor to hospital employee hazards. (See transmittal note and enclosures
from W. W. Cloe, DOL, to J. Austin, dated September 16, 1987.)
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A comparison of nuclear medicine misadministrations and prescribed general drug
misadministrations in U.S. hospitals on an annual basis reveals that general
drugs are misadministered in 15 percent of the prescriptions, whereas nuclear
medicine misadventures occur in 0.01 percent of the cases. (See "One Year's
Experience With Misadministration Reporting," L. A. Roche, Society of Nuclear
Medicine (SNM) Newsline, New York, NY, March 1982.)

The above are some examples to illustrate the need to have an integrated Federal

program for controlling risks and the fact that NARM in hospitals is not a
dominant risk.

7.2 Are There Currently Integrated Federal Controls over NARM?

NARM is an important source of radiation exposures of the public. There are
other significant sources of radiation exposure. Thus, on the premise that it

is prudent to have an orderly Federal program on controlling harmful radiation
exposures, the NARM issue is less one of regulating certain radioactive materials
and more an issue of regulating exposures to ionizing radiation. A rational
Federal program on controlling risks would seek to address the worst and most
controllable exposures first; to do otherwise would mean that the total amount

of harm being prevented would be less than that which could be prevented.

On the issue of whether there currently exist integrated Federal controls over
NARM, the answer is no. This also is true for Federal controls of exposures to
jonizing radiation in general. Congress has amply vested jurisdiction over
NARM hazards in agencies other than the NRC. However, the mandates to those
agencies and the priorities established within the agencies have resulted in
fragmented and uneven regulation of NARM.

There exists integrated guidance to Federal agencies on controlling radiation
exposures of the public through the Federal Radiation Council recommendations-
of 1960 and 1961. However, because of the great variation in the Congressional
mandates to the agencies, because of the variation in the ways the agencies
have implemented that guidance, and because there is no uniform policy on the
Federal roles versus State roles, there exists a need for a coordinated Federal
approach to regulating NARM vis-a-vis other ionizing radiation hazards. Such
coordination is a logical function of the Committee on Interagency Radiation
Research and Policy Coordination (CIRRPC). Thus, an option for NRC is to refer
the matter of additional Federal regulation of NARM to CIRRPC for appropriate
coordination and priority setting.

7.3 Would NRC Regulation of.NARM Overlap Other Federa]iAgencies‘ Programs?

As previously indicated, Congress has already granted to other Federal agencies
authority to control exposures to NARM in the environment, in consumer products,
in the workplace, in homes, and in the medical field. Thus, any NRC regulation

of NARM would overlap other Federal agencies' jurisdiction. With regard to the
programs being implemented by those other agencies, generally NARM seems to be

a low priority, relative to their other programs. However, few Federal regulatory
agencies other than the NRC, if any, regulate an activity as thoroughly as NRC
does when it regulates the possession, use, transfer, ownership, disposal, and

so forth of byproduct materials. Thus, if NRC were to regulate NARM, there

would be much more vertical regulation of those materials than occurs now.
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There are many Federal agencies and private organizations that have jurisdiction
over--or interest in--the quality of health care delivery programs. NRC is but
one among the many; however, because of its congressional mandate, NRC regulates
not only possession of nuclear medicines, but also the uses. Other Federal
agencies avoid, either through policies or through their mandates, regulating
the providers of health care. For example, the HHS has promulgated standards
for the accreditation of radiology education programs and for the certification
of individuals in the field of radiology, such as nuclear medicine and radia-
tion therapy technologists. In doing so, HHS observes: "While the standards
were developed by the Department, the [Consumer-Patient Radiation Health and
Safety] Act preserves the traditional prerogatives of States in the approval of
education programs and in regulation of personnel.” Further, Congress and the
States recognize the United States Pharmacopeial (USP) Convention as the expert
organization for establishing national standards for the production, packaging,
labeling, and use of pharmaceuticals, including radiopharmaceuticals. USP is
an unbiased and private organization of experts that constantly revises and
adds to its standards, as the situation warrants--a process that is easier and
probably better than formal rulemakings. HHS relies on USP standards. Since
USP has developed and continues to develop standards governing radiopharma-
ceuticals containing cyclotron-produced radioisotopes, NRC's regulation of
those products would overlap USP and HHS activities.

" There is overlap and conflict between HHS' and NRC's policies and programs as
they deal with health care programs, raising the question as to whether NRC is
over-regulating nuclear medicine programs at the expense of other health care
programs. There exists a need to examine the issue of whether or not, or the
extent to which NRC's regulation of nuciear medicine institutions is consistent
with or in conflict with other Federal agencies' regulation of the medical
profession. The NRC should determine the extent to which its regulatory activ-
jties detract from quality of care in conventional medical programs, through
possible misappropriation of resources, by directing attention to areas where
the result is not optimum. Such an examination would be beneficial in advance
of any NRC decision to seek additional legislative authority to regulate NARM.

7.4 Are the States' Controls over NARM Adequate?

The States' radiation control programs are well matured now, compared to the
programs of 1974, the year when the Agreement States first urged the AEC/NRC to
seek legislative authority over NARM. The Conference of Radiation Control
Program Directors (CRCPD) has prepared, with the assistance of NRC, EPA, and
FDA, a set of NARM guides as part of a nationwide system for uniform regulation
of NARM. As stated previously, the Conference recently instituted a procedure
to recognize certain State programs--CRCPD-Recognized NARM licensing State--as
a way of encouraging and recognizing those States that have implemented com-
prehensive control programs for NARM. A State must specifically request such
recognition and must meet the CRCPD criteria. To date, 10 States (all Agreement
States) have been so recognized.

At this time, all 29 Agreement States regulate and control NARM in the same way
they do materials covered by the AEA. Of the 21 non-Agreement States, only 4
have a NARM licensing program. Of the remainder, 2 States have voluntary or
partial licensing programs, and 14 States have registration programs, leaving
only 1 State, Montana, with nothing. With regard to NARM inspections, all 29
Agreement States inspect NARM users as do 14 non-Agreement States, whereas 4
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States conduct partial inspection and 5 States conduct no inspection. Comparing
this level of activity with that of 1977, it appears that the States are
jncreasing the amount of attention to NARM.

The States' response to the October CRCPD request for a listing of all NARM
incidents over the past 5 years does not support a conclusion that the States'
controls over NARM are inadequate.

The Conference is actively pursuing a NARM disposal program and heightening
awareness of the need to properly dispose of radium. There appears to be
emerging differing views between the States and Federal agencies regarding the
definitions of what constitutes LLW and radiation exposures "below regulatory

concern." Additional coordination is needed in this regard.

An option for the NRC is to prepare a policy statement fully supporting the CRCPD
recognition of licensing States for regulation and control of NARM. An alter-
native, or addition to this, is for the Commission to write to the Governors

of those States that do not regulate NARM. The purposes of such a letter would
be (1) to inform those States that, although CRCPD has again urged NRC to
regulate NARM, the Commission has chosen not to seek such authority, but

believes the States should adopt the CRCPD-suggested regulations for NARM and

(2) to urge the States to become a CRCPD-recognized NARM licensing State.

7.5 Is NARM a Federal, State, or Professional Responsibility?

With regard to radium disposal, neither the Federal government nor the States
have assumed responsibility. Discrete radium sources are an orphan waste.
Although EPA is working on a regulation addressing NARM disposal, enforcement
of that regulation remains open. NRC is a candidate; thus, an option is for
the NRC to seek legislative authority limited to enforcing the forthcoming EPA
regulation, assuming there is no way the NRC could do that under its existing
authorities. This will be discussed later under options.

With regard to Federal/State/Professional responsibilities over NARM use in the
medical field, there is a real and fundamental jssue. NRC appears unique in
the Federal government in the scope of its regulation of byproduct materials.
Other Federal agencies generally recognize the historic State prerogatives of
regulating personnel in the medical field. Any NRC regulation of NARM would
further preempt these traditional State responsibilities. With regard to
professional responsibilities in the medical field, in a pleading to the FDA,
one physician observed:

The responsibility for the final drug product quality rests on
the shoulders of the pharmacists and physicians who put their
professional competence on the 1ine when they prepare these
compounds for human use. It doesn't matter whether they use a
cyclotron, an automated synthesis machine, a centrifuge, or
chromatography equipment.
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The consequences of carelessness are lawsuits against the
institution and malpractice charges against the pharmacist and
physician. These are strong deterrents to sloppiness. They are
all that is needed.

(See letter from C. S. Marcus, Ph.D., M.D. Harbor-UCLA Medical
Center, Torrance,_CA, to R. Temple, MD, FDA, dated July 20, 1987.)

That letter also recognizes the role of the States in assigning responsibilities
to the pharmacists and physicians: "This is entirely within the bounds of laws
set out by the various States regarding the practice of pharmacy and the
practice of medicine.”

Thus, an option for NRC is the status quo.

7.6 Would Congress Consider the NRC Responsible for Controlling NARM Hazards?

Congress has consistently looked to entities other than the NRC for the
generalized functions of protecting the public health and safety. Historically,
Congress recognizes that the States have the primary responsibility for ensuring
such protection. Generally, when a societal problem involving interstate commerce
arises, Congress can and does enact legislation preempting such State functions
and establishes, to some degree, Federal jurisdiction over the problem to promote
the general welfare. In the case of NARM hazards, in particular, Congress has
historically refused to broaden the regulatory functions of the AEC/NRC. Rather,
to the extent that Congress has found a need to address NARM hazards, it has
delegated such functions to, for example, EPA, CPSC, DOL, HHS, and others.
Furthermore, Congress, as well as other Federal agencies, other than the NRC,

has explicitly recognized the State role in this regard. Ample regulatory
authority has already been given to other Federal agencies to control any NARM
hazards; there exists only the matter of whether the NARM hazards rise above
other hazards to warrant increased regulatory oversight. At least implicitly,
the other Federal agencies appear to say the NARM hazards do not. Thus, the
burden would fall on NRC to establish that other agencies are not properly
performing their responsibilities-~if the NRC were to seek legislative authority
to regulate NARM more than it is regulated now.

7.7 What Are the Resource Implications?

The resource implications of NRC regulating NARM range from inconsequential to
enormous, depending on how broad such regulation would be. This is because the
quantities and concentration of NARM form a continuum in the human world and
because the potential hazards form a continuum ranging from background to poten-
tially significant ones in all facets of life. Should NRC seek to regulate

only the disposal of discrete sources of radium, the resource implications would
1ikely amount to less than five FTE positions per year since such regulation
would represent a small addition to this Agency's LLW activities. However,
should NRC seek jurisdiction over diffuse sources of radium, the resource
implications would jump by multiples, perhaps orders of magnitude, because of
the ubigquitous nature of radium.

Likewise, should NRC seek legislative authority over accelerator-produced

radioactive materials, the resource implications would be substantial, probably
tens of FTE positions because there are thousands of accelerators/cyclotrons in
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use. Large resources would be required because the machines must function as
intended and must be properly maintained to minimize doses to employees and to
minimize the generation of NARM wastes. Thus, the NRC would probably have to
regulate not only the materials activated by the machines, but the devices
themselves. Even if NRC were to try to carefully bracket the definition of

NARM to only that produced in nuclear medicine institutions, the agency would
probably have to regulate the patients, the practitioners, the materials, and
the cyclotrons as well because all must work together properly for there to be
success. Although NRC has no precise formula for predicting necessary resources
to do this, it judges that regulation of such a narrow definition of NARM would
require around 10 FTE positions to maintain the program. Substantially more

FTE positions would be required to establish the program. It would probably
involve research, rule development, and the hiring and training of staff to

deal with cyclotron technology--expending perhaps several tens of FTE positions
per year and $1 million per year for 5 years. But, the resource implications
might not stop there. With a limited expansion of NRC regulatory reach into
these kinds of devices, comes the potential for further expansion into other
sources of exposures to ionizing radiation and concomitant resource implications.

For perspective, the entire existing NRC materials licensing and inspection
programs expend 85 to 90 FTE positions per year and $1 to $2 million. (See
memorandum from R. B. Loach, Division of Budget and Analysis, NRC, to J. H.
Austin, NMSS, NRC, dated January 21, 1988.)

7.8 Would NRC Responsibility for NARM Regulation Change the Nature of NRC?

The regulatory authority of AEC/NRC has been relatively stable for several
decades. A1l of NRC activities and responsibilities have a 1ink to the neutron
chain reaction, with a large amount of its resources directed to preventing
accidents that could result in very large consequences. Seeking jurisdiction
over NARM would be an unprecedented extension of NRC's activities into the
realm of generalized concerns over exposures to ionizing radiation, a province
heretofore the domain of other Federal agencies and the States. NRC would
Jikely have to regulate the operation of cyclotrons/accelerators, the extrac-
tion industries that generate NARM wastes, water purification plants that
concentrate radium, and others. Even if NRC were to seek a limited jurisdic-
tion over certain aspects of NARM, such a departure from the historic role of
AEC/NRC opens the potential for further expansion of responsibilities at a
later date.

As previously indicated, the positron emission tomography (PET) procedure
involves cyclotron-produced radioisotopes with half-lives in the order of
minutes to hours. The radioisotopes are created on site, used on site for
diagnostic purposes, and decay on site. Thus, those radioisotopes are not in
interstate commerce. FDA has yet to decide whether the system is a medical
device, or a drug, or neither. If FDA ultimately decides not to regulate the
PET procedure, and NRC decides to regulate cyclotron-produced radioisotopes,
then NRC will have to rule on the safety and efficacy of the PET modality in
order to circumvent the provisions of 10 CFR 35.100 and 35.200, which require
FDA acceptance or approval of diagnostic radiopharmaceuticals.

NUREG-1310 38



8 OPTIONS

On the basis of the analysis of the issues identified above, the NRC sees
five options regarding its possible involvement with NARM:

(1) status quo, but continue to encourage the CRCPD efforts on NARM regulation
(2) seek legislative authority over NARM
(3) ‘seek regulatory authority over radium disposal

(4) seek regulatory authority over cyclotron-produced radionuclides for medical
use only

(5) refer the issue of NARM regulation to CIRRPC

Each is evaluated below.

8.1 Status Quo

Selecting the status quo option would recognize that many other Federal agencies
already have jurisdiction over NARM as it exists in the environment, in homes,

in the work place, in consumer products, and in medical institutions. This

option also recognizes that there is no major national problem with NARM that is
going unaddressed and that the States are increasingly exercising their tradi-
tional prerogatives to protect the public health and safety. Further, maintaining
the status quo preserves the historic function of the NRC of only regulating
activities that have a 1ink with the neutron chain reaction and avoids the
potential of the NRC becoming involved in generalized regulation of ionizing
radiation. Finally, the status quo option has no resource impact.

On the other hand, this option might result in radium continuing to be an orphan
waste and could continue the existing uncertainty over whether radium can or
should be disposed of in LLW sites. Further, maintaining the status quo could
leave the impression that the NRC does not support the significant efforts of
the States to better control the radiation hazards associated with NARM.

Also on the negative side, the status quo would mean that in non-Agreement States
manufacturers of NARM sources who are not required to apply acceptable quality
control procedures, may ship such sources to jndividuals in non-Agreement States
without checking to see if such individuals are properly qualified to handle
radioisotopes. Furthermore, some States (e.g., Texas and Colorado) will not
authorize receipt of NARM that is manufactured in a State that does not regulate
NARM, in part, because of the lack of assurance that appropriate quality control
procedures were used. Some State representatives believe this problem, which

is largely economic, may grow.

Finally, the status quo option does not ensure consistent Federal and State

definitions of NARM low-level wastes and NARM concentrations "below regulatory
concern.”
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8.2 Seek Legislative Authority over NARM

Should the NRC seek and obtain legislative authority over NARM, there would be
an advantage of one single Federal agency having jurisdiction over all radio-
active materials, with centralized and uniform regulation of their hazards. No
longer would there exist gaps in and uneven regulation of similar risks asso-
ciated with radioactive materials. Nuclear medicine institutions would be
totally regulated, except in the use of X-ray devices.

On the other hand, this option seeks to correct what appears to be a non-problem,
when one compares the NARM hazards with other greater hazards in, for example,
hospitals. NRC jurisdiction over NARM would duplicate existing responsibilities
of many other Federal agencies, and because the NRC's congressional mandate is

to regulate very deeply, there would be enormous resource ramifications. The
nature of the NRC would fundamentally change. The burden would be on NRC to
convince Congress that the Federal agencies already having jurisdiction over
NARM are not doing an adequate job. This option would ignore the many ongoing
and substantial programs to control and improve the gquality of care in the
medical field including those of individual States, HHS, the Joint Commission

on Accreditation of Healthcare Organizations, the USP, and the numerous Asso-
ciations and Societies representing the health care practitioners. Standards,
guides, selection criteria, and peer review groups are all being used and further
developed and expanded to ensure quality in health care delivery programs.

Finally, this option would divert Federal resources from greater hazards.

8.3 Seek Legislative Authority over Radium Disposal

EPA is currently developing regulations for radium disposal, and one of its
options is to look to the NRC for enforcement of them. Since discrete radium
sources are now an orphan waste, there would be a definite benefit in ensuring
that this very hazardous material is properly disposed of. NRC- and Agreement-
State-licensed LLW sites are suitable locations for discrete radium sources,
but not diffuse sources. Thus, any legislation would have to bracket the
authority to cover only discrete sources. This option would further ensure
that hazards of similar kinds are treated similarly. If NRC does not have
authorization to regulate radium disposal, then it could not cite those indi-
viduals who improperly dispose of radium. The NRC does not believe the resource
implications of this option are significant because radium disposal would be a
small addition to its ongoing activities on LLW.

