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UMTED STATES ENVIRONMENTAL PEOTECTION AGENCY
_

_

DOCKET NO. _

IN RE ENVIRONMENTAL RADIATION
PROTECTION STANDARDS FOR NUCLEAR POWEROPERATIONS, 40 C.F.R.190

AMERICAN MINING CONORESS' PE'ITTION
FOR RECONSIDERATION AND REVISION

REQUEST FOR RELIEF

Pursuant to Section 4(e) of the Administrative Procedure Act(APA), 5.U.S.C.
553(e), t,he American Mining Congress (AMC) petitions the E

nvironmental Protection
Agency (EPA) to reconsider and revise, in part, the environm

ental radiation protection
standards for nuclear power operations contained in 40 CFR 190

Specifically, AMC.

requests that

EPA formally reopen rulemaking proceedings, reexamine the
radiation

protection standards as they pertain to uranium mills; and develop
, through a processthat

includes public hearings,1/ more realistic

effective standards for uranium mills.
, more explicitly defined, and cost-

Further, AMC requests EPA to stay the effectivedate of the regulations as they pertain
to uranium milling operations (presently

December 1,1980) pending reconsideration and revision of th
i

e standards.

_

1/

Atomic Energy Act, 42 U.S.C. 2239(a), which provides that "[ijnHearings in this continuing proceeding are proper in light of Sectithis chapter *** for the issuan on 189(a) of the
any proceeding under

the activities of licensees, ***ce or modification of rules and regulations dealing with
the [ Atomic Energy] Commission [ EPA's predecessoragency with respect to radiation protection standards] shall grant a h

_recuest of any oerson whose interest may be affected by the proceeding *** " (Eearing upon the
added.) _See Note 18, infra, at 35. mphasis_

.

I

i
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INTRODUCTION AND SUMMARY

A. AMC's RIGIIT TO RECONSIDERATION

AMC is an association of over 500 companies that represents the producers of

m ost of Am erica's m etals, coal, industrial and agricultural minerals, and the

manufacturers of mining and mineral processing machinery, equipment and supplies,

including the major producers and processors of uranium. AMC actively participated

in the rulemaking process that resulted in the existing 40 CFR 190 standards. AMC

is entitled to a reconsideration of this regulation as a matter of law. Section 4(e) of

the APA, 5 U.S.C. 553(e), expressly states: "Each agency shall give an interested

person the right to petition for the issusnee, amendment, or repeal of i rule." 2]

Under this provision of law, and in view of important new information developed since

the promulgation of 40 CFR 190, EPA must reconsider its regulation. Geller v. FCC,

610 F.2d 973, 977-979 (D.C. Cir. 1979); Investment Company Institute v. Board of

Governors, 551 F.2d 1270,1280-1282 (D.C. Cir.1977); Oliato Chaoter of Navaio Tribe

v. Train, 515 F.2d 654, 665-668 (D.C. Cir.1975); Functional Music, Inc. v. FCC, 274

F.2d 543 (D.C. Cir.) cert. denied, 361 U.S. 813 (1959). Moreover, this right is implicit

in Section 189(a) of the Atomic Energy Act (AEA), 42 U.S.C. 2239(a), which provides for

a right to a hearing in ar./ proceedings "for the issuance or modification of rules and

; regulations dealing with the activities of licensees." In any event,10 CFR 2.801 (1979)

specifically states that rulemaking may be initiated "on the petition of any . . .

interested person." See Note 18, infra, at 35.
t

The AMC, as a party to the rulemaking proceedings, and as an association with

member companies that are directly affected by the standards established in 40 CFR

,

2) This request for reconsideration and revision is also an exercise of AMC's right to
petition for redress of grievances guaranteed by the First Amendment to the United
States Constitution. See California Motor Trans. Co. v. Trucking Unlimited, 404 U.S.
508, 510-511 (1972).

1

-2-
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190, is

an " interested person" within the meaning
CFR 2.801.

See Warth v. Seldin 422 U.S 490 51 (of Section 4(e) of the APA and 1
Advertising Commission, 432 U S 333 Hunt v. Washincton Apole

1 1975);
.

,

, 343 (1977)...

The right to reconsideration is reinforc d b
the rulemaking proceedings. y EPA's actions and statements during

e

In prc -

radiation protection standards were tentati.igating 40 CFR 190, EPA recognized that the
revision (40 Fed. Reg. 23420, Appendix B 1) 3ve and subject to future reconsiderationand
stated: .J-

In discussing the final standards EPA
,

. . . that the Agency nas previously (40 FR 23420)to maintain a
continuing review of

enviconmental [ radiation) standards * * * themade public its intenton the ba appropriateness

of course, sis of information that develops in the interval .and to revise them, if necessary,of these

welcome the submission of additional factu lconcerned as it becomes available. (42 Fed RWe will,...

a data on the mattersThis

commitment was made because EPA recoeg. 2858 n.1, Appendix B-2).
.

disprove the underlying principles of thgnized that sufficient data to prove or

the environmental models used to de regulation were not then available and b
ecause

23420-23C, Apoendix B 1)evalop the standards were not then well d fiFed. Reg.

