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1 INTRODUCTION

Authorities that operate Publicly Owned Treatment Plants (POTWSs) have many
considerationsto addressin the monitoring and daily operation of the treatment plants. One of these
considerations is the potential for radioactive materials to become concentrated in the treatment
plant. Radioactive materials are typicaly not a major concern at POTWSs, however, they are a
component of the waste stream that is |ess understood.

There are more than 16,000 POTWSs in the United States. The Nuclear Regulatory
Commission (NRC) estimated that of the more than 24,000 regulated users of Atomic Energy Act
(AEA) radioactive materials, about 9,000 users have a potential to rel ease radioactive materialsto
the sewer (GAO, 1994). Naturally occurring radioactive material may also enter sewer systems.
Considering the many means for deposition and concentration of material in sewer systems,
radioactive materials may concentrate in the wastewater systems and in sewage sludge and ash.

In the United States there have been no identified cases in which radioactive materialsin
sewage systems have been athreat to the health and safety of POTW workers or the public. There
have been a small number of facilities where elevated levels of contamination have been detected.
Based upon past experience, there isthe potential for radioactive material to concentrate in sewage
sludge and ash, but such material is not likely to pose athreat to the health and safety of workers or
the public.

The Sewage Sludge Subcommittee of the Interagency Steering Committee on Radiation
Standards (ISCORS) is comprised of representatives from several federal agencies (see Section 4.4
for moreinformation about ISCORS). The subcommitteeisassisting NRC and the Environmental
Protection Agency (EPA) in developing this guidance for POTWSs and in performing a survey of
radioactive material in sewage sludge and ash. One purpose of this document is to inform POTW
authoritiesof thepossibility for radioactive material sto concentratein sewage sl udge and incinerator
ash. A second purposeisto help the POTW authorities determine what they may want to do about
any radioactive materials present in their sewage sludge or ash.



Recent Example of Radioactive Material Concentrating in Sewage Sludge

Thereare certain geographical areasof the U.S. whererelatively high radium concentrations
occur in ground water and a number of public drinking water supplies depend upon ground water
astheir source of water. Some of these supplies have radium levelsthat exceed the drinking water
standard for radioactive material. Intreating thedrinking water to remove the radium, awastewater
is created, which may contain much of the removed radium. When this wastewater is discharged
to the sanitary sewer, the radium can be reconcentrated in sewage sludge produced by the sewage
treatment plant. 1n some cases, the sludge is treated by composting and used as a soil conditioner
or organic fertilizer by farmersand the general public. Several States are aware of this problem and
are in the process of evaluating the radium levelsin these materials.

Elevated L evels of Radioactive M aterial

Theterm "elevated levels of radioactive material," as used throughout this document, refers
to measured or detected levels of radioactive material that would, in the opinion of the ISCORS
member agencies, alert the POTW that some appropriate actions may be warranted. The various
appropriate actions, which are described in this document, are suggested as best or prudent
management practices that could be taken to ensure that worker safety, and public health and
environmental protection have not been compromised. The presence of such "elevated levels' ina
particular sewage sludge or ash sample does not imply that a dangerous or hazardous condition
exists, but rather that the POTW may want to consider taking some appropriate action.

At the time this draft guidance was prepared, the "elevated levels' term had not been
qguantified. Theuse of thisterm, therefore, does not imply some quantified incremental exceedance
of an existing benchmark or standard. Determining whether thereis any concern for worker safety
or general public health at any measured level of radioactive materialsin aparticular sludge sample
is dependent upon a number of factors, and should be considered on a case by case basis.

Aseffortsby the | SCORS Sewage Sludge Subcommitteeto conduct asurvey and to perform
dose modeling are completed, the term "elevated levels' could be further refined to include
guantified ranges of radioactive material concentrationsin various types of sewage sludge and ash
products that correspond to suggested best management practices.

1.1 Reported Incidences of Radioactive Contamination

In their 1994 report, Nuclear Regulation: Action Needed to Control Radioactive
Contamination at Sewage Treatment Plants, the General Accounting Office (GAO) described nine
cases where contamination was found in sewage sludge or ash or the wastewater collection system,
which have resulted in considerable cleanup expenseto the POTW authority or specific industrial
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dischargers of the wastewater (see Table 1). There have also been afew additional casesidentified
that are still under evaluation.

TABLE 1. Sewage Treatment Plants Where Elevated L evels

of Radioactive M aterial Were Found

Y ear
L ocation Found Radionuclides Actions Taken
Tonawanda, New 1983 Americium-241 State spent over $2 million
Y ork cleaning up treatment plant.
No fina decision has been
made regarding radioactive
material found in the landfill.
Grand Island, New 1984 Americium-241 No plant cleanup was
Y ork Hydrogen-3 warranted.
Polonium-210
Oak Ridge, 1984 Cobalt-60 Soil around sewer line cleaned
Tennessee Cesium-134 up, and some specia sludge
Cesium-137 disposal occurred.
Manganese-54
Royersford, 1985 Manganese-54 No plant cleanup was
Pennsylvania Cobalt-58 warranted.
Cobalt-60
Strontium-89
Zinc-65 & others
Erwin, Tennessee 1986 Americium-241 Sludge digester cleaned up.
Plutonium-239
Thorium-232
Uranium
Washington, D.C. 1986 Carbon-14 No plant cleanup was
Hydrogen-3 warranted.
Phosphorous-32& 33
Sodium-22
Sulfur-35 & others
Portland, Oregon 1989 Thorium-232 Sewage lines cleaned up and
pretreatment system added.
Ann Arbor, 1991 Cobalt-60 No plant cleanup was
Michigan Manganese-54 warranted.
Silver-108m, 110m
Zinc-65
Cleveland, Ohio 1991 Cobalt-60 Treatment plant cleanup and

related activities have cost over
$1 million.

Source: GAO, 1994.

The U.S. Nuclear Regulatory Commission (NRC) conducted a limited survey in the mid-
1980sto determineif radioactive material discharged to sewage systemswas concentrated in sludge.




Thistook place at the facilities of 15 radioactive material users (licensees) and associated sewage
treatment plants. The sampling revealed no reconcentration problems (GAO 1994).

In 1986, the EPA published a literature review titled Radioactivity of Municipal Sudge
(EPA 1986). The literature search and follow-up telephone survey identified nine references
containing data on radioactivity concentrations in sewage sludges. These references included the
resultsof one-time surveysand ongoi ng monitoring programsby local authoritiesand state agencies,
results for individual facilities and facilities from as many as 10 cities, and reports of incidents of
sludge contamination reported by NRC. The dataobtained varied widely with respect to the purpose
of data collection, type of material sampled, number of samples, and radionuclides analyzed. The
available data identified four radionuclides as most frequently reported: iodine-131, radium-226,
americium-241, and cesium-137.

TheNRC and EPA effortsto characterize radioactive materialsin sewage sludgeand ash are
discussed in Section 1.3 and Chapter 4.

12 Selected Examples of Contamination

Despite effortsto identify POTWswith radioactive contamination through surveys, most of
the casesinvolving elevated | evel sof radioactive materialsat POTWshave been discovered through
measurements obtained for other purposes. Asshown in Table 1, at least five of these instances
warranted some mitigative action. A brief discussion of three of these cases illustrate the need for
the POTW authority to be aware of the possibilities of radioactive contamination and the potential
consequences.

Oak Ridge, Tennessee, Sanitary Sewage Treatment Facility

In March of 1984, staff from the Oak Ridge weapons complex was performing a survey to
identify if any material contaminated with mercury or uranium from the complex had been used as
fill inthe surrounding community. Elevated radiation readings were detected along Emory Valley
Road. Soil samplesrevealed contamination from radioactive cesium-137 and cobalt-60. Duringthis
time, the Quadrex Corporation notified the Tennessee Division of Radiological Heath that
contaminated sediment was detected in Quadrex’ drain sump. The Quadrex facility wasinvolved in
the decontamination of large piecesof radioactively contaminated equi pment, such asduct work and
piping. Theprocess produced large volumesof water with low level sof contamination. Subsequent
examination of the sewage collection system confirmed the soil and sediment contaminations were
related and that the Quadrex plant was probably responsible for the releases. Cracks in the sewer
line apparently resulted in the radioactive material contaminating the soil.



Further examination showed that contamination had also occurred at the Oak Ridge Waste
Treatment Plant (ORWTP). Surveys at the ORWTP showed contamination of both sewage sludge
in adigester storage tank, as well as sludge placed on drying beds in November 1983.

Quadrex agreed to assist in decontaminating the exposed contaminated sludge and to assist
the city in conducting measurements when portions of the old sewer linewereto be excavated. The
contaminated sludge was subsequently disposed in a sanitary landfill.

In the late 1980s, it was discovered that, in addition, routine, licensed discharges of several
different radionuclides (e.g., Co-60, Cs-137, and uranium) from multiple facilities resulted in
reconcentration of radioactive materialsin sewagesludges. Thisoccurred eventhoughthedischarge
levels were reportedly only small fractions of regulatory limits. (Since then, NRC’s regulatory
discharge limits have been changed, which has reduced the concentrations of radioactive materials
in sewage sludge.) These routine discharges to the sewer led to the expenditure of considerable
resources over the past ten years.

The most significant concern related to radioactive material discharges faced by the Oak
Ridge POTW managerswasthepossibility that radionuclides, even at low level s, may haveinhibited
their ability to continue land applying the sludge, the practice of land application of the Oak Ridge
sludge was frequently called into question. In response, Oak Ridge developed a site-specific, risk-
based methodol ogy for establishing radionuclide limits for its sewage sludge (see Appendix F).

Portland, Oregon Contaminated Wastewater Collection Lines

Thorium-232 wasdetected in wastewater collectionlinesin Portland, Oregon, in 1989. While
contamination did not reach thetreatment facility, the collection lines were contaminated and sewer
workers took special precautions. The generator of the wastewater containing the Th-232 was
identified, remediated the contamination, and installed a pretreatment system to reduce discharges.

The Cleveland, Ohio Southerly Sewage Treatment Plant

The Southerly plant is operated by the Northeast Ohio Regional Sewer District (NEORSD).
Itisan activated sludgefacility that produced 103,000 wet tons of filter cake andincinerated 97,000
tons of thefilter cakein 1992. During an aerial survey conducted in April 1991 of licenseesin the
area, NRCinspectorsnoted el evated readingsof radiation at the sewagetreatment plant. Subsequent
ground level measurementsindicated radioactive cobalt-60 was present, primarily inareaswhereash
had accumulated infill areas and storage lagoons. Additional surveyswere conducted in September
1991 and March 1992 to determine the extent of the contamination. These measurements of ash
deposits indicated no new contamination had occurred since 1991. The highest direct radiation
readings were found when a probe was lowered into animal burrows made in the residue deposits.



This suggested that the concentration of material was higher below the surface. From the records
of the areas where the ash was placed, it appeared that the contaminatiorroccurred in the late 1970s,
and perhaps in the early 1980s.

In 1992, NEORSD devel oped a remediation plan to remove ash from three storage lagoons
which werefilled to near capacity. Remediation wascompleted in 1993, resulting in 174,000 cubic
yardsof contaminated ash stabilized on sitein two areasthat arefenced (total of about 25 acres) and
capped with six inches of dirt. Radiation measurement devices were placed at the periphery of the
areaand seven monitoring wellswereinstalled. Some contamination still existsin other areas of the
site and the NEORSD isworking with the NRC to assessits extent and degree. In 1994, NEORSD
terminated sewer service to the wastewater generator.

Asof February 2000, theremediation costsincurred by NEORSD included about $1,800,000
for the on-site remediation and related activities and $120,000 to erect the fence around the fill and
holding pond areas. The NRC spent about $370,000 on radiation exposure assessment, Soil
sampling and analyses, and other surveys. The POTW authority engaged in aseries of legal actions
to recover the costs from the waste generator; about $1,200,000 was recovered. To date, the
generator has failed to meet the NEORSD criteriafor restoration of sewer service.

Based on the cases identified thus far, though rare, the contamination of a POTW with
radioactive material can have serious financial consequences.

1.3 Congressional Interest

A joint House and Senate hearing was held in May 1994 to officialy release and address
guestions raised in a General Accounting Office (GAO) report, Actions Needed to Control
Radioactive Contamination of Sewage Treatment Plants (GAO 1994). The hearing and GAO report
were stimulated by concerns associated with the elevated |evels of radioactive materialsin sewage
sludge incinerator ash at the NEORSD’s Southerly plant described in Section 1.2. Testimony
presented by both NRC and EPA during the hearing noted that there was no indication of a
widespread problem in this areaand that the NEORSD incident appeared to be an isolated incident.
However, at the hearing NRC and EPA committed to jointly develop guidance for POTWs and to
collect more data on the concentration of radioactive materialsin samples of sewage sludge and ash
from POTWs across the country.

Since the hearing and GAO report, the NRC and EPA, with the assistance of other federal
agencies participating on the ISCORS Sewage Sludge Subcommittee, have been addressing
guestions regarding radioactive materials in sewage sludge and ash from POTWs. The
Subcommittee, formed by ISCORS in 1996, developed an initial draft of this joint NRC/EPA



guidance document for POTWSs, which was issued in May 1997 for public comment. The
Subcommitteeisalso in the process of conducting acomprehensive survey of radioactive materials
In sewage sludge and ash from 300 POTWsnationwide. The survey will focuson POTWSsinregions
wherethe potential for elevated level s of radioactive materialsin wastewatersmay exist. Theresults
of this survey will be published in a survey report and summarized in the final version of this
guidance document.

2 PURPOSE

One purpose of this document is to inform POTW authorities of the possibility for
radioactive materials to concentrate in sewage sludge and incinerator ash. A second purposeisto
help the POTW authorities determine what they may want to do about the radioactive materials
present in their sewage sludge or ash. This guidance is not intended to serve as a comprehensive
referenceregarding radioactivity. However, it providesinformation on important issuesrelated to
the control of radioactive materials that may enter POTWSs.

Thisguidance document posesthefollowing questions; answersto these questionsare found
in various sections of the report, as cited below:

Is There Radioactive Material in My Treatment Plant?

Oneof thefirst thingsaPOTW authority needsto realizeisthat thereisradioactive material
in the wastewater their system treats. Chapter 3 discusses why there is radioactive material in
sewage sludge and when the presence of these materials may be of concern. Chapter 5 discusses
how to determineif there are elevated level s of radioactivity and who can help in the unlikely event
that there are elevated levels.

Who Arethe Other Playersin My Specific Case?

The Federal and State regulatory authority over radioactive materials, sewage sludge, and
industrieswhich may dischargeinto sewage systemsiscomplex. Further information on regulatory
authoritiesis available in Chapter 4.

What Should the POTW Authority Consider Doing to Determineif Therelsa Problem With
L evels of Radioactive M aterials?

There are several steps to consider in evaluating whether a POTW may have a problem
regarding radioactive contamination. Chapter 5 describes what a POTW can do to determine if
there is radioactive contamination at their facility, and who can help. Appendix A isa primer on



radioactivity and radioactive materials. Theinformation provided in Appendix A should be helpful
in understanding the nomenclature and some of the basics about the health risks of radioactivity.

What Can the POTW Authority Do if Contamination is Found?

There are several optionsfor consideration if contamination isfound. There are a number
of optionsthat aPOTW may want to consider. Chapter 6 presentsthe options, aswell astheir legal
and technical aspects.

3 WHY ISTHERE RADIOACTIVE MATERIAL IN SEWAGE SLUDGE
AND ASH? WHAT ISTHE CONCERN?

Radioactive material sare an ever-present component of the natural environment and arealso
produced through some human activities. Generally, the presence of radioactive materials is a
concern only when concentrations become sufficiently elevated above background levels to
potentially pose ahealth risk or in caseswherethe ability of aPOTW to use or dispose of the sludge
or ashisinhibited. There have not been many known occurrences of such elevated concentrations
sincethe 1980s. This section explores sources of radioactive materialsthat may reach aPOTW and
why they may become a concern to POTW personnel and the public.

3.1 Typesof Sources

Therearethreegeneral sourcesof radionuclidesin the environment: natural sources, natural
sources concentrated or enhanced by human activity, and man-made sources. Radioactive material
from all of these types of sources have the potential to enter sewage systems.

Sour ces of Radioactivity
Natural Sources. Geologic formations, water, and soils that contain small amounts of radioactive
elements, typically known as naturally-occurring radioactive materials (NORM).
Natural Sources Concentrated or Enhanced by Human Activity. Naturally-occurring radioactive
materials, technologically enhanced by human activity, known as TENORM.
Man-made Sources. Radioactive materials generated by human activities such as accelerator

material (often referred to as NARM); nuclear byproduct material, source material, or special
nuclear material; and fallout from nuclear weapons testing.

3.1.1 Natural Sources

Natural sources of radiation include geologic formations and soils that contain uranium,
radium, radon, and other nuclides that are radioactive. Water originating in or moving through the
formations and soil may transport the radioactive materials either dissolved in the water itself or



attached to dissolved and suspended solids in the water. Radon is also released to the atmosphere
from soil and water.

Theamount of naturally-occurring radioactive materialsin theground varieswidely. Some
areaswith elevated level sof naturally-occurring radioactivematerial sincludel ocations such asthose
underlain by phosphate ore and uranium ore deposits. The lowest levels are generaly found in
sandy soils of the Atlantic and Gulf Coasts. Figure 1 shows average indoor screening-level radon
concentrations by county inthe U.S. These average concentrations may roughly correspond to the
general levels of uranium and radium in soilsin the area.

Figurel. Averageindoor-air, screening-level concentrationsof radon in theU.S. From
EPA (1993a). Zone 1 counties have a predicted average indoor screening level greater than
4 pCi/L. Zone 2 counties have a predicted average between 2 and 4 pCi/L, and Zone 3
counties have a predicted average less than 2 pCi/L.