On the negative side, because NRC's mandate is to regulate possession, use,
transfer, or ownership of byproduct materials, its regulation of radium disposal
might entail regulation of the generators of discrete sources of radium (e.g.,
water purification plants). As mentioned previously, the NRC could, through
license conditions and/or regulatory guidance, specify the quantities, con-
centrations, and forms of radium that are and are not suitable for LLW sites,
just as it specifies chemical disposal for safety reasons. This argues against
seeking legislative authority, but would Teave unaddressed the record of
enforcement action against those that dispose of discrete radium sources in,

for example, sanitary landfills.
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8.4 Seek Legislative Authority over Cyclotron-Produced Radionuclides for
Medical Use Only

This option removes the inconsistency of NRC regulating all of the radioisotopes
in nuclear medicine institutions except for the cyclotron-produced ones. (If
NRC seeks such legislative authority, it may as well request authority over
radium in nuclear medicine institutions.) This option would provide for uniform
regulation of cyclotron-produced radiopharmaceuticals, removing the competitive
disadvantage to manufacturers who are located in States that do not regulate
NARM. Although not necessarily an advantage, seeking such authority would allow
NRC to regulate materials that may cause, statistically, 0.0001 death per year.
Finally, this option would better ensure that all radionuclides in nuclear
medicine institutions are uniformly treated.

On the negative side, regulating the cyclotron-produced materials would require
hiring and training individuals schooled and trained in cyclotrons. The NRC
may have to judge the safety and efficacy of the PET modality, if FDA does not.
This option would remove the link between NRC responsibilities and the neutron
chain reaction and replace it with a link to generalized concerns over ionizing
radiation. The nature of NRC would change. As with the second option, this
option ignores the ongoing and substantial programs to control and improve the
quality of care in the medical field; those programs involve Federal, State,
local, and private organizations. Ten FTE positions may be needed to maintain
the program. If these materials result in a statistical 0.0001 death per year,
that translates to about $10 billion per life saved, assuming that NRC regula-
tion would change the incidence of misadministrations to any significant degree.
This option could duplicate the jurisdiction FDA already has over these materials,
and NRC would have to establish why FDA is not doing an adequate job. Finally,
the United State Pharmacopeial Convention, recognized as an expert organization
by Congress and the States, has developed and continues to develop national
standards governing the production and use of, among other items, radiopharma-
ceuticals containing cyclotron-produced radioisotopes. The NRC would have to
establish why that program is not adequate.

8.5 Refer the Issue of NARM Regulation to CIRRPC

The Committee on Interagency Radiation Research and Policy Coordination was
created to coordinate radiation matters between agencies and to advise the
Office of Science and Technology Policy on issues involving Federal radiation
policy. NARM cuts across existing jurisdiction of other agencies. There is a
need for an integrated control program over ionizing radiation, in general, and
over NARM, in particular, to ensure that the dominant hazards are appropriately
addressed without undue attention to the lesser hazards. Thus, CIRRPC is the
logical entity to resolve the NARM issue. In fact, in 1979, the Commission
referred the NARM issue to the predecessor of CIRRPC, but action was never
completed.

The only negative side of this option would be that NARM might become lost in
CIRRPC because of higher priority issues, but that would say something about
the NARM hazards.

8.6 Discussion

The evaluation of the above options and given that many Federal agencies already
have jurisdiction over NARM and that States are increasing their regulation of
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NARM, leads to the conclusion that the unregulated NARM risks are not rising to
a level that would suggest they should be the next target of congressional
legislation. Radium disposal is the subject of a forthcoming EPA reguiation,
and NRC can facilitate that regulation by specifying acceptable and unacceptable
concentrations of radium for disposal at LLW sites. There are many more
important problems in hospitals than those associated with NARM. NRC regula-
tion of NARM in hospitals would divert the limited resources of the hospitals
to the lesser problem (NARM) at the expense of the greater problems. There is
a need for an integrated approach to controlling exposures to ionizing radia-
tion, in general, and to NARM, in particular; however, NRC is not the agency to
do that integrating.

The States are increasing their regulation of NARM. The NRC has worked with
the States in the past and should continue with such assistance and support.

The conflicting ways in which the NRC and HHS regulate medical applications of
jonizing radiation raises the question as to whether the NRC is over-regulating
nuclear medicine programs at the expense of other health care programs. Examina-
tion of this issue would be beneficial in advance of any NRC decision to seek
additional legislative authority to regulate NARM.

9 RECOMMENDATIONS
The NRC has the following two recommendations:

(1) Refer the issue of NARM regulation to CIRRPC for the purposes of developing
an integrated policy and agency assignments on NARM, in particular, and
jonizing radiation, in general, in those situations where one agency's
jurisdiction overlaps that of another (e.g., in the Federal regulatory
programs dealing with health care activities).

(2) Inform the Governors of those States not within the CRCPD-recognized NARM
licensing States that NRC is not going to seek 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. Further, urge those Governors to take the
necessary actions and to assign appropriate resources to become such
recognized States.

Although not directly within the scope of this assignment, it should be noted
that information gathered during the conduct of this study suggests that the
depth to which NRC regulates nuclear medicine is inconsistent with Federal
regulation of medicine in general. There is a need for better integration
within the Federal government to ensure that the dominant hazards associated
with medical practice are being appropriately addressed without paying undue
attention to lesser hazards associated with nuclear medicine. Furthermore
because of the varying congressional mandates of the numerous agencies ha
jurisdiction over ionizing radiation, because of the varying and conflict: ,
priorities and programs among those agencies, and because there has never peen
an explicit and consistent determination of the Federal role versus the State
role in protecting the public from exposures to ionizing radiation, there is a
need for better integration of the numerous Federal programs governing exposures
to ionizing radiation.
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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:

» Thatis 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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REPORT OF THE
TASK FORCE
FOR THE
MATTER OF REVIEW OF REGULATION OF NATURALLY OCCURRING
ARD
ACCELERATOR PRODUCED RADIOACTIVE MATERIALS
HISTORY AND PURPOSE OF TASK FORCE

Following the October 1974 meeting of the Agreement States in
Bethesda, Maryland, the Agreement States developed several requests
and recommendations for NRC (then AEC) action, one of which was the
following:

“The States recommend that the AEC, or it's successor
agency, move jmmediately to bring accelerator-produced
and naturally occurring radioactive material under it's
jurisdiction" (Appendix AY. ” ‘ T
On May 8, 1975, the Executive Committee of the Conference of Radiation
Controi Program Directors (CRCPD) met with the Commissioners. (ne of
the points discussed at the meeting was later summarized by the
Conference in a letter to Commissioner Kennedy:

“There js concern on the part of several States regarding
the need for Federal control of radioactive material not
being regulated by Agreement States or the NRC. Most
Agreement States have included naturally occurring and
accelerator-produced radioactive material under the same
regulatory control as materials coming under the Atomic
Energy Act when these agreements were signed. However,
since there are 25 non-Agreement States, there is a definite
gap existing in the proper control of these non-Agreement
materials. Therefore, we strongly urge the NRC to consider
taking appropriate actions to place this type material

under the same control as is now applied tc materials falling
under the Atomic Energy Act” (Appendix B).

In response to these requests, in January, 1976, NRC established a
task force to review the matter of regulation of these materials,
Representatives from SP, 1E, NMSS, ELD and SD were appointed. Resource
persons representing Agreement and non-Agreement States and Federal agencies
also participated. This report is the product of that Task Force review.
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TASK _FORCE PARTICIPANTS

Members of the Task Force were:

Donald A. Nussbaumer, Office of Nuclear Material Safety &
Safeguards, Chairman,

Joel 0. Lubenau, Office of State Programs, Coordinator,

Walter S. Cool, Office of Standards Development,

L. J. Cunningham, Office of Inspection & Enforcement,

Jane R. Mapes, Office of the Executive Legal Director,

Sheldon A. Schwartz, Dffice of State Programs, and

Donovan A. Smith, Office of Standards Devélopment.
15-addition, the following persons served as resoufce persons to the
Task Force:

For the Agreement States,

David K. Lacker, Administrator,
Radiation Control Branch,

Texas State Department of Health,
Austin, Texas 78756.

Representing the views of the Non-Agreement States,

James Blackburn,

I1linois Department of Public Health,
Division of Radiological Heaith,

535 West Jefferson Street,
Springfield, I11inois 62761.

Also serving as Resource Persons,

Richard J. Guimond,

Office of Radiation Programs,

U.S. Environmental Protection Agency,
Washington, D. C. 20460, and

Allan C. Tapert and

Donald L. Thompson,

FDA, Bureau of Radiological Heaith,
Rockville, Maryland 20852
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EXECUTIVE SUMMARY

Conclusions

The regulation of naturally occurring and accelerator-produced
radioactive material (NARM) is fragmented, non-uniform and
incomplete at both the Federal and State level. Yet, these
radioactive materials are widely used -- excluding those who would
be exempt from licensing,about 30% of all users of radioactive
materials use NARM. There are an estimated 6,000 users of NARM
at present. The use of accelerator-produced radioisotopes,
particularly in medicine, is growing rapidly.

One NARM radioisotope - 226Ra - is one of the most hazardous of

radioactive materials. 2260, is used by about 1/5 of all radio-
active material users. Also, there are about 85,000 medical
treatments using 226Ra each vear.

A1l of the 25 Agreement States and 5 non-Agreement States have
licensing programs covering NARM users. The Agreement States'
programs for regulating NARM are comparable to their programs for
regulating byproduct, source and special nuclear materials under
agreements with NRC. But there are 7 States who exercise no
regulatory control over NARM users, and the remaining States have
control programs which are variable in scope. There are no national,
uniformly applied programs to regulate the design, fabrication and
quality of sources and devices containing NARM or consutier products
containing NARM which are distributed in interstate commerce.

Haturally occurring radicactive material (except source material)
associated with the nuclear fuel cycle is only partially subject to
NRC regulation, i.e., when it is associated with source or special
nuclear material being used under an active NRC license.
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5. Because of the fragmented and non-uniform controls over radium
and other NARM, information on the impact of the use of NARM on
public health and safety is fragmentary. Thus, it is difficult
to know, in an overall sense, whether proper protection is being
provided to workers and the public. A number of the incidents
involving NARM and other data, however, which have come to the
attention of public healtn authorities give definite indications
of unnecessary and possibly excessive radiation exposure of
workers and the public.

6. Although outside the scope of this study, data and evidence gathered
in support of this study showed that the regulatory control for
radiation safety for accelerators (which can be used to produce
NARM) may also be fragmented and incomplete.

Recommendation

- The Task Force recommends that the NRC seek 1egis\ative authority to
regulate naturally occurring and accelerator-produced radioactive
materials for the reason that these materials present significant
radiation exposure potential and present controls are fragmentary ard
non-uniform at both the State and Federal level.
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SCOPE _OF WORK

The primary objective was to assess the need for, and feasibility
of , the Federal government regulating naturally occurring and accelerator-
produced radioactive materials. The task force examined the existing
State and Federal programs concerning these materials and attempted to
assess their effectiveness. The examination included the existing rules
and regulations, the sources and uses of materials (including wastes),
and the number and frequency of jncidents involving these materials.
With regard to feasibility, an assessment was made of the public policy
and legal questions with regard to whether the Federal government can
and should regulate these materials. With respect to Federal government
involvement, the task force considered recommendations for new or
improved NRC actions for regulating the va=ious sources and uses of
the materials (including radium associated with mineral industry tailings).
Finally, the task force considered the value/impact of these recommendations
and developed estimates of NRC resources which may be required to carry
~out the recommendations.

SOURCES AND USES _OF NATURALLY OCCURRING AND
ACCELERATOR PRODUCED RADIOACTIVE MATERIAL

Sources

A1l radioactive materials, for purposes of this study, were divided
into two groups, namely, one group that is subject to the regulation at this
time by the Nuc]eaf(RegulatOry Comnission (NRC) and a second group over
which the NRC presently does not exercise jurisdiction. The first group
consists of byproduct material, source material and special nuclear material
as defined in the Atomic Energy Act.* This group was not of direct
interest to this study except that it was used as a reference point in
consideration of the second group. The second group is referred to in this
study as naturally occurring and accelerator-produced radioactive material
(NARM). This group includes the following subgroups:
1. Primordial and cosmic ray induced radionuclides, and
2. Radioactive materials produced as a result of nuclear
jnteractions in accelerators. '

*The Atomic Energy Act of 1954, as amended (68 Stat. 219), Sections
11.e, z and aa.
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Examples of primordial radionuclides and major cosmic ray activated
radionuclides are shown in Tables 1 and 2.* 1t should be noted that
uranium and thorium, although primordial radionuclides, were not
included in this study as primordial radionuclides since these are
defined in the Atomic Energy Act as "scurce material” and are subject

to NRC regulation (when certain criteiia are met). However, some of the
de.ay daughters in the uranium and thorium series ave included in the
listing of primordial radionuclides since they are not defined as

“source material”. Certain isotopes occur as primordial or cosmic ray
radionuclides, but also are produced in reactors. When they are produced
in a reactor, they meet the definition of byproduct material. Examples
are 2me, 210P0 and 3H.

Natura]]y Occurring Radioactive Materials

Naturally occurf%néhfédioacffve materials exist in soil, rocks, air,
and water.] Generally speaking, unless removed from their places in
nature, or processed for some type of use, they are not considered to be
a-threat to the public health and safety. The following is a partial
listing of current uses in which these materials can contribute to the
population dose and may adversely affect the punlic health anc
safety: 2,3,4,5

1. Drinking waters having concentrations 0f226
in excess of established standards.,
Rn in natural gas, -
Rn in caves,
Agricultural gypsums ( ’
. Construction materials (brick, concrete blocks and aggregate,
fosuil fuel flyash products, gypsum wali boards, =tc.),

6. Tobacco and other agricultural products (2]0Po),
7. Mining and milling tailings (including U, Th and phosphate

jndustries),
8. Fossil fuels (226Ra),

Ra and daughters,

226Ra)

’

oW N

*Tables are found on pp 52 to 62.
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9. Smoke detectors (226Ra),
10. Lightning rods (226Ra),
11. Static eliminators (%%®Ra, 210po),

12. Radioluminous sources (226Ra) (wrist watches, clocks, compasses,
instrument dials, etc.),

13. Industrial gages (226Ra),

14. Vacuum tubes (226Ra),

15. Vacuum gages (226Ra),

16. Ion Generators (226Ra),,

17. Well logging devices (226Ra);

18. Caiibratio: and check sources Ra, Ra D,E,F),

19. Educational materials (226Ra, Rn D,E,F, 2mPo), and

20. Medical sources (226Ra, 222Rn, Ra D,E,F).

In addition to this partial listing, past activities have resulted in

the distribution of a wide spectrum of consumer products; most using -
radium as the radiation source. These consumer products include

(226

radioluminous devices and devices to inject radicactivity into water.>6
Manufacturing activities associated with the radium production and
utilization industries have resulted in contaminated buildings, structures
and sites which have required remedial action.’
Uranium Mill Tailings

Radiological problems associated with certain mining and milling

activities have been recognized and, in some cases, remedial action has

been indicated as necessary to protect the public health and

safety.a’g’]0

Although the processing of uranium ore which contains .05% uranium
(by weight) or greater is subject to NRC regulaticn, radium and other
radioruclides in the uranium decay series are not subject to NRC regulation
as licensed material. However, NRC does require uranium and thorium mill
licensees to control radium and its daughters associated with licensed
activities. These requirements include stabilization of tailiags piles and
their isolation from wind and water and are designed to control release of
radium, radon and other radionuclides.



-8 -

In the past, materials taken from uranium mill tailings piles were
not recognized as potentially hazardous and were not adequately requlated.
As a result, tailings have been used in a variety of construction
activities, e.9., roads, homes, schools, and public buildings. Exposures
of the public to radiation have resulted and in some cases, remedial
action became necessary. Far example, in Colorado, a study of locaticns
where tailings were uSed in construction showed 170 )ocations where
remedial action was suggested or indicated because of excessive radon
levels. !0 The matter of uranium mills including tailings management is the
subject of an Environmental Impact Statement being prepared by NRC.

It has been estimated that there are 2.5 X 107 tons cf uranium mill
tailings in "inactive” piles, containing 14,000 curies of radium.
Additional tailings contain 58,000 curies of radium in "activé“ piles at
16 operating.-mills.in the United States. Projections of the demand
tor uranium ore have been prepared for the generic enviroamental impact
statement on mixed oxide fuels (GLSMO). These projections are dependent
upon a number of assumptions including whether or not there will be
recycling of irradiated fuel for the recovery of uranium and plutonium.

If it is assumed that uranium and plutonium are recycled, and using other
GESMO assumptions, it can be projected that the number of tons of ore
produced from mines will increase from 6.6 million in 1975 to 113.1 million
in the year 2000. The number of mills producing 1,050 tons of U308 per

year will increase from 10 in 1975 to 77 in the year 2000. If there is no
recycling, the projected values would be increased for the year 2000 to 160
million tons of ore from mines and to 109 mills, each producing 1,050 tons of
U3O8 per year.

In May, 1975, the National Resources Defense Council, Inc. filed a
petition for rule making with the NRC. The petitioners requested the NRC
to issue regulations chat would require uranium mill operators licensed by
NRC or by Agreement States to post a performance bond to cover stabilization
and ultimate disposal of tailingsll The petitioners also requested the
NRC to issue or renew no mill licenses while a programmatic environmental
impact statement which they requested on the regulation of uranium mills
was being prepared. The NRC is preparing a generic environmental impact
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statement (GEIS) on uranium mills including management of uranium mill
tailings. NRC is working with individual States in which licensed mills
are located to develop performance bond arrangements to cover managemert
of tailings following termination of NRC licensed activities. NRC and
Agreement States are incorporating a condition into uranium mill licenses
specifying that the licenses may be subject to modification as a result
of the GEIS. EPA, under the authority of the Resource Conservation and
Recovery Act of 1976,will draft regulations concerning management of mill
tailings. _

Other Industry Tailings and Products

Studies have been conducted by EPA on the radiological aspects of the
phosphate industry in F}orida.9’12'13 The results suggest a
potential may exist for problems similar tc those resulting from uses of
uranium mill tailings, e.g. EPA repo-ted that about one third of the
houses located on land reclaimed following the mining of uranium bearing
phosphate deposits have levels of radon sufficiently high to warrant
- consideration of remedial action.d Concern has also been expressed
by EPA over the potential radiological impact of uses of products and
residues from the phosphate industry, such as agricultural fertilizer and
ago;;regates.z-]2 Data obtained by EPA indicates occupational
exposures in the phosphate industry do not exceed guidelines for the
general population, but EPA has recommended more studies are needed to
better define the problem.13

Limits for acceptable levels of naturally occurring radioactivity
incidentally present in articles or products from the phosphate industry
have not been established in the United States. NRC does not exert control
over processing and refining of ores, or possession of chemical mixtures,
compounds, solutions or alloys in which source material is by weight, less
than 0.05% of the mixture, compound, solution or ailoy.*

Radium

Radjum, one of the nuclides in the uranium decay series is the principal
naturally occurring radioisotope in use today. The characteristics of
radium have led to its wide use in a large number of medical, industrial and
military applications, and in consumer items (Tabies 3 and 4).