- e ned (40

newly developed dispersion and dosimetryIn view of the existence of new data in l
- .

c uding,

of this petition, EPA must now honor thatcodes, which are fully discussed in the b doyB. commitment.
THE REGULATORY BACKGROUND

\ At the time 40 CFR 190 was promul
authority to issue radiation standards forgated in January 1977, the only expres

s,

in Section 161(b) of the AEA, 42 U S Cprotection of the general public was stat d
. . 2201(b). e

Energy Commission (AEC) to " establish bThat section authorized the Atomic
to govern the possession and usey rule, regulation or order, such standards ***'

byproduct material as the Commissionof special nuclear material, source mate i lr a , and

health or to minimize danger to lifemay deem necessary [or] desirable *** to pr t
or property." o ect

[/ Appendices referred to herein include:
Under this authority, the AEC had

and Appendix B which contains pertinent
portions of the existing record. Appendix A which contains new inform tia on

|
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established radiation standarGs for unrestricted areas, i.e., areas not covered by an

applicable license. This standard limited individual annual whole body exposure to 500

millirems (10 CFR 20.105).

Under Reorganization Plan No. 3 of 1970, 84 Stat. 2086, 42 U.S.C.A. 4321 note,

the newly created EPA assumed "the functions of the Atomic Energy Commission under

the Atomic Energy Act of 1954, as amended, "* to the extent that such functions of

the Commission consist of establishing generally applicable environmental standards for

the protection of the general environment from radioactive material." 84 Stat. at 2088.

Standards as used in this context were defined to mean " limits on radiatirn exposures

or levels, or concentrations or quantities of radioactive material, in the general

environment outside the boundaries of locations under the control of persons possessing

or using radioactive material [i.e., in unrestricted areas)." I4

Under this authority, EPA soon thereafter prepared a draft radiation protection

regulation for the nuclear fuel cycle. This proposal had different standards for different

segments of the nuclear fuel cycle. For example, more stringent limitations were

placed on reactors than on mills. (Draft Proposed Rules, Environmental Protection

Requirements For Normal Operations of Activities in the Uranium Fuel Cycle, Appendix

B-3 at 7). The AEC asserted, however, that this use of EPA's authority was inconsistent

with Reorganization Plan No. 3. The AEC contended that EPA's authority was limited

to issuing ambient standards generally applicable to al] fuel cycle operations

(Memorandum of October 19, 1973, to the President from AEC Chairman, Dixy Lee

Ray; Appendix B-4 at 1-2). "Since effluents, controls and their costs differ for different

classes of activity," EPA responded that " standards [must) necessarily vary for different

classes in the fuel cycle." (Memorandum of October 19, 1973 to the President from

EPA Administrator, Russel E. Train, Appendix B-5 at 1-2.) By memorandum of

December 7,1973 (Appendix B-6 at 2), Roy L. Ash, Director of the Office of Management

and Budget, for the President determined:

-4-
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...that EPA shculd continue, under its current authority, to have
responsibility for setting standards for the total amount of radiation in the
general environment from all facilities combined in the uranium fuel cycle,
i.e., an ambient standard which would have to reflect AEC's findings as to
the practicability of emission controls.

Thereafter, on May 29, 1975, EPA published new proposed environmental radiation

protection standards for nuclear power operations (40 Fed. Reg. 23420-23425, Appendix

B-1). 5imultaneously, EPA issued a draft environtr.antal impact statement (DEIS) on

this proposal as required by Section 102 of tim National Environmental Policy Act

(NEPA), 42 U.S.C. 4332. On July 28, 1975, and September 15, 1975, AMC submitted

comments on the proposed standards. At hearings held by EPA on March 8-10, 1976,

the comments of AMC's scheduled witness, Dr. Robley D. Evans, were submitted for

the record.

At these same hearings the Nuclear Regulatory Commission (NRC) 4/ testified

extensively on the proposed regulation. Essentially, NRC asserted that (1) EPA had

incorrectly assessed radioactive effluent control technology and the practicability of

compliance with the proposed standards; (2) the proposed standards would be

impracticable to implement for technical and economic reasons for major components

of the uranium fuel cycle, notably mills; and (3) that it would be impossible to

demonstrate compliance at the low levels specified in the standards using environmental

monitoring.

On January 13, 1977, EPA promulgated the final standards (42 Fed. Reg. 2858-

2861, Appendix B-2). The regulation as promulgated was revised in minor respects

from the May,1975, proposal; however, the basic exposure standards (25 millirems to

the whole bocy and to all internal organs other than the thyroid, which was set at 75

4/ The AEC was abolished by the Act of October 11,1974, P.L. 88-438, 88 Stat.1237,
42 U.S.C. 5814(a). The newly created NRC assumed "all the licensing and related
regulatory functions of the Atomic Energy Commission ***." 42 U.S.C. 5841(f).

-5-
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millirems) were unchanged. 5/ Recognizing that mills presented some " unique" problems,

the effective date of the 25 millrem standard for uranium milling operations was;

i

deferred four years until December 1,1980. At the same time, EPA issued its final

environmental impact statement (FEIS).

