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DISCLAIMER
1

The ISCORS
This guidince document resulted from interagency discussions.
Sewaoe Subcommittee is composed of represe.itatives from the Nuclear2

Regulatory Commission, Environmental Protection Agency Department of
3

Energy, and Department of Defense. This document has not been approved by4

the respective federal agencies and does not represent the official5
6
7 position of any participating agency at this time.

|

Guidance on Radioactive Materials in Sewage Sludge / Ash at POTWs
8

'9
May 1997 Draft' . ,

.

10 1. What is the Purpose of this Guide?

The Nuclear Regulatory Commiss'on (NRC) and the Environmental Protecticn
.

11
Agency (EPA) developed this guide to provice information about radioactive
materials in sewage sludge and ash from the incineration of sewage sludge at12

13 It also provides backgroundpublicly owned treatment works (POTWs).14 information about the regulatory policies of NRC and EPA, sources of
radioactive materials in sewage, guidance on sampling and analysis of these15

materials in sewage sludge and ash, and methods to assess levels of Appendix A
16
17 radioactive materials in these byproducts of wastewater treatment.18
19 is a background discussion about radioactivity.

Although it is unlikely that radionuclide levels in sludges and ash at most
-POTWs acro n the country pose a concern for treatment plant workers or the20

general,public, it is possible that Icw concentrations of radioactive material21

from natural and . nan-made sources could becone concentrated in sit.dge products22
22 However, there is no general concern for worker safety orat some MTWs.

general public exposures be.ause of the low amounts of radioactive materialsthat are legally authot Ized to be disposed into the sanitary sewer system by
24
25
46
27 Federal or state law and regulations.

Even though NRC and the States regulate industrial and medical discharges of

liquid wastes containing low levels of licensed radioactive material- to thesewer system, it is important for the POTW manager and operator to understand
28
29

what types and amounts, if any, of radioactive materials may be entering the30
31 There are several ways to develop this understanding. One way to

POTW.32 obtain this information is by sampling and testing the sludge products.33 Another way to obtain information is to toentify what licensea and other
activities discharge into the POTW and work with the licensees and other34

industries to understand what they are discharging. Analysis of radioactive35

materials can be made part of the existing analysis programs for other36
37

pollutants, or the POTW manager or operator may want to set up a program
whereby any licensed discharger routinely notifies the POTW of the type, level38

While monitoring of the POTW influent39
40 and timing of discharges to the system.
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1 may seem to be a viable option, measurement systems may not be able to detect
2 the diluted radioactive materials.

At the request of Senator John Glenn, the General Accounting Office (GAO)1

published a re H , " Actions Needed t. Conteol Radioactive Contamination at-

5 Sewage Treatrr.ent Plants," in May 1994, lhe report included recommendatiors
6 that NRC determine the extent of the contamination and establish acceptable
7 radioactivity limits. This guidance document is part of the NRC's response to
8 the GA0 report.

9 The operator of a POTW may decide to sample sewage sludge and ash for
10 radioactive materials based on the nature of industries discharging to the
11 collection system or to establish background measurements, if measured levels
12 , of radioactivity m ed the levels suggested in Section 8, it may be
13 appropriate or necessary to limit certain sludge / ash use or dispos &l

! 14 practices, further restrict radioactive material discharges by specific
I *n licensees, or alter operations at the weatment works.

*16 2. Who Regulates Radioactive Material?

17 Regulatory responsibility for radioactive material in the U.S. is shared by
i 18 federal, State and local agencies. The following summary should help clarify

19 the responsibilities of the different agencies. Appendices B, C, D and E list
20 NRC, EPA and State contacts.

21 NRC: NRC is responsible for ensuring that discharges of radiocctive materials
22 by their licensees into the sewage sys+em are in compliance with applicable
23 NRC regulations under Title 10 of the Code of Federal Regulations (CFR) Part
24 20. Under the Atomic Energy Act of 1954, ITC regulates the civilian uses of
25 certain radioactive materials (byproduct, source, and special nuclear
26 materials) in the United States. These radioactive materials a.e used at
29 nuclear power reactor >, and industrial, academic, medical, and research and
20 development facilities. NRC's mission is to ensure adequate protection of the
29 public health and safety, and to protect tne ..itronment. This mission is
30 accomplisi..d through sicensing of nuclear facilities and the possession, use
31 and disposal of nuclear materials; the development and implementation of
32 guidance and requirements governing licensad activities; and inspection and
33 enforcement activities to ensure compliance with these requirenants. People

34 who have a license and are regulated by NRC are called " licensees."

35 States: NRC has entered into agrecre.ats with 30 States to allow these States
36 to regulate most types of radioactive material within their borders, in lieu
37 of NRC. These States are referred to as Agreement States. Agreement States
38 have established reaulations and procedures comparable to those established by
39 NRC. The only facilities not regulated by Agreement States are nuclear power
40 plants and Federal facilities.

41 Radioactive materials that occur naturally, other than uranium and thorium,
42 are not regulated by HRC. In lieu uf Federal regulations, States have the
43 responsibility to regulate naturally-occurring radioactive material. At this
44 time, several States have issued regulations for the control of sources of

J
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very low level radiation derived from naturally occurring materials that have
been concentrated by human activities. The regulations are intended to1

provide radiation protection to members of the public and workers who might t'e2

The non-federal Conference of Radiation Control3

exposed to that radiaticn. Protection Dirstors " developing model regulations for use by State agencies4

5 in controlling these sources of radiation in their own States.6

The Department of Energy (DOE) regulates the defense-related uses ofDOEtraoloactive materials under authority of the Atomic Energy Act, the7
Nuclear weapons8 Price-Anderson Act Amendments, and other related legislation.

production, testing and research facilities, as well as former commercialradiation sites and inactive uranium mill tailings sites are subject to DOE
9

10
11
12 regulatory control.

Discharges from DOE facilities of liquid wa tes containing radicard veDOE Order13 materials are regulated by internal DOE Orders and regulatior... establishes14
5400.5 ' Radiation Protection of the Public and the Environment)ininglb treatment and discharge requirements for ey liquid waste conta

'

radioactive materials. Any liquid wastes otscharged to a sanitary sewer must16

be below five times the Derived Concenteation Guides (Chapter !!! of Ordnr DOF17*

18 5400.5) levels at the point of discharge, or must be treated by a Best
Available Treatment technology to achieve levels that are at least equivalent19

In addition, all releases are required to be20i

to these concentration limits.
evaluated by an "As low As Reasonably Achievable" process. Liquid wastes'

21

discharged to a sanitary sewer system must also achieve levels that do not22

interfere with handling or disposal of solids at the POTW, and that do not23

result in general pubile exposures that are more than a small fraction of the24

00E is in the process of updating these requirements in a25
annual dose limit.
regulation (10 CFR Part 834) which, when promulgated, will replace Orw r DOE26

The proposed rule includes 10 CFR Part 20 source term limits, along27
28 5400.5.
29 with the Order DOE 5400.5 concentration limits.

E'PA is respor.sible for regulations to protect the health and safety ofEPA:30 workers at POTWs and the public and the environment that are exposed to sewage
sludge and ash produced by POTWs. EPA has responsibility for establishing31

32
generally applicable standards for the rrntection of the environment fro... EPA also administers the33
radioactive materials under the Atomic Energy Act.
Comprehensive Environmental Response Compensation, and Liability Act (CERCLA34

35
or "Superfund") to provide for remedial action in resp:mse to releases or
substantial threats of releases of hazardous substances into the environment.

35
37

EPA regulates the management of hazardous waste under the Resource
Conservation and Recovery Act, and toxic materials under the Toxic Substances38

While radioactivity is not a listed characteristic for defining39
Control Act.
hazardous wastes under the Resource Conservation and Recovery Act (RCRA),

40
41 sites contaminated with radioactive substances have become regulated asEPA has42

Superfund situs under CERCLA or under other regulatory programs.43
authority to delegate these programs to State agencies while providing44 There are currently no EPA regulations fcrregulatory oversight.
radionuclides under the Clean Air Act that apply to POTWs;

however, NRC's45
46

3

i
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1 regulations in 10 CFR Part 20 include regulations for air emissions from its
2 licensees.

EPA. under its authority to provide guidance for all Federal agencies in the! 3

4 formulation of radiation standards and in establishing cooperative progrims
5 with the States, has issued proposed guidance in 1994 for radiation protection;

6- of the general public. This authority stems from an executive order of the
7 President and the Atomic Energy Act, in addition, under the authority of the
8 Safe Drinking Water Act, EPA limits radiation content in drinking water. EPA,

j 9 also protects-groundwater fron introduction of radioactive pollution under:
,

10 several programs, including by regulation or statute.'

; 11 The EPA POTW "pretreatment program" under the Safe Orinking Water Act is
j 12' designed to protect the r0TWs by (1) pr2 venting the introduction of poll"tantr
i 13 into sewer systams that would interfere wi'h the operation of a POTW,
1 .H including interference with its use or disposal of municipal sludge, (2)
1 15 preventing the introduction of pollutt . into POTWs which will pass through
: 16 the treatment works or otherwise be trcompatible with such sources, and (3)
| !? improving opportunities to recycle and reclaim municipal ard industrial

*

18 wastewaters and sludges.

' 19 Local Authorities: Local authorities are derived from the federal and State
i 20 statutes and regulations and will vary from locality to locality. The NRC has

found that if a municipality has sound reasons, other than radiation21
protection, a municipality can require the pretreatment of wastes to eliminate22 Furthermore, although NRC regulations allow users of;

or reduce radioactivity.23
regulated materials to discharge to treatment plants, these regulations do not ,

24
25 compel a sewage treatment operator to accept radioactive materials from NRC

>

'

: 26 licensees. Some localities are addressing the )otential problem of
concentration of radioactive material at POTWs )y either (1) requiring

27
pretreatmpt of waste by specific licensres or (2) lirriting the dis,harge of

-

'

18
29 radioactive materials. For example, the State of Oregon and the city of
30 Portland, Oregon, ordered a state licensee to install a pretreatment system to

4

control the discharge af thorium oxide into sewer lines. The Metropolitan St.
?!
32 Louis Sewer District pa m d an ordinance in 1991 that limits the aggre rte

4

discharge of radioactive materials into the sewage system. Other cities ceem33 unsure whether a municipality or treatment plant can lawfully regulate or-34
prohibit a licensee's discharge of radioactive materials in the sewage system.,

,
35

Appendix F describes two examples from the cities of Albuquerque and St.| 36
37 Louis.

33 3. Why is There Radioactivity in Sewage $1udget
t

There are three general sources of radioactivity in the environment: a
39
40 natural source, a natural source but concentrated or " enhanced" by human
41 activities, and a_ human-made source. Natural sources of radioactivity are,

found widely spread in the environment. All geological formations anc' scils-

42
contain uranium, radium, radon, and other radic, active elements in smcil: 43

3 44 amounts. Water that originates in or moves through geologic deposits

.

.

I

- - - - , - - - - - - . . - --. , ,.n... --..,-,---.n. , . - ..-,,,c . - . , - , , - , , . .--,c. , . - , - - - - - - - - - -,n_ ,



_-

.

.

/

DRAFT FOR COMMENT

containing naturally-occurring radioisotopes could result in these1
radioisotopes being carried to the treatment facility with the drinking water2
supply, storm water runoff or infiltration entering the sewer system, and3

4 water treatment plant residuals discharged to the sewer system.
,

Almost everything, including people, contain some radioactive material.5
Naturally-occurring radioactive materials are found in the food and water we6 Mese
ingest, and even the air we breathe contains some radioactive gases.7
small amounts of radioactive materials can be incidentally enhanced, either6
physically or chemically, by human activity and technologies associated with9
extraction processes. Examples of sources of natural radiation which have|

' 10
been enhanced by human activities include wastes from mineral ores and the11
petroleum industry, sludge an1 scale from drinking water treatment, wastes-12
from the burning of coalf waste from geothermal energy product!cq, andD articles made from naturally-occurring radioactive laterials such'as thorium

C

14
15 in lantern mantles.