3.1.2 Natural Sources Concentrated or Enhanced by Human Activity

Levelsof naturally-occurring radioactive materials can be enhanced by human activity and
by technol ogies associated with extraction processes. These materials, when enhanced by human
activity, are known as Technologically-Enhanced Naturally Occurring Radioactive Materials
(TENORM). Examplesof TENORM include articles made from or coated with naturally-occurring
radioactive materials and wastes from minera and petroleum production, burning coal, and
geothermal energy production.



TENORM may be introduced to the sewage system from ground and surface water, plants
and food, aswell asfrom potential dischargesfrom industries (e.g., water treatment plants, mining
and petroleum industries, fertilizers, electronics, ceramics, foundries and paper/pulp mills). EPA
Isin the process of studying this potential radiation hazard. Additiona information on TENORM
may be found in EPA (1993b), NAS (1999), and Eisenbud and Gesell (1997).

3.1.3 Man-Made Sources

Radioactive materials are al'so generated by human activities. Man-made sources include
radioactive material produced for and as a result of the operation of nuclear reactors (i.e., source
material, specia nuclear material, and byproduct material). Other man-made sources are produced
from the operation of accelerators, and from global fallout from testing of nuclear weaponsand from
nuclear accidents (e.g., the Chernobyl accident).

NRC and Agreement Stateshavelicensed about 24,000 facilitiesto useradioactive materials
and about 9000 of these have the potential to release radioactivity to sewers. Licensees include
utilities, nuclear fuel fabricators, universities, medical institutions, radioactive source manufacturers,
andindustrial usersof radioactive materials. L aboratoriesand universitiesuse man-maderadioactive
materials(e.g., carbon-14) in research, including in genetic research, the study of human and animal
organ systems, and in the development of new drugs. Radioactive materials are also found in
consumer products such as smoke detectors, luminous watches, and tobacco products (NRC, 1978).
Radioactive materials are prescribed to medical patientsfor the diagnosis and treatment of illnesses
(Cember, 1987).

Nuclear power plants are not considered significant sources of radioactive materials in
sewage treatment systems. Such plants currently do not dispose of radioactive materials through
release to sewers. Wastes containing radioactive materials are collected, treated, and packaged for
disposal in licensed radioactive waste disposal facilities. Thus, any radioactive materials released
into sewage systems are incidental quantities, from sanitary waste systems (i.e., restrooms). In
addition, most nuclear power plants maintain their own sewage treatment systems, not connected
to public systems, and any sewage sludges shipped offsite are monitored to ensurethat no detectable
radioactivematerial ispresent. Thus, potential quantitiesof radioactive material sreleased by nuclear
power plantsinto sewagetreatment systemsare generally quite small compared to the average broad
scope licensee.

3.2 How Radioactive Materials Reach POTWs

Radioactive materials reach POTWs primarily via wastewater discharges. Chemicals and
other materials (e.g., lime, fly ash, waste pickle liquor, or wood ash) used by the POTWs may also
contain radioactive materials. In addition, infiltration and inflow into sanitary sewers may contain
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radioactivematerials. Table2 summarizesthe sourcesand pathwaysby which radioactive materials
may reach POTWSs.

Table 2. Sources and Potential Pathways for Radioactive M aterialsto Reach POTWs

Dischargesto POTWs Treatment Process Infiltration and I nflow

¢ Process chemicals with

e Drinking water and
drinking water residuals
that contain NORM
Sewage with radioactive
materials from food and
medical procedures

radioactive materials (e.g.,
lime, fly ash, waste pickle
liquor, or wood ash)

e Infiltrating ground water
containing NORM

¢ Surface waters runoff
containing NORM or
fallout, viacombined
sewers

o Wastewater from NRC or
Agreement State licensees
handling radioactive
materialsin unsealed form

o Wastewater from
industries handling or
processing materials
containing NORM

e Exempt or unlicensed
radioactive materials

The local drinking water supply may contain NORM found in the soil or geologic media
from which the water isremoved. Thelocal drinking water treatment facility may remove some of
theradioactive materialsfrom the raw water by ion exchange, precipitation, coagulation, or filtering
of dissolved or suspended solids. The resulting residuals are sometimes disposed of by discharge
to the wastewater collection system. Any radioactive materials remaining in the finished water
supply would eventually be transported to the POTW along with waste waters.

Two other domestic sources of radioactive materials in sewage are food and medical
procedures. Radioactive materialsin food are digested and discharged to the POTW when excreted.
Bananas and brazil nuts are examples of food containing radioactive materials (e.g., potassium-40)
(Eisenbud and Gesell 1997). Similarly, radioactivematerials(e.g., iodine-131, technetium-99m, and
thallium-201) used in the diagnosis and treatment of medical conditions are also discharged to the
POTW when excreted.

Other potential sources of radioactive materialsinclude facilitieswith NRC and Agreement

State licenses. All licensees are authorized by the regulations (see section 4.1 for details about the
regul ations) to discharge radioactive material sto the sewers; however, it isestimated that only about
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20 percent of NRC licensees actually do so. The main reason most licensees do not discharge
radioactive material to the sewers is that they possess only sealed sources, which are extremely
unlikely to be released into sewers. Other licensees may have unsealed sources, but not in liquid
form, and hence there is no radioactivity released to wastewater.

Many licensees which use radioactive materialsin liquid form do not need to discharge to
the sewers because: 1) the materials used are very short-lived and can decay in short-term storage
and then be discharged as non-radioactive, or 2) the material may contain wastes that cannot be
disposed of into sanitary sewers, if the material is non-dispersible or due to the presence of other
non-radioactive pollutants. These pollutants may be prohibited from discharge into sewers by
regulations other than NRC’ s regulations, such as the Clean Water Act.

Radioactive material ishandled in "unsealed” formsin the nuclear fuel fabrication industry,
in the production of radiopharmaceutical medicines, and in research. Limits in quantities and
concentrationsthat the NRC and Agreement States allow to be discharged to the sanitary sewer are
based on afraction of the dose limit that can be received by an individual member of the public (see
section 4.1 for the dose limits).

Table 3 liststypes of NRC licensees that could dispose radioactive materialsinto the sewer
system and radionuclides previously found in POTW sewage or those that could be present. It
should be noted that abroad scopelicenseeisusually authorized to possess and use any radionuclide
with an atomic number from 1 to 83. Thismeansthat many more radionuclides than thoselisted in
Table 3 could be disposed into the sanitary sewer. The half lives and types of radiation emitted by
these radionuclides are listed in Appendix A, Table A-1.

Licenses may be issued for specific applications, such as for industrial radiography,
irradiators, well logging or specific medical uses. In such cases, the application, the physical and
chemical states and the radioactivity of the materials are well defined. In other cases, the
applicationisnot aswell defined, such as medicine and research. The physical and chemical form
and activity will depend on the nature of the medical treatment, diagnosis or research being
conducted. To accommodate undefined or changing applications, broad scope licenses are issued
(e.g., to hospitals, universities, and research facilities).

For POTWs that serve large medical institutions, a major portion of the radioactive
dischargesto the sewer comesfrom patients. POTWSsserving large medical centersand universities
in which extensive research is conducted may receive discharges from both the research activities
and from patients. A complicating factor is that some patients reside far away from the medical
centers. Wastes from these patients will probably be discharged to the POTW serving the patients
residences. Refer to Table 3 for radionuclides commonly used in the medical facilities.
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Table 3. Typesof NRC and Agreement State Licensees and Typical Radionuclides

Manufacturing and

(broad scope)

plants)

Carbon-14
Cesium-134
Hydrogen-3
lodine-125/131
Phosphorus-32
Sulphur-35

Plutonium-238/239/240
Radium-226
Thorium-228/232
Uranium-233/234/235/238

Medical Distribution (broad scope,
Academic (broad scope, nuclear nuclear laundries,
(broad scope) phar macies) decontamination services)
Carbon-14 Carbon-14 Americium-241
Cobalt-60 Chromium-51 Antimony-125
Cesium-137 Cobalt-57 Cobalt-60
Hydrogen-3 Gallium-67 Cesium-134/137
lodine-125/131 Indium-111 Hydrogen-3
Iron-59 lodine-125/131 lodine-125/131
Manganese-54 Iron-59 Manganese-54
Phosphorus-32 Phosphorus-32/33 Niobium-95
Phosphorus-33 Strontium-89/90 Phosphorus-32
Sulphur-35 Sulphur-35 Plutonium-238/239/240
Technetium-99m Polonium-210
Thallium-201 Strontium-89/90
Others (e.g., ore processing Sulphur-35
Resear ch and Development | mills, uranium enrichment | Uranium-233/234/235/238
Zirconium-95

Radioactive materia can aso enter aPOTW in chemicals used in wastewater treatment. In

addition, infiltrating ground water may contain radioactive materialsfrom natural sourcesthat were
either dissolved or attached to suspended solids as the water flows through soils and geologic
formations. Similarly, surface water and sediment in runoff containing NORM or fallout may enter
the POTW via combined sewers. The amount of radioactive materials entering POTWs by
infiltration andinflow will vary depending upon the degreeof infiltration and inflow, and theamount
of natural sources and fallout in the service area.

3.3

Why Radioactive Materials May Be of Concern at a POTW

Although it isunlikely that radionuclide levels in sewage sludges and ash at most POTWs
acrossthe country poseaconcern for treatment plant workersor thegeneral public, itispossiblethat
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low concentrations of radioactive material from natural and man-made sources could become
concentrated in sewage sludge and ash at some POTWs. However, there are low amounts of
radioactive materialsthat are legally authorized, under federal and state |laws and regulations, to be
disposed into the sanitary sewer system. This section addresses POTW operations that have
potential to cause concerns due to exposure to radiation. (For more information regarding
radioactivity, see Appendix A.)

3.3.1 Reconcentration of Radioactive Materialsat POTWs

The purpose of wastewater treatment facilities is to reduce or remove pollutants from
wastewater in order to ensure adequate water quality before the treated effluent is reused or
discharged to surface waters. The removal of radionuclide contaminants by various wastewater
treatment processes and the usual association of these contaminants with solids can cause the
concentration of the contaminants to increase, or reconcentrate, in sewage sludge and ash.
Radioactive material s disposed of into the sanitary sewer in dilute form may become reconcentrated
in the sludge solids during different stages of wastewater treatment and sludge processing, in a
manner similar to some heavy metals.

Reconcentration may occur during physical, biological, or chemical processes. Sludge
treatment and processing may result in increasing the concentration of the radioactive contaminant
by decreasing the concentration of other components. Final concentration will depend on the
characteristics of the processes used at the treatment facility, the efficiencies of those processes, as
well as the chemical form of the radionuclides and their half-lives.

Radioactive materials found in sewage are partitioned between the liquid and solid phases
of the influent. During treatment, the concentrations of radionuclides change as the solids are
removed and the treatment processes remove radionuclides from the wastewater. Because
radionuclide concentrations in wastewater influents are very dilute, there is generally no concern
unlesstheradionuclide concentrationsareincreased, or reconcentrated, during thetreatment process.

A study by Ainsworth et al. reported that reconcentration of dissolved radionuclides (those
not associated with the suspended solids) isunlikely to occur during primary treatment (Ainsworth
etal., 1994). Reconcentration ispossibleduring secondary treatment, but neither the mechanism(s)
or unit process(es) involved are understood in a quantitative manner.

Reconcentration can also occur during sludge treatment (Ainsworth et al., 1994). It can
potentially result from the physical, chemical, and biological removal of radionuclides from the
sewage and sewage sludge produced during wastewater treatment. Physical processesthat increase
the solids content of the sludge without 1oss of radioactive materials may lead to reconcentration.
Sludge handling techniques that may contribute to reconcentration include digestion, dewatering,
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and incineration. Incineration may be the most significant process, because the total mass of the
sludge is greatly reduced by water removal and combustion of organic material.

Although there is a potential for areconcentration of radioactive materialsin the sludges or
ash at POTWs, there have only been limited surveys of radiation levelsin sewage sludge or sludge
products. A recent study by the Association of Metropolitan Sewerage Agencies(AMSA) revealed
the presence of both man-made radi oactive material and NORM at low levelsin sewage sludges and
sludge products (NBP 1999). AMSA coordinated an extensive sampling effort as part of their
national survey conducted in 1995. While this was a voluntary survey and was not structured to
ensure a statistically representative result, samples from 55 POTWSs in 17 states do provide a
significant database. Studiesby NRC and EPA to determine the presence and levels of radioactive
materials at POTWSs and in the sludges or ash are ongoing (NRC and EPA 1999). Table 4
summarizes results from the AMSA study and the pilot study (preliminary phase) of the NRC and
EPA project.

3.3.2 Radiation Exposure Dueto POTW Operations

Based on what isknown about the potential for reconcentration at POTWS, possible sources
of radiation exposure would be at sludge processing or handling areas at the POTW and at off-site
locations where the sewage sludge or ash is disposed or used. People most likely to be exposed to
elevated levels of radioactive materials would be sewage sludge or ash handling personnel at the
POTW or members of the public near disposal or land application sites. Three primary ways for
these peopl e to be exposed to radiation associated with POTW operations areinhalation, ingestion,
and direct exposure (see Figure 2).

Inhalation of apha- or beta-emitting radioactive materialsis a concern because radioactive
material taken into the body results in radiation doses to internal organs and tissues (e.g., lining of
the lungs). POTW workers could inhale radioactively contaminated dust during ash or sludge
handling operations. Thedrier thematerial, themorelikely it could beresuspendedinto theair when
it ishandled. Measures taken by POTW workers to avoid inhalation of biological pathogens and
chemically toxic materials in sludge and ash dust may effectively reduce the possible exposure to
radioactive materials. Members of the public could aso inhale contaminated dust blown from
disposal or land application sites or dust from handling sewage sludge products made available for
public use.

Ingestion of apha- or beta-emitting radioactive materials is a concern for the same reason
asinhalation. It may occur when food crops are grown on areas where sludge or ash have been
applied to the land as fertilizer or soil conditioner. Ingestion could also occur when the materials
migrate into the ground water or surface waters used as drinking water sources. POTW workers
could ingest radioactive materials if they fail to observe good sanitary practices, such as washing
their hands before eating after handling sewage sludge or ash.

15



Table 4. Summary of Concentrations of Radioactivity in Sludge and Ash from
AM SA Survey and NRC/EPA Pilot Survey (pCi/g) *

Radio- AMSA NRC/EPA Pilot Radio- AMSA NRC/EPA Pilot

nuclide min  median max min max nuclide min  median max min max
grossapha | nd 74 80.1 Bi-207 nd nd nd
grossbeta | nd 150 615 TI-201 nd 24
H-3 nd 304 |TI-208 nd 016 208 |nd 0.6
Be-7 nd 154 50.03 | nd 22 Bi-212 nd 047 1148 | nd 2.0
C-14 nd nd Bi-214 012 066 391 nd 16
Na-22 nd nd 0.031 Pb-212 0.08 048 7.3 0.2 2.0
K-40 nd 45 608 20 16 Pb-214 014 071 4648 |nd 17
Cr-51 nd 40 |Ra223 nd 0.06
Mn-54 nd nd 0.06 Ra-224 nd 4.0
Co-57 nd nd 0.09 Ra-226 nd 174 118.12 1.0 29
Co-60 nd nd 0.05 | nd 6.0 |Ra228 nd 9.0
Zn-65 nd nd nd Ac-227 nd nd 3.86
Sr-89 nd 70 |]Ac-228 nd 1.30 51.08
Sr-90 nd 0.7 |Th-227 nd 0.1
Nb-94 nd nd nd Th-228 nd 2.0
Ru-106 nd nd 0.23 Th-229 nd nd nd
Ag-108m | nd nd 1.08 Th-230 nd 20
Ag-110m | nd nd nd Th-232 0.01 1.0
Cd-109 nd nd 6.28 Th-234 nd 12
Sh-125 nd nd nd Pa-231 nd nd 1.34
1-125 nd 1.0 [Pa234m nd 15
1-131 nd 26 1746 nd 70 U-234 02 44
Cs-134 nd nd 0.08 U-235 nd nd 093 | nd 3.0
Cs-137 nd nd 0.37 | nd 1.0 JU-238 0.2 12
Ba-140 nd nd Np-237 nd nd 197
Ce-144 nd nd nd Pu-238 nd 0.03
Eu-152 nd nd 0.1 Pu-239 nd 0.08
Eu-154 nd nd 0.13 Am-241 nd nd 0.58 | nd nd
Eu-155 nd nd 2.82 Am-243 nd nd 1.27
Gd-153 nd nd 2.24 Cm-243 nd nd 141

! nd = not detected
Sources: AMSA data, for 55 POTWSs, from NBP (1999); NRC/EPA pilot study data, for 9 POTWs, from NRC and
EPA (1999).
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Figure 2. Primary Pathways for Radiation Exposure Dueto POTW Operations

Measures taken to limit the potential ingestion of heavy metals at land application sites
would help to reduce possible exposure to radioactive materials. Similarly, measures taken by
POTW workers to avoid ingestion of pathogen-containing materials would serve to prevent
ingestion of radioactive materials.

Radioactive material sthat emit gammaradiation are of concern becausethe gammarayspose
an external radiation exposure hazard. Because gammarays can passthrough common construction
materials, the distance between the radioactive material and the person is afactor in the amount of
exposure the person receives.

POTW workersmost likely to receivedirect exposureareworkersthat handlesludgeand ash.
Farmersand other members of the public who use sewage sludge products or ash asfertilizer or soil
conditioners could receive direct exposure to gamma radiation if these materials are present.