Purportedly, the regulation changed the primary focus of the radiological

protection of the public from nuclear power industry operations from limitations on

dose to the maximally exposed individual to limitations on dose to the total population

(40 Fed. Reg. 23420, Appendix B-1). Furthermore, EPA ostensibly established the 25

millirem standard of 40 CFR 190 on a " cost-effectiveness" basis, because this approach

was "best designed to strike a balance between the need to reduce health risks to the

general population and the need for nuclear power" (40 Fed. Reg. 23421, Appendix B-

1). Allegedly, EPA looked at the practicability of controls; the development, operating
,

experience and cost of control technology; and basic radiological health and risk ;

assessment assumptions. On this basis, EPA concluded:

Such an examination made it possible to propose the standards at levels
consistent with the capabilities of control technology and at a cost judged
by the Agency to be acceptable to society, as well as reasonable for the
risk reduction achieved. Thus, the standards generally represent the lowest
radiation levels at which the Agency has determined that the costs of

control are justified by the reduction in health risk.1,d. [ Emphasis added).
,

This alleged adherence to cost-effectiveness in promulgating 40 CFR 190 was

based on EPA's realization that it:

...cannot and should not set [ radiation protection] standards without such
cons!deration for two reasons: 1) [because] It is prudent to assume that
there is no threshold level for radiation effects in setting standards, that
is, risk is proportional to dose all the way down to zero dose. Since there
is no safe level of radiation [ exposure], there is no logical way to set
radiation standards other than to balance risks against costs of control; and
2) the nuclear industry is too important to the nation's future power supply
to ignore cost and technology considerations. (Train Memorandum, supra,
Appendix B-5 at 1-2). [ Emphasis added.]

.I

5/ For convenience, the radiation protection standards are hereinafter referred
to collectively as the "25 millirem standard."

-6-
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;
'

Notwithstanding this recognition of a need for cost-effective and realistic

standards, EPA failed to follow through with this " logical" approach in promulgating

40 CFR 190 and failed to develop evidence to support the approach it ultimately adopted.

C. BASIS FOR REQUESTED RELIEF

As is more fully developed hereafter, three considerations warrant reconsideration

and revision of the 25 millirem standard of 40 CFR 190.

First, relevant developments have occurred since the promulgation in January

1977 of 40 CFR 190 that render this regulation unreasonably burdensome on the uranium

milling industry. These developments include: EPA's new model mill which differs

from the model used to develop the existing standards (EPA RadiologicalImpact Caused

by Emissions of Radionuclides into Air in the United States, hereafter RI 1979); new

dispersion and dosimetry codes (AIRDOS-EPA and NRC-MILDOS); new dose conversion

factors (Killough g al.1979); new health effects conversion factors (ICRP 26 1977 and

BEIR III 1980); and new cost data for source term controls (NRC GEIS and industry

su veys). These new developments establish that the 40 CFR 190 radiation protection

! standards are neither practicable nor cost-effective.

Second, even EPA has recognized that the health effects of particulate emissions'

from uranium milling are "quite small" (40 Fed. Reg. 23421, Appendix B-1). Moreover,

it is beyond dispute that the relative risk of uranium milling, even to the maximally

exposed individual, is small when compared with other risks of every day life. In

these circumstances, the stringent standard for mills, which for whole body dose is

radically reduced from 500 millirems $/ o 25 millirems per year, should be reconsideredt

|

in light of the recent decision involving benzene. Industrial Union Deoartment, AFL-'

CIO v. American Petroleum Institute, U.S. , 65 L. Ed.2d 1010 (1980)

(hereinaf ter, Benzene).
,

p/ See 10 CFR 20.105

(
-7-
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Third, the 25 millirem standard as applied to uranium mills should be reconsidered

in view of serious inadequacies in the existing administrative record for 40 CFR 190.

For example, no explanation of the basis for the 25 millirem standard is given. Why

this number is chosen - rather than 50 or 500 - is a mystery. In view of this, and

other deficiencies which are detailed below, the 25 millirem standard cannot stand.

National Lime Ass'n v. EPA, No. 78-1385 (D. C. Cir. May 19, 1980) (hereinafter,

National Lime).

In summary, when the new information and the inadequacies of the administrative

record are considered together in light of recent judicial precedent, EPA failed to

fulfill its rulemaking responsibility to set a standard that is appropriate for the milling

segment of the uranium fuel cycle. Being neither practicable nor cost-effective, 40

CFR 190 as applied to uranium milling is " arbitrary, capricious, an abuse of discretion

and otherwise not in accordance with law." 5 U.S.C. 706(2)(A).

.

-8-
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REASONS FOR GRANTING TIIE PETITION

A. TIIE RADIATION PROTECTION STANDARDS, AS APPLIED TO THE MILLING
SEGMENT OF NUCLEAR FUEL OPERATIONS, ARE NOT BASED ON COST-

EFFECTIVENESS ANALYSIS AND ARE IMPROPER

1. Elements of Cost-Effectivenes Analysis

Cost-effectiveness analysis is one of a number of of approaches that have been

accepted for the balancing of risks and benefits in the Avelopment appropriate controls

to avert potential environmental effects of a particular industrial activity. The elements

of cost-effectiveness analysis, as used in this rulemaking proceedings, are as follows.