'

.

!6 Sewage sludge and ash at P01Ws may cont.m t,oth naturally-occurring
radioactive materials and radioactive materials made by hu.nans. Industrial.

1/ and medical facilities may be licensed to discharge radioactive materials to18 in addition, ractoactive materials administerad to-the sanitary sewer system,19
patients for the diagnosis or treatment of illnesses are discharged to the20 Certain radioactive materials may be exempt from licensing, andsewer system.21 these radioactive materials can be discharged into the sanitary sewer systems.22 Other industrial or residential discharges can contain naturally-occurring23 radioactive materials that are not subject to licensing or regulation, such as24
fertilizer residues. It is also possible *. hat industrial, commercial, or25 medical facilities might discharge into the sanitary sewer system outside of26

27 regulations or license conditions.

The purpose of wastewaten treatment facilities is to reduce or remove28
pollutan'ts from wastewater in order to ensure adequate water quality before29 The removalthe treated effluent is reused or discharged to surface waters.30 of radionuclide contaminants by various wastewater treatment processes and the31 usual association of ta a con *.aminants m th solids can cause a concentrati.,n32

'

of the radionuclides in the treatment facility's other byproduct, sewage33 -
sludge (or ash if the sewage sludge is incinerated). What was once disposed34

35 of into the sanitary sewer in a dilute form, may be concentrated during some
36 stages of wastewater treatment or sludge processing.

37 Concentration of radioactive materials occurs in the same manner as non-
radioactive materials such as heavy metals. The concentration may occur38
during several s* ages of wastewater treatment, including various physical,39
chemical, and bt, logical wastewater treatment processes. Sludge treatment and

40
processing may result in increasing the concentration by weight of the,

41
radioactive contaminant by decrea:ing the concentration of other components.42
Incineration of sludge has proven to be the greatest concentration process.43
Final concentration will depend on the numerous sspects of the entire44
processes used at the treatment facility, such as the e.hemical form of the45

5
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1 radionuclide, its half-life, the processes used, and the efficiencies of those
2 processes. A recent study by Ainsworth et al (1994) indicated that with the .

3 currently available information, it was not possible to quantitatively
4 estimate concentration factors for specific processes or for wastewater
5 treatment plac' in general.

6 The EPA report " Radioactivity of Municipal Sludge" and the 1994 GA0 report
! 7 cited in Section I summarize the data available on radioactive materials in
| 8 sewage sludge. At specific sites, the radionuclides ranged from numerous

9 radionuclides to specific radionuclides from specific sources. Most
10 radionuclides were present at very low concentrations. At most sites, sewage
!! sludge contained radionuclides from medical treatment and research facilities
12 (todine-131, Chromium-51 and Selentum-75). Radionuclides are releasad to the
13, sewer system through releases of isotopes during handling art thro, ugho
14 excretion by patients. These medical contaminants were found to not produce a
ir significant dose when the ciudge was land applied due to their short half-

* 16 lives. (The te.m half-life and other background information on radioactivity
,17 are discussed in Appendix A.)

18 The 1986 EPA report cites some examples of elevated levels of radionuclides
19 found at POTWs. For example Americium-241 in the sludge at two facilities
20 was attributed to producers of foil elements in smoke detectors. At one of
21 these sites, the State of New York paid for cleaning up the treatment plant
22 and sewer lines.

23 High concentrations of Radium-226 are found in the groundwater in some areas
24 of the U.S., for example Illinois and Wisconsin. Under the Safe Drinking
25 Water Act, many drinking water facilities are required to treat their drinking
26 water to reduce radium concentrations to a*ceptable levels. At some POTWs,
27 radium found in sewage sludge has been attributed to residuals discharged to
28 - the sewer system from drinking water treatment facilities.

?9 A more recent case of contaminated sludge invnives the Northeast Ohio Regional
30- Sewer District's (NE0RSD) Sou%erly Sewage Ti.4tment Plant. A 1991 aerial
31 radiologlul survey, intenN to measure radiation around an NRC licensee,
32 detected elevated levels of radiation at the POTW, which were found to be from
33 Cobalt-60 Radium-226 and Cesium-137 in the ash from incinerating their sewage
34 sludge. The latter two radionuclides were in the normal range of naturally-
35 occurring radioactivity found in the area. At least part of the Cobalt-60
36 contamination was due to releases from a licensed manufacturing facility.
37 NRC, the State, and NE0RSD have funwd surveys of the site. NE0RSD has funded
38 site remediation activities and installed a fence to prevent public access.

39 4. What we Background Radiation and Naturally-Occurring Radioactive
40 Materials!

41 Background radf atfen is the radiation that is emitted from naturally-occurring
42 radioactive materials in and on the Earth and in space, and does not include
43 medical and occupational activities. Almost everything, including people,

6
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Naturally-occurring radioactive materials
contains some radioactive material.are found in the earth, in the materials used to build our homes, and in the1

Even the air we breathe contains some radioactive
2

3 food and water we ingest.
4 gases.

The average dose of radiation exposure to an individual in the U.S. is5
slightly raore than 300 mrem /yr from their exposure to background radiation.6

(The term " dose" and other background information on radioactivity areThe annual exposure to background radiation is
,

7
described in Appendix A.)8

9 summarized in the following table (Haffert et al 1994):

i 10 Average Dose Typical Range of Variability

11 EqEst (mrem /vr) (mrem /vr)
'

*~

12 Terrestrial 30 10 - 80

13 Radon 200 30 - 500

14 Cosmic 30 30 - 80.

I 15 Internal 40 20 - 100

Terrestrial radiation comes from radioactive material that is naturai!y16 Radon occurs in the environment and is listedoccurring in the environment.17
separately in the following table because of the large contribution it gives18 Cosmic radiation comes from outercompared to the other terrestrial sources. the amount of19
space and penetrates through the atmosphere covering the earth;20 cosmic radiation will vary depending on the altitude and latitude whero one21 Internal radiation comes from sub:tance: that are in the human body22 lives.

?3 naturally, and that are naturally radioactive, primarily Potassium-40.

as the various factors that contributeAs shown, these doses can vary grenly,24
to background radiation are not constant from location to location, and our25 Since thelifestyle; and daily activities vary these amounts to some extent.26 a shield against cosmic radiation, this dose increasm27 atmosphere serves :.:

28 with altitude; the dose at an altitude of 1 mile (for example, in the
Also a flight on aRockies) is abou^ double that at sea level (30 mrem /yr).29 commercial airliner increases your dose from cosmic gamma rays about 4 to 530

31 mrem for each cross-country flight.

Dose rates from terrestrial sources vary from about 10 to 100 mrem /yr across32 The major sources in the ground are potassium, thorium, and uranium.the U.S.33
The higher doses are associated with uranium deposits in the Colorado Plateau,34 The
granitic deposits in N w England, and phosphate deposits in Florida.35 Iflowest rates are the e dy soils of the Atlantic and Gulf coastal plains.36 e, instc d of one made of wood, you may add up to 10you live in a brick F37
mrem /yr to your annua' dose due to naturally-occurring thorium, uranium, and38

39 radium found in the clays of which bricks are made.

7

- )



.

.

*

,.

DRAFT FOR COMMENT

1 Doses vary according to the amount of naturally-occurring material that people
2 ingest in food and drinking water. The principal naturally-occurring

| 3 radionuclides are potassium and radium. Potassium is commonly ingested from
| 4 bananas and one source of radium is Brazi) nuts. Radium in water.
| 5 particularly ground water, varies across the U.S.; it is in higher

i 6 concentrations in some States such as Georgia, Illinois, Minnesota, Missouri,
| 7 and Wisconsin.

8 The following table lists background radionuclides that may be present in POTW
9 sewage sludge and ash. All these radionuclides are from terrestrial sources,

10 except Strontium-90 and Cesium-137, which are due to radioactive fallout from
11 atmospheric testing of nuclear weapons.

- =-

. .

12 Tyoe of

13 Rad,ionuclide Radiatiga llall-lifa
.14 Potassium-40 gamma 1.4 billion years

15 Rubidium-87 beta !? bii ior ' carsl

16 Strontium-90 beta 28 years

17 Cesium-137 beta, gamma 30 years

18 Radon-222 alpha 4 d.ys

19 Radium-226 alpha, gamma 1600 years

20 Radium-228 beta 6 years

21 Thor'tum-232 alpha 14 billion years

22 Uranium-238 alpha 4.5 billion years

23 5. What are the Sources of Radioactivity in Sludge Caused by Human Activity?

24 In addition to radioactivity from a nateral origin or global fallout from
25 weapons testing, a known source of radioactive materials in the influent to
26 POTWs is from the disposal of radioactive materials enhanced by human activity
27 or produced by hu ans. This radioactive material is discharged into the
28 sanitary sewer system by licensed users of radioactive materials and other
29 activities.

30 Laboratories and unt';ersities use radioactive materials (e.g. Carbon-14) in
31 research, including the marking and detection of molecules in genetic
32 research, the study of human and animal organ systems, and in the development
33 of new drugs.

8
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Radioactive materials may also be found in cor.sumer products, such as smoke
1 It isdetectors (Americium-241), luminous wate.hes, and tobacco products.2 estimated that the dose to an individual from consumer products is about 93

4 mrem /yr.
inAn individual also receives radiation e y osu*e from medical procedures,

5
the practice of nuclear medicine, radioactive materials (e.g. Iodine-131,6
Phosphorus-32, and Strontium-90) are administered to patients for the7
diagnosis or treatment of illnesses such as cancer or Graves disease.8

There are currently about 24,000 NRC and-Agreement State licensees in the9
10 United States. About one third of these are NRC licensees, while the

remainder are Itcensed by Agreement States. Licensees include uti'lities,
11 nuclear fuel fabricators, universities, medical institutions, radioactive
12

source manufacturers, ...e companies that Jse radioisotopes for inpustrial
13

"

14 purposes.

About 50% of NRC's materials. licensees up aitner sealed radioactive sources*

5

.6 or small amounts of short-lived radioact.ve niates |als. Sealed sources do not
miess the encapsulation is broken. Examples of.

pose a contamination problemfacilities that do not discharge to the sanitary sewer because they use only17
18 sealed sources are well logging licensees, industrial radiography licensees.19
20 and nuclear power plants.

The remaining 50% of the NRC's materials licensees are conditionallyal forauthorized to dispose radioactive materials into the sewer system,
example, radioactive material is handled in '' unsealed" forms in the nuclear22

fuel fabrication industry, in production of radiopharmaceutical medicines, and23
24

in research. The limits in quen'ities and concentrations NRC and the
Agreement States allow to be discharged to the sanitary sewer are based on the

25

dose limit that could be received by an individual member of the public,26
27 assumi g certain conservative conditions in calculating the potential dose.28

,

The following table lists tyaes of NRC licansees that could dispose
radioactive materials into tie sewer system and isotopes previously found in29

It should be noted that . broad30
POTW sewage or those t::.' could be preser.t.:)
scope licensee is usually authorized for any isotope with an atomic number
from 1 to 83, which means that many more isotopes than those listed here could32

be found being disposed into the sanitary sewer, thus this table is not all33
34
35 inclusive. .

9



_ - - _ _ _ _ .

. .

.

.

.'