3.3.3 How Radiation Doses from Sewage Sludge and Ash Compare to Average Radiation
Dosesfrom All Sources

Almost everything, including people, contains some radioactive material. Naturally-
occurring radioactive materials are found in the earth, in the material s used to build our homes, and
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in the food and water we ingest. Even the air we breathe contains some radioactive gases and
particles. People are exposed to radiation on adaily basisfrom both natural and man-made origin.

Human exposureto radiation sourcesisderived primarily from background natural radiation;
however, a person’s occupation, geographic location, time spent outdoors, need for diagnostic
medical treatments and testing, time spent traveling in airplanes, and other activities can determine
the relative contributions of natural, man-made, and global fallout sources. On the average, 80
percent of human exposure to radiation comes from natural sources: radon gas, the human body,
outer space, rocks, and soil. Theremaining twenty percent comesfrom man-made radiation sources,
primarily x-rays. Diagnostic medical and dental x-rays, radiation treatment and other applications
of nuclear medicine contribute approximately 10 to 15 percent of the average annual human dose.
Certain consumer products (tel evision setsand other electrical appliances, smoke detectors, building
materials and tobacco products) and to a lesser extent, airport and other types of inspection
equipment, contribute approximately three to five percent of the average radiation dose.

It is estimated that less than one percent of the average annual dose to humans from
background radiationisaresult of global fallout. Global fallout resultsfrom nuclear accidents(e.g.,
Chernobyl) and from nuclear weapons testing during the 1940sto 1960s. Although above-ground
testing ceased in the United States in 1963, radiation remaining in the atmosphere continues to
account for aresidual level of background human exposure.

The average radiation dose to an individual in the U.S. is about 360 mrem/yr. (The term
"dose" and other background information on radioactivity are described in Appendix A.) Typical
values for annual exposure to radiation within the U.S. are summarized in Table 5.

Terrestrial radiation comes from radioactive material that is naturally occurring in the
environment. Radon occursintheenvironment andislisted separately in Table5 because of radon’s
significant contribution to radiation exposure (see aso Figure 1). Cosmic radiation comes from
outer space and some of it penetrates through the atmosphere covering the earth. The amount of
cosmic radiation will vary depending on the altitude and latitude where onelives. Internal radiation
comes primarily from ingested natural radioactive substances, such as potassium-40.

Asdemonstrated by the ranges shown in Table 5, radiation exposure can vary greatly, asthe
various factors that contribute to total exposure are not constant from location to location, and an
individual's lifestyle and daily activities vary thisamount. For example, the atmosphere serves as
ashield against cosmic radiation; therefore, dose increases with altitude. The dose at an altitude of
one mile at Denver (60 mrem/yr) is about double that at sealevel (30 mrem/yr). Also, aflight on
acommercial airliner increasesan individual'sdose from cosmic gammaraysabout 1 mremfor each
cross-country flight.
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Table5. Average Annual Exposureto Radiation
Average Exposure Typical Range of
Sour ce of Radiation (mremlyr) Variability (mrem/yr)

Natural Sources

Terrestrial 30 10-80

Radon 200 30-500

Cosmic 30 30-80

Internal 40 20-100
Man-M ade Sour ces

Medical 50

Consumer products 10

Other (Nuclear fuel cycle 1

and occupational)
TOTAL 360 90-760
Sources: NCRP 19873, for average exposure values;, Huffert et al. 1994 for ranges of variability.

Dose rates from terrestrial sources vary from about 10 to 80 mrem/yr acrossthe U.S. The
major sources in the ground are potassium, thorium, uranium, and uranium progeny. The higher
doses are associated with uranium deposits in the Colorado Plateau (Figure 3), granitic depositsin
New England, and phosphate depositsin Florida (Figure 4). The lowest rates are the sandy soils of
the Atlantic and Gulf coastal plains. Annual doses for individuas living in brick homes may
increase up to 10 mrem/yr due to naturally-occurring thorium, uranium, and radium found in clays
often used to make bricks.

Figure 3. Uranium depositsin the U.S. Reference DOE (1997).
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Figure 4. Major phosphate deposits in the U.S. with significant uranium content.
Reference EPA (1993b).

The principal naturally-occurring radionuclides in food are potassium-40 (a common
example is bananas) and radium-226 (e.g., in brazil nuts). Radium in water, particularly ground
water, varies across the U.S. Radium is present in higher concentrations in some states, such as
Georgia, Illinois, Minnesota, Missouri, Kansas and Wisconsin.

Table6 listssomeradionuclides present in background that may be present in POTW sewage
sludge and ash. All of these radionuclides are from terrestrial sources, except strontium-90 and
cesium-137, which are due to radioactive fallout from atmospheric testing of nuclear weapons. A
more comprehensive list of radionuclides may be found in Table A-1.

Table 6. Some Background Radionuclidesthat
May be Present in POTW Sewage Sludge and Ash

Type of
Radionuclide Radiation Half-Life

Potassium-40 gamma 1.3 hillionyrs
Rubidium-87 beta 47 billion yrs
Strontium-90 beta 28.6yrs

Cesium-137 beta, gamma 30yrs
Radium-226 apha, gamma 1600 yrs

Radium-228 beta 5.7yrs
Thorium-232 alpha 14 billion yrs
Uranium-238 alpha 4.5 billionyrs

Half-life values from DOE/EH-0070 (DOE, 1988)
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Radiation doses at POTWs are generally insignificant compared to background radiation
under most conditions. However, under conditionsat POTWswhere el evated level sof radionuclides
have been detected, there is the possibility that doses to POTW workers and to the general public
could be of concern. Studies attempting to quantify these doses, however, have failed to identify
actual exposures that would indicate a potential health risk.

The NRC conducted a study to estimate maximum radiation exposures to POTW workers
and otherswho could be affected by low level s of radioactivity in wastewater (Kennedy et al. 1992).
The study used scenarios, assumptions, and parameter values generally selected in a manner to
produce prudently conservative estimates of individual radiation doses. However, the quantities of
radionuclidesrel eased into the sewer systemswere assumed to be the maximum allowed under NRC
regulations. Thus, the calculations were intended to be based on realistic or prudently conservative
conditions at POTWs, but based on maximized rel eases to sewer systems. The estimates of these
hypothetical exposures to workers range from zero to a dose roughly equal to natural background
levels (Kennedy et al. 1992). Table 7 summarizesthe results for some of the scenarios considered.

Table 7. Hypothetical Maximum Doses Associated With POTW Operations (mrem/yr)
Hypothetical
Primary Exposure Maximum Doses
Individual Exposur e Source Pathway (mreml/yr)

POTW dludge Sludgein Externa 360
process operator processing

equipment
POTW incinerator Incinerator ash Inhalation of dust 340
operator
POTW heavy Sludgeor ashin External 210
equipment operator truck
Farmers or Land applied Ingestion vialocal crops, 17
commercial operators | sludge external
Landfill equipment Ash disposed in External 64
operator landfill
Resident on former Ash disposed in Inhalation via resuspension 170
landfill site former landfill of dust, ingestion via

garden vegetables

Source: Kennedy et al. 1992.
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34 Summary

Radioactive materials are a natura part of the environment and a byproduct of human
activity. Thesematerialsmay enter POTWsby water infiltration or inflow, domestic discharges, and
permitted or accidental discharges.

Processes at POTWSs can reconcentrate radioactive materials in sewage sludge and ash.
People working with or near the sludge at the POTW, those working at disposal sites, and users of
sludge products could be exposed to any radionuclidesthat reach the POTW. Exposure could occur
from inhalation of dust, ingestion of contaminated food, or direct exposure. Estimates of
hypothetical maximum doses indicate that doses from these exposures could range from 0O to 340
mrem/year in addition to the average dose of 360 mrem/year from all other sources. POTW workers
at facilities where radionuclides have been found are estimated to have received minimal to non-
detectable additional doses.

4 WHAT ARE THE RELEVANT REGULATORY AGENCIESAND
WHAT ARE THEY DOING?

The regulatory framework for radioactive materials in wastewater is somewhat complex;
there are many levels of authority and types of requirements. Federal Guidance on radiation
exposure to workers and the public is prepared under the authority of the EPA as approved by the
President. Regulations are issued and enforced by various agencies at different levels of
government, depending upon the type of radioactive material and the agreements arranged.
Information provided in this section includes only those aspects most germane to the types of
materials that may enter wastewater and therefore affect POTW operations.

The primary division of the regulatory framework is based on the origin of radioactive
material. In general, man-made radioactive materials are regulated differently than NORM.

Radioactive materials consisting of source, byproduct, and special nuclear material are
subject to the provisions of the Atomic Energy Act (AEA). In addition, when these materialsarein
the commercial-private sector, they are subject to the rules of the NRC. When these materials are
in the defense sector in weapons development operations, they are under the control of the
Department of Energy (DOE). This guidance focuses onthe NRC regulations, rather than the DOE
requirements, primarily because POTWs are more likely to be concerned with waste generatorsin
the commercial sector.

The AEA alowsthe NRC to establish formal agreementswith states, granting the stateswith
authority to develop and oversee the implementation of specific regulations regarding use and
possession of source, byproduct and special nuclear materials generated or used at these facilities.
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Stateswith such an agreement, i.e., Agreement States, are required to maintain aradiation protection
program that is adequate to protect public health and safety and is compatible with that of the NRC.
A current list of Agreement Statesisprovidedin Appendix B and therelevant state agenciesthat are
designated with the authority to develop and oversee the regulations are listed in Appendix E.

Thelead federal agency in the regulation of NORM and TENORM isEPA. The DOE also
regulates TENORM at DOE facilities. In addition, some state and local authorities also regul ate
variousaspectsof thematerial sdiscussed above. Other radioactive materialsaregenerally regulated
by the States. More detailed information on the role and regul ations of the NRC, Agreement States,
EPA, state agencies, and local authorities, aswell asI SCORS, isprovided in the following sections.

4.1 NRC and Agreement States

The NRC and Agreement States regulate the possession, use, and disposal of certain
radioactive materials, and also develop and implement guidance and requirements governing
licensed activities, inspection and enforcement activitiesto ensure compliancewith therequirements.
The primary radiation protection regulationsfor AEA materialsregulated by the NRC are contained
in the Code of Federal Regulations (CFR), Title 10, Part 20. Section 20.1301 of these regulations
contains the dose limit for members of the public, which is 100 mrem/year from operations of an
NRC-licensed facility. Section 20.2003 describes the limits on sewer disposal for radioactive
materials. Thisregulation setslimitson the quantity of radioactive material that may be discharged
to the sewer in one month and the total annual discharge. In 1991, the NRC revised the regul atory
provisionsthat limit rel easesto the sewer, dueto thediscovery of problemswith metallic radioactive
materials disposed of as finely dispersed materials. The NRC regulations now require that all
radioactive materials disposed to the sewer be readily soluble (or be readily dispersible biological
material) in water.

With some specified exceptions, any activity involving source, byproduct, and special
nuclear material must be conducted under alicense issued by the NRC or an Agreement State. The
exempt activities are described in NRC’s 10 CFR Part 30, Part 40, and other Parts. For example,
exemptions from specific licensing include some consumer products, such as smoke detectors and
luminous watches.

Licenses areissued to licensees only after NRC or the Agreement State is satisfied that the
licensee has the qualified staff, equipment, procedures, instrumentation, training programs, and
management oversight deemed necessary to operate the proposed program in a safe manner and
within the restrictions specified in the license. Both NRC and Agreement States monitor their
licensees by means of periodic inspections. The frequency of inspections depends on the type of
licenseissued to the licensee, and will vary from annual inspectionsfor thelarger licensees, such as
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hospitals, radiopharmaceutical companies, and other large users of byproduct materials, to
inspectionsonce every 3-5 yearsfor small licenseeswho may use only one small radioactive source
in aroutine and well-established application. The license may be suspended or revoked if NRC or
the Agreement State finds that the licensee’ s operation does not meet minimum safety standards.
Additional information about NRC and Agreement State licensing and enforcement is provided in
Appendix I.

The NRC has evaluated the possible pathways that humans may be exposed to radioactive

materialsin sewage and the behavior of radioactive materialsin the POTW environment (Kennedy
et al. 1992, Ainsworth et a. 1994).

4.2 U.S. Department of Energy (DOE)

Under the Atomic Energy Act, the Department of Energy Organization Act (DOA), and other
related federal statutes, DOE has been assigned broad responsibility for protection of the public, the
environment, and real or personal property from radiological hazards associated with its research,
devel opment, weapons production, and other activities. Operatorsof DOE facilitiesareresponsible
for compliancewithinternal directiveswhich contain specific requirementsfor managing radioactive
materials. For a summary of these directives, consult "The Long-term Control of Property:
Overview of Regquirementsin Orders DOE 5400.1 and 5400.5," which can be obtained from DOE's
Office of Environment, Safety and Health website (http//:tis.eh.doe.gov/oepal) under the section
entitled "Policy and Guidance - Radiation Protection.”

DOE internal directives restrict the release of radioactive material to the environment by
setting an annual general public dose limit based on all pathways of potential exposure. Controls
arein place at each DOE nuclear facility to ensure that releases of radioactivity from all sourcesare
monitored so that general public exposuresarewell below the general public doselimit. Any release
of liquid waste that contains radionuclides that meets the protective levels established in DOE
internal directivesis considered a"federally permitted release," and as such, is subject to treatment
by aprocess selected through the Best Available Treatment procedure, and is aso subject tothe As
Low AsReasonably Achievablestandard. Although federally permitted rel easesto sewage systems
arenot subject to prior notice or approval by the POTW operator, DOE internal directivesdorequire
that radioactivity levels be controlled so that a local POTW’s wastewater treatment and sludge
management processes are not disrupted.
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43 EPA

Under the Atomic Energy Act (AEA) of 1954 asamended and the Reorganization Plan 3 of
1970, EPA hasauthority to establish generally applicable environmental standardsfor theprotection
of the general environment from radioactive materials. In addition, the AEA directs EPA to
promulgate the Federal Guidance on radiation exposure to workers and the public. EPA aso
establishes regul ations addressing what industries may dischargeto POTWs, aswell as regulations
concerning the POTWseffluent and sludgesolids. Thissection describesEPA’ sroleand regulations
for each of these types of facilities. TENORM in sewage sludge and ash from a POTW could also
be regulated by EPA.

4.3.1 Rolein Regulating Facilities That May Dischargeto POTWs

EPA regulates the discharge of contaminants in wastewater effluents through the National
Pollution Discharge Elimination System (NPDES). Industries with processes that may discharge
TENORM include those that process certain mineral substances, such as titanium and zircon.

EPA also regulatesthe discharges of waste material from contaminated facilities cleaned up
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).
If such facilities discharge to a sanitary sewer, EPA has the authority to regulate the limits for both
man-made radioactive materialsand TENORM. EPA may also grant authority to a state to serve
asthe regulator of CERCLA cleanups.

EPA also establishesradiation-related standards in other areasthat may indirectly affect the
consideration of both man-made radioactive materialsand TENORM at a POTW. For example,
under the Clean Air Act (CAA) EPA may limit radionuclide releases to the air from facilities (e.g.,
elemental phosphorousplants). Thesefacilitiesmay generatewaste products containing radioactive
materials that could enter the sanitary sewer system.

Another radiation-related standard that may indirectly affect POTWSs, includes EPA's
standards for radionuclides in drinking water. These regulations, encompassing both man-made
radioactive materials and TENORM, have caused many municipalities to incorporate water
treatment that removesradioactive materialsfrom theinfluent water beforereleasingittotheservice
connections. EPA has prepared draft guidelines (" Suggested Guidelines for Disposal of Drinking
Water Treatment Wastes Containing Radioactivity," June 1994) that specifically recommend landfill
disposal of all drinking water treatment plant residuals, rather than discharge to the sanitary sewer
system. At the present time, these guidelines have not been issued as official Agency guidance. It
has been noted in several instancesthat amunicipal water treatment facility discharged residuewith
elevated radioactive material content from this process to the sanitary sewer system.
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4.3.2 Rolein Regulating POTWs

EPA regulates POTWsin several ways. EPA regulates the discharge of wastewater from
POTWs. The Clean Water Act (CWA), as amended, isimplemented by the EPA and is designed
to protect the waters of the United States (e.g., rivers, lakes, and wetlands) from pollution. The
CWA isimplemented through the National Pollutant Discharge Elimination System (NPDES). This
system requires all pollutant discharges to the waters of the U.S. to comply with certain pollutant
discharge criteria. Permits are issued to dischargers (including both industries and POTWSs),
specifying the discharge conditionsand monitoring requirementsto ensure these conditionsare met.
This permitting function may be delegated by EPA to individual states.

EPA implements the CWA National Pretreatment Program. Under this program, facilities
discharging asignificant amount of wastewater to the POTW must limit their discharges of specific
pollutantsto the sanitary sewers. By limiting the discharge of these pollutants, the sewage treatment
plants receiving the discharges are better ableto meet their NPDES permit conditions, to protect the
treatment plant workers from these pollutants and to keep pollutantsin the sewage sludge produced
by these plants below specified limits.

The Supreme Court determined that three types of radioactive materials — source material,
specia nuclear material, and byproduct material — are not "pollutants” within the meaning of the
CWA. Therefore, the EPA has no authority under the CWA to regulate these materials. However,
EPA hasauthority to regul ate radioactive material sthat are not source, specia nuclear, or byproduct
material regulated under the AEA (e.g., TENORM).

EPA alsoregulatesthe use and disposal of sewage sludge produced by POTWSs. Therelevant
regulations are found in the Code of Federal Regulationsin Chapter 40 Parts 257, 403, and 503, but
do not address radioactive material in sewage sludge at thistime. Under the Resource Conservation
and Recovery Act (RCRA), EPA cannot directly regul ate as hazardous waste radioactive material
in sewage sludge that is subject to the AEA. However, EPA could regulate the non-AEA
components of the sludge under RCRA.