A hypothetical model is developed that is representative of the facilities that will be

regulated. Based on this model, the maximum environmental effect of the regulated

activity is quantified at a level of control which is assumed to be the current level

of control for the facilities. l/ Next, the cost and efficiency of additional control

technologies are determined. Using the model, control technologies are then applied

to reduce environmental effects in order of cost-effectiveness, beginning with the

technology with the lowest cost per effect averted. Finally, the resulting incremental

costs of averting environmental effects are judged against a predetermined acceptable

societal cost. Through this mechanism a cost-effective control standard can be set.

2. Legal Requirements for Application of Cost-effectiveness
Analysis in Setting Radiation Protection Standards

At a minimum, cost-effectiveness analysis or some other form of risk-benefit

balancing must be applied in establishing the radiation protection standards of 40 CFR

190.

First, the duty to conduct cost-effectiveness analysis is imposed, in this instance,

by the APA's requirement for reasoned rulemaking. See National Lime, supra, at 73.

[/ In the case of radiological sources, the environmental effects are health effects.

_g_
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This follows from EPA's reliance on the linear non-threshold theory. 8/ In EPA's own

words, by relying on this theory, "there is no logical way to set radiation standards

other than to balance risks against costs of control "*" (Train Memorandum, suora,

Appendix B-5 at 1-2). This was reaffirmed by EPA in the FEIS:

It would be irresponsible to set standards that impose unnecessary
health risks on the public (unnecessary in the sense that exposures permitted
by the standards can be avoided at a small or reasonable cost to the
industry), and it would be equally irresponsible to set standards that impose
unreasonable costs on the industry (unreasonable in the sense that control
costs imposed by the standards provide little or no heelth benefit to the
public). (FEIS at 21).

Second, this requirement is implicit in the mandate of the AEA under which the

standards have been promulgated. Section 1 of the AEA (Declaration) expressly states

that the policy of the United States is:

[T]he development, use, and control of atomic energy shalla.
be directed so as to make the maximum contribution to the ceneral welfare,
subject at all times to the paramount objective of making the maximum
contribution to the common defense and security; and

b. [T]he development, use, and control of atomic energy shall
be directed so as to promote world peace, improve the ceneral welfare,

increase the standard of living[, and strengthen free competition in privateenterprtse. 42 U.S.C. 2011 Emphasis added).

In Section 2(a) of that Act (Findings), Congress found that: "The development, utilization,

and control of atomic energy for military and for all other purooses are vital to the

common defense and security." 42 U.S.C. 2012(a) [ Emphasis added). In Section 3(f)

(Purpose), Congress declared that the administration of the Act "will be consistent with

the forecoine policies *** ." 42 U.S.C. 2013(f) [ Emphasis added).

These provisions explicitly adopt a policy of promoting the development of atomic

energy. Accordingly, any environmental regulation developed by EPA under Section

161(b) of the AEA, 42 U.S.C. 2201(b), must be based on a process that balances v :.

benefits of developing nuclear energy with the need for appropriate environmental

safeguards. Cost-effectiveness analysis is such a process.

8/ AMC does not endorse the validity of the linear non-threshold theory. AMC asserts
only, consistent with EPA's own statements, that if this theory is used in developing
standards, e cost-effectiveness approach must be employed. See Appendix B-9 at 12-4,
12-5, quoted, infra, at 42.

- 10 -
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Third, use of cost-effectiveness analysis in setting radiation protection standards

is supported by the National Environmental Policy Act (NEPA), 42 U.S.C. 4321 g seg.

Section 101(a) sets forth the NEPA's basic substantive policy that the government:

[U]se all practicable means and measures, including financial and
technical assistance, in a manner calculated to foster and promote the
general welfare, to create and maintain conditions under which man and
nature can exist in oroductive harmony, and fulfill the social, economic,
and other requirements of present and future generations of Americans.
42 U.S.C. Section 4331(a) [ Emphasis added).

Section 101(b) also states that "it is the continuing responsibility of the Federal

Government to use all practicable means, consistent with other essential considerations

of national oolicy," to the end that the Nation may:
,

ee.

(2) assure for all Americans safe, healthful, oroductive, and estheti-
cally and culturally pleasing surroundings;

(3) attain the widest range of beneficial uses of the environment
without degradation, risk to health or safety, or other undesirabi^ or'

unintended consequences;
ee

(5) achieve a balance between population and resource use which will
permit high standards of living and a wide sharing of life's amenities. 42
U.S.C. Section 4331(b) [ Emphasis added].

Under these provisions, Congress clearly recognized, as a general matter, that

environmental considerations should be balanced against costs of environmental controls.