DRAFT FOR COMMENT

1 Type of NRC Licensee Number of NRC Liceasee. Typical Radionuclides
That Have the Potential lhat May be found in

to Discherne POTWs |
i(as of 11/1/;6)

2 Academic (broad scope) 75 Carbon-14
(,vaal t-60
Cesium-137
Hydrogen-3

I Iodine-125/131.

| Iron-59
| Manganera-54

Phosshorus-32 ,, ,

Sulpiur-35
..

! 3 Medical (broad scope, 1936 Carbon-14
| '4 nuclear pharmacies) Chromium-51

Cobalt-57
Gallium-67
Indium-Ill
lodine-125/131

I Iron-59
Phosphorus-32/3?
Strontium-89/90
Sul)hur-35
Tecinetium-99m
Thallium-201

5 Manufacturin, and 259 Americium-241
6 Distribution (broad Antimony-125
/ scope, nu' clear Cobalt-60
R laundries, Cesium-134/137
9 decontamination Hydregen-3

10 services) Manganese-54
Niobium 05
Phosphcru:-32
Plutonium-238/239/240
Polonium-210
Strontium-89/90
Sulphur-35
Uranium-233/234/235/238
Zirconium-95

10
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1 Research and 66C Carbon-14
2 Development (broad Cesium-134
3 scope) Hydrogen-3

lodine-125 /131
Phosphorus-32
Sulphur-35

4 Others (e.g. mills, 149 Plutonium-238/239/240
5 uranium enrichment Radium-226
6 plants) Thorium-228/232

Uranium-233/234/235/238
t

| 7 The half Ilves and ty es of radiation eritted by these radionuclides are
! Q listed in Appendix A. ..-

9 6. How Could People be Exposed to Radiosetivity in Sewage?
,

10 Workers at POTWs could be exposed to low levels of radioactive materials (and
'

11 radiation emitted from the radioactive materials) in sludge and incinerator
12 ash. The most exposed workers would likely be sludge process operators,
13 workers at incinerator operations, and opers. tors of heavy equipment loading
14 sludge or ash for transport.

15 Hany facilities dispose of their sewage sludge or ash offsite of the treatment
16 facility, for example by land application or into a solio waste landfill.
17 Land application of sewage sludge improves soil properties and serves as an
18 organic fertilizer. The POTW worker, farmer or gardener would receive direct
10 exposure to the applied sludge and consumers could be exposed Sy inges..r.g
20 :rsps. Workers at a landfill, farmers, or gardeners could also be exposed by
21 inhaling or ingesting the sludge in dust particles. Radioactivity could also
22 migrate into the groundwater and be consumed with drinking water.

23 7. How do I Analyze the Radioactive Material in Seuge Sludge and Ash?

24 Under what circumst:r.ces would I sample? The decision to sample should be
25 based on an essessment of the nature of industries discharging to the
26 collection system. The NRC or the Agreement State can help you determine the
27 licensees in your sewage collection system, Radicar.alysis can be performed to
28 understand the levels of naturally-occurring radioactivity or made part of the
29 routine analyses for other pollutants. Examples are discu. sed in Appendix F.

. here do I sample? Collect samples of sewage sludge, ash, or other sludge30 W
31 products produced at your facility. Collect the samples as close as possible
32 to the point where the material leaves the POTW, Examples of sampling
33 locations could be a digester, filter press or rirying bed, lagoon or storage
34 pile.

35 Who analyzes the samples? It is generally necessary to send the samples to a
36 laboratory for analysis because POTWs do not have the equipment or training

11
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1 necessary to perform analyses of radioactive materials. Laboratories that
2 perform such tests can be found in the American Society of Testing and
3 Materials Catalog of Laboratories or in the Yellow Pages of a telephone
4 directory. Professional organizations such as the Water Environment
:. Teuer4 tion, American kater Works Assoc'atic., or the Health Physics Society
6 will nave listings of laboratories, ari ~ay have suggestions; or call your
7 State agency for radiation control for suggestions,

8 How do I sample? Samples can be collected by the POTW operator. Call the
9 laboratory first to discuss the types of analyses, confirm sample volumes

10 needed and types of containers, and ditcuss quality control procedures. The
11 laboratory may supply some of the sample materials. The amount of sample
12 collected will depend on the solid content of the material and the type of
13 analysis. Among the equipment and supplies needed to collect saulx "e

_
'14 * plastic jugs, '. rowels, scoops and Chain- i-Custody forms.

b Sample collection procedures are discus t the 1989 EPA report "POTW Sludge
16 Sampling and Analysis Guidance Document.* If a sample is ell-mixed, then a
17 representative sample can be easily ootained. If a sampic is not well-mixed,
18 then incremental aliquots (small grab scmfles of equal volume) must be
19 collected and composited, to obtain a representative sample, for example, the
20 sample might be collected from a digester, filter press or drying bed, truck,
21 tank, or plie. A liquid or slurry sample from a digester or tank should be
22 from an outlet stream. The outlet or sample port should be opened and allowed
23 to flow until a representative sample is available, if a sample of the total
24 stream cannot be collected, then the stream should be cut across for equal
25 time periods until the sample container is full. A sample collected from a
26 filter press should be a composite of several small samples collected at
27 different locations across the press or within the filter cake. A sample
28 collected from a drying bed, truck, or pile should be scoops from various
29 areas and W els of the drying bed, tru k or pile. A sample of incinerator
P ash should.oe from the location where it is collected o. stored. The
31 collection date and time should be close to the date that the sludge or ash
32 leaves the plant for transport to a _ landfill or for land appli:ation.

33 How do I ship the samples 60 the laboratory? The following are generai
34 instructions. If you have any questions or need assistance, contact the
35 laboratory performing the analysis.

36 Ensure that the samples are properly labeled with the name of the facility.
37 location or source of the sample, the name of the person taking the sample,
38 and the sample date and time. Complete a Chain-of-Custody form with the name
39 of the facility, location or source of the sample, the name of the person
40 taking the sample, and the sample date and time. Place the samples in the

-41 shipping container. The person taking the sample should sign the completed
42 Chain-of-Custody form and enclose the form with the sam >1es. Seal the
43 shipping container and place the security seal across tie top of the
44 container, and attach the appropriate shipping labels. Send the samples to
45 the laboratory as quickly as possible (e.g. overnight delivery) after

12
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1 collection. This will eliminate the need for refrigeration of the samples.

2 What analyses should I request? At a minimum, the laboratory should perform
gamma spec analysis and gross alpha / beta analysis. Consider the licensees in'

the collection system before deciding on any adJitional alpha- or beta-
5 emitting radinnuclide analysis. Typical radionuclides from various types ofe

6 NRC licensees are listed in Section 5 and Appendix A. For example, Americium-

7 241, an alpha and gar.ma emitter, could be discharged by a smoke detector
8 manufacturer. Tritium, a L. eta emitter, is used in manufacturing luminous
9 signs. Phosphorus-32 and Strontium-90, both beta emitters, are medical

10 isotopes.
|

Il What will the analysis cost? The cost will depend on the type of analysis
12 that is requested the more detailed nr complicated the anal.vsit, the more
1 1,- expensive and '.ime demanoing the analysis becomes. Fu e- instance, gamn.. +

14 analysis of samples is relatively easy, as well as gross alpha and beta
*n radiation ecunting. But alpha and bet) enc N m lysis to identify specific
li radionuclides can t)e time consuming aad ex ensive. Gamma spec analysis for

'l/ one sample should cost several hundred collars, gross alpt.a/ beta analysis
18 several hundred dollars, and radiochemical analysis for alpts and beta
19 emitters from several hundred to several thousand dollars, depending on the
20 radionuclides analyzed.

21 8. How Do ! Evaluate the Results?

22 NOTE: NRC and EPA do not currently have regulations addressing radioactiva
23 materials in sludge products at POTWs. NRC and EPA are developinq the
24 following table to describe concentrations of radioactive materials in
25 sludge or ash. These estimated concentrations will be based on dose
26 modeLing calculations which assume how individuals could be exposed to
27 these radioactive materials. These models, for example, assure that an
28 individual spends % of the year on site and hours a day outside. So

29 far, a dose level fias not been chosen for the cilculations. We welcome any

30 consnents on the need for this table and the appropriate dose level for the
31 calculations. In the interim, the table will be developed for fae+ ors to
3: convert concentration to dose or risk.' ,,

33 Concentration to Dose (or Risk) Conversion Factors
34 for Radioactive Materials in Sewage Sludge and Ash
35 (UNDER DEVELOPMENT)

36 Radionuclide Dose (or risk) per pCi/g Dose (or risk) per pCi/g
of Sludge of Ash

Concentration Concent-ation

37 Americium-241

38 Cesium-137 etc. . _ _ _ _

13,
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1 _lf radioactive material exceeding these values is detected at a POTW that i>
2 located in an Agreement State, contact the aporopriate State regulatory
3 authority (Appendices B and E). If the POTW is located in a non Agreement
4 State, contact the NRC regional of fice (Appendix C). The appropriate
E regulatory aut .ty wi!! h:!r y*" *eace +.*e origin of the radioactive

For example, the NRC or the / reement State can help you determine,

6 material. 3'

7 the licensees in your sewage collection system if you provide a list of zip
8 codes in your collection system. If measured levels of radioactivity exceed
9 the above levels, it may be necessary to further restrict discharges of wastes

| 10 to the sewer system by a specific licensee, alter operations at the treatment
' 11 works, or limit certain sludge / ash use/ disposal practices.

12 9. Comments or Questions :n this Guidance?
* - .

13 If you-hav- any. questions or comments r.garding the information presented in
'i. this guidance document, please contect either NRC or EPA:

*15 U.S. Nuclear Regulatory Comm'.ssion
16 Low-level Waste and Decommissioning Projects B.'anch
17 (301) 415-7234 or contact through NRC's operator on the toll-free
18 telephone number 800-368-5642. -

g

19 or

20 Robert Bastian
21 U.S. Environmental Protection Agency (4204)
22 Office of Wastewater Management
23 401 M Street. SW
24 Washington, DC 20460
25 (202) 260-7378

.

5
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6 0. EPA Regional Offices

7 E. State Agencies fo. Radiation Centrol ,.
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.
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1 APPENDlX A

2 FUNDAMENTALS OF RADIATION

|

3 What is Radiation?
4

4' People are subjected to natural radiation from outer space, from naturally-
S occurring radioactive materials in soils, in the food and water we consume,
6 and in the buildings where we live and work. The te.; " radiation" as it

7 relates to radioactive material describes the energy given off by the material,

8 as it decays. Ionizing radiation produces charged particles, or ions, in the
9 material in which it encounters. At excessive levels, the process of

10 , ionization can cause disease and injury to plants and animals. .-
.

: ,11 The three most common types of ionizing radiation are:

! 12 Alpha radiation - positively charged particles that are emitted from*

; 13 naturally-occurring and man-made radioactive material. Uranium, thorium
14 and radium emit alph& rad'ation and so they are called " alpha emitters."
15 The alpha particle has the least penetrability. Most alpha particles ,

16- can be stopped by a single sheet of paper or skin. Consequently, the'

; 17 principle hazard from alpha emitters to humans is caused when the
; 18 naterial is ingested or inhaled. The limited penetration of the alpha

19 particle means that the energy of the particle is deposited within the
20 tissue (e.g., lining of the lungs) nearest the radioactive material once
21 inhaled or ingested. Examples of alpha emitters are the nacurally-

! 22 occurring radionuclides radon, radium, thorium and uranit.n.
.