When sewage sludge is incinerated, some radioactive material may be emitted. Under the
Clean Air Act (CAA), EPA has no direct authority to regulate the concentration of radioactive
materialsin sewage sludge/ash at POTWs. However, radionuclides were expressly included in the
initial list of hazardous air pollutantsin Part 112(b) of the CAA, and EPA has authority to establish
National Emission Standards for Hazardous Air Pollutants (NESHAPs) under Part 112 of the CAA
for facilities that emit radionuclides to the ambient air. Although EPA does not regulate the
concentration of radionuclidesin sewage sludge/ash directly under the CAA, the measuresrequired
to control emissionsof hazardousair pollutantsfrom POTWsmay indirectly affect the concentration
of radionuclidesin sewage sludge.
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Under the CWA, EPA determinesthe pollutantsfor whichit will establish sewagesludgeuse
and disposal standards (i.e., 40 CFR Part 503) based on current information about the potential for
adverse consequencesto human health and theenvironment. Part 405(d) of the CWA requiresEPA,
based on available information, to establish numerical pollutant limits for pollutants present in
sewage s udgein concentrationsthat may adversely affect public health and the environment. These
standardsmust be adequateto protect public health and the environment from reasonably anticipated
adverseeffects. Thisauthority, in combination with the Agency’s authority under AEA to establish
generally applicable environmental standards for the protection of the general environment from
radioactivematerial andto establish NESHA Psfor hazardousair pollutants (including radionuclides)
under part 112 of the CAA for facilities which emit radionuclides to the ambient air, would appear
to provide adequate authority to establish numerical limits for any radionuclides in sewage
sludge/ash for most end use and disposal practicesif deemed necessary to protect public health and
the environment. While the definition of "pollutant” in the NPDES Regulations (40 CFR 122.2)
specifically exempts radioactive materialsthat are regulated under the AEA asamended (42 U.S.C.
2011 et seq.), the Pretreatment Regulations (40 CFR Part 403) do not separately define "pollutant,”
but do prohibit "interference," which includes adischarge which "inhibits or disruptsthe POTW, its
treatment processes or operations, or its sludge processes, use or disposal” [40 CFR 403.3(i)]. The
sewage sludge standards (40 CFR Part 503) separately define "pollutant” without reference to the
AEA, and asdiscussed above could use EPA’ sauthority under AEA to establish generally applicable
environmental standards for the protection of the general environment from radioactive material in
sewage sludge/ash.

These standards could then trigger action on the part of POTWs through their contracts or
permits with licensees to dispose of waste into the treatment works to avoid pass through and
interference for the POTW. However, the nature of the arrangement between the POTW and its
customers will depend upon state and local law as well as any applicable requirements in EPA's
pretreatment program (40 CFR Part 403). In some cases, there are local permitsissued to POTW
users that would govern the circumstances of discharges to the POTWs. In other cases, the
arrangementsare purely contractual and therel ationship betweenthe POTW and itsusers(including
whether the users must notify the POTW before the discharging of radioactive material) would be
amatter of negotiation between the parties.

44 |ISCORS

NRC and EPA formed the Interagency Steering Committee on Radiation Standards
(ISCORS) in 1995 to expedite the resolution and coordination of regulatory issues associated with
radiation standards. Theobjectivesof thecommitteeincludethefollowing: (1) facilitate aconsensus
on acceptable levels of radiation risk to the public and workers, (2) promote consistent risk
assessment and ri sk management approachesby setting and i mplementing standardsfor occupational
and public protection from ionizing radiation, (3) promote completeness and coherence of federal
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standardsfor radiation protection, and (4) identify interagency i ssuesand coordinatetheir resol ution.
In addition to NRC and EPA, ISCORS membership aso includes senior managers from the
Department of Defense, the Department of Energy, the Department of Labor’s Occupational Safety
and Health Administration, the Department of Transportation, and the Department of Health and
Human Services. Representatives of the Office of Management and Budget, Office of Science and
Technology Policy, and the States are observers at meetings.

| SCORS formed a Sewage Sludge Subcommittee. Thissubcommitteeisassisting NRC and
EPA in conducting the NRC/EPA sewage survey and in devel oping this POTW guidance document.
Themember agenciesof ISCORS agreethereisnot yet enough information on occurrenceand levels
of radioactive materials in sewage sludge and ash to develop any conclusive regulatory decisions.
Most of the information available is due to unusual circumstances that triggered discovery of
incidentsinthecourseof other business. Theseincidentsalso generally resulted from practicesprior
to the recent changes in NRC regulations for the restricted licensees releases to the sewer. The
Sewage Sludge Subcommittee is evaluating the occurrence of radioactive materials in sewage
sludge, including the sampling of sewage sludge and ash from POTWSs across the country and is
conducting modeling to eval uate the dose associ ated with radioactive material in sewage sludge and
ash. These activities are being conducted to support consideration of the need for future regul atory
actions. Some of the regulatory actions that may be considered include the following:
. NRC regulations that would further limit the sanitary sewer discharge of man-made

radioactive materials.
. EPA regulations that would further limit the discharge of NORM through NPDES permits.
. EPA regulations that would include requirements for radioactive materials in sewage

sludge/ash use and disposal practices.

45  State Agencies

In addition to the role of state agencies as NRC Agreement States, states have been active
regarding theissue of potential radioactive contamination at POTWs. Many states (both Agreement
and non-Agreement States) have legidlative authority and have promulgated regul ations regarding
TENORM, in amanner similar to the regulations regarding man-made radioactive materials. For
example, some states have established licensing and inspection requirementsfor usersof TENORM.
Other statesrequire users of TENORM to register with the state, rather than being issued alicense.
To date, nine states have approved regulations for TENORM, and severa states have TENORM-
related guidance, asit appliesprimarily to the oil and gasindustries and the mining industry. State
radiation control programs may also address the following areas:

1. X-ray machines,

2. Licensing of radiological technologies,

3. Accelerator-produced radioactive materials,

4. Source, by-product, or special nuclear materials (if Agreement State),
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5. Radon awareness,

6. Certification programs for radon tester or mitigators,

7. Non-ionizing sources of radiation, such as radio frequency sources, lasers and others,
8. Drinking water standards for radium, radon and others,

9. Cleanup of radioactively contaminated sites,

10. Monitoring around nuclear power plants,

11. Emergency response to nuclear power plants and radioactive materials incidents,

12. Low-level radioactive waste siting, and

13. Laboratory services.

Examples of state involvement in addressing radioactive contamination at POTWSsinclude
the case studies presented in Chapter 1 (i.e., Tennessee and Oregon). State radiation control
programs are good contacts for the POTW operator for information about radiation control. State
radiation control programs are composed of individuals who have studied radiation and have
experience with that particular states' problems.

4.6 Local Authorities

Theroleand authority of local jurisdictions, especially POTW authorities, isone of themore
complex of the relationships related to POTWs and radioactive material. In general, POTWs have
the same authority concerning radioactive material asthey do for any other material in influentsto
the POTW. However, theU.S. Supreme Court hasheld that for radioactive materials covered by the
AEA, Federal authority preempts other regulatory authorities when the issue isradiation protection
(Pacific Gas & Electric Co. v. State Energy Conservation Comm., 461 U.S. 190, 1983). However,
theresolution of particular preemption issuesis often highly fact dependent. Therefore, if thebasis
for the state or local government action is something other than the protection of workers and the
public from the health and safety hazards of regulated materias, it may be that the action is not
preempted. Thus, if a POTW has sound reasons other than radiation protection to impose certain
pretreatment requirements or certain prohibitions on receipt of such waste, it may be possibleto do
so. However, as thisis an unsettled area of the law with little case law upon which to rely, it is
difficult to predict whether unusual cost by the POTW would be asufficient reason that would avoid
a successful preemption challenge.

The nature of the arrangement between the POTW and its customers will depend upon state
and local law aswell as any applicable requirementsin EPA's pretreatment program (40 CFR Part
403). In some cases, there are local permits issued to POTW users that would govern the
circumstances of dischargesto the POTWSs. In other cases, the arrangements are purely contractual
and the relationship between the POTW and its users (including whether the users must notify the
POTW before the discharging of radioactive material) would be a contract condition.
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Two relatively recent court cases have addressed issues of local authority on radiation
matters, but do not provide definitive answers. In Cleveland, Ohio, a discharger of radioactive
material swasunableto obtain arestraining order to prevent local authoritiesfrom terminating sewer
service based on the radioactive materials in its wastewater. The POTW'’s actions were supported
by restraining ordersfrom both state and federal courts, but asettlement of theoverall case precluded
either state or federal court fromreaching afinal opinion. Therefore, thereremainssomeuncertainty
in this case.

In Sante Fe, New Mexico, adischarger has obtained asummary judgement in Federal Couirt,
which appears to prevent local authorities from regulating environmental matters generally,
including radioactive discharges. However, this decision was based on interpretation of New
Mexico statues. The Court held that while state |aw authorizeslocal governments to construct and
operate sewage treatment plants, the regulation of environmental matters generally has not been
delegated to local authorities and may only be exercised at the state level. However, because the
Court’ sdecision was based entirely on New Mexico laws, the case has little precedential valuein
interpreting federal law or laws of other states.

5 WHAT CAN A POTW OPERATOR DO TO DETERMINE IF THERE
|ISRADIOACTIVE CONTAMINATION AND WHO CAN HELP?

Although POTWsmay not bethe primary regulatory authority, thereare several steps, listed
below, that aPOTW may consider if they have concernsregarding radioactivity. Depending on the
outcome of the preceding step(s), it is possible that not every step isnecessary. Itisalsolikely that
the cost for each succeeding step will be more than the cost of the preceding step. The stepsinclude
the following:

1. Determinewhat radioactive materials may be discharged into or otherwise enter the wastewater
collection and treatment system.

2. Determine if screening surveys or sampling for radioactive material at the POTW should be
performed and if necessary how to perform them.

3. Evauate any external radiation exposure of collection system workers or POTW personnel
through screening surveys or sampling.

4. Evaluate any potential radiation exposure of workers or the general public related to the use or
disposal of sewage sludge or ash through screening surveys or sampling.
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Prior to taking the steps described in this chapter, the POTW authority may want to consider
employing aconsultant when eval uating the potential for aradioactive contamination problem. Part
of thePOTW’ sconsideration will depend upon availableresources and experience of the authority's
own personnel, aswell astheinitial findings regarding the number and complexity of the sources
of radioactive material in the service area. Assistance and advice are available to the POTW
authority from the appropriate State Radiation Control Program, the NRC Regional Office, and the
EPA Regional Radiation Program. Information regarding these programs and offices, including
contact information, is provided in Appendices B, C, D, and E.

5.1 Determine What Radioactive Materials May be Discharged into or Otherwise
Enter the Wastewater Collection and Treatment System

The POTW operator should identify the source(s) of radioactive materials that enter the
wastewater system. Asdescribed in Chapter 3, the sources of potential contamination may befrom
man-made and/or naturally occurring materials. To determine potential sources of man-made
radioactive materials, the POTW operator should identify facilities in the service area that are
licensed to use radioactive materials. A list of licensees, obtained from the appropriate regulatory
agency, should be used to determine likely sources.

If the POTW isin an Agreement State, the state can provide alist of the licensees and the
material(s) they are licensed to use. If the POTW is not in an Agreement State, the POTW must
check withthe NRC (e.g., the NRC Regional Office) toidentify thelicenseesthat arelocated in their
service area. If the POTW services any federal government facilities, it will also be necessary to
contact the NRC Regional Office, even in an Agreement State. These facilities cannot be licensed
by the State and are alwaysunder NRC purview. For example, Army, Navy, and Air Forcefacilities
are licensed by the NRC." In all States, the POTW should contact the State radiation control
program officefor information regarding non-AEA man-made radioactive materials(i.e., accel erator
produced material, NARM). If thereisaDOE facility inthe service area, the POTW should contact
the DOE facility directly to determine if there may be a potential for the discharge of radioactive
materialsto the sanitary sewer. Contacts at specific DOE facilities may be obtained from the DOE
Office of Environment, Safety and Health website (http://www.eh.doe.gov/portal) under "DOE and
the Community," "Contact Us."

Todetermineif information isavail ableregarding the potential presenceof TENORM inthe
service area, the POTW operator should contact the State Radiation Control Agency (see
Appendix E). EPA regional radiation program managers(see Appendix D) may also beableto assist
in this question.

! Additional information for Navy and Air Force facilities may be obtained from the corresponding Service
Coordinating Committee. The Navy Committee can be contacted directly at 703/602-2582 and the Air Force
Committee can be contacted directly at 210/536-3331.
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Information on what radioactive material isauthorized for useisasimportant asidentifying
the user. For instance, if a wastewater discharger only uses a "sealed source,” it is unlikely the
facility would discharge radioactive material inthe sewer system. Thisinformation can berequested
from the licensee or from the NRC or Agreement State. After the likely sources of radioactive
materials have been identified, the discharger should be contacted to determine if any continuous
or accidental releases may have occurred.

5.2 Determine if Screening Surveys or Sampling for Radioactive Material at the
POTW Should Be Performed and if Necessary How to Perform Them

In Section 5.1 above, a number of suggested steps were provided for a POTW to follow in
learning what available information may exist on radioactive materials entering into or being
discharged into the sanitary sewer system. Following are some criteria which may be useful in
determining if it is appropriate to sample the POTW facility sludge or ash for radionuclide content:

1. Isthefacility located in an areawith elevated levels of uranium and radium occurrence in soils
or bedrock (see Figure 1, Figure 3, or Figure 4)?

2. Have water treatment plants which may discharge residuals into the sewer system reported
exceedances of EPA drinking water MCLs for radium, or for apha and beta emitting
radionuclides? The current standards are: combined radium-226/228, 5 pCi/L; a combined
standard of 4 mrem/yr for beta emitters; and a gross alpha standard of 15 pCi/L, not including
radon and uranium (see 40 CFR Part 141).

3. Are there industrial facilities in the POTW service area for the following industries which
dischargesignificant quantitiesof untreated processwastewater into the sewer system: ceramics,
electronics, mineralsor metal fabrication (any oneof aluminum, copper, gold, silver, phosphate,
potassium, vanadium, zinc, zirconium, tin, rareearths, molybdenum, titanium, depl eted uranium,
radium), paper and pulp, metal foundry and engine manufacture, luminous watch and clock
manufacture, cement or concrete, optics, €l ectric lighting, gypsum board manufacture, welding,
paint and pigment, or fertilizer manufacture? What percentage of total discharge to the system
Is provided by these facilities? All of these industries have been associated with the use of
TENORM materials or production of TENORM wastes.

4. Arethere NRC or Agreement State licensees, DOE facilities, Department of Defense facilities
in the service area that discharge to the sewer system in the following categories: medical,
medical laboratory, research & development college or university, nuclear laundries,
decommissioning facilities for byproduct materia facilities, UF; production plants, hot cell
operations, uranium enrichment plants, or uranium fuel fabrication plants. Are there State
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licensed accelerators which may discharge to the sewer system? Are there facilities which
dischargelandfill leachate or Superfund site dischargesin the servicearea? How many licensees
are there in the system and how much do they discharge annually? What percentage of total
discharge to the system is provided by these facilities?

While there have been few studies conducted to evaluate the volumes and movement of

radionuclidesthroughout the sewage system and their accumul ation and occurrencein sewagesludge
or ash, a POTW can make some qualitative judgements about whether sampling or surveying is
prudent based on an informed analysis of dischargersto the system.

If there are no occurrences of any of the items listed above in the system, the likelihood of
finding contamination by radioactive materialsin the sewage sludge and ash isunlikely, but still
remotely possible. Sampling would not likely be warranted.

If both criteria 1 and 2 are true, the possibility does exist that NORM could be elevated in the
sludge and ash and would merit testing.

If either (or both) criterial and 2 are true, and industries listed in criteria 3 are present in the
service area, the possibility exists that NORM or TENORM could occur in the sludge and ash,
and merit testing of the POTW sludge and ash.

If criteriad istrue, and thereare either multiplelicenseesin the servicearea, or thelicenseesmay
discharge a significant fraction of wastewater in the sewer system (more than afew percent), it
may be appropriate to periodically sample and test the sludge and ash for the presence of
radionuclides, particularly thosethat are man-made. Sincethevolumeof wastewater discharged
from alicensee may not beindicative of theamount of radionuclidesdischarged during the year,
reviewing licensee discharge records may be a better indicator of what, and how much, is
entering the system.

If any of criterial, 2, or 3 are true and criteria 4 istrue, thelikelihood exists for occurrence of
NORM, TENORM, and man-made radionuclides in the sewage sludge or ash, and it may be
appropriate to sample the sewage sludge or ash.

Further information on identifying and dealing with new industrial sources, radioactive

contaminants, and individual facilitiesisprovidedin aguidance document devel oped by the National
Biosolids Partnership (NBP 1999).

Theresults of the ongoing, joint NRC and EPA survey and associated dose modeling being

conducted by the ISCORS Sewage Sludge Subcommittee (see Section 4.4) may be helpful to
POTWSs when deciding whether they should sample.
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5.3 Evaluate Any Potential External Radiation Exposure of Collection System
Workersor POTW Personnel Through Screening Surveysor Sampling

There may be a potential for external radiation exposure (i.e., from outside the body, rather
than from ingestion or inhalation) to collection system workers and POTW personnel if gamma
radiation emitting radionuclides are discharged into the wastewater system (more information
regarding the various types of radionuclides is provided in Appendix A). If the potential for such
discharges is determined, the POTW should initiate an evaluation. This evaluation may be
conducted using two methods: (1) use aradiation survey meter to identify any pointsat which such
contamination exists, and (2) use an integrating radiation measuring device to determine if any
exposures could occur over time. It may be advisable to hire a health physics consultant to assist
in the selection of appropriate survey methods and instruments.