Calvert Cliffs' Coordinatine Committee v. United States Atomic Enercy Commission,

449 F.2d 1109,1112-1113 (D.C. Cir.1971). 9/

9/ See EPA Office of Radiation Programs, Staff Report, " Considerations Relative to
Setting Environmental Radiation Standards and Criteria" (November 10, 1971, as revised
December 1,1971), which states:

" Implementation of the Calvert Cliffs decision regarding the application of the
T tional Environmental Protection Act (NEPA) has introduced a very major change in
the information required in Environmental Impact StaLements. In particular, the
requirements to evaluate the consequences of potential accidents leading to release of
radioactive materials and quantitative benefit-risk / cost assessment on a facility-by-
facility basis are important new requirements." (Appendix B-7 at 6).

- 11 -
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In view of these provisions of law, and EPA's stated intent to use cost-

effectiveness analysis as the balancing method, radiation protection standards which

are not cost-effective are arbitrary, capricious, an abuse of discretion, and not in

accordance with law.

3. EPA's Purported Compliance with the Required
Cost-Effectiveness Analysis

Purportedly, EPA conducted cos -effectiveness analysis as the approach to risk-

benefit balancing in establishing the radiation protection standards of 40 CFR 190. The '

FEIS considers the various elements of cost-effectiveness analysis, relying on EPA's

1973 "Environm ental Analysis of the Uranium Fuel Cycle" (FCA 1973) and its

" Environmental Analysis of the Uranium Fuel Cycle, Part IV - Supplementary Analysis

- 1976" (FCA 1976).

In applying cost-effectiveness analysis to uranium milling, EPA used a hypothetical

model n ill located in Wyoming. Releases of airborne radionuclides were assumed to

be 0.22 curies per year (Ci/yr) based on published estimates (FCA 1973 at 24-27).

Potential health effects for these releases were estimated using a simple Gaussian

dispersion model to determine airborne radionuclide concentrations (FCA 1973 at A-2).

Radionuclide concentrations were converted to doses to humans using dose conversion

factors derived from ICRP Publication 2 (1959) and a report of the United Nations'

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR 1972) (FCA 1973

at A-1). Calculated health effects for these doses were based on the 1972 National

Academy of Sciences' " Report on the Biological Effects of Ionizing Radiation" (BEIR I

1972) (FCA 1973 at A-1). Costs of control technologies were based on available

literature and on EPA's own estimates (FCA 1973 at B-1). EPA's determination of an

acceptable societal cost per health effect averted was $250,000-$500,000.

In its purported " cost-effectiveness" analysis, EPA committed two fundamental

errors. First, EPA's data base was inadequate. The cost-effectiveness analysis in the

- 12 -
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FEIS combined all of the components of the fuel cycle and applied a given control
I technology to a given fuel cycle component across the board in what was deemed the

most cost-effective order. Only if the quality of the data (such as the source terms

and the costs and efficiencies of control technologies) were equal for each of the

components would the outcome be comparable to performing separate analyses on each

of the individual components. The data were not. The Fels itself illustrated the

disparity in quality of data available for the various components of the nuclear fuel

cycle (FEIS, Vol. I at 52-68). 10f

Second, co strary to its basic commitment and the requirements of law, EPA

ultimately rejected the results of the cost-effectiveness analysis when it set the 40

CFR 190 standards for mills. The FEIS states:

Finally, although the primary consideration involved in developing these
standards was reduction of the total potential health impact of radioactive
effluents on large populations, doses to individuals must also be examined,
since even though the total potential health impact may be at an acceptable
level, extreme maldistribution of that impact may result in a few individuals
receiving unreasonably high doses. A few such situations exist, for example,
radioiodines from reactors and particulates from mills, where inequitably
high dose levels may occur even after cost-effective control of total
population impact has been achieved. Although the absolute risk to any
given individual is quite small for these doses, which are generally below
a few hundred millirems, EPA believes that such doses should also be
minimized, especially when the individual at risk is not the direct recipient
of the benefits of the activity producing them. In these cases, the approach
to setting standards for maximum individual dose was to weigh the cost-
effectiveness of individual dose reduction and the cost of control relative,

I to total capital cost, in order to arrive at a judgment whether or not it
! was possible, at reasonable cost, to reduce these few individual exposures

to the same general levels that are achievable for large populations for
other sources of environmental radiation exposure from the uranium fuel
cycle. (FEIS Vol. I at 26).

| The effect of EPA's approach-is to regulate uranium mills solely on the basis of
l

the maximum dose to a given individual, an approach for which no cost-effectiveness,

risk assessment or any other analysis was ever presented. Again, this is arbitrary,

i capricious, an abuse of discretion, and otherwise not in accordance with law.

10/ See Also Statement of Roger J. Mattson, Director, Division of Siting, Health &
Safeguards, NRC (March 8,1979) (Appendix B-8 at 8-9).

I

|
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B. ANALYSIS OF THE NEW EVIDENCE SHOWS EPA'S 25 MILLIREM
STANDARD IS UNREASONABLE

1. Dose Calculations Using New Evidence

In its 1976 estimation, EPA concluded uranium mills could meet the 25 millirem

standared by using: (1) a wet impingement scrubber on the crusher and fine ore bins, (C)

a high-energy venturi scrubber on the yellowcake drying stack, and (3) a clay core dam

retention system for tailings. EPA estimated that the present value of this control

level would be $290,000 for the 1976 model mill (FCA 1976. Table 9.0-1 at 35).