Beta radiation - negatively charged particles that are typically more23 *

74 penet:4 ting but have less energy than alpha particles. Beta particles
e5 can penetrate human skin or sheets of paper, but can usually be stopped
26 by thin layers of plastic, aluminum or other materials. Carbon-14 and

>

27 flydrogen-3 (or tritium) are two common " beta emitters." Although they
4

?8 can sehetrate 'uma skin, beta particles are similar to alpha pr**icles
.

29 in t1at the predominant hazard to humans comes from ingesting or
30 inhaling the radioactive materials that emit beta radiation.

Gamma (or X-ray) radiation - the most penetrating type of radiation.2 31 *

32 They can pass through the human body and common construction materials.
33 Thick and dense layers of concrete, steel, or lead are used to stop

! 34- gamma radiation from penetrating to areas where humans can be exposed.
35 Gamma emitters can pose both external and internal radiation hazards to
36 humans. Technetium-99m is an example of a " gamma emitter" that is.

4

~ 37 widely used in medical diagnosis. Potassium-40, a common naturally-
38 occurring radionuclide, is also a gamma emitter.

,

4

39 Some radionuclides emit more than one type of radiation. For example, Cesium-

40 137 and lodine-131 are both gamma and beta emitters.
;

- . _ __ __ _ -_ . _ _ __ - - _ . . _
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1 How is Radiation Measured?

Whether it emits alpha or beta particles or gamma rays, the quantity of
?

3
radioactive material is typically express.d i' terms of its r>1toact/rf ty orOne Curie equals 37 billion

4 simply its activlty and is measured in Curies. Activity is used to describe a material,atomic disintegrations per second. For example,5
just as one would discuss the length or weight of a material.6 one would sa "the activity of the uranium in the container is 2 Curies "
Generally,tehighertheactivityofthematerial,thegreaterthepotEntial7

8 health hazard associated with that material if it is not properly controlled.9
At nuclear power reactors, the activity of radioactive material may be10 described in terms of hundreds to millions of Curtes, whereas the units11
typically used to describe activity in the environment and at PO!Ws are often12, A rderocurie is one one-millionth e

13' microcuries (yci) or picocuries (pC1).
, 14 (1/l,000,000) of a Curie and a picocurie is one one-trillionth

15 (1/1,000,000,000,000) of a Curie.
The

' 16 The activity of a radionuclide decreases or decays at a constant rate.
17- time it takes the activity of radioactivo material to decrease by half is
18 called the radioactive half-1ffe. Af ter one half-life, the remaining activity

would be one-half (1/2) of the original activity. After two half-lives, the
; 19

remaining activity would be one fourth (1/4), after three half-lives one
| 20

eighth, and so on. For example, if a radionuclide has a half-life of 10
21

years, the amount of material remaining after 10 years would be 1/2 of that22
23 originally present. After 100 years (10 half-lives), the remaining activity

would be 1/1024 of the amount that was orig *nally present. Some radioactive
24 materials have extremely short half-lives measured in terms of minutes or25 for example, lodine-131, uW k medical procedures, has a half-life26 hours;

Others have half-lives measured in terms of millions to billions27 of 8 days.
of years; for example, naturally occurrir.g Thorium-232 has- a half-life of 14

t 28
billion years, and natural Uranium-238 nas a half-life of 4.5 billion years.29

Some radioactive materials decay to form other radioactive materials. These
30
31 so-called decay produr's in turn, decay to stable nuclides or othe.- '

tach material formed through decay has a unique set .

radioactive materials.3e
radiological properties, such as half-life and energy given off through decay.33 in the case of the radioactive materials at POTWs, the radioactive materials34 Thepresent may consist of one or more separate decay " chains" or " series."35
naturally-occurring uranium and thorium decay chains are summarized in the36

37 following table.

2
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1 Series: Uranium Thorium

2 Oranium-238 Thoriua-232
3 1 1

l Uranium-234 Hadium-t?8*

5 1 4

| 6 Thorium-230 Thorium-228
'

7 1. !
8 Radium-226 Radium-224
9 1 1

10 Radon-22? Radon-220
11 1 1

12 Lead-219 Lead (Stable) '

13 ! ''

14 Lead (Stable)

15 Some of the radioactive materials in these chains emit gamma rays when they
15 decay. The intensity of gamma radiation in air or exposure rate is measured
17 in Roentgens (R) or microRoentgens (#R) per unit time, usually an hour, as in

( 18 R/hr or pR/hr. In the environment, exposure rates are typically measured in
19 terms of yR/hr. For example, in many parts of the United States the exposure
20 rate from natural sources of-radiation is between 5 and 15 pR/hr. This
21 ambient level is referred to as the background exposure rate.

22 Many comercially available radiation detectors measure radiation fields in
23 terms of yR/hr or counts per minute (cpm). " CPM" refers to the number of
24 ionizing particles striking the detector surface in a minute. A fraction of
25 these particles are recorded by the detector as counts. The number of counts
26 per minute can then be related to exposure rate or radiation dose for a known
27 radionuclide for which +he instrument has been calibrated.

'

28 Radiation dose is a measurement or estimate of the body's exposure to ionizing
29 radiation. It is typically measured in units , rein. In the environment and

at POTWs, lses are ot ten meuured in terms of millirem ) A millirem is
une one-thousandth (1/l,000) of a rem; a microrem is one-(mrem .

30
millionth of T rem31

32 (1/l,000,000). The dose rate is ex)ressed in terms of dose per unit time,
33 again usually an hour, as millirem /1r. For external radiation, exposure rates
34 are often equated to dose rates using the conversion of I gR/hr = 1
35 microrem/hr. Doses from internal exposure to radioactive material that has
36 been ingested or inhaled are more difT; cult to determine. Computer models
37 that account for the distribution and excretion of the radioactive material
38 within the body are used for estimating doses and dose rates from internal
39 radioactive contamination.

40 What are the Effects of Radiation Exposure?

41 When radiation interacts in and through living + issue, it may damage some
42 cells in the body. Some cells may not survive the damage and die while other

3
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ce11s will survive the damage and reproduco normally. Other d.amaged cells may
: 1 Othersurvive, but in a modified form, which may later result in cancer.2
'

health effects from low doses of radiation (tens of rems) may include birth
3 High doses of radiation (hundreds of rems) overdefects and genetic effects.4

short periods cf time my cause organ damage and, if high enough, death.5
Doses associated with exposures to natural background radiation or typical6

7 radioactive materials in POTWs are thousands of times lower than the high
8 doses that can cause significant biological damage.

At low doses, the principal concern associated witn radiation exposure is the9 Other effects
10 possible occurrence of cancer years after the exposure occurs.

such as birth defects and genetic effects are less likely. For such low
11 doses, the likelihood of producing cancer has not been directly established12 0w levelsbecause it is not possible to distinguish cancers produced by such 113
14' of radiation from cancers produced by other tources, such as hmful clemicals

in-the environment. Therefore, in estimating the consequences of any exposureiS to radiat.on, it is assumed that the idsk f 4veloping cancer is linearly16'

17 proportional to dose and that there is nu ereshold below which there is no
18 chance of cancer. This chance, or risk, is expressed in terms of probablifty'

19 nf an adverse health ef fect because a given dose of radiation does not produce,

20 a cancer in all cests. The NRC uses the linear assumption and the philosophy
'21 that radiation expp y .t should be kept as low as reasonably achievable (ALARA)
22 for purposes of rogulating the use of radioactive materials.

What are the types of radiation and half-lifes for the radionuclides that are23
24 caused by human activities and may be present at P0TWsf

25 ,R_ad_i onucl ide
Type of Radiation Hal f-li fe

r

2 5 _. Americium-241 alpha, gama 458 years

27 l_ Antimony-125 gama 3 years
_

53 days
28 Bery111um-7 gamma

29 Carbon-14 beta 5750 years

30 Cesium-134 beta, gama- 2 years

31 Cesium-137 beta, gama
_

30 years

-32 Chromium-51 gamma 28 days
-

33 Cobalt-57 gama 271 days

34 Cobalt-60 beta, gama 5 years

-35 Ga111um-67 gama 3 days

36 Hydrogen-3 (tritium) beta 12 years

37 Indium lll gamma 3 days

4



.

.

*;;
DRAFT FOR COMMENT

| 1 lodine-123 gama 13 hours
! 2 lodine-125 gamma 60 days

3 lodine-129 beta, gamma 20 million years
4 Icjine-131 beta, ganma 8 days

5 Iridium-192 beta, gamma 74 days
,

|
'

6 Iron-59 gama 45 days

7 Lead-210 alpha, beta, gamma 22 years

8 Manganese-54 gamma 303 days

9 Niobium-95 beta, gamma 35 days

10 Phosphorus-32 beta 14 days~ -

11 Phosphorus-33 beta 25 days

'l 2 Dlutonlum-239 al;' 86 years
J2 Plutonium 239 alpha 24.400 years
14 Plutonium-240 alpha 6580 years

15 Polonium-210 1.ipha 138 days

16 Radium-226 alpha, gamma 1600 years
'

17 Selenium-75 gama 120 days

18 Strontium-89 beta 52 days
19 Strontium-90 bet; 28 years

20 Sulphur-35 beta 87 days

21 Technetium-99m gama 6 hours

~62 Thallium-201 ganaa 3 days

23 Thorium-228 alpha, gamma 2 years
24 Thorium-232 |_ . alpha 14 billion years

_

25 Uranium-223 alpha, gamma 162,000 years
26 Uranium-234 alpha 247,000 years
27 Uranium-235 al;,ha 710 million years
28 Uranium-238 alpha 4.5 billion years

29 Xenon-133 beta, gama 5 days

30 Z i r. .:- 6 5 _, beta, gamma 245 days

31 Zirconium-95 beta, gamma 64 days

5
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What are the Standards for Protection of Human Health from Exposure to Hazards
1

2 such as lonizing Radiation and Radioactivity in Sewage Sludge?

EPA standards and criteria pertinent to setting standards or guidance (cr3

4 levels of radioactivity in sewage sludge might include:

5 Standard or Guideline Type Year Limit
(dose or risk)

|

6 Standards-for the Use or Regulation (40 1993 Concentration of
carcinogens at 1 x 10",

7 Disposal of Sewage Sludge C.F.R.503) risk and risk reference
8 (does not include dosas for metals
9 radionuclides)

10' Radiation Site Cleanup Draft reguistion 1994 15 mr'em/ year and <
,

protection of ground(40 C.F.R. 196) water to Safe Drinking.

Water Act Maximum
Contaminant Levels (MCLs).

11 Uranium Mill Tallings Regulation (40 1983 Concentration-based
C.F.R. 192) criteria for land.

buildings, and ground
water, e.g., 5 pCi/9 of
radium-226 over the firs:
15 cm of soil averaged
over 100 square meters

12 Resource Conservation and Advance Notice of 1996 10'' to 10'' risk range

13 Recovery Act (RCRA) - Proposed and protection of ground

14 Corrective Action for regulation (40 water to
15 Releases from Solid Waste C,F.R 264 MCLs

16 Management Units at Hazardous Subpart 5)
- 17 Waste Management Facilities

16 Management and Dispos ; of Regulatb n (40 1985 NRC regulated facilities:

13 Spent Fuel, High Level, and C.F.R. 191, 25 mrem /yr whole body or

30 Transuranic Waste subpart A- critical organ; 75
management) thyroid; DOE regulated

facilities: 25 whole
body, 75 critical organ

21 National Oil and Hazardous Regulation (40 CFR 1990 10'' to 10'' risk range,

22 Substances Pollution 300) protection of ground
water to MCLs

23 Contingency Plan (Superfund)

24 Certification Criteria for Final regulation 1996 15 mrem /yr and MCLs

25 WIPP Compliance With 40 CFR (40 C.F.R. 194) '

26 Part 191

6
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Standard or Guideline Type Year Limit
(dose or risk)

Radiation Protection Guidance Final guilance 1967 As low as reason:bly'

2 to Federal Ao~ 'es for achievable (ALARA) and
3 Occupationai Exposure not to exceed 5 rems ir

any year by an adult
worker. Also includes

[ guidance to not exceed
" 0.5 rem to an unborn

worker's child or not
exceed one-t, nth of the
adult v*lue for
individuals under.