*10 CFR 40.13 (a) and (b)-
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Between 1912 and 1961, nearly 2,000 gm. (i.e. about 2,000 Ci) of
radium have been processed in, or imported into, the United States. 14"

Of this amount, 712 grams were imported during 1951-61. Approximately
3,600 persons are known to regulatory agencies to possess radium sources, &
These include 1,800 medical users and 1,300 industrial users. These
figures do not include owners of consumer type products pfesent]y in the
public domain. It is believed that the numbers of users of radium have
decreased in recent years as other alternative isotopes have become
available. But, in the absence of national data, {or a national regulatory
program controlling its distribution and use) the change is difficult to
quantify. Radium salts are no longer manufactured in the United States.
However, at least 36 U.S. companies manufacture or distribute radium sources
or devices containing radium which could be subject to regulation by the
States.5 This figure includes 3 companies which manufacture

smoke detectors containing radium for distribution to persons exempt from
State licensing or other regulation.*™ Lastly, at least 5

companies received radium luminous powder in 1976 from a U.S. supplier,
presumably for radium luminous paint applications.

There is no national regulatory program to require radium source and
device manufacturers and distributors to comply with accepted standards for
fabrication, testing, quality control and distribution of radium and radon
sources used in copsumer products, medicine and in industry. A voluntary
control effort has been fostered by FDA's Bureau of Radiologicai Health in
cooperation with the States.S However, the adequacy of this program is
strongly influenced by the efforts of individual State regulatory programs.
Seven States have neither a licensing nor a registration program for
radium, 15

*This figure applies only to sources, or devices containing radium or into
which radium has been de]ibefately incorporated. It does not include
products incidentally contaminated with radium, e.g. phosphate or other ores.

**The manufacture of such devices, however, is an activity that would be
subject to licensing and to regulation.
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Despite competent licensing and regulatory efforts by Agreement States
and some non-Agreement States to control the users of radium who are
subject to licensing or registration, there is not always assurance that
products containing radium sources, including consumer products, will be
manufactu=ed and distributed in conformance with quality control and
shipping practices comparable to those which are imposed by NRC upon its
licensed ma:aufacturers and distributors.

As an example, one might review the documentation NRC requires to
support an application for distribution of 241Am sources contained in
smoke detectors to persons exempt from licensing.1® Among other things
the data must include evaluation of doses that might be received from
external radiation and the potential for exposure to airborne 24]Am
resulting from fires. Hazards from storage of large quantities of such
detectors also must be evaluated. These evaluaticns are done in compliance
with the requirements of 10 CFR 32.26 and 32.27.

Equivalent Federal regulations do not exist which require similar
evaluation for smoke detectors using NARM and comparable evaluations have
‘not been made for all currently available smoke detectors containing NARM.
Guidelines for the States for such evaluations are being prepared by the
Conference of Radiation Controi Program Directors (CRCPD) and the
Suggested State Regulations are to be revised to conform with the guidelines.

As another example, the application of byproduct material to timepieces
(as the activating agent for self-luminosity) for distribution to persons
exempt from licensing requires a specific license from NRC or an Agreement
State and compliance with certain requirements for manufacturing and
quality control.* Further, NRC (i.e., Federal) authorization is
needed to distribute such devices to persons exempt from iicensing. *+
An NRC license is required to import such devices.*+ There are
no requirements for a Federal license to distribute timepieces containing
radium nor is a Federal license required to import timepieces containing
radium. Of five companies reported to have received radium Juminous
compounds in 1976, one is located in an Agreement State, three are in States
which conduct radium licensing programs and one is located in a State with
no licensing program. Product and quality control standards equivalent to

*10 CFR 30.15 and 32.14.
**10 CFR 150.15 (a) (6)-.
+10 CFR 36.31
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those of the NRC have not been uniformly applied to these companies.
Although the States can control distribution within their borders, the
States cannot control distribution of radjum in interstate commerce or
importation of radium into the U.S.

Health and safety problems associated with radium users have been
significant. As an example, a Wisconsin study of 39 medical radium
facilities found radiation levels in uncontrolled areas up to 100 mR
per hour.17 1In 4 facilities, workers in unrestricted areas may have
received more tnan 500 mrem in a year.17

Initial surveys of medical users in B States* disclosed between 13%
to 532 of the facilities surveyed possessed sources which were leaking
or were contaminated.’® The relatively high percentages of medical
facilities initially found to have leaking or cohtaminated sources {13%
to 53%) is a significant finding. FDA pointed out that these sources are
used for superficial and intracavitary treatment. The inadvisability of
using leaking sources is obvious. The threat of contamination of the
medical facility is equally unacceptable.'8

" Leak-test requirements imposed by Agreement States and many other

States can serve to alleviate this problem by assuring timely identification
of leaking sources. Nonetheless, leaking radium sources continue to be a
problem. Data reported by Agreement State licensees to the Agreement States
for the 18 month period, January 1, 1975 to June 30, 1976 disclosed that of
23 reports of leaking sources, 9 (39%) involved radium and five of these
were medical sources.l9 The ages of the 9 Yraking sources were unknown

in 6 cases and ranged from 10 to over 21 years for 3 cases.**

Older sealed radium sources present special safety problems. Some were
fitted only with friction plugs without threads. 1%  Inadequate drying
of the radium salts prior to encapsulation leads to residual water which is
disassociated into oxygen and hydrogen géSes by the radiation. The

*Rlabama, Georgid, Indiana, Kansas, Kentucky, Minnesota, New York and
Pennsylvania.

**xp search was made of NRC records, available on computer, for comparable
data. The results of the data search were inconclusive - the computer
program has not been structured to permit outputting of data in a form
suitable for the purpose of using it as a comparison base for this study.
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resultant pressures can reach several hundred atmospheres and lead to
rupture, especially in a friction fitted capsu.e.M New medic2l radium
sources use improved sealing tachniques and are reportedly doubly
encapsulated. However, there are singly encapsulated sources with
threaded ends which are soldered that are still in possession of medical
users. An early FDA report stated that examinations of over 970 sources
containing 45.4 Ci of radium disposed through the joint EPA-BRH radium
dispusz] project (many of which were disposed of because they were
discovered to be leaking) disclosed corrosion and failure of encapsulation
threads and brazed areas.

As noted earlier, there is no national regulatory program which requires
present radium source and device manufacturers to comply with fabrication,
testing and quality cont?ol standards, that is, a pre-market clearance
program. Few of ‘the,radium sources in use today in medicine have been
subjected to the same kind of an evaluation by a regulatory agency to
assure adequate design and integrity as are made by NRC and ‘the Agreemernt
States of sealed sources containing bybrcduct, source or special nuclear

materials.5’20’2]

Accelerator-Produced Radioisotopes

The availability and use of accelerator-produced radioisotopes has
increased rapidly in recent years. Particularly rapid growth in the use
of accelerator-produced radionuclides has taken place in medicine for

purposes of tumor localization, organ scanning or imaging, tomography,
cisternography, and heart shunt detection (Table 5).

James Blackburn, from I1iinois, a non-Agreement State which licenses
NARM, provided the following observations to the Task Force on the
proliferation of 57¢o sources: '

"With the increased use of production accelerators, large
numbers of Cobalt 57 sources have entered the market place.
These sources include a multitude of items including marker
sources, radioactive rulers, flexible markers, flexible
rulers, orientation indicators, etc., all designed to assist
the physician to outline the organ of interest, mark the
anatomical landmarks, provide a scale for organ size

*This project accumilated 2,350 sourcss during the period 1974-76, most
of which were nedical sources. Total radium in storage, as of April, 1977,

is over 92.5 grams.
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determination and provide orientation of images on the film.
Although these sources are relatively low in activity, (less
than 1 mCi) many of them are tesigned to be taped directly

to the patient's skin during the medical procedure. These
sources are marketed by a variety of firms using private
labeling. A recent search for the manufacturer of a particular
source revealed that the source had been labeled and sold by a
minimum of 3 different firms. Each time the source was sold it
changed regulatory jurisdiction. This entire sequence occurred
before any competent regulatory agency had even documented the
existence of such a source. Without pre-marketing evaluation
and clearance, the entire regulatory program governing the
distribution of radioactive sources becomes marginal”.

Typically, accelerator-produced radioisotapes are short-lived (months,
days or less) and many are so short-lived they must be produced on-site.
In such cases, the radation safety probliems associated with acceleraters
are additional health physics considerations.22 Such problems can
range from activation of accelerator components (i.e. production of NARM)
to prevention of inadvertent, potentially lethal exposures to radiation
during operation. ‘

The matter of accelerator radiation safety, other than that associated
with NARM production, is outside the scope of this study. Nonetheless,
the question arises that if the regulatory controi of the production of
accelerator produced radioisotopes is incomplete, is the regulatory
control over other radiation safety aspects of accelerators adequate? At
a recent public meeting on the regulation of nuclear medicine by NRC, a
distributor of sources for teletherapy units made the following observation
concerning one possible consequence of the differences in Lhe regulation
of accelerators compared to 60Co teleiherapy units:

"It is our observation, and I believe you will find it widely
shared, that our society has become so highly regulated that
regulatory considerations have come to play an important part
in decisionmaking.

“particularly, in matters where the decision is for a choice
among near equals, in the field of radiation therapy. There
js little, if any, known clinical differences between the use
of photons emitted by cobalt-60, and the use of photons
produced by four MeV and six MeV electron accelerators.
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"To some extent the outcome of competition between these

two tachniques is already influenced by differences in
requlatory status deriving not from any substantive differences
in hazard to either user or patient, but rather from the fact
that photons emitted by cobalt-60 sources fall within the

scope of the Atomic Energy Act, and photons produced by electron
accelerators do not. .

"We do not want to overstate this position, and without doubt,
there are other more cunsequential nonclinical factors that
affect the competition between these two systems that are outside
the scope of this hearing.

“Nevertheless, at current Tevels of NRC regulatory involvement,
there exist delays, inconveniences and disadvantages that are
substantive.

“Furthermore, we believe that increased regulatory involvement
for cobalt users that are not applied simultaneously and
equally to accelerator users, would simply induce many
responsible users to abandon cobalt therapy in favor of a
clinically equal, - less regulated alternative. - - - -

"1 would like to analyze for_you this thesis in the context of
the considerations outlined in the notice of this hearing.

“The physician in exercising his right and his duty to apply
his best professional judgment in the practice of medicine
would be compelled to choose the least regulated alternative,
if for no other reason than to have more time available to
devote to the patient-oriented demands aof his practice.

"In the absence of a major change in regulatory technique, we
doubt very much that on balance, patients would receive more
competent medical care and protection against exposure, as a
result of increased regulatory involvement.

"More skilled and responsible practitioners who demonstrate
satisfactory performance will either have thei- productive
effort reduced by the time demands of additier.al reguiation or
will convert their practice to a less regulated mode.

"We seriously question that the restriction of choice that would
result will be balanced by whatever improvements are made in the
practice of those that would still come under the increased
regulatory involvement.
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"The NRC responsibility to regulate so as to protect the
public health and safety would be compromised in two ways.

“In the§e times of soaring hospital costs, the use of
cobalt-60 therapy, the less expensive of two substantially
equal altermatives, would be discouraged.

“And as previously noted, we believe that any further
imbalance in ihe relative degree of regulation of alternative
techniques v.ould result in a flight from the more highly-
regulated to the less-regulated method.

"With regard to the possible involvement of other regulatory
bodies or peer groups, it appears to us that any regulatory
program that is to command respect should provide equal or at
least comparable regulation of different methods involving
comparable hazards.

"If, by law, the NRC is able oniy to regulate one of two
competing alternatives, then we think its responsibilities to
the patients and to the public would best be met if it
coop:rated with those agencies that have broader authority

in the field of use, so that competing alternatives receive
more or less uniform regulation.

"I think that what iéuféquiréd>for>éoobérution is'really not
something that needs legislation.

"We think that the varijous agencies who are involved in the
requlation of the medical practice have the authority to
achieve uniformity promptly, if they have the will and the
administrative ability.

“In any event, we believe that the dichotomy of the regulations,
two available alternatives for producing and using one to two MeV
photons can be and should be properly resolved and until such
requlation is effected, any increase in the regulation of one
alternative would be counterproductive."23
States which have followed the format of the Suggested State Regulations
for Control of Radiation have specific regulatory requirements for
accelerators.2% In FY 1975, 14 percent of the accelerators reported
by the States were inspected by the States.15 Such data, however, does
not reflect accelerators at Federal facilities and does not adjust for
possible differences in the depth and qualities of the regulatory efforts.
FDA is expected to develop performance standards and guidelines concerning
medical applications of accelerators.
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Scope of NARM Use

Some perspective for the scope of the use of NARM was gained in a
study on “Non-SNM/Source Material” shipments.2> The information was
obtained from questionnaires completed by 1,334 NRC and Agreement State
Jicensees and ERDA contractors in 1975. The total number of packages
of these materials shipped in 1975 approached 1.1 million. Of these,
about 14% were NARM shipments. About 25% of the different radionuclides
involved were NARM. However, NARM constituted only 0.06% of the total
curies shipped.

About two/thirds of the NARM shipments were made by five suppliers
including one who conducts operations at seven locations in six States.
For these five suppliers, NARM shipments constituted about 20% of their
shipments. About 16% of the NARM was intended for research purposes and
' 84% was intended for medical purposes. The other sources of NARM are
univefsity cyciotrons and imports, mainly from Holland and South Africa.
It should be pointed out that with respect to radium, a major domestic
supplier did nct choose to participate in this study and the data does
not. reflect its activities. It has been estimated that this company
originated between 3000 to 4000 shipments involving radium (all forms) and
radon in 1976.

The annual sales of fire detectors containing radium was estimated in a
1971 FDA report to be 10,000 per year'.‘8 Howevar, partial data for 1976
indicated 2 companies manufactured 200,000 units. Complete updated
data includiny imports are not available. In comparison, annual sales of
fire detectors containing byproduct material averaged 82C,000 per year
during the period 1970-75. However, it is interesting that 9 companies
currently listed as distributors and manufacturers of radium fire detectors
were not included in the 1971 report and apparently are new distributors,
again suggesting an expanding market . 518

The FDA report zstimated 3 million timepieces containing radium were
sold in 1975. 1t is believed that tihis volume has decreased significantiy
since, but no hard data is available.
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The annual whole body dose rate in the United States from all sources
(natural and artificial) was nstimated by the BEIR Committee to be, in
1970, 37,400,000 person-rem pe+ year.26 Moghissi has estimated the
population doses from radium and tritiated luminous timepieces to be
2500 and 3600 person-rem/year respectively, or about 0.01%.27

The contribution to the population dose from radium luminous timepieces
is small, but the dose to individuals wearing or having contact with them
can be considerable.

Average values of radium content in ordinary wrist watches have been reported
from 0.014 p€i to 0.36 uCi with a maximum observed value of 4.5 yci.28
The following annual radiation doses have been reported as received by
critical organs from a wrist watch containing 0.15 uCi of 226p,.18

Organ Estimated Annual Dose (mRem)
Skin of the Wrist - S e 4,800 .
Lens of the Eye . 110
Blood-Forming Tissue 30
Gonads 10

For comparisons, natural background in the U.S. contributes an average
dose to the gonads of 80 to 100 mrem per year and the mean average bone
marrow dose to adults from diagnostic radiology in the U.S. in 1970 is
estimated to have been 103 mr‘ad.z9

The results of a survey by Oak Ridge National Laboratory of luminescent
clocks in 48 Tennessee households suggeSted that 1 out of every 3 house-
holds has a clock which emits penetrating radiation (i.e., gamma rays
from radium) and that these clocks are responsible for a 10 percent
increase in the gamma ray background to 5 percent of the population.30

These data do not suggest a clear answer to the question of whether a
need exists for a Federal regulatory program to control the distribution
of radium luminous timepieces. In 1975, it was reported that there are
nearly three times as many tritium luminous timepieces as there are
radium luminous timepieces.27 They contribute only slightly more to
the population dose than radium timepieces.2” Nonetheless, the
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distributioﬁ (including import)»of tritium luminous watches is controlled
by the Federal government (through licensing by NRC) and the distribution
of radium luminous timepieces is not. '

As noted earlier, at least 36 companies are listed as U.S. manufacturers
or distributcrs of radium sources and devices which are considered to be
subject to State licensing or,registration.s’24 An additional 21}
companies are engaged in the manufacture and distribution of consumer
items .containing radium.®

The FDA report indicated that licensable radium users possessed 330 Ci
contained in 50,000 to 55.700 sources used in medicine at 2,300
facilities.’8 These facilities provided 85,000 medical treatments
annually. Non-medical applications accounted for 150 Ci at 1,900
facitities.18" ' “ L

There are about 19,000 NRC and Agreement State licenses authorizing
possession and use of byproduct, source, and special nuclear materia].]9
Data from Agreement States suggest persons who only use NARM constitute
another 5% or 1000 licensable users;31~-The-tota} of ‘licensable users
of byproduct, source, special nuclear, and NARM is then about 20,000.

There are about 3,600 persons reported by FDA to possess or use radium who
are licensed or would be subject to State Jicensing requirements similar to
those applied to byproduct, source and special nuclear material

users.ls’24 Radium users, therefore, constitute about 18% of users subject
to licensing, a significant portion.** As previously shown, the health
and safety problems with these users have been significant.