EPA's approach in developing the 25 millirem standard was based on available

scientific information, which was even then admittedly ill-defined (40 Fed. Reg. 23420-

23421, Appendix B-1). As AMC has indicated, a substantial body of new data and other

evidence has been developed since the standard was promulgated in January,19~7.

Applying this new evidence to the methodology used by EPA in developing 40 CFR

190, the 25 millirem standard is unreasonable for uranium mills. For example, EPA's

new dispersion and dosimetry code apparently will predict violations of the 40 CFR

190 standards in many cases where the analytical method used in 1976 would not.

Under these circumstances, the 40 CFR 190 record must be reopened and the standards

reconsidered.

Table 1, infra, at 15, compares the results of analyzing the maximum individual

dose for EPA's 1976 model mill using EPA's new AIRDOS-EPA dispersion and dosimetry

computer program with EPA's 1976 dose estimates.3/ It is evident from inspection

of the Table that the new AIRDOS-EPA dispersion and dosimetry code has made a

dramatic change in the calculated controllevel required to meet the 25 millrem standard

11/ It must be emphasized that these calculations are not intended to endorse the
iiiodeling approach to setting standards, these new models and codes, or the precise
results of the calculations. AMC is presenting these calculations merely to demonstrate
that the agency must reopen the record and reconsider the 40 CFR 190 standards for
uranium mills.

!
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. .

for the same model mill with the same source terms. The critical organ has shifted

from the lung in 1976 to the endosteal tissue in 1980 with AIRDOS-EPA. The theoretical

level of control required to meet the 25 millirem standard has increased to (1) a bag

filter operating at 99.9% efficiency for the ore crusher, (2) a high-energy venturi

scrubber with HEPA filters operating at greater than 99.9% efficiency for the yellowcake

stack, (3) a clay core dam to reduce seepage, and (4) total suppression of particulates

from tailings beaches by chemical stabilization. This control level is designated as A4,

B4, C2 in Table 1 (suora, at 15). This theoretical control level, of course, assumes

that the control efficiencies used by EPA can be routinely achieved in practice, which

is questionable. This changed control level will triple the costs incurred to install the

equipment at a new mill according to EPA's own estimates, and, the reconstruction

that would be required at an existing mill would be even more expensive. On this

basis alone the 25 millirem standard is unreasonable, and EPA should undertake a

reconsideration of the standard.

2. Increased Control Costs Further Undermine the EPA Standard

The 1976 EPA estimate of the present value for the A4,B4,C2 control combination

was $867,000 ($ 1974), nearly three times higher than the cost of the control combination
i

EPA predicted would be sufficient to meet the 40 CFR 190 standard (FCA 1976, Tablel

9.0-1 at 35). The cost for uranium mill operators to comply with the 40 CFR 190

standard is substantially higher today, when recent cost information generated by AMC

and NRC is applied and costs are presented in 1980 dollars. The 1980 cost of the

necessary controls is almost $2 million (See Table 2 infra, at 17).

AMC has updated costs to control emissions from uranium mills using recently

published literature and a survey of mill operators' experience (See Appendix A-4 for

the details of the AMC cost survey). When compared to 1980 operating experience,

- 16 -
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the costs of several of the control technologies as estimated by EPA in 1976 are low

even when the 1976 EPA estimates are adjusted to 1980 dollars.12/

For example in 1976, EPA calculated that the present value for chemical control

of windblown dust from tailings pond beachas would be $142,000 ($1974) for the 1976

model mill. When converted to 1980 dollars, this represents an investment of $220,000.

AMC survey results, however, show that a present value of $835,000 ($1980) is a more

realistic estimate of the cost for this control technology. EPA estimated that the

present values of a wet impingement scrubber (B1) and high energy venturi scrubber

(B3) for the yellowcake drying and packaging area would be $107,000 and $300,000,

respectively. AMC information indicates that the costs for these controls would really

be $423,000 (B1) and $400,000 (B3) ($1980). Furthermore, EPA's 1976 analysis assumed

that ore haul roads and ore storage areas inside the NRC-licensed area would not

contribute to radionuclide emissions. The AMC survey results show that the costs to

control airborne radionuclide emissions from these sources are significant for the model

min and have a total present value of $325,000 ($1980).

As ~ndicated above, Table 2 (suora, at 17) compares 1976 EPA cost estimates.

for various levels of control for the model mill ($ 1980) with results of the AMC

industry survey and recently published literature. The sequence of control combinations

was selected by EPA because it was the most cost-effective for the dose reduction

achieved. The irregular progression of AMC cost results from the sequence of control

levels (Al, B1 through A4, B4, C2) suggests that this is no longer the most cost-effective

! order of control levels. Baced on this analysis, EPA should re-examine its selection
*

| .

| of controls for each incremental reduction in dose. In any event, it is apparent that

the 1976 EPA estimates are low by a factor of two, even when they are updated to

1980 dollars. From the information presented above, it is obvious that the cost estimates

|

| _12/ EPA 1976 costs, which were in 1974 dollars, were adjusted to 1980 dollars by
multiplying by a factor of 1.553 (Chem. Eng. Plant Cost Index,1980).,

- 18 -
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performed by EPA in 1976,are inadequate and cannot be used, if a meaningful cost-

effectiveness analysis is to be developed for the 40 CFR 190 standard. In the process of

re-examining the standard, EPA should recalculate the costs of uranium mill emissions

controls.
.