.

eighteen years old

*4 Federal Radiation Protection Proposed guidance 1994 No exposure to the publi.
S Guidance for Exposure of the unless it is justified b.

'6 General Public an expected overall
benefit from activity
causing exposure; dose *
individuals as low as

'

reasonably achievable
(ALARA); 100 mrem /yr fro-
all sources covered by
guidance combined;
standards or regulations
at a fraction of 100 for
individual sources

7 Management an) Disposal of Regulation (40 1993 15 mrein/yr and MCLs
B Spent Fue.1, High-Level, and C.F.R. 191,
9 Transuranic Wastc Subpart B-

disposal)
2

10 National Emission Standaros Regulation (40 1989 10 mrem /yr
11 for Hazardous Air Pollutants; C.F.R. 61,

12 Radionuclides Subparts H and 1)

13 Uranium Fuel Cycle Regulation (40 1977 25 mrem /yr whole bcdy or
C.F.R. 190) critical organ; 75

thyroid

14 Drinking Water HCLs - Regulation (40 1976 4 mrem /yr
15 Beta / photon emitters C.F.R. 141)

16 Drinking Water MCLs - Alpha Regulation (40 1976 15 pCi/l
17 emitters C.F.R. 141)

7
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Standard or Guideline Type ] b tr Limit
j (dose or risk)

Drinking Water MCLs - Radium Regulation (40 1976 5 pCi/l
'

C.F.R. 141,

The basic radiation p otection standards formulated by the NRC for2 r

radionuclide users are published in the Code of Federal Regulations (CFR),3 These stan ards were prepared from the recommendations ofd
Title 10, Part 20.4
advisory boards such as the National Council on Radiation Protection and5
Measurements (NCRP, 1971, Report 19) and the International Committee on6

7 Radiological Protection. The requirements for disposal of radioactive
8 materials into the sa.itary sewer are in 10 CFR 20.2003.

. ,obhd in the
9 Radiation protection standards applicable to DOE facilities ar-

10 following regulations and internal DOE nedars:

10 CFR Part 834 - Radiation Protection of the Public and the Environment. 11
12 (to be issued soon)

10 CFR Part 835 - Occupational Radiation Protection13

Order DOE 5400.1 - General Environmental Protection Program14

15 Order DOE 5400.5 - Radiation Protection of the Public and the
16 Environment

17 Order DOE 5820,2A - Radioactive Waste Management

.

i
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APPENDIX 8,

NRC AND EPA REGIONAL 0FFICES BY STATE AND
'

IDENTIFICATION OF AGREEMENT STATES

| State * NRC Reaional Office EPA Reaional Offic_e

ALABAMA * 11 4

ALASKA IV 10
,

ARIZONA * IV 9'

ARKANSAS * IV 6

CALIFORNIA * IV 9

COLORADO * IV 8
1CONNECTICUT I ---

.
.

DELAWARE I 3

DST OF COLUMBIA I 3
,

'

FLORIDA *. 11

GEORGIA * !! 4
,

HAWAll IV 9

IDAHO IV 10,

' ILLIN0IS* !!! 5

INDIANA !!! 5

IOWA * !!! 7

KANSAS * IV 7

KENTUCKY * !! 4

LOUISIANA * IV 6

MAINE * 1 1
i

MARYLAND * I 3

MASSACHUSETTS * 1 1

MICHIGAN !!! 5

MINNESOTA- !!! 5
.

MISSISSIPPI * 11 4

MISSOURI !!! 7

MONTANA IV 8

' NEBRASKA * IV 7

NEVADA * IV 9

NEW HAMPSHIRE * I 1

NEW JERSEY I 2

NEW HEXICO* IV 6

NEW YORK * I 2

NORTH CAROLINA * 11 4

NORTH DAKOTA * IV 8
OHIO III 5

OKLAHOMA IV 6

GREG0N* IV 10
PENNSYLVANIA I 3

RHODE ISLAND * 1 1

SOUTH CAROLINA * 11 4

SOUTH DAKOTA IV 8
TENNESSEE * 11 4

TEXAS * IV 6

. __
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l - itht 9_ * NRC Reaional Office EPA Reaional Office

UTAH * -IV 3

VERM)NT I l-
VIR3 INIA II 3

= WAS'i!NGTON* IV 10

l - WEST 1 VIRGINIA- II 3

WISCONSIN III 5

WY0r4ING - IV 8

CAN.TL ZONE II

PUERTO RICO -II - ?
, #'' ? .-

-VIR:11N ISLANDS II

GUA;i _IV 9

AMERICAN SAM 0A IV )*

* indicates Agreement State as of 3/31/97'

.
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APPENDIX C

NRC REGIONAL OFFICES

Division of
Nuclear Materials State Agreements

:

L Address Safety Officer

Region I (610) 337-5281 -(610) 337-5216
475 Allendale Roat'
King of Prussia, PA 19406-l*15

e* ;M

Region II '(404) 562-4700 (404) 562-4704.

Atlanta Federal Center
- - 61 Forsyth St SW-

Suite 23T85
f - Atianta, Ga. 30303-3415
l

Region !!! (630) 829-9800 (630) 829-9818
801 Warrenville Road
Lisle, IL 60532-4351-

Region IV (817) 860-8106 -(817) 860-8267
Harris Tower
611 Ryan Plaza Drive, Suite 400

- Arlington,,TX 76011-8064

.
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APPENO X 0

EPA-REGIONAL 0FFICES

EPA Radiation Proaram Manacers
|

| EPA Region 1 EPA Region 2

| John F. Kennedy Federal Building- 290 Broadway
l One Congress Street New York, NY 10007-1866.

Boston, MA 02203-0001 (212) 264-4110
(617) 565-4602

(

EPA Region 3' E \ Region 4 i-
'

Special Program Section (3AML:) 101 Alabama St., S.W.
841 Chestnut Street Atlanta, GA 30365o

Philadelphia, PA 19107 ' 04) 347-3907
(215)-597-8326'

EPA Region 5 EPA Region 6
Air Enforcement Branch (6T-E)5AR26

77 West Jackson Boulevard 1445 Ross Avenue
Chicago, IL- 60604-3507 Dallas, TX 75202-2733

(312) 886-6175 (214) 655-7224

EPA Region 7 EPA Region 8
726 Minnesota Avenue 8HWM-RP, Suite 500
Kaneas city, KS 66101 999 18th Street
(913) 551-7605 Denver,.CO 80202-2466

(303) 293-1440

EPA Regio'n 9 EPA Region 10
Al-1 AT-082
75 Hawthorne Street- .1200 Sixth Avenue
San Francisco, CA 91105 Seattle, WA 98101

(415) 744-1048 (206) 553-7660

.
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APPENDIX E

STATE AGENCIES FOR RADIATION CONTROL

Kirkse, E. Whatley, Director
State Department of Public Health

-Division of Radiation Control
State Office Building-
434 Monroe Street
Montgomery, Al. 36130-1701

,

Phone - (334)613-53911
* *

Bernard R. Bevill, Acting Director '

Department of Health
Division of Radiation Control & Emerger.w Mgmt*

4815 West Markham Street, Slot 30
' Lil, e Rock, AR 72205-3867

Phone - (501)661-2301

Aubrey V. Godwin. .'frector
Arizona Radiation Regulatory Agency
4814 South 40th Street
Phoenix, AZ 85040
Phone - (602)255-4845 ext. 222

Edgar D. Bailey, C.H.P., Chief
State Department of Health Services
Radiologic Health Branch
Food, Drugs & Radiation Safety Division
714/744 P Street
601 N 7th Street, Continental Plaza
P.O. Box 942732
Sacramento, CA 9423A.J}96 95814'
Phone - (916)322-3482

Robert M. Quillin, Director
-Department of Public Health & Environment
' Radiation Control Division
4300 Cherry Creek Drive South (RCD-DO-B1)
Denver, CO 80222-1530
Phone - (300)692-3030

William A. Passetti, Acting Chief
Department of Health & Rehabilitative Services
Office of Radiation' Control
1317 Winewood Boulevard
2009 Apalachee Parkway
Tallahassee, FL 32399-0700 32301
Phone - (904)487-1004

, -
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Thomas E, Hill, Manager-
Department of Natural Resources
Radioactive Materials Program
4244-International Parkway, Suite 114
Atlanta, GA 30354
Phone - (404)362-2675

Donal; A. Flater, Chieft

Iowa Department of Public Health
Bureau of Radiological Health
Lucas State Office Building
321 East 12th Street
Des Moines, IA 50010 . *

* .c,

Phone - (515)2;l-3478

| Thomas W. Ortciger, Director*

Department of Nuclear Safety-
1035 Outer Park Drive

,

Springfield, IL 62704
Phone - (217)785-9868

Vic Cooper, Director
Bureau of Air & Radiation
X-Ray & RAM Control Section
Department of Health & Environment
Forbes Field, Building 283
J Street & 2nd North
Topeka, KS 66620
Phone - (913)296-1562

-Charles Mc Hardin, Executive Director
Conference of Radiation Control Program Directors, Inc.
205 Capital Avenue
Frankfort, KY 40601
Phone - (502)227-4543

John A. Volpe, Ph.D, Manager #2

Cabinet for Health Services
. Radiation & Toxic Agents Control Section
275 East Main Street
Frankfort, KY 40621-0001
Phone - (502)S64 1700



---_--

- . -
.

4

DRAFT FOR COMMENT

William H. Spell, Administrator
,

: Department of Environmental Quality
Radiation Pr tection Division
Office of Air Quality & Radiation Protection
7220 Bluebonnet nuad

| P.O. Box 82135
I Baton Rouge, LA 70884-2135
'

Phone - (504)765-0160

| Robert M. Hallisey, Director-
Department of Public Health
Radiation Control rrogram
305 South Street, 7th Flo..

'Jamaica Pla in, MA 02130 ' ' '*

Phone - (617)727-6214
.

Roland G. Fletcher, Manager
Marylano Department of the Environment*

Radiological Health Program
Air and Radiation Management Administration
2500 Broening Highway
Baltimore, MD 212;4

Phone - (410)631-3300

Robert J. Schell. Nuclear Engineering Specialist
Radiological Health Program
Division of Health Engineering
State House, Station 10
157 Capitol Street
Augusta, ME 04333
Phone - (207)287-5698

Robert W. Goff, Director
State Depan'. ment of_ Health
Division of Radiological-Health
3150 Lawson Street
P.O. Box 1700
Jackson, MS 39215-1700 39213
Phone - (601)354-6657

R.M. Fry, Acting Director
Department of Environment, Health & Natural Resources
Division of Radiation Protection
3825 Barrett Drive
Raleigh, NC 27609-7221 27609-7221
Phone - (919)571-4141

-
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Dana K.-Mount,~ Director
Department of Health
Division of Environmental Engineering
1200 Missouri Avenue, Dnom 304
P.O. Boi 5520
Bismarck, ND. 5850u-5520
Phone - (701)328-5188

Mark 8. Horton, M.D., M.S.P.H., Director
Nebraska Department of Health
301.. Centennial Mall South
P.O. Box 95007
Lincoln, NE- 68509-5007 ,.