*The total, 4,200 facilities appears to be at variance with the previous
cited figure of 3,600. However, the 3,600 represents persons identified
by States in an annual survey (1975) as subject to State regulation. The
4,200 is the total identified in a special survey of the States conducted
in 1969.

#*The actual number of radium users may be somewhat. highef since the FDA
data is restricted to persons subject to State regulation. The use by
Federal agencies is not ipcluded. See pp. 33-34.
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About 25% of Agreement State licenses authorize NARM in addition to
byproduct, source and special nuclear materials.* Another 5% are for
NARM only.3! Thus, of the approximately 20,000 persons who are or
‘could be subject to license requirements in the U.S., an estimated 30% use
NARM.

Some additional insight on the scope of NARM use, and the problems
associated wich its use, was provided to the Task Force by David Lacker,
Administrator of the Texas Radiation Control Program:

"Radium has been a regulated material in Texas since March 1,
1963. I have reviewed our incident/accident files since

March 1, 1270 and in that period we have had a total of 56
reported incidents invalving radium sources or contamination.
Almost half of these incidents involved the loss of radium
sources by licensees. (25 reported lost sources.) Of these
in orly eleven instances were the sources found or returned to
the licensee. In 5 /cases/ medical. sources were presumed to
have been buried in sanitary land fills at a depth which
prevented location. The fate of the others is still unknown.

"We have had seventeen reported leaking radium sources with
eleven of these reveq})pg contamination of storage areas and
in two cases, office ‘areas.

"There were three radium sources found in different locations
beside one highway ranging from 10 to 40 millicuries for
which no owners have been located.

“in performing environmental sampling in the last eight monins,
we have located three areas with significant radium contamination.
The source of this contaminstion is now under investigation but
jt js possible that it came from oil field pipe cleaning
operations.

"We have one case reported and investigated relating to an
individual who purchased a watch repairman's tools and supplies
which contained a di2l paint repair kit. He used the radium
paint in his home to make costume jewelry which glowed in the
dark. Fortunately for that individual, he only made one
application of the radium before learning that it could be
dangerous and called us. There was minimal contamination in
his home.

*This figure was furnished to the Task Force by the Office of State Programs,
NRC. For certain types of licenses, the percentage of NARM use is much
higher, fgr example, most of the medical licensees who perform imaging studies
possess 9/Co "flood" sources.
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"These incidents represent to me a serious potential hazard
since they occurred in a regulating State. What happens in
those areas of the country where there are essentially no
regulations requiring the usual radiation safety precautions?

“We have also_been made aware of four incidents in non-Agreement
States where °/Cobalt sources used in x-ray fluorescent
analyzer's were ruptured and contamination resulted. Although
there was no regulatory requirement for reporting, the supplier
learned of these when new sources were ordered and the
contamination was properly cleaned up and the sources disposed of
as radioactive waste.

"It seems to me that we must recognize that NARM, particularly
radium, in the non-regulatory States probably is in much wider
use than in States with regulatory programs. The reporting of
incidents such as the ar=as I have cited is rot required
therefore we must assume that the potential for serious injury
is greater in that contamination and other exposure could go on
for extended periods of time".

One consequence of the lack of a national, uniformly applied control
program for NARM is that information on its use and on the problems
associated with its use is fragmentary. However, the information that
is available - especially from States actively engaged in the regulation
of NARM - definitely indicate that the use of NARM, both in articles
subject to licensing and in consumer products, constitutes a significant
part of radioactive materials usage in the United States, in terms cf
numbers of users, numbers of consumer product articles, and the potential
for radiation exposure of users and other persons in contact with NARM

sources.

Other lssues .
Currently operating commercial low-level radwaste burial sites accept
NARM for disposal. The need to continue to provide for disposal of NARM
wastes at these sites must be considered in the development of a national
policy for low-level waste disposal. The Resource Conservation and
Recovery Act of 1976 (P.L. 94-580) which deals with solid waste disposal
only excludes source, byproduct and special nuclear materials but NARM
is included.
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EPA, in cooperation with FDA, operates a radium disposal facility at
the Eastern Environmental Radiation Facility in Alabama. Its current
capability is limited by a lack of adequate numbers of shipping containers.
States have reported waiting for up to six months for an opportunity to
dispose of radium. For persons and States disposing radium, however, this
endeavor provides a simple and inexpensive means of removing surplus
radium sources from the public sector. ,

"Excess sites” (former AEC licensed or ERDA facilities released for
unrestricted use) are currently being reexamined by ERDA and NRC in
cooperation with the States to reevaluate any potential health and safety
hazards that may result from residual radioactivity at these sites. Some
of these sites contain NARM such as the former Vitro facility in..
Cannonsburg, Pennsylvania.

' There is evidence indicating that there are many radium sources
currently in the possession of members of the public which are not known

to regulatory authorities and would be subject to licensing. They range
from radium activated luminous devices to medical sources possessed by widows
of physicians. Several of the latter have been discovered in bank safe
deposit vaults. In the past, these sources have been located by State
regulatory agencies through publicity efforts, contacts with State and

‘local medical and other professional societies, personal contacts and,

when available, review of old sales and transfer records of radium
manufacturers and distributors.

INCIDENTS INVOLVING NARM
For purposes of discussion, incidents are considered to be unplanned
events usually involving the loss or theft of sources, contamination, or

overexposures.
FDA/Bureau of Radiological Health Data

The Bureau of Radiological Health has reported data on radium incidents
which occurred from 1966 to 1969. (Table 6). Although this is the best
source of information available, it should be noted that the information was
obtained through voluntary participation of State radiological health
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programs. In turn, the information submitted by each of the State
programs is influenced, in large part, by the quality of the program
and the intensity of their effort to learn of, and investigate,
incidents involving NARM. An annual average of 29 radium incidents was
reported. The majority of these involved loss of material. Because of
the uncertainties in these data, jt is believed that the extent of the
problem may be significantly underestimated.

U.S. Department of Transportation Data

The U.S. Department of Transportation (DOT) is currently preparing a
report on radiocactive material incidents. Preliminary information
collected for this report indicates that, of 32,000 reports of incidents
during the period 1971 to 1975 which involved the transportation of
hazardous materials, 144 (0.45%) included or involved radioactive material.
Of these, less than one half were classified by DOT as having a potential
for release of contents. Most of these cases involved packages containing
radiopharmaceuticals which had been run over by vehicles and actual
release of the radioactive materials was not verified in all cases. Although
data is not readily available, few of these cases are believed to have
involved NARM.

The actual hazard to the public resulting from the transportation of
radioactive materials is considered by DOT to be small, especially re]étive
to the hazards resulting from transportation of other hazardous materials.32
According to DOT, most of their concern was over companies which lease
radium to physicians on a short-term (case rental) basis.* According to
DOT information, these companies are jnvolved in about 8,000 to 10,000
shipments per year. DOT stated that they received only one report per
year regarding lost radium needles or radium contamination.**

*Tn March, 1977, one of these companies ceased its case rental of radium
brachytherapy sources. Two companies are known to remain, a large one
located in New York City and a much smaller concern located in California.

**Most radium transportation incidents are handled by State authorities
without DOT assistance.
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Interagency Radib]ogical Assistance Plan

ERDA serves as contact for the Interagency Radiological Assistance
Plan (IRAP). Although the IRAP team identifies levels and hazards, they
do not always identify the radioactive material involved in their team
reports.

Consumer Products Safety Commission

The Consumer Products Safety Commission indicated they have no
information regarding NARM incidents.
EPA

The Environmental Protection Agency indicated that they have no
specific information on NARM incidents.
U.S. Department of Defense

The United States Air Force, Army and Navy were contacted. No
information on NARM incidents was available.
NRC-State Agreements Program = T

The State Agreements Program of NRC receives reports of incidents from
Agreement States. Reports for the years 1974 and 1975 were reviewed
(Table 7). The data appears to_be.consistent with the. numbers and types
of incidents reported by the Bureau of Radiological Health for the late
1360's (Table 6).

Non-Agreement States

. Information on incidents involving NARM in non-Agreement States is
only available from the Bureau of Radiological Health program described
above. There are no national information collecting centers or inventories
to which information on NARM incidents is required to be reported.
Summary - NARM Incidents

The available information indicates that radium is the NARM isotope
which is most often identified in reports of incidents. However, the
available information is incomplete. Present available information does
not permit an overall assessment of the possible or actual impact or
threat to the public health and safety. It is known that available data
represents an underreporting but the degree is unknown.
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AGREEMENT AND_ NON-AGREEMENT STATE PROGRAMS AND RESQURCES
COMMITIED TO THE REGULATION OF NARM

Agreement State Programs

Agreement States currently are responsible for 10,800 1icenses.]9 of

these, about 5% or about 540 are NARM only ]icenSes.3l However, about 25%
of Agreement State licenses authorize both Agreement material and NARM.*
The Agreement States do not normally differentiate between the two in their
regulatory activities.**

As a result, it is difficult to establish a dollar value for administering
the portion of a regulatory program for NARM. Estimates of costs can be made,
however. The expenditures for regulatory programs for NARM were requested by
the Task Force from individual Agreement States and were reported to be
from $650 per year to $12,000. These estimates do not include the costs to
States responsible for regulation.of uranium.and phosphate mining and
milling industries. Some estimates for the costs for the regulation of
uranium and phosphate industries were $30,000 annually on compliance and
surveillance activities for the regulation of uranium mining and milling
operations in one State and $218,000 was allocated in one year for a
special study of the NARM hazards associated with the phosphate mining
industry in another State. It is not possible to estimate the annual costs
for regulating the phosptate mining industry until studies of its impact
have been completed, the results analyzed, and the needs for regulation
established.

It is apparent that, for Agreement States, the costs of including a
regulatory program for NARM {excluding mills and mill tailings and
phosphate mining industry) are relatively small compared to the cost of
establishing a regulatory program for Agreement materiais. As an example,

a large Agreement State spent approximately $42,000 in FY 1976 on all NARM
activities. This represented 13.5% of their total radicactive

material control expenditures for FY 1976 and 7.5% of their total radiation
control budget. For a small State program, the added cost for NARM

*See Footnote, P. 20.

**An exception to this exists in three Agreement States which apply OSHA
standards and enforcement practices to non-Agreement material licensees.
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control is also relatively small, in one case, 4.5% of their radiocactive
material.budget was for NARM.

The Agreement States reported that the major problems encountered.in
reqgulating NARM relate to the lack of nationally uniform regulations and
the failure by States to evaluate NARM sources, for example, by utilizine
available draft guidelines on NARM which would provide juality assurance
for sources and devices manufactured in any State in the United States
and for imported sources and devices.

The States could refuse to issue a license to an applicant proposing to
use unevaluated sources. In general, they have not done so because such
action taken by an individual State would not be effective in limiting
their use and such action could be construed as discriminatory, especially
in the practice of medicine. As it now stands, the States can impose and
inspect quality control programs only over those sources ana devices which
are manufactured within their jurisdiction. Items which are manufactured
iﬁ States where such a program is not carried out, or which are imported,
are generally of unknown quality although some exceptions exist where the
Bureau of Radiological Health (FDA), as a result of & request, has
evaluated the device or source and distributed an evaluation report. Not
all of these evaluations, however, are subject to inspections to confirm
manufacturing practices because not all States have a viable regulatory
program for NARM. The Bureau of Radiolog:cal Health only participates
when requested by a State and only in States which have authority to
perform such inspectiors.

A significant regulatory problem relates to the fact that radium
sources have been distributed in the United States since the beginning of
this century without effective regulatory controls over their manufacture,
distribution or use. States having aggressive reguiatory programs for NARM
have been successful in locating and regulating many of these sources which
are subject to their jurisdiction. These States found a significant
rumber of these radium sources to be leaking.}® 1In some cases, resulting
contamination presented hazards to public health and safety and
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decontamination was required. It has been the experience of Agreement
States that when radium is regulated in the same manner as other radicactive
materials, some radium users will switch to byproduct materials or
relinquish possession of the sources.

The uranium ‘industry presents another problem since their tailings
contain concentrated levels of naturally occurring materials, principally
radium and its daughters, which must be adequately controlled. In the
absence of direct Federal control of NARM as licensed material, after
milling licensesare terminated the States have been forced to develop their
own procedures for controlling hazards from inactive tailings. Regulatory
requirements and practices of the States for controlling inactive tailings
have not been uniform. At the present time, Agreement State control of
active uranium mill tailings is confined to 4 States. As a result of the
. passage of the Resource Conservation and Recovery Act of 1976, EPA will
draft reguiations concerning management of such tailings. With rising
prices for uranium and development of new technologies for extracting
uranium from lower grade ores, including uranium as a byproduct from
phosphate minerals, involvement of additional Agreement States is likely.
Commercial contracts have been announced for the extraction of uranium from
phosphates in two Agreement states.33 Such extraction should now be
considered a part of the nuclear fuel cycle.

Notwithstanding the utilization of phosphates as a source of uranium,
the radiological impact of the phosphate mining and milling industry* has
not been fully assessed at this writing but it is under study. It is
clear that the phospha.e industry could impact upnn the environment in a
manner similar to that of the older and traditiona! uranium industry and
could require additional regulatory attention.

*Nearly all present domestic phosphate mining occurs in Florida, North
Carolina, Tennessee, 1daho and Montana. A1l of these States except
Montana are Agreement States.
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In summary, the Agreement States programs for NARM are integrated
with the regulatory program for Agreement materials. The problems that
do exist are related to the fact that NARM is not uniformly requlated in
all States and is not adequately regulated at the Federal Tevel. As a
result, there does not exist a full reciprocal exchange of information
and control over manufacture, distribution, use, and import of NARM. It
is the Agreement States' position that all radioactive -=aterials present
rotential public and occupational health and safety hazards and they
believe that, in the absence of uniform State control, Federal regulation
is needed (Appendices A and B). This would insure adequate protection
to all citizens from unnecessary exposure to radioactive material without
regard to its source or origin.

Non-Agreement State Programs

The Task Force requested information from the 28 non-Agreement States
programs (25 States and 3 territories) on their programs for controlling
NAxM. Thirteen of these agencies responded (Table 8). The regulatory
efforts of these 13 States can be categorized as follows:

1. States with Licensing Programs - Four non-Agreement States
indicated that they are presently Jicensing the use of NARM
using regulations they stated are "compatible” with the
Council of State Government's Suggested State regulations.

{No attempt was made by the Task Force to assess the

degree of compatibility). The estimated budgets for NARM.
ranged from $60 to $646 per Yicense with a weighted mean

of $302 per license. /In comparison, in FY 1976, Agreement
State expenditures for all licensed materials ranged from
$158 to $418 per license and the weighted mean was $273
per license.3! The NRC's recommended guideline is $200

to $350 per Vicense/.34

2. States With Legislation Authorizing Regulatory Programs
But No License Program - Five States indicated that,
although appropriate legislation has been passed, they do
not, at this time, extend more than minimum amounts of effort
on NARM control. Each of these States identified "insufficient
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funds" as the restraint which kept them from engaging in
this activity. One of these States has promulgated
regulations which provide for licensing but has net
implemented the regulations because of a lack of financial
resources.

3. States With No Legislation, No Regulations or No Programs -
Four of the States who responded indicated that they have
not received legislative authority to enable them to
jmplement a radiation control program for NARM.

Information available from other sources indicates that of the 24 non-
Agreement States and territories not Yicensing NARM, 17 conduct registration
programs (i.e., require persons possessing NARM to register with the State)
and 7 have neither a licensing aor registration program.]s*

REGULATORY FUNCTIONS OF FEDERAL AGENCIES

Department of Health, Education & Welfare

The Department of Health, Education and Welfare (HEW) is_involved in
both regulatory andAfndirect control programs. Within HEW's Food and Drug
Administration (FDA), the Bureau of Drugs approves New Drug Applications
for radiopharmaceuticals and applications for use of investigative new
drugs. Without such approval, manufacturers cannot commercially distritute
radiopharmaceuticals or release them for investigative use. The Bureau
of Foods has the authority to set tolerances on the presence of radioactive
material in foods and requires premarketing clearance of radiation sources
used in food processing. The Bureau of Medical Devices and Diagnostic
Products has purview over medical devices and in vitro diagnostic products
which utilize radioactive material. The Bureau of Biologics currantly
licenses hepatitis associated antigens, whereas all other radiobiologicals
used as diagnostic agents are under the authority of the Bureau of Drugs.

The Bureau of Medical Devices and Diagnostic Products, through recent
Jegislative action (Pub. L. 94-295, 90 Stat. §39-583) has the authority to
classify an item as requiring premarketing clearance based on performance

*The seven States are Alaska, Delawar>. .°wa, Rhode Island, Utah, Vermont
and Wyoming.
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review, as subject to specified standards of safety and performance, or as
exempt from standards or preclearance. The Bureau has stated it

has not established any requirements under the act for devices of the

kind covered by the State radiation program requirements that have been
developed under the Atomic Energy Act, and accordingly, State requirements
are not preempted at this time.3% This position. however, is not
entirely clear with respect to medical devices using NARM {principally
226Ra, 222Rn and 57Co) in non-Agreement States where no formal mechanism
exists to certify the adequacy of State radiation program requirements.

The FDA's Bureau of Radiological Health (BRH)} issues guidelines on
the safe use and disposal of radioactive products, participates in
the development of siandards, and acts jointly with the NRC and the
Council of State Governments to produce model regulations in the form
of Suggested State Regulations for the Control of Radiatipn. In addition,
as noted earlier, this Bureau conducts a voluntary, cooperative program
with the States to evaluate the safety of products containing NARM
sources according to guidelines paralleiing those utilized by the NRC
" for evaluating sources containing byproduct material. Recently, a joint
BRH-EPA-NRC-State Task Force developed regulatory guides for NARM. Unused
and defective radium sources are collected for disposal through a joint
program of the Bureau and the Environmental Protection Agency (EPA).