- 19 -
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C. COST-EFFECTIVENESS CALCULATIONS USING NEW EVIDENCE

1. New Technical Data Significantly Change the Cost-Effectiveness
of Control Technology at Mills

.

Since EPA conducted its environmental analysis of the uranium fuel cycle in

1973 and 1976, a significant amount of relevant scientific data has been developed,

much of it by EPA itself. These new fincings impact virtually every element necessary

for cost-effectiveness analysis and have important implications with respect to the

appropriateness of the existing radiation protection standards.

First, EPA recently reconsidered and revised the characteristics for a model

uranium mill. This new model was developed as part of a study of airborne radionuclide

emissions pursuant to Section 122 of the Clean Air Act, 42 U.S.C. 740'. Information

on the new model has been published in a preliminary EPA report (RI 1979). The new

model mill, which is located in the Grants uranium production belt in New 31exico, has

particulate radionuclide emissions of 0.38 Ci/yr. Emissions from the mill itself are

based on EPA's FCA 1976 which, in turn, is based on data reported by Oak Ridge

National Laborstory in 1975 (ORNL 1975).13/ Doses due to particulate emissions from

mill tailings are also based on ORNL 1975.

Second, concentrations of airborne radionuclides reported in RI 1979 were

calculated using a new dispersion and dosimetry code developed by EPA and designated
,

l
' AIRDOS II. This computer program repre ,ented a substantial change from the

|
rudimentary approach employed in FCA 1970, but now it has been replaced by a new

code. The new code is described in an Oak Ridge National Laboratory report entitled,

"AIRDOS-EPA: A Computerized Afethodology For Estimating Environmental,

|

| Concentrations And Dose to Alan from Airbcene Releases of Radionuclides" (1979)
i

; (hereaf ter AIRDOS-EPA). As pointed out by Impact Limited in Appendix A-1, despite
.

the improvements, even this cede does not represent the state of the art.

13/ Sears et al., " Correlation of Radioactive Waste Treatment Costs and the

Environmental Impact of Waste Effluents in the Nuclear Fuel Cycle for Use in
Establishing 'As Low As Practible Guides' - Stilling of Uranium Ores" (ORNL 1975).

- 20 -
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Third, concentrations of radionuclides at various receptor distances from the

source are now converted to doses in AIRDOS-EPA using a series of new dose conversion

factors. These dose conversion factors are recommended in the AIRDOS-EPA documenta-

tion and were published in the fall of 1979 by Killough, g al. of Oak Ridge National

Laboratory.14/

Fourth, the factors used to calculate the health effects resulting from a given

dose based on the linear non-threshold hypothesis have also changed since EPA prepared
*

its FEIS for 40 CFR 190. New scientific data on these factors was published in 1977

as " Recommendations of the International Commission on Radiological Protection" (ICRP

26). Store recently, the BEIR Committee published a third report (BEIR III 1980), which

further changes these health effects factors (See Report of Dr. G.H. Whipple, Appendix

A-3). These recent studies indicate substantial differences exist from the data in' BEIR

I (1972) relied on by EPA in preparing its 1976 FEIS.

Fifth, the data currently available on control costs are of significantly higher

quality than the literature survey and in-house estimates relied upon by EPA in its

1976 analysis. New data were published in NRC's 1979 draft Generic Environmental

Impact Statement (GEIS) on uranium milling. In response to the GEIS the Atcmic

Industrial Forum also prepared a cost survey based on industry experience. In addition,

ASIC is making available the results of a recently completed industry cost survey,

which was specifically directed to determining the costs for radionuclide particulate

controls (ASIC Cost Survey, Appendix A-4).

2. Results of AMC's Cost-Effectiveness Analysis

ASIC carried out an analysis of EPA's 1976 model mill with EPA's AIRDOS-EPA

dispersion and dosimetry code to examine the cost-effectiveness of the control

technologies considered by EPA. Health effects conversion factors based on ICRP 26

14/ Killough, G.G., et al, Estimates of Internal Dose Eauivalent to 22 Target Oreans
for Radionuclides Occurrine in Routine Releases From Nuclear Fuel-Cycle Facilities
(ORNL/NUREG/T31-190/Vol. 2) (Oak Ridge National Laboratory,1979).
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were used to predict health effects and risk factors for the regional population associated

with the model mill. These are shown in Table 3 (infra, at 23).

Control technology costs were then determined for these various control

technology levels by adjusting to 1980 dollars the cost data contained in FCA 1976.

The adjusted costs are shown in Table 2 (suora, at l'.').