*,

-Phone - (402)471-2133

qiane E. Tefft, Administrator*

Division of Public Health Services
Radiological Health Bureau*

Health and Welfare Building
6 Hazen Drive
Concord, NH 03301-6527
Phone'- (603)271-4588-

Benito Garcia Chief
Department of Environment
Bureau of Hazardous & Radioactive Materials
Water and Waste Management Division
2044 Galisteo Road
P.O. Box 26110
Santa Fe, NM 87502 87505
Phone - (505)827-1557-

Stanley R. Marshall, Su, ervisor
Department of Hur.;an P.esources-
Radiological Health Section

-400 West King Street,' Room 101
Carson City,-NV 89710
Phone - (702)607-5394

Rita- Aldrich, Principal Radiophysicist
-New York State Department of Labor
- Radiological Health Unit
Division of Safety and Health
New York State Office Campus
Building 17., Rocm 457
Albany, NY 12240
Phone - (518)457-1202-

-_ __A
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John P. Spath, Director *2
New York State Energy Research & Development Authority
Radioactive Waste Policy arid Nuclear Coordination
Corporate Plaza If t
206 Washington Avenue Extension
Albany, NY 12203-6399
Phone - (518)862-1090 ext.3302

Paul J, Merges, Ph.D., Chief #3
Department of Environmental Conservation
Bureau of Pesticides and Radiation'

Division of Solid and Hazardous Materials
50 Wolf Road, Room 402 ..

*
*

Albany, NY 12233-7255 12233 -

Phone - (518)457-2225
,

Karim Rimawi, Ph.D., Director 44
New York State Department of Health'

Bureau of Environmentai Radiati n Protection
Two University Place
Albany, NY 12203
Phone - (518)458-6461

Kenneth R. Daniel, Deputy Director #5
! New York City Department of Health

Bureau of Radiological Health
111 Livingston Street, Room 2006
Brooklyn, NY 11201-5078
Phone - (718)643-8029

Roger L. Suppas, Chief
.

Ohio Department of Health
Bureau of Radiological Health
35. East Chestr.ut Straet
P.O. Box 118
Columbus, CH 43266-0118
Phone - (614)644-2727

MikeBroderick
Environmental Program Administrator
Department of Environmental Quality

' Radiation P.-.nagement Section
1000 NE 10th Street
Oklahoma City, OK 73117-1212
Phone - (405)271-7484

I
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Ray D. Paris,-Manager
Department of Human Resources
Radiation Protection Services
State Health Division i

800-N.E Oregon Street .

Portland, OR 97232
Phone - (503)731-4014

William P. Dornsife, Director
Department of Environmental Protection
Bureau of Radiation Protection
400 Harket Street

-P.O. Sox 8469
H:rrisburg, PA 17101 ,. *. a. -
Phone -~(717)787-2480

'

| LMarie-Stoeckel, Chief
Department of Health

LDivision.of Occupational & Rad'11ogical Health
,

3 Capital Hill, Room 206
Providence, RI 02908-5097
Phone - (401)277-2438-

Virgil R. Autry, Director
Department of Health & Environmental Control
Division of Radioactive Waste Management
Bureau of: Solid and Hazardous Waste
2600 Bull Street

-Columbia,-SC 29201
-Phone - (803}896-4244

Max K. Batavia -P.E., Chief r2
Department of Health & Environmental Control
Bureau of Radiological Healt'
2600 Bull Street
Columbia, SC 29201
Phone - (803)737-7400

Michael .H. Mobley, Director
Department of Environment and Conservation
Division of Radiological Health
L&C Annex, 3rd Floor
401 Church Street
Nashville, TN 37243-1532
Phone - (615)532-0360
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Minor Brooks Hibbs, P.E., Director
Texas Natural Resource Conservation Commissio.i
Industrial & Hazardous Waste Division
12015 NIH-35
P.O. Box 13027
Austin, TX 78711-3087
Phone - (512)239-6592

Richard A. Ratliff, P.E., Chief *2
Texas' Department of Health
Bureau-of Radiatinn Control
1100 West 49th Street
Austin, TX 78759-4189
Phone - (512)834-6688

-, ,,

*
William J Sinclair, Director
Department of Environmental. Quality

,

Division of Radiation Control
160 North 1950 West
P.O. Box 144850
Salt Lake City, UT 84114-4850

Phone - (801)536-4250

John L. Erickson, Director
. Department of Health
Division of Radiation Protection
Airdustrial Center. Building #5
P.O. Box 47827
Olympia, WA 98504-7827
Phone -'(360)654-4536

,
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1 APPEND;X f

2 EXAMPLES Of FOTW3 THAT HAVE RADIONUCLIDE MATERIALS PROGRAMS

3 Albuquerque, New Mexico

4 The City of Albuquerque has established a Radioactive Discharge Monitoring
5 Program (RDMP). This is a voluntary program of monitoring and reporting. The
6 Albuquerque POTW has found they have the responsibility to be aware of all
7 discharges to the sewer system that could impact operations at the treatment
8 plant or impact the health and safety of employees and the public. The P0TW
9 has implemented a program of discharger registration that requires !!scMrgers

10' to (1) periodically report their radionucli e discharges, (2) t'Wthe POTW
11 to perform surveillance monitoring, and (3) commit to voluntarily limit their

* 12 discharges to levels that are as low as r % oably achievable (ALARA). These
;

13 registrations are issued and monitoring ra 'he dischargers is permitted in
14 accardance with a city sewer use and wastewater control ordinance. The

| 15 agreement could be in the form of an amendment to an existing sewer discharge
'

16 permit.

17 The Albuquerque POTW obtained a list of licensed radioactive materials users
10 in the municipal service area from the appropriate regulatory authority (New

f 19 Hexico is an Agreement State). Each of the licensees was evaluated to
! 20 determine whether or not they discharge or have the potential to discharge
I 21 radioactive materials to the sewer. This includes an initial walk-through to

22 familiarize the ROMP staf f with the nature of the cperation and potential
?3 oopertunities for waste minimization.

14 The P0TW negotiated discharge limits with the dischargers so that the
25 aggregate. regulated discharges from all licensed fac'lities is ALARA and
26 produces no greater than 1 in 10,000 excess risk of fatal cancer to the "most
27 exposed" individual. The POTW also works with poter.tial dischargers to
28 prevent accidantel raleases of radioactive materials.

29 Thu Albuquerque POTW retains a certified Health Physicist to interpret the
30 reports from the dischargers and from monitoring the dischargers and th->
31 treatment facility. The health physicist uses radi.tio:. exposure modeis to
32 ensure the radiation dose to the "most exposed" individual is ALARA.

33 The dischargers are asked to provide annual reports regarding the discharges
34 they have made or plan to make to the sewei. In addition, the RDMP staff
35 collects samples from the facilities' sample locations on a regularly
36 scheduled basis and/or unannounced. The samples are analyzed by the State.
37 To date the radicisotopes found in the sewage have been of medical origin.
38 Gamma radiation detectors installed Tt the plant have indicated that no
39 measurable radiation exposure is being received by plant workers.

__a
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1 St. Louis, Missouri

2 The City of St. Louis has its own requirements to limit radioactive discharges
3 from industrial users. The district is concerned that low-level radioactive i4 materials being discharged to the s:wer system by numerous small sources may
5 be concentrated by the district's wastewater treatment processes and possibly
6 pose a hazard for the employees and adversely affect the district's sludge
7- disposal options.

8 The District Ordinance for sewer use contains a limit of I curie /yr for the
9 aggregate discharge from all users in a-watershed (except excreta from

10 individuals undergoing medical treatment or diagnosis). This nurrher is
11 currently under review. "-, t

l

12 The district requested lists of licensees from the NRC and the State and wrote
13 the licensees letters informing the- -f the limits for radionuclide'

14 dischargers. Licensees are requircd to write the sewer district requesting ,

15
*

approval to discharge radioactive mat erials and indicating the isotopes a d
16 the amounts to be discharged annuasiy. The district then approves the
17 discharges. The district require.i quarterly reports from the licensees to
18 ensure compliance with the District Ordinance and State and Federal
19 regulations. The licensee's discharge permit is then modified to incorporate,

20 the approval of discharges and the reporting requirements.
'

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

|
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1 f.'PENDIA G

2 BIBLIOGRAPHY AND SOURCES GF ADDITIONAL INFORMATION

3 Ainsworth, C. C., Hill, R. L., Cantrell, K. J., Kaplan, D. I., Norton, R. L.,

Aaberg, R. L.,1994, "Recencentration of Radioactive Material Released to4

5 Sanitary Sewers in Accordance with 10 CFR Part 20," NUREG/CR-6289, U.S.

6 Nuclear Regulatory Commission, .. Sington, D.C. 20555.

7 ASTM E 181-82 (Reapproved 1991), "S'.andard General Methods for Detector
8 Calibration and Analysis of Radionuclides," American Society for Testing and
9 Materials, Philadelphia, Pennsylvania 19103.

.:,

10 CRCPD Publication 94-1, " Directory of Personnel Responsible for Radiologiccn
'

11 Health Programs." Conference of Radiatic- Centrol Program Directors, Inc.,
.

12 Frankfort, Kentucky 40601.
.

13 EPA, 1986, " Radioactivity of Municipal Sludge.

14 EPA,1989. "PCTW Sludge Sampling and Analysis Guidance Document."

,
15 EPA drinking water residuals management report

)
16 GAO, 1994, Nuclear Regulation, " Action Needed to Control Radioactive'

17 Contamination at Sewage Treatment Plants."

I 18 Huffert, A.M., Meck, R.A., Miller, K.M., 1994, " Background as a Residual
19 Radioactivity Criterion for Decommissioning," NUREG-1501, U.S. Nuclear
20 Regulatory Commission, Washington, DC 20555.

21 Kennedy, Jr., W. E., Parkhurst, M. A., Aaberg, R. L., Rhoads, K. C., Hill, R.

?? L., Martin, J. B.,1992, " Evaluation of Exposure Pathways tc Man from Disposal
23 of Radioactive Mateiials into Sanitary Sewer Systems," NUREG/CR-5814, U !.
24 Nuclear Regulatory .;..missic.), Washington, D.C 20555,

25 Miller, W.H., et al.1996, "The Determination of Radioisotope Levels in
26 Municipal Sewage Sludge,' Health Physics, v. 71, no. 3, p. 286.

27 Miller, M.L., Bowman, C.R., an M.G. Ge uia, 1997, " Avoiding Potential Problems
28 ...

29 NCRP Report Nr. 50, " Environmental Radiation Monitoring," 1975, National
30 council on Radiation Protection and Measurements, Bethesda, Maryland.

31 NCRP Report No. 58, "A Handbook of Radioactivity Measurement Procedures."
32 1985," National Council on Radiation Protection and Measurements, Bethesda,
33 Maryland.