Other agencies of HEW which can have an impact on the use of
radioactive material are the Social Security Administration (SSA) and the
Center for Disease Control (CDC). The Bureau of Health Insurance of the
SSA approves payment under Medicare and Medicaid programs to about four
hundred private certified laboratories for diagnostic procedures which
include radioactive bioassays. Certification is provided by the CDC, or
jts State contractors, based on standards for qualifications of personnel,
and evaluation of proficiency testing and quality control programs. The
Bureau of Quality Assurance of the SSA sets standards for Radiology and
Nuclear Medicine facilities as minimum criteria for eligibility to
participate in the Federal Health Care for the Aged (Medicare) program.
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The National Institutes of Health (NIH) support research and develop
nealth care guidelines which may recommend continuance or cessation of
use of specific radionuclide procedures. The National Institute of
Occupational Safety and Health (NIOSH) has a program for testing and
certification of devices and equipment used in industry and makes
recommendations to the Occupational Safety and Health Administration (OSHA)
of the Department of Labor and to other Federal agencies. NIOSH also
develops criteria for substances used in the work-place as guidelines
for future regulations. '
Consumer Products Safety Commission

The Consumer Products Safety Commission (CPSC) has regulatory autnority
to require appropriate brands and labeling of articles containing
radioactive substances if determined to be sufficiently hazardous to
warrant control. Their jurisdiction is iimited to products introduced
or delivered for introduction into interstate commerce. The CPSC is
excluded from regulating materials regulated by the NRC. CPSC has not,
to date, determined that any NARM article js sufficiently hazardous to
warrant control. The CPSC has decided not to take action pertaining to
radioactive materials in consumer products generically although it may
still regulate radioactive materials on a case-by-case basis. 2
Environmental Protection Agency

Under authorities from the Public Health Service Act, and the Atomic
Energy Act, transferred to the Agency, EPA can advise the President with
respect to radiation matters, directly or indirectly affecting health,
including guidance for all Federal agencies in the formulation of radiation
standards and in the establishment and execution of programs of

cooperation with States; establish generally applicable -environmental

standards for the protection of the general environment from radioactive

material; and conduct research and provide technical assistance to States.
The Federal Water Pollution Control Act, as amended, authorizes EPA

to establish National Effluent Limitations Guides for various industries

to control discharge of pollutants including NARM. The Act also authorizes
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the Agency to issue discharge permits -for facilities limiting pollutant
releases including NARM. The Agency must also develop water quality criteria.
The Clean Air Act authorizes EPA to establisi national emission standards

for hazardous air pollutants.

The Ocean Dumping Act prohibits the dumping of high-level radioactive
waste in the ocean. A permit is required from the Agency in order to
dump other radiocactive materials including NARM in the ocean.

The Safe Drinking Water Act requires EPA to establish regulations for
the maximum contaminant levels of radioactivity allowed in public drinking
water supplies. Enforcement of these regulations is by the States, or EPA
should a State fail to act.

The Resource Conservation and Recovery Act of 1976 (P.L. 94-580)
requires the Administrator to identify hazardous wastes and establish
standards and a permit system for generators, transporters, users, storac 2,
and disposal of hazardous waste. The Toxic Substances Control Act allows
the Administrator to prescribe requirements on the manufacturing,
processing, distribution, use, or disposal of chemical substances or
mixtures which present an unreasonable risk of.injury to health or the
environment. EPA will be required to develop regulations under these Acts
to control NARM.

EPA operates a radium disposal project at its Eastern Environmental
Radiation Facility in cooperation with the Bureau of Radiological Health.
EPA has drafted a proposed bill to enable EPA to directly regulate
naturally occurring radioactive materials. NRC, along with other Federal
agencies provided comments to the Office of Management and Budget. The
bi1l would apparently coordinate and extend in some circumstances direct

EPA regulatory control over radiation hazards occurring .in situ, e.g.
radon in caves, or geographical areas having naturally occurring high
external radiation levels. The bill would also coordinate and extend
direct EPA control over the use, storage and disposal of naturally
occurring radioactive materials, including authority to evaluate and
approve products containing these materials. The EPA bill is being
redrafted at the present time.
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Department of Labor

Within the Department of lLabor the Occupational Safety and Health
Administration (OSHA) has a program to assure safety during employment
in a work-place. OSHA has promulgated standards and set regulations
concerning exposure to ionizing radiation.* Persons operating
under NRC or Agreement State licenses and in compliance wit% applicable
requirements are deemed to be in compliance with respect to materials
subject to NRC regulation or NRC-State Agreemenis. Policies have been
established in cooperation with NRC for handling the regulation of persons
using both Agreement and NARM sources.3® States can receive financial
support from OSHA to conduct occupational radiation protection programs
on behalf of QSHA relative to x-ray and NARM use.

The jurisdiction of OSHA does not extend to working conditions of
employees covered by statutory authority of other FedefaT agencies who
are actively exercising such authority. However, by Executive Order,
Federal agencies are required to meet OSHA standards for their own
employees. For military personnel, the Department of Defense has a
policy of adhering to OSHA standards. -
Nuclear Regulatory Commission

The NRC does not regulate accelerator produced radioactive materials
nor naturally occurring radioactive material other than thorium and
uranium pursuant to 10 CFR 40. NRC does require uranium mill licensees
to control NARM in the course of their licensed activities. The NRC exerts
influence on the control of NARM through the promulgation of standards
and guidelines, participation in the development of model legislation for the
States, and licensing and inspection of facilities which utilize NARM in
addition to licensed byproduct, source and special nuclear materials.
Through its Agreement State program, it has encouraged States to develop
regulatory programs for NARM comparable with those for Agreem 1t materials.
However, NRC cannot insist upon State action with respect to NARM as a
matter of compatability or adequacy of the State program.

Federal agencies, except for ERDA-and certain activities of the
Department of Defense, are subject to the requirements of the Atomic Energy

*29 CFR 1910.96.
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Act and the U.S. Nuclear Regulatory Commission, including requirements for

a license. Federal agencies are not subject .to State requirements.*
Consequently, while NRC approval may be required (i.e. a license) prior

to a Federal agency obtaining byproduct, source or special nuclear materisis,
there are no similar restrictions placed upon Federal agencies when they
obtain NARM.

One consequence of this is that there is very 1ittle information
available on the extent of use of NARM by the Federal government.
Government surplus channels were identified in 1964 as an inadequately
controlled source of radioactive materials entering the consumer market,37
Energy Research and Development Administration

ERDA directly, or through contract, controls about 1/4 cf the
accelerator facilities in the United States including most of the largest
usits. Radioactive material is synthesized both as an incidental product
of high energy particle research and directly for use in medical and other
research programs but is not normally available for commercial purposes.
ERDA has responsibility for the safety of personnel and.conduct of operations
at ERDA and contractor facilities. ERDA and its prime contractors are
exempted by statute from NRC licensing except in certain limited instances.
Radiation safety control is achieved through contract requirements. ERDA
Jnspects and enforces compliance at its facilities and contractor sites in
accordance with OSHA standards under agreement with that agency. ERDA
has recently considered asking the States to assist in the regulation of
their accelerators.

The agency also actively participates in standards development.
Department of Transportation and U.S. Postal Service

The transport of radioactive material is governed by the regulations of
the Department of Transportation (DOT) and the U.S. Postal Service (USPS).
DOT encompasses the Federal Highways, Railroad and Aviation Authonities
and the Coast Guard, all of whom are responsible for the enforcement of
packaging and labeling requirements and the prescribed degree of control

*Some individual Federal facilities have requested State agencies to
review their radiation safety programs as a means of obtaining an
independent audit. Such action is voluntary, however.
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to be exercised by carriers in interstate commerce. The USPS has
promulgated regulations on packaging, 1abe]1ng and maximum allowable
activity. Parcels not meeting these requ1rements are non-mailable.
Customs_Service _

The Customs Service of the Department of Treasury may, at the request
of other Federal agencies, act to control the import of products containing
radioactive materials not in conformity with Federal regulations.

Federal Trade Commission

Intermittent contral over the use of radioactive material has been
exercized by the Federal Trade Commission (FTC). As an example, the FTC
prohibitec cne interstate advertising of alleged beneficial health effects
resulting from intake of air and water containing radon.

National Bureau of Standards

The National Bureau of Standards (NBS), Department of Commerce, . ..

- ‘provides reference standards for radioactive materials, calibration and
evaluation services, and technical expertise in the development of
standards.

Department of Interior . . o :

The Mining Enforcement and Safety Administrator (MESA) has established
radon daughter exposure limits in mine facilities based upon Federal
guidelines established for that purpose by EPA.

Other Federal Agencies

The Department of Defense, the Veterans Administration, and the
General Services Administration are able, through procurement specifications,
to influence the design and quality of major lines of products containing
radioactive material. These agencies also set requirements for use and
disposal of sources by their facilities. The Army recehtly reported that
procurement of radium activated phosphors is now forbidden.2
Nationa) Council on Radiation Protection and Measurements

The National Courcil on Radiation Protection and Measurements {NCRP)
js not a Federal agency but has been chartered by Cdngress to collect,
analyze, develop and disseminate information and recommendations about
protection against radiation, and radiation measurements, quantities and
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unité, particularly those concerned with radiation protection. The
Council does not have regulatory authority but its recommendations do
serve as the basis for nearly all Federal and State regulations on
radiation protection and for the evaluation of radiation hazards.
Federal Regulation of NARM-Present Status

Authority to regulate NARM by the Federal governmént is fragmented
among many departments and commissions and agencies each having some
limited authority. The jurisdictions of these agencies overlap in some
areas and leave gaps in others. Existing authorities have not been
uniformly exercised.

The regulatory picture for NARM is one of disarray, especiai]y when
' compared to the regulation of byproduct, source and special nuclear
materiais. Users of the latter materials are generally excluded from
regulation by Federal agencies other than NRC with respect to radiation
safety. However, users of byproduct, source and special nuclear materials
who also use NARM can find themselves subject to regulation by additional,
and frequently more than one, Federal agencies. The following example
serves to illustrate this: ST : o '
Federal Agency Having

Type of Radioactive Material Activity Primary Jdurisdiction
Occupational
Exposure........... NRC
Byproduct, Source and Effiuents to Air
Special Nuclear Materials and Water.......... NRC
Distribution of
Consumer Products.. NRC
Sulid Waste
Disposal........... NRC
Occupational
Expostire........... OSHA
Effluents to Air h
NARM and Water.......... EPA
Distribution of
Consumer Products.. CPSC

Solid Waste
Disposal........... EPA
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Excluding fissile materials, these divisions of regulatory authority
do not seem to be related to any system of differentiaticn based upon the
hazards from NARM and from NRC licensed materiais.

NRC (AEC) LEGISLATIVE HISTORY AS TO WHY NRC DOES NOT NOW REGULATE NARM
The reasons why NRC does not regulate naturally occurring and

accelerator-produced radioactive materials today may be traced back

to the origins of the NRC's predecessor agency, the United States Atomic

Energy Commission. In enacting the Atomic Energy Act nf 1946 and

establishing the U.S. Atomic Energy Comrission as the government agency
solely responsible for the production and the use of fissionable
material, Congress responded to the urgent and serious public concerns
for the peace and security of the Nation which followed the development
and military use of the atomic bomb. These concerns recognized the
‘necessity and the importance of subjecting all aspects of the nuclear
fission process to tight control. At the same time, Congress was
equally concerned that this control, which included exclusive government
ownership of fissionable material, not become all-pervasive and that
basic freedoms not be threatened.* In an effort to reconcile these
conflicting concerns, the provisions of the Atomic Energy Act of 1946
were kept sharply and narrowly focused on fissionable materials, on
source materials from which fissionable materials could be obtained,
and on radioactive material yielded in or made radicactive by exposure
to the fission process.

Naturally occurring radioactive materials (other than source materials),
such as radium, which could not be used in the nuclear fission process were
deliberately left outside the reach of the Act. Also excluded were the
materials which were fissionable but in which a self-sustaining nuclear
reaction could not be maintained. In contrast to the overwhelming peril
of the atomic bomb, any health and safety problems which these materials
might cause were considered manageable and relatively insignificant. Given

*See Senate debate on bill which became the Atomic Energy Act of 1946,
June 1, 1946, Congressional Record, pp. 6082, 6086, and explanation
of bill by Senator McMahon, Congressional Record June 1, 1946,
pp. 6094-6098. See also House debate, July 17, 1946, Congressional
Record, pp. 9268-9269.



- 38 -

the state of the art -- at that time comparatively few uses of radioactive
materials had been developed and supplies of radioactive materials were
}imited (the available radium had been distributed :nd seldom moved in
interstate commerce and significant quantities of man-made radioactive
materials were not as yet available) -- there appeared to be no urgent
need and, from the standpoint of the common defense and security, no
bzsis for federal regulation of these materials. '

Section 5 of the Atomic Energy Act of 1946 provided for the control of
fissionable, source and byproduct materials. Byproduct material was defined
in subsection 5{c)(1) as:

“...any radioactive material (except fissionable material)
_ yielded in or made radioactive by exposure to the
radiation incident to the processes of producing or
utilizing fissionable materials."*"

Subsection 5 (c)(2) authoriged.the Commission to ristribute by'producﬂt~
materials with or without charge:

" ..to applicants seeking such materials for research or development
activity, medical therapy, industrial uses, or such other
useful applications as may be developed. ‘In distributing such
materials, the Commission shall give preference to applicants
proposing to use such materials in the conduct of research and
development activity or medical therapy. The Commission shall
not distribute any byproduct materials to any applicant, and
shall recall any distributed material from any applicant, who
is not equipped to observe or who fails to observe such
safety standards to protect health as may be established by
the Commission or who uses such materials in violation of law
or regulation of the Commission or in a manner other than es

_disclosed in the application therefor.”

*Section 5 (a)(1) of the 1946 Act defined "fissionable material” as “plutonium,
uranium enriched in the isotope 235, any other material which the Commission
determines to be capable of releasing substantial quantities of energy
through nuclear chain reaction of the material, or any material artificially
enriched by any of the foregoing; but does not include source materials, as
defined in section 5 (b)(1).”

Section 5 (b)(1) defined "source material" as "uranium, thorium, or any other
material which is determined by the Commission, with the approval of the
President, to be peculiarly essential to the production of fissjonable
materials; but includes ores only if they contain oue or more of the foregoing
materials in such concentration as the Commission may by regulation determine
from time to time."
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Section 12 (a)(2) gave the Commission broad authority to:

» _.establish by regulation or order such standards and instructions
to govern the possession and use of fissionable and byproduct
materials as the Commission may deem necessary or desirable to
protect health or to minimize danger from explosions and other
hazards to life and property;..."

Although the 1946 Act authorized the Commission to regulate byproduct
material from the standpoint of radiological health and safety, it did not
establish a licensing system. In lieu of licenses, the Commission issued
authorizations for radioactive material procurement to persons able to
comply with the requisite regulatory requirements applicable to byproduct
material. These authorizations were also used by the Commission to
allocate byproduct material, then in short supply, in a manner which would
best serve the overall purposes of the Act.

By 1954 the advances in nuclear medicine and technology had reached
the point wrhere participation by private industry in developing peacefdl
uses of atomic energy was considered both feasible and necessary. 1In
order to encourage this development and to facilitate the team work between
industry and government which Congress regarded as essential to- optimum
pfogress towards the goal of peacetime nuclear power, Congress undertook a
major revision of the law. The Atomic Energy Act of 1954 was enacted to
provide a legal framework within which government and industry could work
together effectively. That Act authorized the Atomic Energy Commission
(AEC) to license private industry to possess and use, but not to own,*
special nuclear material and to own, construct and operate reactors designed
to produce and utilize such material. At the same time, the Commission
retained its continuing responsibilities for the development and promotion
of the industrial and commercial uses of atomic energy.

Except for substituting the term "special nuclear material” for the
term "fissionable material*,** the Atomic Energy Act of 1954 made little

*In 1964, the Atomic Energy Act of 1954 was further amended to end the
requirement for exclgsive government ownership of special nuclear

material and to permit such material, suviect to licensing requirements,
to be privately owned. (Pub. L. 82.489, 78 Stat. 602)

**This change extended Commission control to materials essential to the
process of nuclear fusion. Prior to this change, the Commission was
only authorized to control materials essential to the process of nuclear
fission.
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substantive change in the definition of byproduct material contained in
the 1946 Act.* The Commission's prior authority to distribute byproduct
material was modified by the grant of additional authority to issue
byproduct material licenses. Section 81 of the 1954 Act authorized the
Commission to exempt certain classes of byproduct materials from licensing
requirements after first finding that:
" ..the exemption of such classes and guantities of material

or such kinds of uses or users will not constitute an

unreasonable risk to the common defense and security and

to the health and safety of the public.”

The Commission's authority to promylgate standards and rogulations
governing the possession and use of byproduct material was retained and
ownership of byproduct materials by private persons continued to be
permitted. The 1954 Act made no change in the Commission's regulatory
authority over source, byproduct and special nuclear (formerly fissionable)
materials.** '

On September 23, 1959, a new section was added to the Atomic Energy
Act of 1954 which provided for cooperation with the States (Public Law_
86-273, 42 U.S.C. 2021). Among other things, the Commission was
authorized to erter into agreements with the Governor of any State
providing for relinquishing to the State the regulatory authority of the
Commission with respect to byproduct and source materials and special
nuclear material in quantities not sufficient to form a critical mass.

On March 26, 1962, Kentucky became the first “Agreement State". Since
then, the Commission has entered into similar agreements with 24 additional
States. A list of the Agreement States follows:

*Section 11e of the Atomic Energy Act of 1954 defines "byproduct material®
as “...any radioactive materials (except special nuclear material)
yielded in or made radioactive by exposure to the radiation incident to
the process of producing or utilizing special nuclear material.”

*xSaction 161b of the Atomic Energy Act of 1954 authorizes the Commission to
"astablish by rule, regulation, or order, such standards and instructions to
govern the possession and use of special nuclear material, source material,
and byproduct material as the Commission may deem necessary or desirable to
promote the common derense and security or to protect health or to minimize
danger to life or property;..."