A source of useful information on such surveys is a federal consensus document, Multi-
Agency Radiation Survey and Ste Investigation Manual (MARSSM). This manual may provide
useful information on planning and conducting asurvey involving potential contamination of surface
soils and building surfaces. This document, prepared specifically for site surveys involving
radiological contaminants, contains useful information on sampling procedures, field measurement
methods and instrumentation, quality assurance and quality control procedures and interpretation of
results. Thisinformation was developed as a consensus approach by four federal agencies (EPA,
DOE, NRC and DOD) to determine whether dose or risk-based release criteria for buildings and
soils have been met. In the context of a POTW survey for radiological contaminants, the methods
and procedures contained in thismanual should be generally applicable. The MARSSIM document
and related informational tools can be obtained from the EPA’s Office of Radiation website
(http://www.epa.gov/radiation/marssim/).

Direct measurement can be conducted with aninstrument using asodiumiodide detector tube
or avery sensitive Geiger Muller detection device. Theinstrument should be ableto detect gamma
radiation in the micro-roentgen per hour range.

In taking measurements along the collection system, it is best to focus on system junctions
and bends that are immediately downstream from the wastewater generator of concern. These are
points that allow the accumulation of radioactive material. Prior to taking collection system
measurements, it isimportant to create a baseline of the background radiation levels; abackground
measurement should be taken in the general vicinity of the system before taking measurementsin
the collection system itself. If possible, these background measurements should be taken upstream
of the discharger over grassy areas. Table 8 provides typical ranges of radioactive material
concentrations found in U.S. soils and common items such as fertilizers and building materials, as
well as the range of radioactive material concentrations detected during the pilot survey of sludges



and ash from nine POTWs. Thistable is taken from Appendix B of the pilot survey report (NRC
and EPA 1999).

Table 8. Concentration Ranges from Pilot Survey and for Typical U.S. Background in
Sail, Fertilizer, and Building Materials (pCi/g-dry weight)

Common materials

Pilot study results

Radio- Phosphate Building

nuclide Soil Fertilizer 2 Materials? Sludge Ash
Am-241 NDA?3 NDA NDA ND* ND
Ba-140 NDA NDA NDA ND ND
Be7’ NDA NDA NDA ND - 22 40-13
Bi-212 0.1-35 0.1-46 0.1-37 ND - 2.0 ND - 2.0
Bi-214 0.1-3.8 4.0-140 2.5-5.05 ND - 2.0 .02-16
C-14" NDA NDA NDA ND ND
Co-60 NDA NDA NDA ND - 6.0 ND
Cr-51 NDA NDA NDA ND - 4.0 ND
Cs-137 0.1-02° NDA NDA ND - 1.0 0.03-0.08
H-3" NDA NDA NDA ND - 30.4 ND
1-125 NDA NDA NDA ND - 1.0 ND - 0.3
1-131 NDA NDA NDA ND - 70 ND - 4.0
K-40" 2.7-19 32-160° 0.8-30 2.0-8.0 14-16
Pa-234m” 0.1-38 4.0-140 02-5.0° ND - 15 ND - 9.0
Pb-212" 0.1-35 <0.1-4.6 0.1-3.7 0.2-20 1.0-2.0
Pb-214" 0.1-38 4.0-140 0.2-5.0 ND - 2.0 20-17
Pu-238 NDA NDA NDA ND - 0.03 ND - 0.01
Pu-239 NDA NDA NDA ND - 0.08 ND - 0.01
Ra-223" <0.1-0.2 0.2-6.6 <0.1-02° ND - 0.06 ND
Ra-224" 0.1-35 <0.1-4.6 01-37" ND - 1.0 05-40
Ra-226" 0.1-3.8 01-24 0.1-35 1.0-29 3.0-25
Ra-228" 0.1-35 <0.1- 4.6 0.1-37 ND - 2.0 2.0-90
Sr-89 NDA NDA NDA ND -7.0 ND - 0.8
Sr-90 NDA NDA NDA ND - 0.7 ND
Th-227" <0.1-0.2 0.2-6.6 <0.1-0.2 ND - 0.1 ND
Th-228" 0.1-35 <0.1-4.6 0.1-37 ND - 1.0 ND - 2.0
Th-230" 0.1-3.8 4.0-140 0.2-5.0 ND - 1.0 05-20
Th-232" 0.1-35 <0.1-4.6 0.1-37 0.01-0.9 04-10
Th-234" 0.1-3.8 4.0-140 0.2-50 ND - 12 2.0-5.0
TI-201 NDA NDA NDA ND - 24 ND
TI-208" 0.1-35 <0.1-4.6 0.1-3.7 ND - 0.5 ND - 0.6
U-234° 0.1-38 4.0-140 0.2-50 0.2-44 50-80
U-235 "8 <0.1-0.2 0.2-6.6 <0.1-0.2 ND - 3.0 ND-14
U-238° 0.1-38 4.0-140 02-5.0° 0.2-12 20-50

See next page for footnotes.
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Table 8. Concentration Ranges from Pilot Survey and for Typical U.S. Background in
Soil, Fertilizer, and Building Materials (pCi/g-dry weight): Footnotes

Reference: Tykvaand Sabol 1995. This referenceis the source of datafor concentrations
of radionuclides in soil and building materials except for the concentrations of U-238, U-
235, and Cs-137 which came from references 5 and 6, respectively. The concentrations of
the daughters or decay products of U-238, such as Th-234, Ra-226, etc., those of U-235,
such as Th-227 and Ra-223, and those of Th-232 are set equal to those of their respective
parent radionuclides by assuming that the daughters are in secular radioactive equilibrium
with the parent radionuclides.

2 Source for data on fertilizers: NCRP (1987b), pp. 24-32. Thisisthe source of datafor the
concentrations of radionuclidesin fertilizers except for the concentration of K-40 in soil
which came from the reference in note 7.

® NDA - No dataavailable

*  ND - Not detected. The radionuclide was not detected in some of the samples during the
pilot study.

> Reference: Eisenbud and Gesell (1997).

®  Cs-137 concentration range in soil obtained from Figure 4-4, p. 94 of NCRP (1976).

" Sourcefor data on K-40 in fertilizer: (EPA 1993b).

Valuesfor U-235 in sail, fertilizer and building materials were based on the
concentrations of U-238 in the same materials and the natural ratio of U-235 to U-238.

®  The symbol "<" which appears throughout the table is an abbreviation for the words "less
than."

0 * = naturally occurring radionuclide

If thereisreason to believe that there is an exposure problem to collection system workers
then appropriate monitoring of the collection system may be necessary. Monitoring down manholes
inthe collection system may result in highly variable measurements. These variations may beafew
times the background levels and may result from the construction materials used in the manhole.
Marked variations may be observed between concrete and brick, or even among different concrete
or brick materials. These variations are largely due to the natura radioactive materias in the
construction materials. If elevated values are found, further investigation may be warranted.
Consultation with theradiation regulatory authority isrecommended. Moredetailed informationon
thisissue may be found in the National Biosolids Partnership guidance (NBP 1999).

At the POTW, direct radiation measurements should be taken at locations where solid
materials accumulate, including grit chambers and points of sludge collection. If incineration of
sludge is performed, the residual ash should also be measured. Background measurements should
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be made away from the sludge collection point. Some variability in measurements can be expected.
These measurements are necessary to compare levels in sewage sludge and ash samples.

To identify changes over time, POTW operators may also want to employ an integrating
measurement devicethat accumul atesradiation exposureover time. Itisalso possibleto periodically
conduct follow-up surveysusing direct radiation measurements; however, integrating measurement
devices are more effective for time analyses.

Although there are expensive self-recording types of devicesavailable, it may be more cost
effectiveto use somethermoluminescent dosimeters(TLD). Thesedevicesarecrystal structuresthat
store the energy imparted by incident radiation so that it can be subsequently measured to evaluate
the exposurereceived. The selection of the particular TLD to use should be made after consultation
with the vendor, including a discussion of the particular use intended.

The locations selected for placing the TLDs should be determined carefully, in a manner
similar to thelocation selection processfor the direct radiation measurements. Severa of the TLDs
should be placed in an arearemoved from sludge processing (e.g., an office desk, cabinet) to serve
asabackground measurement. The TLD devices used for system measurements can be hung down
manholesor over areaswhere sludgeiscollected, or over conveyer beltswhere sludgeistransported.
The TLDs should be left in place for aperiod of afew weeks to a month and then returned to the
vendor for evaluation.

54 Evaluate Any Potential Radiation Exposure of Workers or the General
Public Related to the Use or Disposal of Sewage Sludgeand Ash Through
Screening Surveysor Sampling

In addition to evaluating the potential for exposures to POTW workers from radioactive
materialsin sewage sludge and ash, POTWs may a so need to evaluate potential exposuresto other
workers who handle or manage sludge and ash or to members of the public.

54.1 How to Evaluateif There Are Any Potential External Radiation Exposure
Problemswith the Disposal or Reuse of Sewage Sludge and Ash

If a thorough survey of sludge accumulation points indicates there is no problem with
elevated readings, there is a reduced probability that land application sites or landfills will have
radioactive contamination. However, materials placed in these sites in the past may have caused
contamination. Also, there may be areas where repeated applications have occurred, causing a
buildup of material that would not have been detected otherwise.
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A survey of land application sites or landfills where sludge has been disposed is a prudent
step if there is reason to believe that elevated levels of radioactive materials may have been
discharged to the system. Measurement of radiation levelsin these areas can be made with the same
instrument used for the collection and treatment systems. Background levels should be measured
inareaswithout sludge or ash for comparison purposes. Somevariationin background levelsshould
be expected due to local soil conditions. If levels significantly above background are found, it is
suggested that the appropriate radiation control authority be consulted.

In cases where the POTW uses or disposes of sewage sludge/ash or contracts it out, the
following factors may be considered to decide whether to perform measurements at the use or
disposal sites:

 Indications that there has been radioactive contamination in the POTW.
« Theliability arrangements between the POTW and the contractor.
» The adequacy of available records on past sewage sludge/ash applications.
» The frequency and amount of sewage sludge/ash applications to each site.
Based on these factors, the POTW may want to collect samples at the sludge or ash disposal site.

5.4.2 How to Evaluateif Thereareany Potential Internal Radiation Exposure
Problemswith the Disposal or Reuse of Sewage Sludge/Ash

Following the stepsdescribed above, any significant occurrence of radioactive contamination
at a collection system or POTW should have been detected. If thereis a determination of potential
contamination from the direct radiation measurements, adetermination of what radioactive material
caused the problem should be made. Such a determination would al so be necessary to identify the
possibility of ingestion or inhaation of radioactive material during wastewater collection and
treatment, or sewage sludge and ash use or disposal practices. Inthese cases, it may be necessary
to take physical samples of the sewage sludge, ash, or other residual material and have this material
analyzed at alaboratory with the capability for such an assessment. Other caseswhere sampling and
analysis may be required are circumstances where the possible radioactive contamination is not
detectable by the methods previously described. These would be instances where the radiation
emitted was only aphaor weak betaradiation. Such radioactive materialsinclude some man-made
elementsthat are heavier than uranium, and more common radioactive material's, such ashydrogen-3
(tritium) and carbon-14.

If itisfound that the sampling of sewage sludge and ash should be conducted (either because
of detected contamination or undetected radioactive materialsare believed to be present), acarefully
planned program should be executed. Analysis of sewage sludge and ash samples may become
expensive. An initial gamma scan and gross al pha and gross beta determination may be useful as
an inexpensive screening tool for further analysis. Further assessments may require analyses for
specific radioactive materials.
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A gamma spectrometer is used to estimate gamma-emitting radionuclide concentrations.
Gamma spectrometry can discriminate among various radionuclides on the basis of characteristic
gamma and x-ray energies to provide a nuclide-specific measurement. Gross alpha or gross beta
activity analyses are used to screen samples to determine the need for nuclide-specific analyses.

The EPA guidance, POTW Sudge Sampling and Analysis Guidance Document (1989),
providesinformation on conducting sampling and analysisof sludge.? Information on how to collect
samples, what containersto put them in, how to preserve them, and other sampling steps, should be
worked out in consultation with the selected analysis vendor. Also, some analyses require specific
time periodsfor counting radionuclide decay emissions or collecting radon or other decay products.
Thesetime periods may vary with the radionuclides being tested and can take several daysor weeks
to complete.

A radiochemical laboratory should be selected before sampling so that the laboratory may
be consulted on the analytical methodology and sampling protocol. A list is maintained by the
Conference of Radiation Control Program Directors (CRCPD) of laboratories that provide
radiological analysisof diverse materials, have quality assurance and quality control programs, and
will perform work for government and private firms. Appendix J lists those laboratories from the
January 2000 CRCPD list that haveindicated they perform analyses of sludge samples. To evaluate
the laboratory, the following considerations should be made:

» Doesthelaboratory possess the appropriate well-documented procedures, instrumentation,
and trained personnel to perform the necessary analyses?

» |Isthelaboratory experienced in performing the same or similar analyses?

» Doesthelaboratory have satisfactory performance eval uation resultsfrom formal monitoring
or accreditation programs? The laboratory should have a formal quality assurance (QA)
program in place. The laboratory should be able to provide a summary of QA audits and
proof of participation in inter-laboratory cross-check programs. Equipment calibrations
should be performed using National Institute of Standards and Technology (NIST) traceable
reference radionuclide standards whenever possible.

» |Isthere an adequate capacity to perform all analyses within the desired time frame?

» Doesthe laboratory provide an internal quality control review of all generated datathat is
independent of the data generators?

» Arethere adequate protocolsfor method performance documentation and sample security?

% The EPA guidance document can be obtained from the Education Resource Information Center (ERIC number W134)
by calling (800) 276-0462 or the National Technical Information Center (NTIS number PB93-227957) at (800) 553-NTIS.
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Typical Analysis Costs

Costs for analysiswill depend on the type of analysesthat are requested. The more detailed or
complicated the analysis, the more expensive and time demanding the analysis becomes. Gamma
spectroscopy anaysisfor onesamplecould cost afew hundred dollars, grossal pha/betaanalysismay
cost a few hundred dollars and costs for radiochemical analysis for alpha and beta emitters may
range from several hundred to over one thousand dollars, depending on the radionuclides analyzed.

If thereisany concern by the POTW operator regarding potential radiol ogical contamination
of buildings or facilities where sewage sludge or ash island applied or disposed in alandfill, there
may be aneed to conduct an appropriate radiological survey. Asdiscussed in Section 5.3, asource
of useful information on such surveysisthe MARSSIM.

6 WHAT TODO IF ELEVATED LEVELS OF RADIOACTIVE
MATERIALS ARE FOUND

Elevated levels of radioactivity at a POTW do not necessarily mean that workers or the
public are in danger. POTW operators should evaluate the risks and determine the appropriate
course of action through consultation with radiation regulatory authorities and health specialists.
Actions may also be needed to prevent interference with use or disposal of sewage sludge and ash,
to prevent areoccurrence, or to clean up contaminated areas.

6.1 Contact Regulatory Agenciesfor Assistance

If elevated levels of radioactive materials are suspected or detected, the POTW should first
consult with their state radiation regul atory agency (see Appendix E). Based on theinitia contact
with the state, the POTW may also need to contact the NRC regional office or the EPA regiona
Radiation Program Manager (see Appendices C and D, respectively). Theseregulatory agenciesare
valuable sources of information on radiation and radiation protection and may assist the POTW in
addressing the situation and in communicating with the public. They can also helpidentify possible
sources of the radionuclides, assist in establishing an appropriate course of action, and take
enforcement actions if needed to correct the problem.

The regulatory agency may determine that the levels are not sufficiently elevated to cause
concern for worker or public health and safety. In that case, no additional action by the POTW
would be needed to protect workers. However, the POTW should convey the regulator’ s findings
to the POTW workers so that they know there is no cause for concern. A letter or other
documentation from the regulator would be useful in communicating with workers that the levels
do not pose a concern.



6.2 Protect Workers

When there are elevated level s of radioactivity, the most important concern for the POTW
should be the protection of the workers and the public. If consultations with the regulatory agency
indicate there may be a concern regarding exposure to the POTW workers, the POTW may need to
obtain the services of a qualified consultant, such as a health physicist, to evaluate the radiation
levelsat theplant and disposal sites. Theconsultant can recommend appropriate protective measures
that are commensurate with the radiation hazards to keep exposure levels as low as reasonably
achievable. These measures may include: limiting the amount of time workers spend near units
with elevated levels of radioactivity; increasing the distance between workers and the radiation
source(s); and increasing the shielding between the source(s) and the workers.

Many of the measuresthat protect workersfrom radiation hazards are the same asthose used
at POTWsto protect against pathogens. Personal hygiene practices such as washing hands before
eating preventsingestion of radionuclides aswell as pathogens. Similarly, the use of dust masksin
sludge and ash handling areas reduces the potential for health risks from inhaling dust and the
radionuclides in the dust.

If elevated levels of radioactivity have been identified, the POTW employees should be
informed. The POTW employees should also be provided with factual information on the risks
associated with the level of radiation exposure. Regulatory agencies or health physicists may have
literature available to assist in communicating with POTW personnel.

6.3 Prevent Reoccurrence or Reduce Radiation Levels

POTWs, in consultation with the regulatory agencies, should determine what can be done
to prevent reoccurrences, reduce radiation levels, and prevent interference with use or disposal of
sewage sludge and ash. Each situation will be unique and the appropriate actionswill vary from no
additional action to regulatory enforcement. The approach taken will be affected by the answersto
several questions that the POTW and the regulator may explore.

1. Where did the radionuclides come from? Consultation with the regulatory agency could
identify whether the radionuclides are naturally-occurring, TENORM, or man-made. See
Section 3.1 for adescription of these types of sources. For man-made sources, the presence of
specific radionuclides could help regulators determine if alicensee is the source.