'

Washington Suburban Sanitary Commission, " Radioactive Waste Disposal Risk34
35 Study," October 1995.
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SUMMARY OF DOSE LIMITS & TAROET POPULATIONS

DOSE OR REOULATORY TARGET POPULATION REFERENCE
Dose LIMT Basis

500 REM ICRP & NCRP max EOViVALENT DOSE TO THE SKIN OF AN OCCUPATIONAL NCRP # 1 | 0
RECOMM ENDATION WC ?4KERS FOR EMERGENCY LWE-SAVINO EFFORTS (P. 44)

-

400 REM NCRP CAREER MALE ASTRONAUT WHOLE BODY NCRP #98 (P. 7)
RECOMMENDATION DOSE EOUlVALENT LIMIT'

300 REM NCRP CAREER FEMALE ASTRONAUT WHOLE BODY NCRP #98 (P. 7)
RECOMMENDATION DOSE EQUIVALENT LIMIT'

300 REM i O CFR I 00 max TOTAL MADah0N DOSE FOR A 2 HOUR PER600 TO THE I O CFR I OO. I l(A)( 1 )
THYRotD FROM A POSTULATED FtSSION PRODUCT RELEASE W AN

INDIVIDUAL WERE P8tESENT AT ANY POINT OF A NUCLEAR
,,

*REACTOR'S Exclusion AREA BOUNDART

250 REM NCRP THEORETICAL OCCUPATIONAL LIFETIME DOSE NCRP #98 (P. 7)
'

RECOMMENDATION

100 REn NCRP WHOLE BODY DO$E FOR LIFE-SAVING ACTIONS NCRP #39' (P. 100)'

i REi QMMENDATION (VALIO UNTIL | 986)-

50 REM V.RP &NCRP max ErFECTivE DOSE TO AN OCCUPATIONAL WORKER NCRP # 116
R . COMMENDATION FOR EMERGE,NCY LIFE-SAVING EFFORTS ICRP 60

!

50 REM I O CFR 20 ANNUAL ORGAN OR TISSUE DOSE OTHER TMAN LENS OF THE EYE; I O CFR 20. I 20 I
SHALLOW DOSE EOuivaLENT TO THE SKIN OR ANY EXTREMrTV

i

> 25 REM EPA PROTECTIVE VOLUNTARY WHOLE sODY DOSE FOR LIFE 4AVING ACTIONS & EPA 400-R 92 OO I
ACTION Guides PROTECTION OF LARGE POPULATIONS (MAY l992)

25 REM 1 O CFR 100 Max TOTAL MADiariON DOSE rOR A 2 HOUR PERiOo to THE WnoLE l O CFR I00. I I(AH I)
eODY FROM A PoSTuuTED riSSION PRODUCT RELEASE # AN

INDIVIDUAL WERE PRESENT AT ANY POINT OF A NUCLEAR
REACTOR'S EXCLU$iOM AREA BOUNDARY

25 REM EPA PROTECTIVE WHOLE BODY DOSE FOR LIFE *SAVINO ACTIONS & EPA 400-R 92<>O n
ACTION OViDEs & PROTECTION OF L ARGE POPULATIONS (MAY 1992);

USNRC RO 8.29 RG 8. 2E .?. I 3)

25 REM I O CFR 20 & LirETiME Dose Limit FOR INDIVIDUALS PARTICIPATING IN 1 O CFR 20. I 206(E)(2)
10 CFR 835 PLANNED SPEC 6AL EXPOSURES & 10 CFR 835.204

CAREER WMOLE BODY DOSE EQUIVALENT LIMIT AT ACE 55 BASED ON A LWETIME EXCESS RISK OF CANCER MORTALITY OF

34 i O' PER RAD.

NCRP REPORT NO. 39 (l 97 i) HAS BEEN SUPERSEDED BY NCRP REPORT NO. I i O (l 993)

(P.\ RISK HLT.WPD CJONES, NRC 05/l 5/97 REv 2 ATTACHMENT
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DOSE OR REcutAToRT TAROCT POPULATION REFERENCE
DOSE LIMrr DAsis

18.75 REM 29 CFR 1910 max OuARTERLY DOSE FOR HANDS AND FOREARMS; FEET 29 CFR 1910 96 (s)
AND ANKLES (Of MA REOULATED ACTIVITIESN

I5 REM 1O CFR 20 ANNUAL EYE DOSE EOVivALENT (LENS OF THE EYE) 1 O CFR 20. I 201

10 REM USNRC RG 8.29 ACUTE EMEROENCY EXPOSURE FOR PROTECTINO RG 8,29 ( 19901

VALUABLE PROPERTY (P. 8. 29 13)

I O REM NCRP ACUTC EMEROENCY EXPOSURE FOR LIFE-SAvlNO ACTIONS NRCP # 9i
RECOMMENDATION (P. 30)

| 7.5 REM 29 CFR 1910 max OuARTERLY DOSE TO SKIN OF WHOLE 00Dy OF 29 CFR 19 4 0,C 6 (e)

OCCUPATIONAL WORKERS (OSHA *REOULATEr, ACTIVITIES)

''
5 REM lO CFR 20 & ANNUAL EXPOSURE l'MIT FOR OCCUPATQNAL WORKERS 8|OCr 20 201 &

10 CFR 835 (NRC, DOE & STATESi 10 CFR 835.202

' max WHOLE DOOT DOSE TO ANY INDIV.DJAL LOCATED ON OR
5 REM I O CFR 72 eEvoND 1HE HEAREST eOUNDARY Or NE CONTROLLED AREA I O CFR 72. I OO

OF AN ISFSI OF. MRS*'

5 nEM lO CFR 35 NOTIFICATION UMITS FOR Mr. DICAL MISADMINISTRA? TONS 60 FR 48623
INVOLVINO MEMBF.RS OF THE PUBLIC (OCT 1995)

3 REM 29 CFR I 9 I O MAX QUARTERLY DOSE TO THE WHOLE BODY 29 CFR I O I O.96
(OSHA-RFOULATED ACTIVITIES)

REMEDIAL AN'NUAL ACTION LEVEL FOR NATURALLY NCRP # 1 l6
2 REM EPA OCCURRING RADIATION (RADON) FOR NEMBERS OF THE (P. 49)

PUDUC (CORRESPONDS TO 2 WLM')

I .875 REM OSHA MAX OUARTERLY HANO OR FOREARM DOSE TO 29 CFR 19 i O.96(s)(3)
A MINOR (UNDER AGE i 8)

lAEA THRESHoco rOR CONDUC" !NO ENVIRONMENTAL MJITORINO A.40 IAEA SAFETY SERIES 86
1.5 REM RECOMMENDATION ASSESSMENTS OF RAouTION EXPOSURE LEVELS IN WORK AREAS ( ) gg$)

out TO THE TRANSPORT Or RAoiOACTiVE MATERIAL
1

1.25 REM 49 CFR I 72 max OUARTERLY EDE FOR OCCUPATIONAL RADIATION 49 CFR I 72.803
EXPOSURE RESULTING FROM TRANSPORTATION ACTIVITIES (B)( l )

i REM - AVO ASTRONAUT CXPOSURE PER FUGHT MISSION NCRP #94

3
OSHA-REout>TED ACTIViT1ES INCLuot OCCUPATIONAL EXPOSURE FROM FACIUTIES OTHER THAN THOSE REOULATED BY NRC

OR AN AORF.EMENT STATE. THESE MAY INCLuot RAolAT10N EXPOSURES FROM x-MAYS OR uMEAR ACCELERATORS OPERATED BY
NON-AOREEMENT E 4TES.

4
ISFSt = INDEPENDENT SPENT FUEL STORAGE INSTALLATION; MRS = MONITORED RETRIEVABLE STORAGE INSTALLATION

$
ONE WORKING LEVEL MONTH (WLM) IS APPROXIMATELY EOVAL TO AN ANNUAL EXPOSURE TO AN AVERAGE OF 4 PCI PER

UTER OF RADON iF THE RAoON PROoVCTS ARE iN 50% EOUiueRiuM wTH THE RAooN. ONE WLM EXPOSURE WOULO RESULT
FROM OEINO EXPOSED TO 4 WORKINO LEVEL (WL) FOR A PERico or i WORKINO MONTH ta E. I 70 hrs)

(P;\pSK,HLT.WPo CaONES, NRC 05/15/97 REv 2 ATTACHMENT
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DOSE OR REOutATORY TARGET POPULAT60N RtrEREMCE
Dose limit BA$lS

I REM EPA EPA PUBLIC PROTECTION ACTION OUIDE LIMIT FOR EPA 400-R-92CO I
EVACUATION & SHELTER (PP. 2-0)

750 MREM OSHA MAX OVARTERLY SKIN OF WHOLE BODY Dose 29 CFR 1910.90tBH3)
TO A MINOR (UNDER ACE |83

050 MREM - AVO CDE' PER OtAONOSTIC NUCLEAR BRAIN SCAN NCRP #93
(P 4 6)

540 MREM I O CFR 20' AVO ANNUAL MEASURABLE DOSE PER RADiOORAPHER NUREG 0713
(l993)* VOL I 5 (P. 4 6)

500 MREM l O CFR 35 PROPOSED PATIENT RELEASE CRITERIA SECY-OS-i OO &
,

- * L NUREG 1462 =*
--

|

500 MREM 1 O CFR 20. max DOSE EOUlVALENT LIMlY TO THE EMBRYO / FETUS 1 O CFR 20. 208,
I0 CFR 835 & (ENTIRE OEStit SN PERIOD) 1O CFR 835.200 &

' 40 CFR I 72 49 CFR I 72.803
(B)(3)

.

500 MREM ANSI, NON* DESIGN CRITERIA FOR SHIELDINO FOR ANSI N433. I &
AGREEMENT STATE RADIATION-PRODUCING MACHINES NCRP #49

REOS (1.E,. TELETHERAPY, X-RAY MACHINES, IRRADIATORS)

500 MREM NCRP MAX ANNUAL EFFECTIVE DOSE LIMIT FOR INFREQ')ENT NCRP # I I6
RECOMMENDATION ANNUAL EXPOSURES TO MEMBERS OF THE PVBLIC (P. 4 03

500 MREM NCRP MEMED4AL ANNUAL ACTION LIMIT RECOMMENDED FOR NCRP # 11 O
RECOMMENDATION CONTINUOUS EXPOSURES FROM NATURAL SOURCES (P. 50)

(EXCLUDINO RADON)

500 MREM 49 CFR 172 & max ANNUAL RADIATION EXPOSUHE TO MEMBERS OF THE 49 CFR I 72.803
EPA FRC OENERAL PUBLIC FROM TRANSPORTING RADIOACTIVE (BH2)

OuiDANCE' MATERIAL lAEA SAFETY SERIES #6

300 MREM - ANNUAL TEDE FOR PUBLIC NCRP # IOl
(INCLUDING ANNUAL MEDtCAL EXPOSURE) (P. 73)

300 MREM - ANNUAL TCE FOR PUPuC HCRP # 4
| (EXCLUDING ANNUAL MEDICAL EXPOSURE)

0
EDE = EFFECTIVE DOSE EOuivaLENT

RESULTANT AVERAOC DOSE FROM THE APPuCADON OF REOULATORY REQUIREMENTS IN I O CFR PART 20 (1 E., ALARA)

NUMBER OF RADICORAPHERS MONITORED FOR RADtATION EMPOSURE IN 1993 WAS 4720.

EPA's FEDERAL RADianON COUNCIL (FRC) OuiDANCE WAS ISSUED IN l960. EPA IS CURRENTLT DEVELOPINO OUIDANCE
FOR f1EOULATORY AGENCIES FOR LIMITINO RADIATION EXPOSURES TO MEMBERS OF THE OENERAL PUBLIC, AND THE ANTICIPATED
ANNUAL LIMIT IS EYPECTED TO BE I 00 MREM /vR. HowEvER. AS or i 996, TwiS NEw EPA QUIDANCE DOCUMENT HAS NOT BEEN
ISSUED.

(P@iS(MLT.wPo CANES, NRC OS/l S/97 REv 2 ATTACHMENT
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DOSE OR REOutATORY TARGET POPULATION REFERENCE
DOSE LIMrf Basis

270 MREM l O CFR 20'* AVO ANNUAL MEASURABLE OCCUPATIONAL DOSE PER IO CFR 20. I 20 i
WORKER AT LWRS t 1993)''

200 MREM Av0 ANNUAL DOSE TO MEMBERS OF THE PUBLIC NCRP #93, # 11 O~

FROM RADON (P. 59; 45)
.