State

Became an Agreement State On

Kentucky March 2o, 1962
Mississippi July 1, 1962
California September 1, 1962
New York October 15, 1962
Texas March 1, 1963
Arkansas July 1, 1963
Florida July 1, 1964

North Carolina
Kansas

August 1, 1964
January 1, 1965

Oregon July 1, 1965
Tennessee September 1, 1965
New Hampshire May 16, 1966

Al bama October 1, 1966
Nebraska October 1, 1966
Washington December 31, 1966
itouisiana May 1, 1967
Arizona May 15, 1967
Colorado February 1, 1968
Idaho .October 1, 1968

North Dakota
South Carolina

~September 1, 1969

September 15, 1969

Georgia December 15, 1969
Maryland January 1, 1971
Nevada July 1, 1972

New Mexico May 1, 1974

The proﬁisions of the Atomic Energy Act of 1954 relating to byproduct
material remained unchanged until 1974 when Congress amended Section 81 to
make clear that persons licensed by Agreement States under Section 274 of
the Act stood on the same footing as AEC licensees with respect to the
distribution of byproduct material  (Public Law 93-377, B8 Stat. 475).

On January 19, 1975, in accordance with the Energy Reorganization Act
of 1974, the U.S. Nuclear Regu.itory Commission assumed the licensing and
related regulatory functions vested in the former U.S. Atomic Energy
Commission by the provisions of the Atomic Energy Act of 1954, as amended.
These functions included the authority to license and regulate among
other things (not NARM), the manufacture, production, transfer, possession,

‘use, import and export of byproduct material.

In sumnary, in 1946, Congress focused its concern on the overwhelming
peril of the atomic bomb and the problems related to control of material
associated with the fission process. (The use of accelerators to produce
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radioactive materials was relatively insignificant.) NARM

was excluded from the Atomic Energy Act and has remajned excluded.

In the succeeding three decades, a need to regulate NARM in various
activities has become recognized. Since the Atomic Energy Act excluded
these materials, authority for Federal regulation of these materials has
been included in various legislation affecting other Federal agencies.
Administration of these authorities has been assigned by Congress to
agencies responsible for such things as employee health and safety (OSHA),
discharges to streams and solid wastes (EPA), etc. _

The exclusion of NARM from the 1946 Act has profoundly influenced
the course of legislative action with respect to the Federal control of
NARM and has led to two systems for regulating radioactive materials in
the United States. The hazards from NARM are not uniquely different
from those from NRC regulated materials (except fissile material) and,
therefore, there is no health and safety basis for regulating these
groups of materials differently.
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CONCLUSIONS, RECOMMENDATIONS AND PUBLIC POLICY ISSUES

Conclusions

The NCRP identifies 5 categories of radiation exposure of the public:

N P W N -

Medical,

Industrial,

Production of Nuclear Power (Nuclear Fuel Cycle),
Consumer Produ:ts,

Natural Background.

A sixth category, often identified separately from ény of the others is
transportation. Current regulatory authorities and gaps for the control
of NARM in these categories can be summarized as follows:

(1)

(2)

Medical Sources (Brachytherapy, tumor localization,

organ scanning and imaging, in-vitro tests, markers, etc.) -
Some, but not all States regulate the users and the . '
manufacturers of medical NARM sources for purposes of
radiation protection. A voluntary, cooperative Federal/State

prqgrgm_js in effect for manufacturing and quality control =

standards. FDA has authority to regulate these sources
under the Medical Device Amendments of 1576 (Public Law
94-295, 90 Stat. 539-583), however, implementing regulations
with respect to specific devices have not yet been adopted.
There is no Federal program requiring pre-market approval of
NARM radioactive medical sources or requiring the sources

to conform with specified manufacturing and quality control
standards. Occupational hazards to employees from the use
of NARM medical sources are subject to OSHA regulations.

Industrial Sources (gauging, ionization sources, calibration
and check sources) - Some, but not all States regulate the
manufacturers and users of industrial NARM sources. Only

a voluntary, cooperative Federal/State program exists for
establishing nationally applicable manufacturing and
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quality control standards. Occupational hazards to
employees from the use of NARM industrial sources are
subject to OSHA regulations.

Fuel Cycle (Radium and daughters, primarily in association
with mining and milling of s.urce material ores) - The
Mining Enforcement and Safety Administration and the States
exercise control over mining of source materials. NARM
encountered in activities which are part of, or in support
of, the fuel cycle licensed by NRC and Agreement States
(primarily as the contaminant in mill tailings) must be
~ontrolled by the licensee. However, NRC does not exercise
any control over the NARM as licensed material. Hence,
after termination of an NRC license, NRC control over NARM

‘ends. Agreement States do exercise direct control in such

cases but their regulation and.control of the NARM in inactive
tailings piles after termination of an NRC license varies.
Under the Solid Waste Act and Tox.c Substances Act, EPA will

‘be required to develop regulations to control these materials.

Consumer Products {radioactive luminous timepieces, radon

in drinking water and natural gas, ionization smoke detectors,
agricultural gypsums, aggregates, building blocks, and
wallboard manufactured from phosphates, etc.) - No Federal
authority has been exercised to estabiish limits for
permissible NARM radioactivity in manufactured consumer
products or to impose standards and conditions for their
manufacture and distribution. The Consumer Products Safety
Commission has declined to proceed with regulations pertaining
to radioactive materials in consumer products, although it
may take action on a case-by-case basis. Many, but not all
States, license and regulate some manufacturers and
distributors of products into which NARM is deliberately
introduced or incorporated. States have not uniformly
requlated the manufacture of products which may be contaminated
by HARM, e.g. phosphate industry byproducts. There is no
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existing Federal program for requiring pre-marketing
approval for importation of consumer products containing

or contaminated with NARM. EPA has established
radioactivity standards for drinking waters. The new

Toxic Substances Control Act provides the EPA with authority
to control manufacture, use, and disposal of toxic
substances which may provide effective control over certain
consumer products once regulations are developed. EPA is
asking Congress for broader authority to regulate in this
category.

(5) Background NARM (high terrestial radiaticn, radon in caves) -
Limited authorities exist in Federal agencies to exercise
controls over this source.

(6) Transportation - Adequate Federal authority exists through
DOT and USPS. Intra-State transportation {excluding air
transport and military) is subject to State regulation. NARM
is a small part of the radicactive materials transportation
picture. - Incidents-resulting from the transportation of ail’
radioactive materials are not a significant probiem.

Radium users alone constitute 18% of all radioactive material users
subject to licensing. Health and safety control of these users has been
a serious, continuing problem to State regulatory agencies.

Radium sources are frequently found to leak. Most radium sources
have not been subjected to a regulatory evaluation equivalent to NRC
practices for assessing source integrity design. '

Radium and daughters in the tailings of uranium mills constitute 2
continuing regulatory problem especially since NRC control ends with
termination of the NRC license. EPA intends to develop regulations in
this area.

The use of accelerator-produced radiocisotopes has grown rapidiy.

There is no regulatory assurance that all NARM sources, devices and
consumer products currently in use, or being distributed today, meet
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minimum manufacturing and quality control standards or Jimits for NARM
contamination. States actively engaged in regulating NARM have expressed
special concern over the tack of uniformly applied standards governing
the manufacture and distribution of NARM devices.

Whether or not radicactive material is subject to adequate regulatory
control seems to be not related to the hazards of the radiocactive material
but, whether or not it is material defined in the Atomic Energy Act, as
amended, and therefore subject to licensing and regulation by NRC. There
js existing regulatory authority to control NARM under the Consumer
Product Safety Act, the Toxic Substances Control Act, the Resource
Conservation and Recovery Act, and the Medical Device Amendments of 1976.
However, these authorities have not been exercised uniformly. The
situation is confusing, especially to persons who, as a result of handling
both NARM and NRC regulated materials find themselves subject to, and
required to know and ébmp]y with, many different sets of regulations.

One result of the fragmented and non-uniform regulation of NARM is
that it is difficult to develop information which can be definitive in
describing the extent and kinds of problems experienced in using NARM. -
However, the available information strongly indicates that workers and
the public are being exposed to unnecessary, and possibly excessive,
Jevels of radiation from NARM. In this regard, most of the regulatory
experience over NARM comes from the States. The concern of the States
has been that the potential problems from inadequate regulation of NARM
are sufficiently serious to have resulted in State requests to NRC to
fi11 the regulatory gaps.

Recommendations

There is no apparent justification for continuing the regulation of
radioactive material in this confusing and probably wasteful manner. State
regulatory efforts should be encouraged to develop in those States having
no programs. However, if no State program is put into effect, the Federal
government should act to assure that workers and the public in these States
are provided the same protection from unnecessary or excessive exposure from
NARM as is provided in other States. It is recommended that the existing




- 47 -

NRC-Agreement State regulatory pattern be expanded to fill the gaps in a
manner which would be consistent with Section 274 of the Atomic Energy Act,
as amended, (Cooperation with States). Such an approach has the
advantage of building upon existing pools of regulatory expertise and
experience, an efficient solution in terms of utilization of personnel
resources which also serves to simplify a presently confusing, fragmented
regulatory picture. The licensing approach used by NRC is an effective
regulatory tool and should be applied to manufacturers, distributors and
users of NARM sources and devices along the same lines currently applied
by NRC to byproduct, source and special nuclear materials.

However, when existing State NARM licensing efforts are found to be
adequate and compatible with existing Agreement material licensing practices,
provisions should be made in Section 274 of the Act to recognize those
State programs and NRC authority discontinued in those States. In these
cases, NRC review of Agreéﬁeht State pfdgfaﬁs‘current]y conducted with
respect to byproduct, source, and special nuclear materials should be
expanded to include NARM.

With respect to new or improved NRC actions, it is recommended that
the Commission seek legislative authority to:

A. License and regulate NARM as follows:*

1. 1In any activity that is part of, or in support of,
the nuclear fuel cycle regulated by NRC.

2. In any activity where: (a) NARM is manufactured
(e.g. production of accelerator radioisotopes, the
separation of radium and radium daughters, and radon
generators); {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.

*One possible mechanism to accomplish this would be to amend the defirnition
of "Byproduct Material” to include NARM.
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3. In any activity where NARM is introduced into products
jntended for distribution to persons exempt from
licensing.*

4. 1In any activity involving the management of NARM wastes
which result from licensed activities.

B. Extend authority under Section 274 of the Atomic Energy Act
to relinquish authority to reguiate NARM (except control of
the distribution of NARM to persons exempt from 1icensing)
to Agreement States and to other States having existing-
regulatory programs for NARM which are determined to be
adequate and to be compatible.

Adeguate provision should also be made to encourage proper disposition
of unwanted NARM -ources. Towards this end, the Federal radium disposal
project should be continued and expanded.

The results of the joint NRC-ERDA reexamination of excess sites may
dictate a need for Federal support if additional clean-up of these sites
is needed. Standards applicable to such sites may need to be developed.

A modest program to publicize the need for removirg previously
manufactured and distributed radium sources from the public domain is
recommended. An effort should also be mounted to review existing records
of past sales and transfers of radium to identify recipients of licensable
medical and industrial sources who may still possess the sources unknown
to regulatory authorities.

Public Policy Issues

1t is believed that public reaction to NRC taking the actions
recommended would be favorable since the groposed actions would serve to
promote the public health and safety.

Conversion by many radium users to other isotopes, particulariy in
medicine, will probably occur, but this would be consistent with numerous
recommendations already issued by Federal, State and medical groups.

*T 7S intended that this include only activities where the introduction
of NARM is deliberate and has as a purpose the utilization of its
radioactive properties.
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The States look to the NRC as a lead agency in the regulation of
nuclear energy and radioactivity and have specifically requested NRC
to regulate NARM. The essential public policy question to be addressed
is the matter of how much Federal control is needed. Regulatory efforts
by Agreement States and certain other States have been adequate in those
areas where States have traditionally regulated and have exercised their
authority to act. There is no reason to discontinue State authority in
these areas.

M1 radioactive material used in the nuclear fuel cycle, or otherwise
utilized for its radicactive properties, in the United States, would be
subject to uniform regulatory control to protect the public health and
safety. '

In licensed activities which are part of, or in support of, the
nuclear fuel cycle, NARM would be subject to direct regulation by the
NRC as licensed material, including tailings from uranium mill sites.

This shovld enable improved regulatory management of mill-tailings and
minimize the adverse impact upon the environment and the public health
and safety from tailings from active and inactive mills.

A1l users of NARM, including manufacturers and distributors, would
be subject to the same requirements as NRC and Agreement State licensees.
This will have positive impact upon the health and safety in 1600 facilities
where NARM is used but where the NARM is not subject to licensing. About
1300 of these users are presently licensed by NRC for use of byproduct,
source, and special nuclear materials. In many of these cases, the
existing radiation safety procedures developed for the NRC licensed progrém
also cover the use of wARM. The impact of complying with additional
license requirements for NARM should be minimal for these users.

The remaining 300 users would be newly subject to license requirements
(and to fees). Based upon the experiences of many States, the initial '
contacts with these users will 1ikely disclose many significant hazardous
conditions. The impact of the NRC regulatory process upon these users
should be positive by causing corrections to be made since these users
will be subject to more stringent regulations requiring deve1opmeﬁt of
adequate, documented radiation safety programs for using NARM.
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The establishment and enforcement of Federal regulatory standards
for the design and fabrication of NARM sources should eventually lead
to a significant reduction in the numbers of sources which leak and
zan potentially contaminate persons and property.

A1l NARM deliberately incorporated into products to utilize, directly
cr indirectly, its radioactive properties and which is intended for
distribution to the public as exempt items, or imported into the U.S.,
would be subject to the same requirements as are currently applied by
NRC. A national pre-marketing approval would, in effect, be required
for the distribution of consumer products into which NARM has been
deliberately introduced. None is required now.

The extension of NRC control over management of NARM wastes resulting
from licensed activities should clarify Federal responsibilities over
radioactive wastes by providing a uniform regulatory program for all
radicactive wastes generated as a result of licensed activities.

Overall, the impact upon States would be positive. State programs
for licensing for NARM would be recognized by the Federal government and
Federal authority relinquished. In other States, development of
regulatory programs for NARM would be encouraged. State cooperation and
participation in development of standards and regulations for NARM would
be enhanced. The regulation of abandoned uranium mill tailings by NRC
in non-Agreement States will be a positive impact. A slight negative
impact will be felt by those States having certain contracts with OSHA in
that funding for coverage of NARM users would probably be lost.

NRC's responsibilities in certain areas, e.g. mill tailings management
will be clarified. The cost impact upon NRC is difficult to estimate
because the number and mix of radium licensees cannot be accurately
determined. New annual costs are estimated to be between $150,000 to
$300,000. This estimate primarily reflects the costs of administering
Jicensing and compliance programs for new (i.e. NARM only) licenses.
Professional staff requirements would increase by at least 4 person-years.
However, additional one-time costs will probably be incurred as the result of
non-routine tasks such as the need to develop new standards applicable to
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nexempt" devices containing NARM, evaluation of sealed sources and devices
using NARM, initial licensing and compliance actions, and initial
assessments of State NARM regulatory programs.

The recommendations do not cover activities where NARM, or more
particularly, naturally occurring radioactive material, is encountered
in-situ, is incidentally present in mineral industry activities outside
of the fuel cycle, or is an incidental contaminant in consumer products
{i.e., has not been deliberately introduced or reconcentrated in a product
for the purpose of utilizing its radioactive properties). NRC involvement
in these areas was not specifically requested by the States.