2. How did the radionuclides get to the POTW? Asdiscussed in Section 3.2, radionuclides may
reach the sewersand POTW in several ways. For example, radionuclides may enter the POTW
viadischarges, POTW treatment processes, or infiltration andinflow. To determinethelocation
of discharges that may cause contamination, the POTW may need to take samples from the
sewersleading from the sources. The necessity of sampling should be discussed withthe NRC

41



or state contact prior to initiation. Based on this information, the POTW should be able to
determine the source(s) of any radioactive materials that may enter the POTW.

3. How often are radionuclides expected to reach the POTW? Knowing the timing of releases
enables POTW operators to plan for their arrival. For example, some users of radioactive
materialsare alowed to continuously or intermittently release small amounts of radionuclides
to the sewer system. Accidental discharges may only occur once or infrequently. Naturally
occurring radionuclides may reach the POTW continuously or periodically following
precipitation events that increase infiltration and inflow.

4. Whoisresponsiblefor controlling the sourcesof theradionuclidesto prevent reoccurrencesand
interference with use and disposal of sewage sludge and ash? Regulatory agencies are
responsible for setting license conditions and limits to protect human health. Licensees are
responsible for operating or handling their materials in accordance with regulations and their
licenseconditions. Land ownersmay beresponsiblefor controlling erosion that carries natural
sourcesinto thesewer systemthroughinflow. POTW operatorsareresponsiblefor maintaining
an effective infiltration and inflow program, which could reduce the potential for natural
sources to reach the POTW.

5. Aretheappropriate controlsin place to minimize releases of radionuclidesto the POTW? The
POTW may want to evaluate the effectiveness of the controls used by the discharger to
minimizerel easesof radionuclides. The POTW may need to consult with theregulatory agency
to review the regulations and license conditions imposed on a discharger, or ther
implementation by the discharger. The POTW should review infiltration and inflow controls
if that is the source.

The POTW can work with the regulator to decide on appropriate actions to prevent
reoccurrences. Examples of these actionsinclude:

e |f the release was a one-time accident and future releases are unlikely, action to prevent
reoccurrence may not be needed.

e Require notification of planned or accidental discharges. The POTW may wish to request
notification from the source facility when future releases occur. Notification would enablethe
POTW to monitor the condition at the POTW and take measures to protect workers if
necessary. POTWs may lack the authority to require notification, but could request it as a
voluntary measure by the user and consult with the Local Emergency Planning Committee
(LEPC) and State Emergency Response Committee (SERC).

e  Work with dischargersto encourage use of spill prevention measuresto reduce the potential for
accidental releases.
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e Impose appropriate additional local controls on the discharger, such aslocal discharge limits
and regular reporting of discharges.

e Request that regulators take enforcement action against dischargers who violate license
conditions and contribute to the elevated levels.

e Provideregulatorswith information on problems created by the dischargers. Thisinformation
may be useful for the regulator in deciding whether to modify the release limits.

e Correctinfiltration and inflow problemsthat transport naturally-occurring radionuclidesto the
POTW.

6.4 Corrective Actionsfor Contaminated Areas

Inrareinstances, sewage dudge and ash management may cause contamination of equipment
or disposal sites; the POTW may beresponsiblefor removing the contamination. Consultationwith
the regulatory agencies should be pursued to determine any requirements that may apply.

Cleanup of contaminated sites can be acostly endeavor for the POTW. Depending upon the
applicable state or federal laws, some dischargers may be liable for portions of the cleanup costsiif
their discharges caused the contamination. Legal counsel should be consulted as to whether any
dischargers may be liable for portions of the cost.

7 COMMENTSOR QUESTIONSON THIS GUIDANCE

If you have any questions or comments regarding this guidance document, please contact
either NRC or EPA:

Duane Schmidt

U.S. Nuclear Regulatory Commission
Decommissioning Branch

Mail Stop T-7F27

Washington, DC 20555-0001

(301) 415-6919, or e-mail to: dws2@nrc.gov

Robert Bastian

U.S. Environmental Protection Agency

Office of Wastewater Management (4204)

Ariel Rios Building

1200 Pennsylvania Avenue, NW

Washington, DC. 20460

(202) 260-7378, or e-mail to: bastian.robert@epa.gov

43



REFERENCES

Ainsworth, C.C., R.L. Hill, K.J. Cantrell, D.I. Kaplan, M.V. Morton, R.L. Aaberg, and E.A. Stetar,
1994, Reconcentration of Radioactive Material Released to Sanitary Sewers in Accordance with
10 CFR Part 20, Rep. NUREG/CR-6289, PNL-10193, U.S. Nuclear Regulatory Commission.

Cember, Herman, 1987, Introduction to Health Physics. Pergamon Press.

DOE (Department of Energy), 1988, External Dose-Rate Conversion Factors for Calculation of
Dose to the Public, DOE/EH-0070, July 1988.

DOE (Department of Energy), 1990, Radiation Protection of the Public and the Environment, DOE
Order 5400.5, Office of Environment, Safety and Health, June 5, 1990.

Eisenbud M. and T. Gesell, Environmental Radioactivity, Fourth Edition (1997), Academic Press,
San Diego, California.

EPA (Environmental Protection Agency), 1986, Radioactivity of Municipal Sudge, Officeof Water
Regulations and Standards, Washington, DC.

EPA (Environmental Protection Agency), 1989, POTW Sudge Sampling and Analysis Guidance
Document. EPA 833/B-89-100, Office of Water (4203), Washington, DC.

EPA (Environmental Protection Agency), 1993a, EPA’s Map of Radon Zones: National Summary,
Rep. 401-R-93-071, Office of Air and Radiation, Washington, DC.

EPA (Environmental Protection Agency), 1993b, Draft Diffuse NORM Wastes-Waste
Characterization and Preliminary Risk Assessment. Rep. RAE-9232/1-2, Office of Radiation and
Indoor Air, Washington, DC.

GAO (General Accounting Office), 1994, Nuclear Regulation; Action Needed to Control
Radioactive Contamination at Sewage Treatment Plants, Rep. GAO/RCED-94-133).

Huffert, A.M., RA. Meck, and K.M. Miller, 1994, Background as a Residual Radioactivity
Criterion for Decommissioning, Rep. NUREG-1501, U.S. Nuclear Regulatory Commission.

Kennedy, W.E., M.A. Parkhurst, R.L. Aaberg, D.C. Rhoads, R.L. Hill and JB. Martin, 1992,
Evaluation of Exposure Pathways to Man from Disposal of Radioactive Materials into Sanitary
Sawer Systems, Rep. NUREG/CR-5814, PNL-7892, U.S. Nuclear Regulatory Commission.



NBP (National BiosolidsPartnership), 1999, Characteristicsof Radioactivity Sour cesat Wastewater
Treatment Facilities, NBP Rep. No. 1, Water Environment Federation, Alexandria, Virginia

NCRP (National Council on Radiation Protection and Measurements), 1976 Environmental
Radiation Measurements, NCRP Report No. 50, Bethesda, Maryland.

NCRP (National Council on Radiation Protection and Measurements), 1987a, lonizing Radiation
Exposure of the Population of the United States, NCRP Report No. 93. Bethesda, Maryland.

NCRP (National Council on Radiation Protection and Measurements), 1987b, Radiation Exposure
of the U.S. Population from Consumer Products and Miscellaneous Sour ces, NCRP Report No. 95.
Bethesda, Maryland.

NRC (Nuclear Regulatory Commission), 1978, Radioactivity in Consumer Products,
NUREG/CP-001.

NRC (Nuclear Regulatory Commission), 1991, 10 CFR Part 20, Sandards for Protection Against
Radiation.

NRC (Nuclear Regulatory Commission), 10 CFR Part 30, Rules of General Applicability to
Domestic Licensing of Byproduct Material.

NRC and EPA (Nuclear Regulatory Commission and Environmental Protection Agency), December
1997, Multi-Agency Radiation Survey and Ste Investigation Manual (MARSS M), NUREG-1575
and EPA 402-R-97-016.

NRC and EPA (Nuclear Regulatory Commission and Environmental Protection Agency), May 1999,
Joint NRC/EPA Sewage Sudge Radiological Survey: Survey Designand Test Ste Results, Rep. EPA
832-R-99-900, prepared by the Sewage Subcommittee of the Interagency Steering Committee on
Radiation Standards, NRC and EPA, Washington, DC.

Tykva R. and J. Sabol, Low-Level Environmental Radioactivity - Sources and Evaluation,
Technomic Publishing Company, Inc., Lancaster, Pennsylvania (1995).

WSSC (Washington Suburban Sanitary Commission), October 1995, Radioactive Waste Disposal
Risk Sudy.



APPENDIX A
FUNDAMENTALS OF RADIATION

What is Radiation?

Radiationisenergy intheform of high speed particlesand el ectromagnetic waves (photons)
that are released from unstable atoms. Radiation with enough energy to separate molecules or
remove el ectrons from atomsisknown asionizing radiation. Non-ionizing radiation does not have
enough energy to remove electrons from their orbits. Radioactivity is the property that some
unstable atoms have of undergoing spontaneous transformation, decay, or disintegration, which
emitsradiation. Materials that contain radioactive atoms are known as radioactive materials.

Radiation is in every part of our lives. It occurs naturally in the earth and can reach us
through cosmic rays from outer space. Radiation may aso occur naturally in the water we drink or
the soilsin our backyard. It even existsin food, building materials, and in our own human bodies.
Radiation is used for scientific purposes, medical reasons, and power (e.g., the U.S. Navy uses
radiation to power submarines through the water). People also come into contact with radiation
through man-made sources such as X-rays, nuclear power plants, and smoke detectors.

The radiation of interest in this guidance is ionizing radiation. At excessive levels, the
process of ionization can cause disease and injury to plants and animals. The three most common
types of ionizing radiation are:

e Alpharadiation - positively charged particles that are emitted from naturally-occurring and
man-made radioactive material. The apha particle has the least ability to penetrate other
materials. Most a phaparticles can be stopped by asingle sheet of paper or thetop layer of skin.
Consequently, the principa hazard from alphaemitters to humansis occurs when the material
isingested or inhaled. The limited penetration of the al pha particle meansthat the energy of the
particleis deposited within the tissue (e.g., lining of the lungs) nearest the radioactive material
once inhaled or ingested. Examples of alpha emitters are radon, thorium, and uranium.

e Betaradiation - negatively charged particles (electrons) that are typically more penetrating but
haveless energy than alpha particles. Betaparticles can penetrate human skin or sheets of paper,
but can usually be stopped by thin layersof plastic, aluminum, or other materials. Carbon-14 and
hydrogen-3 (or tritium) aretwo common betaemitters. Althoughthey can penetrate human skin,
betaparticlesaresimilar to alphaparticlesin that the predominant hazard to humans comesfrom
ingesting or inhaling the radioactive materialsthat emit betaradiation. Other examples of beta
emitters are phosphorus-32 and strontium-90. Some radioactive materials emit positively
charged electrons, or positrons.
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e Gamma (or X-ray) radiation - the most penetrating type of radiation. They can passthroughthe
human body and common construction materials. Thick and dense layers of concrete, steel, or
lead are used to stop gamma radiation from penetrating to areas where humans can be exposed.
Gamma emitters can pose both external and interna radiation hazards to humans.
technetium-99m is an example of a gamma emitter that is widely used in medical diagnosis.
Other gamma emitters include thallium-201 and selenium-75.

Some radionuclides emit more than one type of radiation. For example, cesium-137 and
iodine-131 are both gamma and beta emitters. Potassium-40, a common naturally-occurring
radionuclide, is aso a beta/lgamma emitter. Radium-226 emits both alpha and gamma radiation.

How is Radiation M easured?

Whether it emits aphaor beta particles or gammarays, the quantity of radioactive material
istypicaly expressed in terms of its radioactivity or simply its activity and is measured in curies.
One curie equals 37 billion atomic disintegrations per second. Activity is used to describe a
material, just as one would discuss the length or weight of amaterial. For example, one would say
"the activity of the uranium in the container is 2 curies." Generally, the higher the activity of the
material, the greater the potential health hazard associated with that material if it is not properly
controlled. At nuclear power reactors, the activity of radioactive material may be described interms
of hundreds to millions of curies, whereas the units typically used to describe activity in the
environment and at POTWs are often microcuries («Ci) or picocuries (pCi). A microcurie is one
one-millionth (1/1,000,000) of acurie and apicocurieis one one-trillionth  (1/1,000,000,000,000)
of acurie.

The activity of aradionuclide decreases or decays at a constant rate. The time it takes the
activity of aradioactive material to decrease by half is called the radioactive half-life. After one
half-life, the remaining activity would be one-half (*2) of the original activity. After two half-lives,
the remaining activity would be one fourth (1/4), after three half-lives one eighth, and so on. For
example, if aradionuclide hasahalf-life of 10 years, the amount of material remaining after 10 years
would be ¥z of that originally present. After 100 years (10 half-lives), the remaining activity would
be 1/1024 of the amount that was originally present. Some radioactive materials have extremely
short half-lives measured in terms of minutes or hours; for example, technetium-99m, used in
medical procedures, has ahalf-life of 6 hours. Others have half-lives measured in terms of millions
to billions of years; for example, naturally occurring thorium-232 has ahalf-life of 14 billion years,
and natural uranium-238 hasahalf-lifeof 4.5 billionyears. Half-livesfor anumber of radionuclides
areshownin Table A-1.
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Table A-1. Radiation Types and Half-Livesfor Radionuclides

Radionuclide Type of Radiation Half-life
Actinium-228 beta, gamma 6.1 hours
Americium-241 alpha, gamma 458 years
Antimony-125 beta, gamma 3years
Barium-140 beta, gamma 13 days
Beryllium-7 gamma 53 days
Bismuth-212 alpha, beta, gamma 61 minutes
Bismuth-214 beta, gamma 20 minutes
Carbon-14 beta 5730 years
Cesium-134 beta, gamma 2 years
Cesium-137 beta, gamma 30 years
Chromium-51 gamma 28 days
Cobalt-56 positron, gamma 77 days
Cobalt-57 gamma 271 days
Cobalt-60 beta, gamma 5years
Europium-154 beta, gamma 16 years
Gallium-67 gamma 3 days
Hydrogen-3 (tritium) beta 12 years
Indium-111 gamma 2.8 days
lodine-123 gamma 13 hours
lodine-125 gamma 60 days
lodine-129 beta, gamma 20 million years
lodine-131 beta, gamma 8 days
Iridium-192 beta, gamma 74 days
Iron-59 beta, gamma 45 days
Lead-210 beta, gamma 22 years
Lead-212 beta, gamma 11 hours
Lead-214 beta, gamma 27 minutes
Manganese-54 gamma 303 days
Niobium-95 beta, gamma 35 days
Phosphorus-32 beta 14 days
Phosphorus-33 beta 25 days
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Table A-1. Radiation Typesand Half-Livesfor Radionuclides (continued)
Radionuclide Type of Radiation Half-Life
Plutonium-238 apha 86 years
Plutonium-239 alpha 24,400 years
Plutonium-240 apha 6580 years
Polonium-210 alpha 138 days
Potassium-40 beta, gamma 1.25 billion years
Protactinium-234 beta, gamma 6.7 hours
Protactinium-234m beta, gamma 1.2 minutes
Radium-223 alpha, gamma 11 days
Radium-224 alpha, gamma 3.6 days
Radium-226 alpha, gamma 1600 years
Radium-228 beta 5.8 years
Radon-222 apha 3.8 days
Selenium-75 gamma 120 days
Strontium-89 beta 52 days
Strontium-90 beta 28 years
Sulphur-35 beta 87 days
Technetium-99m gamma 6 hours
Thallium-201 gamma 3 days
Thallium-202 gamma 12 days
Thallium-208 beta, gamma 3.1 minutes
Thorium-227 alpha, gamma 18.5 days
Thorium-228 alpha, gamma 2 years
Thorium-230 alpha, gamma 75,000 years
Thorium-232 alpha 14 billion years
Thorium-234 beta, gamma 24 days
Uranium-233 alpha, gamma 162,000 years
Uranium-234 apha 247,000 years
Uranium-235 alpha, gamma 710 million years
Uranium-238 alpha 4.5 hillion years
Zinc-65 beta, gamma 245 days
Zirconium-95 beta, gamma 64 days

Someradioactive materialsdecay to form other radioactive materials. Thesedecay products,
inturn, decay, eventually forming stable nuclides. Each material formed through decay hasaunique

A-4



set of radiological properties, such ashalf-life and energy given off through decay. In the case of the
radioactive materialsfound at POTWSs, the radioactive material s present may consist of one or more
separate decay "chains' or "series." The naturally-occurring uranium, actinium, and thorium decay
chainsareillustrated in Figures A-1, A-2, and A-3.

Some of the radioactive materials in these chains emit gamma rays when they decay. The
intensity of gammaradiationin air or exposurerate is measured in roentgens (R) or microroentgens
(«R) per unit time, usually an hour, asin R/hr or xR/hr. In the environment, exposure rates are
typically measured intermsof «R/hr. For example, in many parts of United Statesthe exposurerate
from natural sources of radiationisbetween 5 and 15 ©R/hr. Thisambient level isreferred to asthe
background exposure rate.

Many commercially available radiation detectors measureradiation fieldsin termsof wR/hr
or counts per minute (cpm). Counts per minute refersto the number of radiation interaction events
of ionizing particles or photons that are detected, or counted, in a minute by the detector. Only a
fraction of those particles or photonsthat interact with the detector result in counts. The number of
counts per minute can be related to exposure rate or radiation dose for a known radionuclide for
which the instrument has been calibrated.