100 MREM OSHA AVO ANNUAL DOSE COUIVALENT TO NCRP #94
AIRPLANE CREW MEMBERS (P. 22)

i 25 MREM OSHA max QUARTERLv wHOLE BODY DOSE TO A MINOR 29 CFR 19 i O.96(BH31
(UNDER AGE | 8)

100 MREM IO CFR 20 & max ANNUAL DOBE UMITS FOR MEMBERS OF THE PUBUC I O CFR 20,1301 &

M U CFR 835.206IO CFR 635 ^* '

I 00 MREM LAEA S.S S . '' max NNuAL DOSE couivALENT FOR NON-RADIATION IAEA SArETy SERIES

WORKERS (6 SH'ELDING DEslON SPECIFICATIONS) 1I51
.

8 00 MR/wn 49 CFR 172 max WEEKLY RAD 6ATION EXPOSURE TO MEMBERS OF THE 49 CFR 172.803
*

PUBLIC FROM TRANSPORTATION OF RADIOACTIVE MATERIAL (BH2)

85 MREM PNOPOSED max DOSE " CAP" TO AN INDIVIDUAL FOR RESTRICTED USE SECY-90 OS2 &
| 40 CFR 190 (EPA'S PROPOSED DECOMMISSIONING STO) PROPOSED
'

40 CFR 196. I I (D)(2)

max ANNUAL DOSE EQUlVALENT TO THE THYROID OF ANY
75 MREM lO CFR 72 REAL INDIVIDUAL LOCATED BEYOND THE CONTROLLED AREA IO CFR 72, t 04

RESULTING FROM RADIOACTIVE MATERIALS IN EFFLUENTS AND
DIRECT RADIATION FROM AN ISFSI OR MRS

50 MREM IO CFR 20 ANNUAL TEDE TO MEMBERS OF THE PUBLIC RESULTING PART 20
APP B, TOL 2 FROM THE INHALATION OR INCESTION OF

RADIONUCUDES CONTINUOUSLY FOR A YEAR

50 MREM ,29 CFR 1910 max TEDE FnOM INttALATION OR INCESTION 29 CFR 19 8 0 96(CH2)
TO A MINOR (UNDER AGE I 8) (REFS TO I O CFR 20)

L.OENSEES (1 E,, FUEL CYCLE FACluTIES) SUBJECT TO I O CFR 20. I 301(D) 5
25 MREM IO CFR 20 Er A* ; OENERALLY Ak r*UCARLE ENVIRONME.NTAL RADIATION 40 CFR 190. I O

STANDARDS IN 40 CFR 190

25 MREM i O CFR 40, APP A max ANNUAL PUBUC DOSE EQUIVALENT CANNOT EXCEED 2 5 10 CFR PART 40,
MREM WHOLE BODv, 75 MREM THYROID, AND 2 5 MREM TO CRITERION 6
ANY OTHER ORGAN AS A RESULT OF EXPOSURE TO PLANNED
DISCHAROES OF RADIOACTIVE MATERIALS, RN*2 20 AND ITS

DAUGHTERS EXCEMED TO ENVIRONMENT.

RESULTANT AVERAOE Dost IN I 993 FRoM THE APPLICATtoM oF REOULAToRY REQUIREMENTS IN I O CFR PART 20 0 E ,
ALARA)

I
TOTAL NUMBER OF COMMERCIAL LWR woRxERs MoMiToRED FoR RADIATION Exposure IN I 993 was 109.862. NUREG-

0763,Vob i 5. P. 4 0.

IAEA 8.S.S.m lwTERNATioNAL basic sArETY STANDARDS FoR PROTECTioM AGAINST lON121NO radiation A%O FoM THE
SAFETT OF RAoiATioN SOURCES, $AFETY SEntEs No. I I 5 4 (l 994L

IP:\Risst,MLT.wpD Canes NRC 05/l 5/97 REv 2 ATTACHMENT
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Dost on RtouLAToRT TAnort POPULATION REFEnENCE
Dost LIMIT Basis

25 MREM 10 CFR 6 6 max Orr$1TE RELEASES TO ANY MEMBER OF THE PUBLIC 10 CFR 61.41
FOR BOTH OPERATIONS AND POST * CLOSURE ARE LIMITED TO
25 MREM wHOLE BODY 75 MREM THYROID, & 25 MREM

OTHER ORGAN

25 MREM 10 CFR 72 max ANNUAL DOSE EOUlVALENT TO THE WHOLE BODY OR 10 CFR 72.104
OTHER OROAN OF ANY REAL INDIVIDUAL LOCATED BEYOND

THE CONTROLLED AREA RESULTINO FROM RADIOACTIVE

MATERIALS IN EFFLUENTS AND DIRECT RADIATION FROM AN
ISFSI OR MRSi

l
'

25 MnEM 40 CFR 190 ANNUAL DOSE EOUIVALENT SHALL NOT EXCEED 2 5 MREM 40 CFR 190.10

|
WHOLE BODY, 75 MREM %YROID, & 2 5 MREM OTHER

ORGAN AS THE RESiJLT OF PLANNED OtSCHAROES FROM ,.

URANIUM FUEL CYCLE OPERATIONS TO THE ENVIRONMEt(1'.

25 MREM NCRP MAX ANNUAL ExPOSURI TO MIMBERS OF THE PUBUC FROM NCRP # 116,

RECOMMENDATION A SINGLE SOURCE OR SET OF SOURCES UNDER ONE (P. 47)
CONTROL,

20 MREM - MAX INDIVIDUAL PUBUC EXPOSURE DUE TO TRANSPORTATION NCRP #92
OF RADIOACTIVE MATERIAL (P. I65)

20 MRAD 10 CFR PART 50 max ANNUAL BETA AIR DOSE FROM OASEOUS EFFLUENTS At i O CFR 50, APP i

APPENOlXl ANY LOCATION NE.AR OROUND LEVEL FROM EA'.;H LWR Fom SECTION 11 (B.1.)
ANY INDIVIDUAL OCCUPYING AN UNRESTRICTED AREA

15 MREM PROPOSED ANNUAL EDE FROM ALL EXPOSURE PATHWAYS FROM A 40 CFR 196.1I
40 CFR 196 DECOMMissiONiNO SITE

I 5 MREM MAX ANNUAL ORGAN DOSE OR DOSE COMMITMENT FROM i O CFR 50, APP 1,

10 CFR PART 50 RADIOACTIVE LODINE OR RAM IN PARTICULATE FORM FROM SECTION ll (C.)
APPENDIX l EFFLUENTS RELEASE FROM EACH LWR FOR ANY INDIVIDUAL

OCCUPYlNO AN UNRESTRICTED AREA

I O MREM - Av0 ANNUAL EFFECTIVE DOSE EOUIVALENT TO INDIVIDUALS IN NCRP #93
THE U.S. FROM CONSUMER PRODUCTS (P. 59)

._

iO MRAD lO CFR PART 50 max ANNUAL OAMMA AIR DOSE FROM OASEOUS EFFLUENTS I O CFR 53, APP l

APPENDIMl AT ANY LOCATION NEAR OROUND LEVEL FROM EACH LWR SECTION 11 (A)
FOR ANY INDtVIDUAL OCCUPYING AN UNRESTRICTED AREA

IO MREM EPA'S CLEAN AIR MAX DOSE UMIT TO MEMBERS OF THE PUBUC FROM 40 CFR PART 6 | .
ACT RADIOACTIVE AIR EFFLUENTS RESULTING FROM FACIUTIES SUBPARTi

REQULATED UNDER THIS SUBPART

IO MREM lO CFR PART 50 max ANNUAL ORGAN DOSE OR DOSE COMMITMENT FROM I O CFR 50, APP |

APPENDIX l UOU1D EFFLUENTS FROM EACH LWR FOR ANY INDtVIDUAL IN SECTION 11 (A)
AN UNRESTRICTED AREA

(P:\Rism,HLY. wen caonES, NRC 05/15/97 Rev 2 ATTACH MENT
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DOSE OR REOULATORY TARGET POPULATION REFERENCE
DOSE LIMIT basis

4 MREM max ANNUAL DOSE TO ANY INTERNAL OROAN OR THE TOTAL 8007" 40 CFR 190 23 Il)
PROPOSED cORREspoNomO to INDivievAL MCLs sRECiriEo 'N (SEE ALSO

40 CFR 196 . O CFR I 4 i FOR PROTECTION OF OROUNDWATER AT A 40 CFR I41,1On
RE*'EDIATED SITE

3 MREM 10 CFR PART 50 max ANM,lAL TOTAL DODY DOSE OR DOSE COMMITMENT FROM 10 CFR 50, APP i

APPENDIX I LIQUID EFFLUENTS FROM EACH LWR FOR ANY INDIVIDUAL IN SECTION || (A)
AN UNRESTRICTED AREA

2 MREMIN IO CFR 20 max DOSE LIMIT TO MEMBERS OF THE PUBLIC IN AN I O CFR 20. I 30 i
ANY ONE HR UHRESTRICTED AREA FROM EXTERNAL SOURCES" (A)( 2)

max EXTERNAL RADIATION LEVEL FOR PACKAGES IN ANY
2 MR/HR 1 O CFR 7 i NOWLLY OCCUPIE.D SPACE (i.E., LOCATION OF DRIVER l O "R 71 * / (B)(4 =

~ '

TRANSPORTI 40 RADIOACTIVE MATERIAL) *

2 MR/HR 49 CFR I 72 max RADIATION EXPOSURE TO MEMBERS OF THE OENERAL 49 CFR I 72.803
*

PUBLIC FROM TRANSPORTATION OF RADIOACTIVE MATERIAL (B)( 2)

max ANNUAL INDIVIDUAL DOSE EQUIVALENT PER SOURCE OR lAEA SArEry SERitS 89;*

i MREM IAEA SAFETY SERIES PRACTICE WITHIN THE RANCE OF RISKS TO BE CONSIDERED IAEA-TECDOC 855 &
" TRIVIAL. " HCRP # l 16 (P. 51

ALSO CALLED "NEGLIOiBLE INDIVIDUAL DOSE (NID)"

.

13
THE 4 MREMhm OROUNoWATER sTANDARo s 9ERivEo rRow THE AvF ' OE ANNUAL CONCENTRATION OF BETA PARTICLE AND

PHOTON RADtOACTIVITY FROM MAN *4DE RADIONUCLIOES IN ORINulNO WATS NHICH WOULO PRODUCE AN ANNUAL DOSE EQUIVALENT
OF 4 MREM TO THE TOTAL aOov om ANY INTERNAL ORGAN (gg; 40 CFR I 4 i ,16). NOS HANDBOOM 09 (AuO i 963) is usED
as THE aAsis FOR ctRiviNO THESE OUANTitiEs. ANo EACH vast rRom THE 4 MREM sTANoARD (FoR ExAMRLE., THE MCL FOR SR-
90 = 0 07 MREM /YR; THE MCL FoR URAMiUM = 0.7 MREMhR).

" IN THE STATEMENTS OF CONSIDERATION FOR THE REvisto 1 O CFR PART 20 (EI; 56 FR 23374), THE REASON STATED

FOR THE INCLUSION OF THE DOSE RATE LIMIT OF 2 MREM IN ANY ONE HOUR WAS THAT TNE LIMIT "RROVIDES A MORE READILY
MEASURAsLE QUANTITY THAM THE I 00 MREM /YR VALUE AND CAN DE MORE EASILY VERIFIED BT SHORT-TERM MEASUREMENT 5m "

(P ARisn_HLT.WRC CsONES. NRO 05/15/97 REv 2 ATTACHMENT
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