The recommendations for NRC action will be consistent with NRC's
recognized role as a lead Federal agency in the control of hazards from

radioactive materials.
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Table 1

Primordial Radionuclides

Nuclide Half-1life Primary Mcde of
(Years) Decay

a0, 1.3 x 10° Beta

50V 6 X 10]6 Electron Capture

875, 4.7 x 1010 Beta

15, 6 x 103 Beta

138, 1.1 x 10" Beta

1z, 5 X 10'° Alpha

148, 5 X 10'° Alpha

g, 1.06 X 10"} Alpha

18 1.2 X 1% Alpha

19, . 1 x10° Alpha

152, 1.1 X 1o:: Alpha

o
Lu )

187, 7 x 10'0 Beta

190, 7 x 10" Alpha

192,, 1 % 10'° Alpha

208,, 1.4 x 10" Alpha

235

U decay series - -

2380 decay series - -

23zTh decay series - -



Nuclide

()

7Be

]OBe

14C

22y,

325

32,

33P

35¢

35C1

33¢4
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Table 2

Major Cosmic Ray-Induced Radionuclides

Half-Life
12.26 yrs
53 days
2.7 x 106 yrs
5760 yrs
2.58 yrs
- 280 yrs
14.3 days
25 days
86.7 days
5

3 x 107 yrs

.55 min

Primary Mode of Decay

Beta
Electron Capture

‘Beta

Beta
Beta
Beta
Beta
Beta
Beta
Beta

Beta
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Table 3

Civilian Uses of Radium
{Including Radon and RaDEF)

Item Typical Activity

Medical Sources

Needles, Capsules & Tubes

Plaques

Nasopharangeal Applicatirs
Radium DEF Eye Applicaiors
Radon Seeds

Industrial Sources

Level, Thickness and Dens1ty Gauges
Gamma Well Logging )
Ra-Be Neutron Well Logging
Soil Moisture and Density Gauges
Radiography
Ionization Sources, Static
Eliminators (Ra)
Calibration, Check & CompensatIng
Sources
Gamma & Neutron Sources for Research
Gas Chromatograph Sources and
Dew Point Meter Sources

Consumer Items

Setf-luminous Products {excluding
Diver's Watches and Depth Gauges)

Smoke Detectors

Electron Tubes

Educational Sources (Cloud Chambers,
Spinthariscopes)

0.1 to 100 mCi
5 to 25 mCi

50 mCi

No data

0.1 to 5mCi

0.1 to 10mCi
10 to .50 mCi
300 to 600 mCi
3 to 5 mCi

up to 150 mCi

3 uCi to 3 mCi

1 pCi to 1 Ci
1 pCi to 1 Ci
6.25 to 100 uCi
22.5 to 100 uCi

0.01 to 5 uCi
0.05 to 40 uCi
0.001 to 6 uCi

1 pCi to 50 :Ci
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Table 4

Military Uses of Radium

Typical Activity

Item uCi
Alidades, Pelorus 15
Calibration sources 1073 to 103
Circuit Breakers 60
Compass, Rose 1000
Compass, Divers, Wrist 15
Compass, Unmounted 15
Compass, Lensatic : 15
Direction Finder : : 15
Distress Markers No data
Electron Tubes, Glow Lamps, Spark Gap Tubes 10'3 to 6
Fuse Sctter No data
Generator Gauges o o - 2.5
Indicator, Fuel Gage No data
Indicator, Battery 0.5
Indicator, Air speed 1 to 15
Indicator, Tachometer, Speedometer : 1 to 15
Indicator, Manifold Pressure "~ .009
Indicator, il Pressure 1to 15
Indicator, Water Pressure 9.8
Indicator, Suction 1 to 15
Indicator, Altimeter 1 to 15
Indicator, Temperature 15
Indicator, Turn and Bank 15
Indicator, Azimuth 3.7
Indicator, Vertical 0.002
Indicator, Rate of Climb 0 .027
Indicator, Directional Gyro 0.026
Instrument Dials, Voltmeter 0.08

Instrument Dials, Ammeter _ 0.35



- 56 -

Table 4 (Cont'd)

Typical Activity

Item uCi
Instrument Dials, Galvanometer ]
Instrument Dials, Audic Level 0.7
Luminous Markers 7
Oxygen Pressure Reducer No data
Phone Jack Boxes No data
Switches, Push 3utton 0.37
Switches, Toggle 0.37
Switches, Barrel 0.37
Switches, Rotary 0.37
Tensiometers No data
Timepieces, Wrist Watches 15
Timepieces, Marine Clock , : - 10
Timepieces, Chronometer 15
Timepieces, Interval Timer 6

Transit 15



- 57 -
Table 5

Selected Accelerator-Produced Radionuclides
{including some examples of uses)

Primary

Nuclide Half-Life Mode of Decay Uses

]]C 20.4 minutes Positron Lung Uptake'& Metabolism,
Prostrate tumor localization,
Pancreas visualization

]3N 10.0 minutes Positron Pancreatic scanning,
Brain scanning

15 123 seconds Positron Brain scanning, left-right
shunt detection

]8F 109 minutes - Positron Uptake in normal and o

- abnormal bone, brain function

scan, cancer chemotherapy

22Na 2.62 years Positron Extra-cellular water

2BMg 21.2 hours Beta . . : Parent of ?BA}

ZBAI 2.31 minutes Beta |

33P 24.4 days Beta Palliative treatment for
osseous neoplasms

37Ar 35.1 days Electron Capture Total Body calcium determination

43¢ 22.4 hours Beta Myocardial imaging

495c 57.5 minutes Beta

52Mn 5.60 days Electron Capture

52my, 21.1 minutes Positron

52Fe 8.2 hours Positron Parent of 52mMn

56Co 77.3 days Electron Capture Tumor localization

57CQ 270 days Electron Vitamin B-12, tumor imaging

Capture calibration sources,

anatomical (scanning)makers,
Mossbailier studies, X-ray fluores-
ence lead analyzers, simulated
tumors in phantoms.



Nuclide Half-Life
5860 71.3 days
62, 9.76 minutes
67Cu 58.5 hours
62Zn 9.13 hours
566a 9.45 hours
67Ga 77.9 hours
68, 68.3 minutes
68Ge 275 days
T3pg 80.3 days
74As 17.9 days
73Se 7.1 hours
gy 57 hours
77Kr 1.19 hours
8.““l(r' 13 seconds

. 8]Rb 4.7 hours
82pp 1.25 minutes
84Rb 33 days
825y 25 days
87ms,  2.83 hours
87Y 80 hours

- 58 -

Table 5 (Cont'd)

Primary
Mode of Decay

Electron Capture
Positron

Beta

Electron Capture
Positron

Electron Capture

Positron

Electron Capture
Electron Capture

Electron Capture

Positron

Electron Capture
Positron

Isomeric Transition
Electron Capture
Positron

Electron Capture
Electron Capture

Isomeric Transition

Electron Capture

Uses

Intestinal absorption studies
Radiopharmaceuticals

Studies of Wilson's Disease

62

Parent of “"Cu

~ Lung scan, Bowel scan, Parotid

gland uptake (Sjoaren's syndrome)

Brain scan, Positron emission
tomography for cerebral hemo-

dynamics

Parent of 586a

Brain Tumor localization

Brain Scan, Positron tomography
Lung ventilation studies, imaging
Myocardial imaging

Imaging

Radiopharmaceuticals

Parent of 82Rb

Bone scanning, Index of bone
growth

Parent of 87er



Nuclide

97mTc
]17In

123,
124,
125,

126y
12740

129

131cs

]45Pm*
157Dy
190m0s

190,
190m1 ;..
190m2y,.
193mPt
195,
195my,

Half-Life
91 days
2.81 days

13.3 hours

4.15 days
60.2 days

12.8 days
36.4 days

32.1 hours
9.70 days
5.98 hours
8.1 hours
9.9 minutes
11 days

1.2 hours
3.2 hours
11.9 days
183 days

30.6 seconds
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Table 5 (Cont'd)

Primary
Mode of Decay

Isomeric

Electron

Electron

Electron

Eiectron

Electron

Electron

Positron
Electron
Beta

Electron
Isomeric
Electron
Isomeric
Electron
Isomeric
Electron

Isomeric

*Al1so produced as a fission product.

Transition

Capture

Capture

Capture

Capture

Capture

Capture

Capture

Capture
Transition
Capture
Transition
Capture
Transition
Capture

Transition

Uses

Cisternography, Tomography,
Tagged Platelets & Lymphocytes

Thyroid studies, Imaging,

Labelled fibrinogen for in-vivo
jdentification of thrombophlebitis

Bone mineral analysis, Inter-
stitial treatment of cancer,
Uptake studies

Cardiac studies, Bloodflow studies,
Pulmonary function studies

Myocardial imaging
Thyroid scanning
Bone mineralization studies

Bone tumor localization

Parent of 190m05

Tumor Scanning
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Table 5 {(Cont'd)

Primary
Nuclide Half-Life Mode of Decay - Uses
}97Hg 65 hours Electron Capture  Brain and kidney scanning
1994 7.4 hours Electron Capture Cardiac scanning
20171 74 hours Electron Capture Cardiac scanning
203Pb 52.1 hours Electron Capture Detection of malignant melonoma
20481 11.2 hours Electron Capture Soft tissue scanning
206g; 6.24 days Electron Capture Soft tissue scanning
207

Bi 30.2 years Electron Capture
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Table 6

Reported Radium Incidents in United States 1966-1969

Type of Incident Number Average Rate Per Year
Loss. ) 63 15.8
Theft 6 1.5
Contamination 19 4.8
Overexposure 4 | 1.0
Other : 23 5.8

Total S 115 28.0

Table 7

NARM Incidents in Agreement States, 1974-1975

Number Average Rate Per Year
) Accelerator Accelerator Year Total
Type of Incident Radium Isotopes Radium Isotopes NARM
Loss 15 13 9.5 1.5 11.0
Theft,
Unauthorized
Disposal 1 0 0.5 0 0.5
Contamination 2 3 1 1.5 2.5
Overexposure 2 0 1 0 1.0
Other 2 1 1 0.5 1.5
Total 26 17 13 3.5 16.5



Table 8

Non-Agreement States

Enabling Comprehensfxe Presently Number obeARM Responded to NARM Task Force
State or Territory Legislation Requlations Licensing NARM® Uses Request for Information
Alaska No Program No
Connecticut 28 No
Delaware Yes No No 17 Yes
District of Columbia , ' 20 . No
Hawaii 3 - No
INinois Yes Yes Yes 121 Yes
Indiana 72 No
Iowa No No No 20 Yes
Maine " Yes No . No 19 Yes
Massachusetts No - No No 166 Yes
Michigan Yes Yes No : 135 Yes .
Minnesota 33 No o
Missouri : ' : 24 No N
Montana : 27 No X
New Jersey Yes Yes Yes . 150 Yes
Ohio No No ‘ No 196 _ Yes
Oklahoma Yes No No 50 Yes
Pennsylvania Yes 4 Yes Yes 300 Yes
Rhode Island 48 No
South Dakota _ Yes No No 24 Yes
Utah No Program No
Vermont ) ’ 7 No
Virginia Yes Yes Yes 50 Yes
West Virginia ~ ' 50 No
Wisconsin ' 84 No
Wyoming No No No 22 Yes

Puerto Rico ' , 5 Ne

Notes: Z?Information recorded only for those States responding to NARM Task Force Inquiry,

bFor States not responding to NARM Task Force Inquiry, data was obtained from Report of State and Local
Radiological Health Programs, Fiscal Year 1975, DHEW Publication (FDA) 76-8005.
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Washington, D. C. 20545
Deor VWayne:

At the Anpual hecting of the Agreement States, October 8-11, 1974,
the State caucus held on October 9, made the following requests and
recomnendi-iions oi the h.E.C.

1. The States apprcciate the Agreement and Export Branch's expressed
jnterest in providing additional training for state regulatory
personnel. The Statcs request that the Agreement and Export
Branch continue close coordination with the Government Liason
Division in establishing priorities for training programs in '
order that the priorities established by the National Cornference
of Radiation Contriol Program Directors reccive due consideration.

The Toxos Radiation Control Branch is currently developing an 0il
wWell Logging Course in cooperation with the Region VI training
comnitcec. The States request that the A.E.C. consider funding
state attondees to that course and possibly others that may be
developed te mect specific regulatory ncecés. '

2. The States rcguest that the A.E.C. reevaluate Generally Licensed
pPevice:s used in measuring levels, density and thickness with the
jntent to deterwine if the devices currently being distributed
continue to mect radiation safety criteria which allow them to be
eliqible for ¢general licensed distribution. The evaluation should
“include a determination that the devices continue to meet esscential
paiely criteria throughout their useful life.
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The States will provide the A.E.C. a Xist of observed circumstances
which jindicate that the rcquested cvaluation may show that these
devices may not be ecligible for continued distribution for
generally . licenzed use. The list will be sent to you by Aubrey
Godwin, .1975 Chairman, in 60 days.

The States request that the A.E.C. consider changing 10 CFR 0.204
to allow land burial of small quantities of radioactive material by
specific request only. (Similar to the current rule for specific
approval of incineration.)

The States request the A.E.C. to investigate the possibility of
providing the States with uniform soil contamination limits.

The Statlcs request that the A.E.C. provide descriptive Sealed
Source and Device sheets for devices distributed under the terms
of General Nicensing. The States will provide similar sheets for
devices distrituted undeor their licensure.

7he States request that the A.E.C. consider reestablishing
notifications of shipments of large quantities of radiocactive
materials and uantities of S.N.M. sufficient to form a critical
mass thru state jurisdictions.

The States reccmmend strongly that the A.E.C., or it's successor
agency, move immediately to bring accelerator produced ang
naturally occurring radioactive material under it's jurisdiction.

The States also suygested that the A.E.C. should examine the possible

impact of the Act creating a new agency upon agreements now in effect
with the U. S. A.E.C.

"he States expressed apprcciation for the positive action of Mr.
rown of the Governmcnt Liason Division in committing funds to permit

teraction of the States in emergency response planning.

' enclosing a copy of Dr. Paul Numerof's "shotgun® letter to stato

Tam personnel. The States feel that the establishment of an
izat%on such as this may tend to dilute the proper routes for
cation of incidents and accidents.
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I want to express our apprcciation to you and Don Nussbaumer in
‘particular and the rest of the A.E.C. staff in general for a
productive mceting with a minimum of controversy. We recognize
that your problems and ours are many and varied and we locok forward
to working with you as we attempt to improve radiation safety
practices in mutual arcas of concern.

Youxs truly.

Aﬁ;i;;éa7{<’ znéZ~,/

David K. Lacker
Chairman, Agrecment States
1974 Mecting

Encl.
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May 20, 1975

Richard T. Kennedy o
U. S. Muclear Regulatory Commission
Washington, B. C. 20555

Dzar Commissicner Kennedy:

On behalf of the Conference of Radiation Co:ntrol Progrxm Directors,
I want to thank you for giving members of our Executive Committee the
opportunity to mecet with you and discuss the activities of our Conference.
I feel that the mecting was very fruitful in that we were able to leamn
of somc of your concepts relating to state activities, and we hope we
were able to provide you information as to the Conference's relationship
with the Nuclear Regulatory Commission.-

As indicated during our visit, the Cenference of Radiation Conrrol
Progran Directors rcpresents the radiation:control programs of cach of ,
the fifty states, the District of Columbia, certain metropolitan agencies,
the Virgin islands, and Puerto Rico. The Conference, therefore, not only:
represents those states which have signed agreements with the Nuclear
Regulatory Commission but all radiation control programs. On the attsched
document I have listed the objectives of this Conference and the task
forces which have been active during the past year. In addition to these
task forces, the Conference also performs its work through workzhop activities
at its annual meeting. Also attached is a listing of these specif{ic work-
shops which were conducted at our last annual meeting. Proceedings of this
snnual mecting will be published, and we will provide you with a copy when
the proccedings arc available.

I would like to list some of the points ‘which were discussed with
you during our meeting.

1. The Agreement States have expressed concern regarding the
organizational location of the Agreements and Exports Branch within the
ANRC. Prior to the rcorganization of thc AEC in May of 1972, “the Aercement
States commmicated with the Division of State and Licensee Relations.
Orpanizationasily, this Division was onlv two levels below the Comaission.
It was feclt by the Agreement States that this Division was able to cxpress
the concerns of the Agrcement States to the Conmission. It was also felt
that the Division of State and Licensee Relations was involved in policy
development for the Conmission. Currently, the Agreement States cortunicate
with the Agreements and Exports Branch within the Divisicn of Miterials and
Fuel Cycle Facility Licensing. Scveral states have expressed cencern that
after the rcorganization of May 3, 1972, of the AEC and the last rcorganiza-
tion of January 19, 1975, the commmnication point with the NPQ is at such a



CONFLRENCE Or RApiATION CONTROL PrROGRAM DIRECTORS

Richard T. Keancdy
Page 2
May 20, 1975

level in the organization that thesc concerns may not recach top manygemcnt.

2. 1In light of the concern as expressed in item no. 1 above, another
point Jdiscussced during our meoting was the consideration of thc cstablishuent
of an advisory group to the Cormission rcpresenting the statcs. Such an
advisory group could not only express the concerns and intcrests of the
Agrcoment Statces but, additienally, could infor the Comnission of other
state activitics and conceins in matters dealing waith envirormental roni -
toring of nuclear facilitics, ewmergency rcsponse plannirg and capabilities,
and other topics of state concert. 1f such a group would be apprepriate,
the kxccutive Comittee of the Conference could scrve in this capacity.

. Another suggestion” for consideration regarding improved cer—~mnica-
tions from states to the \RC would be the cstablishecnt of a regional position
in cach of the MC regional offices wherehy dircct communicaticn with siales
and the repional office could occur. both the FD\ and the LPA have such
positions and have found these regional contacts with states to be very
productive.

4. There is concern on the part of several states regarding the reed
for Federal control of radioactive matcrial not being regulated by Agreement
States or the M. Most Jfgreenent States have included naturally occurring
and accelerator produccd radicactive material under the same regulatory control
as materials coming under the Atomic Fnergy Aot when these agrcements were
sipned.  However, since there arc 25 non-Agrecment States, there is a definite
gap existing in the proper control of these nou-Agycement gaterials. - There-
forc, we strongly.urge the \RC to consider taking apprepriate actions to place
this type waterial under the same control as is now applicd to materials
falling under the Atomic Lnergy sct.

Again, lct me thank you for giving us the opportunity to meet with vou.

We hopc this is onc of scveral opportunities that we will have to pericdically
meet with the Couinission.

Yours very truly,

Tt 4

Charles M. Hardin
Past-Chaiman

Ctl:co

staclinents
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April 14, 1978 SECY-78-211

COMMISSICNER ACTION

For: The Commissioners

From: Lee V. Gossick
Executive Director for Operations

Subject: FINAL RECOMMEMDATIONS OF THE TASK FORCE ON REGULATION
OF NATURALLY OCCURPRING AND ACCELERATCR-FRODUCED
RADIOACTIVE MATERIALS (NARM)

Purpose: To inform the Commission of the Public Ccmmients cn
NUREG-0301 and the Task Force' - recommendations to the
Commission for seeking Tegislative authority %o
regulate NARM and to request approval to draft such

legislation.
Cateqorv: This paper covers 2 major policy matter.
Issue: whether NRC should regulate naturally occurring

and accelerator-produced radfoactive materials.
Discussion: BACKGROUND

NRC was requested by the Agreement States and by the
Conference of Radiation Control Program Directors to
look into the matter of regulating naturaliv
occurring and accelerator-produced radioactive
materials. On March 4, 197§, the Commissicn
approved formation of an internal task force %o
review this matter (SECY-76-28).

The task force includes representatives from sP,

ELD, IE and SD. The Chairman is Donald A. Mussbaumar
of NMSS. Technical coordination {s being provided
by Joel 0. Lubenau, sp. In addition, the Conference,
the Agreement States, FDA's Bureau of Radielogical
Health, and EPA provided resource persons to the task

force.
e
Contacts: i?
pDonald A. Nussbaumer, NMSS Y & ’
427-4130 2 Yuﬂ
and \»Q

el 0. Lubenau, SP
7767
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Discussion:

{continued)

An Information Report (SECY-77-155) was sent to the
Commissioners following preparation of a draft task
force report. In June, 1977, the Commission approved
publication of the task force report for public comment
(SECY-77=155A). The report was published in July, 1977
(NUREG-0301) and a Federal Register notice was published
and a news release was issued announcing its availability
and inviting public ccrment for a sixty-day period
(Appendix A). The report was given wide distribution.
Copies were sent to the following addressees with a
request for comments:

56-State and Territorial Health Officers (Appendix B);

55-«State and local Radiation Control Program
Directors (Appendix C);

22-Federal Agencies identified in the report as
having an interest, or potential interest, in
regulating these materials, ( Appendix D); and

72=presidents of firms which are manufacturers and
distributors of products containing NARM (Appendix E).