Radiation dose is ameasurement or estimate of the body’s exposure to ionizing radiation. It
istypically measured in units of rem. In the environment and at POTWs, doses are often measured
in terms of millirem (mrem). A millirem is one one-thousandth (1/1,000) of a rem; a microrem
(urem) isone-millionth (1/1,000,000) of arem. The doserateis expressed in terms of dose per unit
time, again usually an hour, as millirem/hr. For external radiation, exposure rates are often equated
to dose rates using the conversion of 1 uR/hr = 1 urem/hr. Doses from internal exposure to
radioactive material that has been ingested or inhaled are more difficult to determine. Computer
modelsthat account for the distribution and excretion of theradioactive material withinthebody are
used for estimating doses and dose rates from internal radioactive contamination.

What ar e the Effects of Radiation Exposure?

Radiation may cause arange of effectswhen it interactsin, or passes through, living tissue.
Human health effects begin at the cellular level. Some cells are unaffected by the radiation while
others may be damaged but survive and reproduce normally. However, some damaged cells may
survive in amodified form, which could potentially result in cancer. Some cells may die from the
exposure to radiation.

Other health effectsoccur to organsand thewhole body. Effectsfrom low dosesof radiation

(tens of, rems) may include birth defects and genetic effects. High doses of radiation (hundreds of
rems) over short periods of time may cause organ damage and, if high enough, death. Doses
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associated with exposuresto natural background radiation or typical radioactivematerialsin POTWs
are thousands of times lower than the high doses that cause significant biological damage.

At low doses, the principal concern associated with radiation exposure is the possible
occurrence of cancer yearsafter the exposure occurs. Other effects such asbirth defectsand genetic
effectsare not likely. For such low doses, the likelihood of producing cancer has not been directly
established becauseit isnot possibleto distinguish cancers produced by such low levelsof radiation
from cancers that occur normally. The risk of developing cancer is usually expressed in terms of
probability of an adverse health effect because a given dose of radiation does not produce a cancer
inal cases.
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APPENDIX B

NRC AND EPA REGIONAL OFFICESBY STATE AND
IDENTIFICATION OF AGREEMENT STATES

NRC and EPA Regions

NRC REGION IV

NRC REGION Il NRC REGION |

EPA
REGION 1

>

EPA
REGION 10 I

EPA REGION 3
REGION 9

NRC REGION Il
EPA

REGION 4
REGION 6
Note: = Included in NRC Region Il and EPA Region 2 - Puerto Rico and U.S. Virgin Islands
= Inlcuded in NRC Region IV - Alaska and Hawaii
« Included in EPA Region 9 - Guam and American Samoa PR -

Figure B-1. Delineation of the NRC and EPA regions.
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[ ] Agreement States

Source: Nuclear Regulatory Commission

Figure B-2. Delineation of NRC Agreement States.
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APPENDIX C
NRC REGIONAL OFFICES

Division of Nuclear
Region and address Materials Safety State Agreements Officer

Region | (610) 337-5000 (610) 337-5042
475 Allendale Road
King of Prussia, PA 19406-1415

Region |1 (404) 562-4000 (404) 562-4704
Sam Nunn Atlanta Federal Center

61 Forsyth St, SW

Suite 23785

Atlanta, Ga 30303-8931

Region |11 (630) 829-9500 (630) 829-9661
801 Warrenville Road
Lisle, IL 60532-4351

Region IV (817) 860-8100 (817) 860-8116
Harris Tower (817) 860-8287
611 Ryan Plaza Drive, Suite 400

Arlington, TX 76011-8064

C-1



APPENDIX D

EPA REGIONAL OFFICES

EPA Radiation Program Managers

Jim Cherniack, RPM

USEPA Region 1

1 Congress St. Suite 1100
Boston, MA 02114-2023
Phone: (617) 918-1533

Fax: (617) 918-1505
http://www.epa.gov/region01/

Paul A. Giardino, RPM
USEPA Region 2

290 Broadway

New York, NY 10007-1866
Phone: (212) 637-4010

Fax: (212) 637-4942
http://www.epa.gov/region02/

Robert Kramer, RPM

USEPA Region 3

1650 Arch Street
Philadelphia, PA 19103-2029
Phone: (215) 814-2704

Fax: (215) 814-2101
http://www.epa.gov/region03/

Paul Wagner, RPM

USEPA Region 4

Atlanta Federal Center

61 Forsyth Street, SW
Atlanta, GA 30303-3104
Phone: (404) 562-9100

Fax: (404) 562-9066
http://www.epa.gov/region04/

Mike Murphy, RPM

USEPA Region 5 (AE-17J)
77 West Jackson Boulevard
Chicago, IL 60604-3507
Phone: (312) 353-6686

Fax: (312) 353-0617
http://www.epa.gov/region5/

Steve Vargo, RPM

USEPA Region 6 (6PD-T)

Fountain Place 12th Floor, Suite 1200
1445 Ross Avenue

Dallas, TX 75202-2733

Phone: (214) 665-6714

Fax: (214) 665-6762
http://www.epa.gov/region06/

Robert Dye, RPM

USEPA Region 7 (ARTD/RALLI)
901 North 5th Street

Kansas City, KS 66101

Phone: (913) 551-7605

Fax: (913) 551-7065
http://www.epa.gov/region07/

Milton W. Lammering, RPM
USEPA Region 8 (P2-TX)
999 18th Street Suite 500
Denver, CO 80202-2466
Phone: (303) 312-6147

Fax: (303) 312-6064
http://www.epa.gov/region08/
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EPA Radiation Program Managers (continued)

Michael S. Bandrowski, RPM
USEPA Region 9 (Air-6)

75 Hawthorne Street

San Francisco, CA 94105
Phone: (415) 744-1048

Fax: (415) 744-1073
http://www.epa.gov/region09/

Jerry Leitch, RPM

USEPA Region 10 (OAQ-107)
1200 Sixth Avenue

Sesttle, WA 98101

Phone: (206) 553-7660

Fax: (206) 553-0110
http://www.epa.gov/region10/

EPA Satellite L ocations and L abor atories

U.S. EPA National Air and Radiation
Environmental Laboratory (NAREL)
540 South Morris Avenue
Montgomery, AL 36115-2601

Phone: (334) 270-3400

Fax: (334) 270-3454
http://www.epa.gov/narel/

U.S. EPA Radiation and Indoor
Environments National Laboratory
P.O. Box 98517

LasVegas, NV 89193-8517
Phone: (702) 798-2476
http://www.epa.gov/radiation/rienl/
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APPENDIX E

STATE AGENCIESFOR RADIATION CONTROL

(asof March 4, 1999)

For an up to date listing of the State radiation control contacts given below, see the Conference
of Radiation Control Program Directors (CRCPD) web page at URL : http://www.CRCPD.org/

and then go to the "SR Control Agencies' tab.

Kirksey E. Whatley, Director
Division of Radiation Control
State Department of Public Health
State Office Building

434 Monroe Street

Montgomery, AL 36130-1701
Phone - (334) 206-5391

Douglas Dasher

Alaska Department of Environmental
Conservation

610 University Avenue

Fairbanks, AK 99709

Phone - (907) 451-2172

Aubrey V. Godwin, Director

Arizona Radiation Regulatory Agency
4814 South 40th Street

Phoenix, AZ 85040

Phone - (602) 255-4845 ext. 222

Jared Thompson

Division of Radiation Control & Emergency
Management

Department of Health

4815 West Markham Street, Slot 30

Little Rock, AR 72205-3867

Phone - (501) 661-2173

Edgar D. Bailey, C.H.P., Chief
Radiologic Health Branch

Food, Drugs & Radiation Safety Division
State Department of Health Services
P.O. Box 942732

Sacramento, CA 94234-7320

Phone - (916) 322-3482

Warren (Jake) Jacobi

Laboratory and Radiation Services Division
Colorado Department of Public Health and
Environment

8100 Lowry Blvd

Denver, CO 80220-6928

Phone - (303) 692-3036

Dr. Edward L. Wilds, Jr., Director
Department of Environmental Protection
Bureau of Air Management

Division of Radiation

79 EIm Street

Hartford, CT 06106-5127

Phone - (860) 424-3029

Allan Tapert, Program Administrator
Office of Radiation Control

Division of Public Health

Plan Review, Permitting & Enforcement
Federal and Water Streets, Room 224
P.O. Box 637

Dover, DE 19903

Phone - (302) 739-3787

Phillip Sumner, Supervisory Health Physicist
Department of Health

Environmental Health Administration

614 H Street, NW, Room 1016

Washington, DC 20001

Phone - (202) 727-7218

William A. Passetti, Chief

Office of Radiation Control

Department of Health

2020 Capital Circle SE, Bin# C21 (HSER)
Tallahassee, FL 32399-1741

Phone - (850) 487-1004
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Thomas E. Hill, Manager

Radioactive Materials Program
Department of Natural Resources
4244 International Parkway, Suite 114
Atlanta, GA 30354

Phone - (404) 362-2675

Russell Takata, Supervisor

Radiation Section

Noise, Radiation, and Indoor Air Quality
Branch

Department of Health

591 AlaMoana Boulevard

Honolulu, HI 96813-4921

Phone - (808) 586-4700

Doug Walker

INEEL Oversight Program
Laboratory Improvement Section
State Laboratories, Division of Health
Department of Health and Welfare
900 N. Skyline Drive

Idaho Falls, ID 83402

Phone - (208) 528-2617

Richard Allen, Manager

Office of Environmental Safety
[llinois Department of Nuclear Safety
1035 Outer Park Drive

Springfield, IL 62704

Phone - (217) 782-1322

John Ruyack, Director

Indoor and Radiologic Health Division
State Department of Health

2 North Meridian Street, 5F
Indianapolis, IN 46204-3003

Phone - (317) 233-1325

Donald A. Flater, Chief

Bureau of Radiological Health
lowa Department of Public Health
Lucas State Office Building

321 East 12th Street

DesMoines, IA 50319

Phone - (515) 281-3478

Vick Cooper, Director

X-Ray & RAM Control Section
Bureau of Air & Radiation
Department of Health & Environment
Forbes Field, Building 283

J Street & 2nd North

Topeka, KS 66620

Phone - (785) 296-1561

Vicki D. Jeffs, Supervisor
Radioactive Materials Section
Kentucky Radiation Control Program
275 East Main Street

Frankfort, KY 40621

Phone - (502) 564-3700

J. Kilren Vidrine, ES Coordinator
Office of Water Resources

L ouisiana Department of Environmental
Quality

P.O. Box 82215

Baton Rouge, LA 70884-2215

Phone - (225) 765-0534

Jay Hyland, Program Manager
Radiation Control Program
Division of Health Engineering
State House, Station 10

157 Capitol Street

Augusta, ME 04333

Phone - (207) 287-5677
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Carl Trump

Radiological Health Program

Air and Radiation Management
Administration

Maryland Department of the Environment
2500 Broening Highway

Baltimore, MD 21224

Phone - (410) 631-3300

Robert M. Hallisey, Director
Radiation Control Program
Department of Public Health
305 South Street, 7th Floor
JamaicaPlain, MA 02130
Phone - (617) 727-6214

David W. Minnaar, Chief

Radiological Protection Section

Drinking Water & Radiological Protection
Division

Michigan Department of Environmental
Quality

3423 N. Martin Luther King, Jr. Boulevard
P.O. Box 30630

Lansing, Ml 48909-8130

Phone - (517) 335-8197

Judith Ball

Minnesota Dept of Health
Environmental Health Division
717 Delaware St SE
Minneapolis, MN 55440-9441
Phone - (651) 215-0945

Robert W. Goff, Director
Division of Radiological Health
State Department of Health
3150 Lawson Street

P.O. Box 1700

Jackson, MS 39215-1700
Phone - (601) 987-6893

Gary W. McNutt, Environ. Specialist IV
Bureau of Environmental Epidemiology
Department of Health

930 Wildwood Drive

P.O. Box 570

Jefferson City, MO 65102-0570

Phone - (573) 751-6160

George Eicholtz, Coordinator
Radiologica Health Program

Montana Department of Public Health and
Human Services

Cogswell Building

Licensure Bureau

P.O. Box 200901

Helena, MT 59620-2951

Phone - (406) 444-5266

Richard P. "Dick" Nelson, Director
Department of Regulation and Licensure
Nebraska Health and Human Services
301 Centennial Mall South

P.O. Box 95007

Lincoln, NE 68509-5007

Phone - (402) 471-2133

Stanley R. Marshall, Supervisor
Radiological Health Section
Department of Human Resources
400 West King Street, Room 101
Carson City, NV 89710

Phone - (702) 687-5394 x 276

Diane E. Tefft, Administrator
Radiological Health Bureau
Division of Public Health Services
Health and Welfare Building

6 Hazen Drive

Concord, NH 03301-6527

Phone - (603) 271-4588
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Dr. Jill Lipoti

Assistant Director for Radiation Protection
Programs

Division of Environmental Safety, Health &
Analytical Programs

Department of Environmental Protection
P.O. Box 415

Trenton, NJ 08625-0415

Phone - (609) 984-5636

William Floyd

Bureau of Hazardous & Radioactive
Materials

Water and Waste Management Division
Department of Environment

2044 Galisteo Road

P.O. Box 26110

SantaFe, NM 87502

Phone - (505) 827-1862

Barbara Y oungberg, Radiation Section Chief
New Y ork State Department of
Environmental Conservation

50 Wolf Road

Albany, NY 12233

Phone - (518) 457-2225

Wendy Tingle, Radioactive Waste
Coordinator

Division of Radiation Protection
3825 Barrett Drive

Raleigh, NC 27609-7221

Phone - (919) 571-4141

DanaK. Mount, Director

Division of Environmental Engineering
Department of Health

1200 Missouri Avenue, Room 304
P.O. Box 5520

Bismarck, ND 58506-5520

Phone - (701) 328-5188

Roger L. Suppes, Chief

Ohio Department of Health
Bureau of Radiological Health
35 East Chestnut Street

P.O. Box 118

Columbus, OH 43266-0118
Phone - (614) 644-2727

Mike Broderick, Environmental Program
Administrator

Department of Environmental Quality
Radiation Management Section

1000 NE 10th Street

Oklahoma City, OK 73117-1212

Phone - (405) 702-5100

Ray D. Paris, Manager
Radiation Protection Services
State Health Division

800 N.E. Oregon Street
Portland, OR 97232

Phone - (503) 731-4014 x 660

William Kirk, Section Chief
Environmental Monitoring
Bureau of Radiation Protection
400 Market Street

P.O. Box 8469

Harrisburg, PA 17101

Phone - (717) 783-9730

Marie Stoeckel, Chief

Division of Occupational & Radiological
Health

Department of Health

3 Capital Hill, Room 206

Providence, Rl 02908-5097

Phone - (401) 222-2438
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Pearce O’ Kelley, Chief

Bureau of Radiological Health
Department of Health & Environ. Control
2600 Bull Street

Columbia, SC 29201

Phone - (803) 737-7403

Virgil R. Autry, Director

Division of Radioactive Waste Management
Bureau of Solid and Hazardous Waste
Department of Health & Environmental
Control

2600 Bull Street

Columbia, SC 29201

Phone - (803) 896-4244

Eric Meintsma

Department of Environmental and Natural
Resources

Surface Water Quality

523 E. Capital St.

Pierre, SD 57501

Phone - (605) 773-3351

Debra Shults

Division of Radiological Health
Department of Environment and
Conservation

L& C Annex, 3rd Floor

401 Church Street

Nashville, TN 37243-1532
Phone - (615) 532-0426

CharlesR. Meyer, Chief
Bureau of Radiation Control
Texas Department of Health
1100 West 49th Street
Austin, TX 78756-3189
Phone - (512) 834-6688

William J. Sinclair, Director

Division of Radiation Control
Department of Environmental Quality
168 North 1950 West

P.O. Box 144850

Salt Lake City, UT 84114-4850
Phone - (801) 536-4250

Paul E. Clemons, Chief

Division of Occupation & Radiological
Health

Department of Health

108 Cherry Street

P.O. Box 70

Burlington, VT 05042

Phone - (802) 865-7731

LedieP. Foldes, M.S., CHP

Director, Radiological Health Program
Commonwealth of Virginia
Department of Health

P.O. Box 2448

Richmond, VA 23218

Phone - (804) 786-5932

Terry C. Frazee, Supervisor
Radioactive Materials Section
Division of Radiation Protection
7171 Cleanwater Lane, Bldg 5
P.O. Box 47827

Olympia, WA 98504-7827
Phone - (360) 236-3221

Beattie DeBord, Chief
Radiologica Health Program
815 Quarrier Street
Charleston, WV 25301
Phone - (304) 558-3526
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Paul Schmidt, Manager

Radiation Protection Unit

Bureau of Public Health

Department of Health & Family Service
P.O. Box 309

Madison, WI 53701-0309

Phone - (608) 267-4792

Larry Robinson

Water Quality Division

Wyoming Department of Environmental
Quality

122 West 25" Street

Herschler Building

Cheyenne, WY 82002

Phone - (307) 777-7075

David Saldana
Puerto Rico
787-274-7815
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APPENDIX F
EXAMPLESOF POTWSTHAT HAVE RADIONUCLIDE MATERIALS
PROGRAMS

Albuquerque, New Mexico

TheCity of Albuquerquehasdrafted aRadioactive Discharge Monitoring Program (RDMP).
Thiswill be avoluntary program of monitoring and reporting. The Albuquerque POTW has found
they have the responsibility to be aware of all discharges to the sewer system that could impact
operations at the treatment plant or impact the health and safety of employees and the public. The
POTW will implement a program of discharger registration that requires dischargers to (1)
periodically report their radionuclide discharges, (2) allow the POTW to perform surveillance
monitoring, and (3) commit to voluntarily limit their discharges to levels that are as low as
reasonably achievable (ALARA). These registrations will be issued and monitoring of the
dischargeswill be permitted in accordance with acity sewer use and wastewater control ordinance.
The agreement could be in the form of an amendment to an existing sewer discharge permit.

The Albuquerque POTW obtained a list of licensed radioactive materials users in the
municipal service area from the appropriate regulatory authority (New Mexico is an Agreement
State). Each of the licensees was eval uated to determine whether or not they discharge or have the
potential to discharge radioactive materials to the sewer. Thisincluded an initial walk-through to
familiarize the RDMP staff with the nature of the operation and potential opportunities for waste
minimization.

The POTW will negotiate discharge limits with the dischargers so that the aggregate
regulated dischargesfrom all licensed facilitiesisALARA and producesno greater than 1in 10,000
excess risk of fatal cancer to the most exposed individual. The POTW will work with potential
dischargers to prevent accidental releases of radioactive materials.

The Albuquerque POTW retainsacertified Health Physicist to interpret the reportsfrom the
dischargersand from monitoring the dischargersand thetreatment facility. Thehealth physicist uses
radiation exposure model sto ensure the radiation doseto the "most exposed" individual iSALARA.

The dischargerswill be asked to provide annual reports regarding the discharges they have
made or plan to maketo the sewer. Inaddition, the RDMP staff collects samplesfrom thefacilities
samplelocationson aregularly scheduled basis and/or unannounced. The samplesare analyzed by
the State. To date the radionuclides found in the sewage have been of medical origin. Gamma
radiation detectors installed in the plant have indicated that no measurable radiation exposure is
being received by plant workers.
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Formal adoption of the RDMP plan awaits passage of arevised sewer use and wastewater
control ordinance. It has been stalled for morethan 2 yearsduetoits"political sensitivity." Unless
there is ademand by dischargers for the change to occur, the situation will remain "asis.”

St. Louis, Missouri

TheCity of St. Louishasitsown requirementsto limit radioactive dischargesfromindustrial
users. The district is concerned that low-level radioactive materials being discharged to the sewer
system by numerous small sources may be concentrated by the district’s wastewater treatment
processes and possibly pose a hazard for the employees and adversely affect the district’s sludge
disposal options.

TheDistrict Ordinancefor sewer usecontainsalimit of 1 curie/yr for theaggregate discharge
from all users in a watershed (except excreta from individuals undergoing medical treatment or
diagnosis). This number is currently under review.

The district requested lists of licensees from the NRC and the State and wrote the licensees
lettersinforming them of the limitsfor radionuclide dischargers. Licensees are required to write the
sewer district requesting approval to discharge radioactive materialsand indicating theisotopesand
the amounts to be discharged annually. The district then approves the discharges. The district
requires quarterly reports from the licensees to ensure compliance with the District Ordinance and
State and Federal regulations. The licensee's discharge permit is then modified to incorporate the
approval of discharges and the reporting requirements.

As alternatives to discharging to the sewer system, licensees are encouraged to consider
shipping the waste to an approved low-level radioactive waste disposal site or storing the waste for
at least ten half-lives to alow sufficient decay to background levels prior to disposal to the sewer.

Oak Ridge, Tennessee

In response to its sewage sludge contamination problems (see Section 1.2), Oak Ridge
devel oped asite-specific, risk-based methodol ogy for establishing radionuclidelimitsfor itssewage
sludge. The sewage sludge criteria were then used to determine allowable plant releases that
provided abasisfor setting facility specific dischargecriteriathrough thecity’ sexisting pretreatment
program. Additionally, the city included a "radioactive materials’ section in its pretreatment
guestionnaire which isfilled out by all industrial users. The city also established an inexpensive
screening program designed to ensure that elevated levels of radionuclides from spills or illegal
discharges, would not reach the land application site.
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The city of Oak Ridge was strongly supported by Tennessee's state radiation control
program. Also aiding in the success of the program was ORWTP's close working relationship with
local industry. The city of Oak Ridge expended considerable effort in developing a program that
controlled radionuclide discharges in a manner that was not detrimental to local industry and still
provided protection for the POTW.
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APPENDIX G
GLOSSARY AND ACRONYMS

AEA ... Atomic Energy Act

Agreement State ... States with formal agreements with NRC that grant the states the authority to
develop and oversee the implementation of specific regul ations regarding the generation and use of
AEA material and maintain radiation protection programsthat are adequate to protect public health
and safety compatible with that of the NRC.

Background Radiation ... Radiation from cosmic sources, naturally occurring radioactive material
(NORM), including radon (except as a decay product of source or special nuclear material), and
global fallout asit exists in the environment from the testing of nuclear explosive devices or from
nuclear accidents like Chernobyl which contribute to background radiation and are not under the
control of the cognizant organization. Background radiation doesnot includeradiation from source,
byproduct, or special nuclear materials regulated by the cognizant Federal or State agency.

Becquerel (BQ) ... Thelnternational System (SI) unit of activity equal to one nuclear transformation
(disintegration) per second. 1 (Bq) =2.7 x 10™ curies (Ci) = 27.03 picocuries.

Byproduct Material ... Ingeneral, any radioactivematerial (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.

Contamination ... The presence of elevated levels of radiation where you don’t want it.
CPM ... counts per minute

Curie ... The customary unit of radioactivity. One curie (Ci) is equa to 37 billion atomic
disintegrations per second (3.7 x 10" dps= 3.7 x 10"° Bq)), which isapproximately equal to the decay
rate of one gram of °Ra. Fractionsof acurie, e.g., picocurie (pCi) or 10*Ci and microcurie (UCi)
or 10° Ci, are levelstypically encountered in the environment.

microcurie (UCi) ... one one-millionth (1/1,000,000) of a curie

picocurie (pCi) ... one one-trillionth (1/1,000,000,000,000) of a curie

Elevated Levels of Radiation ... Levels of radioactive material in sewage sludge or ash that should
alert aPOTW that some appropriate action(s) may be warranted (see Section 1 of the report).
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Exposure Rate ... The amount of ionization produced per minute in air by X-rays or gamma rays.
The unit of exposurerate isroentgens/hour (R/h); typical units are microroentgens per hour (UR/h),
i.e., 10°R/h.

GammaRadiation ... Penetrating high-energy, short-wavel ength el ectromagnetic radiation (similar
to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and require dense
materials (such as lead or steel) for shielding.

HP ... Health Physicist

| SCORS ... The Interagency Steering Committee on Radiation Standards.

NARM ... Naturally occurring or accel erator-produced radioactive material, such asradium, and not
classified as source material.

Naturally Occurring Radionuclides... Radionuclidesand their associated progeny produced during
the formation of the earth or by interactions of terrestrial matter with cosmic rays.

NORM ... Naturally-occurring radioactive materials.
Radioactivity (or activity) ... The mean number of nuclear transformations occurring in a given
guantity of radioactive material per unit of time. Thelnternational System (SI) unit of radioactivity

isthe becquerel (Bg). The customary unit isthe curie (Ci).

Radioactive Half Life ... The time required for one-half of the atoms of a particular radionuclide
present to disintegrate.

Radioactive Decay ... The spontaneoustransformation of an unstableatominto oneor moredifferent
nuclides accompanied by either the emission of energy and/or particles from the nucleus, nuclear
capture or gjection of orbital electrons, or fission. Unstable atoms decay into a more stable state,
eventually reaching aform that does not decay further or has a very long radioactive half-life.

Radionuclide ... An unstable nuclide that undergoes radioactive decay.

Reconcentration ... The increase in the concentration of radioactive materialsin sewage sludge or
ash resulting from wastewater and sludge treatment within the POTW.
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rem (radiation equivalent man) ... The conventional measurement unit of radiation dose for
estimating the body’ s effects from exposure to ionizing radiation. The corresponding I nternational
System (SI) unit isthe sievert (Sv): 1 Sv = 100 rem.

millirem ... one one-thousandth (1/1,000) of arem

microrem ... one one-millionth (1/1,000,000) of arem

Roentgen (R) ... intensity of photon (gamma or x-ray) radiation.
microroentgen (UR) ... one one-millionth (1/1,000,000) of aroentgen.

Source Material ... Ingeneral, uranium and/or thorium other than that classified as special nuclear
material.

Special Nuclear Material ... In general, plutonium, **U, and uranium enriched in **U; material
capable of undergoing afission reaction.

TENORM ... Naturally occurring radioactive material swhose concentrations are increased by or as
aresult of past or present human practices. TENORM does not include background radiation or the
natural radioactivity of rocksor soils. TENORM also doesnot include uranium or thoriumin source
material as defined in the AEA and NRC regulations.
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APPENDIX |
ADDITIONAL INFORMATION ON NRC AND AGREEMENT STATE
LICENSING AND ENFORCEMENT

This appendix provides additional information about how NRC and Agreement States
License users of radioactive materials, and how the agencies enforce the regulations.

Who Must Obtain a License and What Happens If this Isn’t Done?
According to NRC's 10 CFR Part 30, Section 30.3:

Except for persons exempt as provided in this part and Part 150 of this chapter, no
person shall manufacture, produce, transfer, receive, acquire, own, POSSESS, Or use
byproduct material except as authorized in a specific or genera license issued
pursuant to regulationsin this chapter.

Thismeansthat, with afew specified exceptions, any activity involving byproduct material
must be conducted under alicenseissued by the NRC or an Agreement State. The exempt activities
aredescribed in NRC’s 10 CFR Part 30. Most exemptionsfrom specific licensing arefor consumer
products, such as smoke detectors.

Persons who are required to obtain an NRC license but fail to do so would bein violation of
federal law and, when discovered, would be subject to the penalties appropriate for such violations.
In any case, such persons would most likely be unable to obtain the byproduct materials they need,
because suppliers of such materials generally require copies of the license authorizing possession
and use of the materials before the materials are delivered to the user.

What Radioactive Materials Are Exempt from Licensing?

Section 30.3 cited above mentionscertain exemptionsfrom the NRC licensing requirements.
These exemptions include certain DOE activities and also users of articles containing byproduct
materials in concentrations and quantities below specified levels. These articles include some
Instruments containing luminous dials, such as timepieces, balances, marine compasses, electron
tubes, gas or smoke detectors, and some other products. It should be noted that the manufacturers
and distributors of these exempt devices are subject to NRC licensing.

In addition to the above, some radioactive materials may be exempt from licensing because
they fall below NRC-established concentration or quantity levels. These levels do not apply to
materials that have already been licensed but have for some reason, such as decay, diminished to
activities below theselevels. The exemption appliesonly to theinitial determination of whether or
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not a potential user or owner of byproduct material needs to be licensed or is exempt from such a
requirement. Once licensed, byproduct materia remains under the conditions of the license
regardless of how small the activities become because of decay or any kind of partitioning of the
original licensed quantity.

Why Are Some Industrial and Medical Facilities Not Licensed?

Somefacilitiesthat use radioactive materials may not be licensed by the NRC if the material
they useisnot byproduct material. Examples of such facilitieswould be those that use accelerators
or accelerator-produced radioactive materials. However, even though such facilities may not come
under NRC' s jurisdiction, and are therefore not licensed by the NRC, they are usually within the
jurisdiction of a state and may be licensed by that state if their activity requires licensing.
Exceptionstothismay becertainfederal facilitiesand their prime contractors, suchasDOE facilities
which, although not licensed by NRC or the states, are regulated by internal DOE Orders.

What Monitoring/Oversight Do NRC and the Agreement States Provide for Licensees under Their
Control?

Both NRC and Agreement States monitor their licensees by means of periodic inspections.
The frequency of inspections depends on the type of license issued to the licensee, and will vary
from annual inspectionsfor the larger licensees, such as hospital's, radiopharmaceutical companies,
and other large users of byproduct materials, to inspections once every 3-5 yearsfor small licensees
who may use only one small radioactive source in aroutine and well-established application. The
Inspections are designed to review the licensee' s operation to make sure that it is being conducted
safely and in accordance with good practices and the conditions specified onthelicense. Inspection
frequencies may be increased if the NRC or Agreement State believes that the licensee requires
closer oversight to implement improvementsin their program to raiseits standards. Inaddition, the
license may be suspended or revoked if NRC or the Agreement State finds that the licensee’'s
operation does not meet minimum safety standards.

Some facilities may be under thejurisdiction of more than one entity, such as many medical
facilitiesthat arelicensed by NRC for those partsof their operation that use byproduct materials, and
by the statein whichthey operatefor those partsthat use accel erator-produced radioactive materials.
Most states regulate naturally-occurring and accel erator-produced radioactive materials.

What Causes Discharges Outside of Regulations or License Conditions?

The probable causes of illegal discharges are poor licensee programs, lack of knowledge of
the regulations, or deliberate violations. Discharges to the sanitary sewers by NRC or Agreement
State licensees must comply with NRC or equivalent Agreement State regulations governing this
aspect of the licensee’'s operation. There are many mechanisms in place to provide reasonable
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assurance that licensees will comply with this regulatory requirement. Licenses are issued to
licensees only after NRC or the Agreement State is satisfied that the licensee hasthe qualified staff,
equipment, procedures, instrumentation, training programs, and management oversight deemed
necessary to operate the proposed program in a safe manner and within the restrictions specified in
thelicense. Any signsof program weaknessesor irregular activitiesidentified during inspection are
brought to the licensee’s attention for corrective action, and if these are found to be sufficiently
serious, the license may be suspended pending completion of correctiveactions, or revoked, thereby
ending the licensee' s use of licensed materials.

All these measures cannot prevent illegal dischargesto the sewers, but they help to minimize
such apossibility, and they provide an opportunity to identify suchillegal activitiesif they occurred.

What Enforcement ActionsDo NRC and Agreement States Take When Licensees Discharge Outside
Regulations or License Conditions?

The enforcement actions that could be taken in such cases depend on the specifics of the
situation. If the discharge abovethe limitsisfound to have been aone-time, inadvertent error in an
otherwise sound program, the licensee could be issued a violation and the licensee’ s management
may be called to the NRC or state officesfor ameeting with NRC or state management to discuss
theincident and the corrective actions the licensee intends to take to prevent recurrence. The NRC
or state may also issue aletter to the licensee summarizing the corrective actionsto be taken and the
completion schedule. Follow-up inspections might be used to confirm compl etion of the corrective
actions and their adequacy. The NRC and some States could also impose monetary penalties.

If, on the other hand, the discharge above the limitsis found to be the result of a generally
poor program, additional and more escalated enforcement actions could be taken to change the
licensee' s program. Such changes may involve hiring more competent professionals or managers,
retraining of personnel, rewriting operating procedures, and any other measuresthat may be needed
to improve the quality of the program. The program is then monitored closely. In more serious
cases, thelicense could berevoked. In situationswherewillfulnessisfound and the matter isunder
NRC jurisdiction, the matter could be referred to the Department of Justice for appropriate legal
action. If the matter is under State jurisdiction, it could be referred to the State Attorney General.



APPENDIX J
RADIOLOGICAL ANALYSISLABORATORIES

The table below provides alist of laboratories that should be able to provide radiological
analyses of sewage sludge samplesfor POTWs. A list ismaintained by the Conference of Radiation
Control Program Directors (CRCPD) of laboratories that provide radiological analysis of diverse
materials, have quality assurance and quality control programs, and will perform work for both
government and privatefirms. Thelaboratorieslisted here arethose from the January 2000 CRCPD
list that have indicated they perform analyses of sludge samples. The list is available from the
CRCPD by phone at 502/227-4543, and is posted to the CRCPD web page, at URL:
http://www.CRCPD.org (thengotothe" Free Documents' tab, thento " Orphan Source Documents;,”
and thento "Radioassay and TCLP Services'). Thelistisupdated periodically by the CRCPD. The
CRCPD doesnot guaranteethat thelist iscomprehensive, nor isthereany certification of the quality
of services provided. Thus, the authors of this report provide this list only as a convenience to
POTWsin locating laboratories that they may wish to evaluate. The NRC, EPA, and the ISCORS
Sewage Sludge Subcommittee do not certify, approve, or endorse these laboratories. Section 5.4.2

of this guidance document provides criteria that POTWSs can use to help evaluate laboratories.

Firm State Contact person Phone

Accu-L abs Research, Inc. Colorado Karen Schoendal er 303/277-9514
Barringer Laboratories Colorado Gerald Ritenour 800/654-0506
Envirotest (nee Core Labs) Wyoming Dave Demorest 307/235-5741
Data Chem Utah Kevin Griffiths 801/266-7700
Duke Engineering (Y ankee Atomic) M assachusetts Edward Maher 978/568-2522
Genera Engineering Labs South Carolina J. Westmoreland 843/556-8171
Kentucky Radiation Control Branch Kentucky Eric Scott 502/564-8390
Nuclear Technology Service Georgia Herman Rao 770/663-0711
Paragon Analytical Inc Colorado Lori Pacheco 800/443-1511
Pembroke Laboratory Florida Gene Whitney 941/285-8145
Quanterra (multiple l1abs) Washington Project manager 509/375-3131

(main office)

Post, Buckley, Schuh & Jernigan Florida Tom French 407/277-4443
Rhode Island Nuclear Science Center Rhode Island Terry Tehan 401/789-9391
RSA Labs Connecticut Jay Dockendorff 860/228-0721
Teledyne-Brown Engineering New Jersey Alan Latham 201/664-7070
Teledyne-Brown Engineering Illinois Ms. Grob 847/564-0700
ThermoRetech Cdlifornia Rod Melgard 510/235-2633
ThermoRetech Tennessee Mike McDougal 423/481-0683
ThermoRetech New Mexico Ernie Sanchez 505/345-3461
Thornton Laboratories, Inc. Florida Drey Taylor 813/223-9702
Univ. of lowa, State Hygienic Lab lowa Marinea Mehrhoff 319/335-4500
Wisconsin State Hygiene Laboratory Wisconsin Lynn West 608/224-6227
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