Copies were also sent to the Southern and Western
Interstate Nuclear Boards and to the National Council

on Radiation Protection and Measurements under a cover
letter requesting comment. Copies of the news release
and Federal Register notice were sent to professional
societies. 1n all, over 200 persons representing Govern-
ment, industry and professional groups were individuall
contacted.

The task force found that naturally occurring and
accelerator-produced radioactive materials (NARM) are
widely used -= excluding those who would be exempt from
licensing, about 30% of all users of radioactive materials
use NARM. There are an estimated 6,000 users of NARM at
present. The use of accelerator=produced radioisotopes,
particularly in medicine, is growing rapidly. One NARM
isotope, radium-226, is one of the most hazardous of
radioactive materials. It is used by about 20% of

all radioactive material users. About 85,000 medical
treatments using radium occur each year.

The task force also found that the regulation of NARM
is fragmented, non-uniform and incomplete at both Federal
and State levels.
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Discussion: As a result of its findings, the task force recommended
(continued) the following:

"With respect to new or improved NRC actions, it is
recommended that the Commission seek legislative authority
to:

"A. License and regulate NARM as follows:

"1. In any activity that is part of, or in
support of, the nuclear fuel cycle regulated
by NRC.

"2, 1In any activity where: (a) NARM is manufactured
(e.g., production of accelerator radioisotopes,
the separation of radium and radium daughters,
and radon generators); (b) NARM is incorporated
into sources or devices* subject to licensing;
or (c) NARM is used in the same manner as radio-
active materials** subject to NRC regulation.

*3, In any activity where NARM is introduced into
products intended for distribution to persons
exempt from licensing. (It is intended that
this include only activities where the intro-
duction of NARM is deliberate and has as a
purpose the utilization of its radioactive
properties.)

"4. In any activity involving the management of
NARM wastes which result from licensed activities.

»g. Extend authority under Section 274 of the Atomic
Energy Act to relinquish authority to regulate NARM
(except control of the distribution of NARM to persons
exempt from licensing) to Agreement States and to
other States having existing regulatory programs for
NARM which are determined to be adequate and to be
compatible.”

* @,g., sealed sources such as gauging devices, radiography sources, oil
well logging sources and devices, etc.

** Radioactive materials used in normal form or loose form as, for example,
in medical diagnosis.
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Discussion: SUMMARY OF PUBLIC COMMENTS
{continued)

The comment period expired September 19, 1977. Twenty-
five (25) comments were received. A detailed analysis

of the comments is presented in Appendix F. Twenty-one (21)
respondents expressed varying degrees of support for

the task force recommendation. These included all of the 6
States and 5 of the 7 Federal Agencies who commented. Two
respondents provided comments but took no position on the
recommendation. One response received from industry
(Westinghouse) and one received from a Federal Agency

(EPA) opposed the recommendation. EPA commented that it
has adequate existing authority to regulate NARM.

FDA's Bureau of Radiological Health supported the reccm-
mendation in principle but suggested deferring action
until a voluntary FDA-State effort to control NARM

has been implemented and its effectiveness has been
evaluated.

No responses were received from the 15 other Federal
Agencies contacted including the Occupational Health
and Safety Administration or the Consumer Product
Safety Commission.

Comments which gqualified the support of the recommenda-
tion were received from 13 of the 21 who supported it.
The most frequent. of these expressed concern over the
need for adequate numbers of NRC staff to handle the
regulation of NARM. Three (3) comments were received
which stated the data in the report does not support
the recommendation. (Two of these were from commentors
opposing the recommendation [Westinghouse and EPA] and
the third from FDA.) (The problem here is a paucity of
data due to fragmentary regulation among Federal and
state agencies.) Two Federal Agencies (MESA and CDC-NIOSH)
felt clarification was needed on the regulatory role of
NRC with respect to mines.

Two of the comments supporting the recommendation were
received from NCRP and NBS. NCRP supported efforts to
obtain authority for NRC to regulate accelerator-
produced radioactive material but reserved an endorse-
ment of the recommendation as applied to naturally
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Discussion:

{continued)

occurring radioactive materials until there

was further clarification of the roles of NCRP, EPA,

NRC and other interested parties. NBS fully supported

the recommendation of the task force and noted the pro-
posed authority was exactly the same as NBS propo~ed

when it commented to OMB on EPA's proposed bill to regulate
naturally occurring radioactive materials, in early 1977.

The Department of Energy supports the recommendation.

The staff took note of State comments on an NRC

task force study concerning the Agreement States

Program. A draft report was published in August,

1977 as NUREG-0299 (SECY-77-437). One conclusion

of that draft report was that only one other NRC

study (on low=level radwaste management [SECY-~77-489])
might impact upon Agreement States. In their comments

on the draft report, Kentucky and Colorado sharply
disagreed and fdentified the NARM study as another which
would impact upon States. As a result of these comments,
the Final Task Force Report on the Agreement Statles Program
(NUREG=0388, SECY-77-621) included an endorsement

of the recommendation of the NARM task force that NRC
seek authority to regulate these materials.

The NARM task force noted that the NARM study inter- _
faces, in part, with the uranium milling GEIS, particularly
control of mill tailings. The Commission has approved a
staff proposal to draft proposed legislation to give NRC
authority to regulate naturally occurring radioactive
materfals associated with mill tailings in non-Agreement
States (SECY=77-303A). Such legislation, in principle,
would be consisient with the NARM task force recommenda-
tion as it affected mill tailings.

STAFF_CONSIDERATION_ OF THE TASK FORCE RECOMMENDATION

In considering the task force recommendation, the

staff analyzed the findings in NUREG-0301, the public
comments, and other information contained in Appendix G.
The staff evaluation of the recommendation and other
options available to the Commission is presented in
Appendix H. The staff's conclusions, based upon this
evaluation, are summarized as follows:
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Discussion:

-= Full implementation of Federal controls
is needed to fill1 significant regulatory gaps
fn the control of NARM and protect the public
health and safety.

-« Legislative clarification of Federal regulatory
responsibilities with respect to NARM is necessary.

<= The need for some NRC authority over NARM (in mill
tailings) has already been established and
recognized by the Commission.

-« - Federal control of NARM can most easily be
accomplished by folding such materials into the
existing NRC regulatory programs for byproduct,
source and special nuclear materials, including
the Agreement State program.

== In 1ight of comments received, assertion by NRC
of regulation of NARM, would not be objected to
by other Federal Agencias, with the likely excep-
tion of EPA. (See Appendix F, Analysis of Public
Comments on NUREG 0301.)

== The fmpact upon NRC to implement the recommendation
of NUREG=0301 will be relatively modest: An addi-
tional 7 person-years of professional effort will
be needed to handle the additional routine workload.
The dollar cost would be about $500,000 (Appendix I).

It should be noted that the Senate Committee on Govern-
mental Affairs recently completed a study on Federal
Regulation and published a report in December, 1977.
With respect to radiation matters, the report stated
that "Radiation safety is marked by too many agencies
administering too many laws, adopted in a piecemeal
approach.” The report quotes 1iberally from the NARM
Task Force report in discussing NARM. The report recom-
mends that EPA be given authority to take over as lead
agency in radiation protection matters. The NRC staff
was contacted by the Committee staff during preparation
of 1ts report concerning the general issue of NARM and,
specifically, the disposition by the Commission of the
NARM Task Force recommendation. The staff believes a
Commission position on this issue should be established
in the near future.
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Recommendations:

Coordination:

Enclosures:
See next page

The staff recommends that the Commission approve:

1. Preparation by the staff of a draft bill giving
NRC regulatory jurisdiction over NARM.

2. Transmittal of letters (substantially as shown
in Appendix K) to the appropriate Congressional
Committees informing them of the decision.

3. Transmittal of letters (substantially as shown in
Appendix J) to State and Territorial Health Officers,
Radiation Control Program Directors, Federal Agencies,
and manufacturers and distributors of NARM informing
them of decision.

The Office of the Executive Legal Director has no

legal objections to the contents of this paper or the
proposed letters. ELD notes and OPE concurs in the
following: Any legislation designed to reduce duplica-
tion and overlap in regulatory authority over NARM and
vest additional regulatory authority in NRC would

deprive EPA of some of its existing authority. Given the
jmpact which extension of NRC jurisdiction to include
NARM would have on the jurisdiction of other agencies,
consideration might be given by the Commission to a more
comprehensive reorgarization of existing radiation
protection authorities. Whether NRC efforts along these
1ines are confined to NARM or are more ambitious, some
controversy will likely result. To the extent the recom-
mendation would apply to uranium mill tailings, OPE does

not concur. OPE comments are responded to in Enclosure L.

The Offices of State Programs, Nuclear Material Safety
and Safeguards, Inspection and Enforcement, and
Standards Development concur in this paper. 0GC has no

comments.
Lee »é Gossick

Executive Director for Operations
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_Enclosures:
Appendix A
B

Federal Register notice, NUREG-0301
- D.A. Nussbaumer July 1977 1tr to State and
Territorial Health Officers Regarding
NUREG-0301

s G. W. Kerr July 1977 1tr to All Agreement and

non-Agreement States Regarding NUREG-0301

= D.A. Nussbaumer July 1877 1tr to Federal

Agencies Regarding NUREG-0301

- D.A. Nussbaumer July 1977 1tr to Presidents of
NARM Manufacturing and Distributing Firms

Analysis of Public Comments on NUREG-0301

- Information Considered by the Staff

Subsequent to NUREG-0301

- Evaluation of Options

= Estimation of NRC Resources Needed

= Letters to State and Territorial Health
of ficers, Radiation Control Program
Directors, Federal Agencies and NARM
Manufacturers and Distributors

Letters to Congressional Committees

OPE Comments and Response

Cur @M m o o
]

K
L

Commissioners' comments should be provided directly to the Office of the Secretary by
close of business Monday, May 1, 1978.

Commission Staff Office comments, if any, should be submitted to the Commissioners NLT
April 21, 1978, with an information copy to the Office of the Secretary. If the paper
is of such a nature that it requires additional time for analytical review and comment,
the Commissioners and the Secretariat should be apprised of when commer:.: may be expected.

This paper is tentatively scheduled for a briefing at an Open Meeting during the Week-
of April 24, 1978. Please refer to the appropriate Weekly Commission Schedule, when
published, for a specific date and time.

DISTRIBUTION
Commissioners

Commission Staff Offices
Exec Dir for Operations
Secretariat
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NATORAILY OCCURRING AND AL
I RATOR-PRODUCED RADIOACTIVE MA-
1ERIALS

Tank Forea Naport

A Nuelenr Repgtlatory Commlbdon
Pask Voree has completed o review of e
mattler of regulntion of naturally oceurs
ring and accclerntor-produeced radlone-
tive materlala, ‘T'hese nmterinls are not
presently regulnted by NRRC beeause they
do not come within the scope of e defl-
nitlons of nuclear materinls in the
Alonle Enerpy Act. The scope of the
atudy, as preseribed for the Task Foree,
was limited to review of Federnl and
State regulation of naturally occurring
and nccelerntor-produced radlonctive
mnaterials. Sources of jonizing radiation
involving radintion-producing cquip-
ment, such as X-ray machines, were not,
included in the study.

The conclusions and recommendations
of the Task Force nre as follows:

1. The regulation of naturally occur-
ring and accelerator-produced racioac-
tive moterial (NARM) s frogmented,
non-uniform and incomplete nt both the
Federal and State level. Yet, these radio-
active materinls are widely used—exclud-
ing those who would be excmpt from
Neensing, about 307 of all users of radin-
active materinls use NARM., There are an
estimated 6.000 users of NARM at pres-
ent. The use of accclerator-produced
radioisotopes, particularly in medicine, is
growing rapidly.

2. One NARM radiocisotope—""Ra—is
one of the most hazardous of racioactive
matlerinls. *"Ra s used by about 15 of all
radioactive material users. Also, there are
about 85.000 medical treatments using
*'Ra cach year.

3. All of the 25 Agreement States and
5 non-Agrecment States have lcensing
programs covering NARM uscrs. The
Agrecment States' programs for regulat-
ing NARM are comparable to their pro-
grams for reguinting byproduct, source
and speelal nuclear materials. under
acreemenls with NRC. But there are 7
Statez who excrcise no repulatory con-
trol over NARM users, and the remaining
States have control programs which are
variahle In scope. There nre no national,
uniformly applled programs to rezulate
the design. fabrication and quality of
sources and devices containing NARM
or consumer prodiucts contalning NARM
which nre distributed In  interstate
comnerrne,

4 Nuturally occurring radionctive ma-
terinl texeept snuree materiald assoclrted
with the nuclear {uecl eycle Is only par-
tinlly subject to NRC repulatlon, le.
when 1t §s associated with rourece or spe-
clat nuclear materinl betirg used uncder an
active NRC license.

5: Beeause of the fragmented and non-
uniform contyrols over radinm and other
NARM, information on the impact of the
use of NARM on public health and safety

is fragmentary. Thus, it is difficult to.
know, in an overall sense, whether proper |

protection is being provided to workers
and the public. A number of the incidents
involving NARM and other datn, hovw-
- ever, which have come to the attention
of public health authoritles give definite

NOTI( LS

Leltenllons of unneer ey ol posaibly
eseecdve mndintion ¢ mivare of workers
mud the publle,

RreomMMe-naATION

‘The Task Foree recemmendns that the
NI eek lepizintive authorlty Lo regainte
naturnlly  occurring and narcelerator-
procduced radionetive minterinls for the
reacon thnt these matevinla present s -
nificant rndintion exposnre potentind and
present controls fre fragmentary atd
non-uniform at both the State nnd Fed-
crnt level,

e Commizsion helleves thamt oppor-
Lunity for publlc comment should be af-
forded hefore the Commission reaches
any dectsion on the T'nsk Force recom-
mendations. All interested persons who
destre to submit written comments on the
report and 1t recommendations should
send themn by September 19, 1977, to the
Secrctary of the Comunission, U.S. Nu-
clear Regulntory Commission, Washing-
ton, D.C. 20555, Attentlon: Docketing and
Service Branch.

Capies of the complele report are avall-
able for inspection and copying at the
Coinmission's Public Document Room at
1717 ¥ Street NW., Washington, D.C.,
and at the Commission's local Public
Doctinent Rooms. Coples of the come-
ments received in response to this notice
will be placed in the Commission’s Publlc
Document Room in Washington, as re-
ceived. Single coples of the report may
he obtained without charge, to the extent
of supply, by writing to the Division of
Document Control, U.S. Nuclcar Regula-
tory Commission, Washington, D.C.
20555. Copies of the report NUREG-0301
will be avallable for sale at the Natlonal
Technleal Information Service, Spring-
fleld, Va. 22161,

Dated at Washington, D.C.. this Bth
day of July 1977,

For the Nuclear Regulatory Commis-
sion.

SamurL J. Crins.
Secrclary of the Commisyion.
{FR D0e.77-21030 Filed 7 20-TT:R: 15 am|
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D.A. Nussbaumer July 1977 1tr to State and
Territorial Health Officers Regarding NUREG-0301



Ira L. Myers, i1.0., State Health Sfficer
State Department of Fublic Health

“State *ffice Building

Fentgomery, AL 38104

Rrar M, Myars:

A U.S. M"uclear Pegulatory Commissicn {NRC) Task Forca has recently
cempleted a study on the regulation for health and safety of naturally
sccurring and accelerator-produced radicactive materials. Tuese
materials are not now regulated by MRC. PG was requested by the States
+o seek authority to rcgulate these materials.

The Task Force recormended URC sheuld seek such authority. The Commis-
sion, recognizing the necd for input from potentially affected persons
and organizations, including State Ansncies, as part of its deliberative
process is making the report available for public review and comment. A
Federal Register notice will he published concerning this action.

A copy of the Task Force report is enclosed. I am bringing it to vour
attentinn because the States' present reanulatory role with respect to
these materials could be affected §f the recormended action is undertaken.
A copy of this report has alsc beeri.sent to the head of the radiological
health program in yeur Agency.

Should you have any comments, please send them o the Sacretary of the
tormission, U.S. lieclear Reqgulatory Conmmission, Yashington, D.C. 20555,
Attention: Oocketing and Service firanch. Should you have any questions
on this matter that you would wish to discuss, please contact me or

Joel Lubenau, Nffice of State Programs.

Sincerely,

D. R. 'ussbaumer, 8ssistant Dircctor
for Material Safety and Licensing

Office of Ruclear Material Safety
and Safeguards
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G.W. Kerr July 1977 1tr to A1l Agreement and
Non-Agreement States Regarding NUREG-0301



R R UNITED S1R1LS
Fon T Y NUCLEAR REGULATOY_COMMISSION
z "\m\j) 2 WASHINGTON, C. C. 20555
LI AR A
A%
r,'l’,) R 5\0\.
*eaat JUL 15 1977

Ref: SA/JOL

A1l Agreement States and Non-Agreement States

NRC TASK FORCE ON THE REGULATION OF NATURALLY OCCURRING AND ACCELERATOR-
PRODUCED RADIOACTIVE MATERIALS

1 have attached a copy of an NRC Task Force report on the above subject.
We are also sending copies to each State Health Officer (or equivalent).

NRC was requested by the Agreement States in 1974 and by the Conference

of Radiation Control Program Directors in 1975 to bring naturally occurring
and accelerator-produced radicactive materials under its jurisdiction. In
response to these requests, NRC, in January 1976, established a task force
to review the matter of regulation of these materials. Resource persons
from the Agreement States, non-Agreement States, FDA Bureau of Radiological
Health and EPA, also participated.

The Task Force recommehded NRC should seek legislative authority to
regulate these materials.

Because of the recognized need to properly interface with other Federal
and State agencies on this matter, NRC is making the report available to
government agencies and to the public fo