Finally, these predicted health effects and risk factors are related to the

corresponding control costs. That is, control costs associated with proceeding from

one control level to the next level were compared to the incremental benefit in health

risk reduction predicted for this increment of additional control. These figures are

compared against EPA's cost-effectiveness criteria to determine which control level is

cost-effective (see Table 4, infra, at 24). As is detailed in the following discussion,

the results demonstrate that the 25 millirem standard is not cost-effective for uranium

mills.

In its 1976 FEIS, EPA selected a cost-effectiveness cutoff level of $250,000 to

$500,000 per health effect averted as appropriate, noting that this range of values

found ample support in the literature. Table 4 shows the results of a 1980 cost-

effectiveness analysis of the regional population associated with the 1976 model mill.

All of the levels of cost-effectiveness (beyond the level designated A , B , which EPA
1 2

indicated would pay for itself as a result of additional yellowcake recovery) far exceed

the criteria. Further, since the calculated values range from $19 million to $1,202

million per health effect averted, adjusting the cutoff level for inflation will not affect

the obvious conclusion: none of the controls are cost-effective for mills. The

incremental cost per health effect averted to meet the 25 millirem standard using the

level of control dictated by AIRDOS-EPA (A4, B4, C2) is over one billion dollars, a

cost that EPA has described as " clearly [an] unreasonable burden upon society" (FEIS

Vol. I at 136). Accordingly, 40 CFR 190 must be reconsidered and revised.15/

15/ Analysis using the 1979 model mill (RI 1979) with its changed dosimetry assumptions
indicates the same conclusion (See Appendix A-2 at 26, Table A).

- 22 -
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TABLE 3

CALCULATED HEALTH EFFECTS
REGIONAL POPULATION (i)

1976 MODEL MILL - AIRDOS - EPA (2)

Health effepts Lifetime Lifetime Risk per
Controls (*) Per Year (3) Health Effects (4) Million Persons

A1;B! 0.000298 0.00894 0.25
A1;B2 0.000226 0.00677 0.19
A1;B3 0.000208 0.00625 0.17
A2;B3 0.000133 0.00400 0.11
A2;B3;C2 0.0000507 0.00152 0.042
A2;B4;C2 0.0000421 0.00127 0.035
A3;B4;C2 0.0000094 0.000283 0.0078

*

A4;B4;C2 0.0000023 0.000069 0.0019

(1) Dose calculations assume each control combination to include clay core dam retention
system with seepage return (C1).

(2) Calculations and methodology are detailed in Appendix A-1 and Appendix A-2.

(3) Lifetime risk of cancer as a result of a single-year's discharge from the model mill.

(4) Cumulative lifetime risk of cancer as a result of 30 years discharge from the model
mill.

(*) KEY

A. Gaseous (Crusher and Fine Ore Bins)
1. Orifice Scrubber
2. Wet Impingement Scrubber
3. Low Energy Venturi Scrubber
4. Bag Filters

! 3. Gaseous (Yellowcake Drying and Packaging)
,

1. Wet Impingement Scrubber
2. Low Energy Venturi Scrubber
3. High Energy Venturi Scrubber
4. High Energy Venturi Scrubber + HEPA Filters

C. Liquids, Solids, and Windblown Particulate Matter
1. Clay core Dam Retentio". System with Seepage Return
2. Chemical Control of V'.ndblown Dust from Tailings Pond Beach

- 23 -
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TABLE 4

COST-EFFECTIVENESS (1) OF VARIOUS LEVELS OF CONTROL
1976 MODEL MILL - AIRDOS - EPA

Lifetime
Health Cost per Health Effetts

Controls (*) Effects (2) Averted (MM $ 1980)(3)

A1; B1 0.00894 -

A1; B2 0.00677 0
A1; B3 0.00625 268
A2; B3 0.00400 19
A2; B3; C2 0.00152 89
A2; B4; C2 0.00127 769
A3; B4; C2 0.000283 222
A4; B4; C2 0.000069 1202

1) Calculated as the incremental cost for each successive level of control divided by
the incremental health effects averted.

2) From Table VIII and Appendix A-2.

3) EPA 19~6 cost estimates adjusted to 1980 dollars. From Table 2.

(*) KEY

A. Gaseous (Crusher and Fine Ore Bins)
1. Orifice Scrubber
2. Wet Impingement Scrubber
3. Low Energy Venturi Scrubber
4. Bag Filters

B. Gaseous (Yellowcake Drying and ra kaging)
| 1. Wet Impingement Scrubber
| ~2. Low Energy Venturi Scrubber
| 3. High Energy Venturi Scrubber
'

4. High Energy Venturi Scrubber + HEPA Filters

C. Liquids, Solids, and Windblown Particulate Matter
| 1. Clay core Dam Retention System with Seepage Return
| 2. Chemical Control of Windblown Dust from Tailings Pond Beach
|
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D. THE LEVELS OF RISK TO THE MAXIMALLY EXPOSED INDIVIDUAL DO NOT
SUPPORT EPA'S ALLEGATION OF UNREASONABLY HIGH DOSES

1. Risk to the Maximally Exp. sed Individual

Even if dose to the maximally exposed individual - rather than dose to regional

population - were to govern in establishing radiation protection standards, which even

EPA admits it should not, the 25 millirem standard cannot be considered acceptable.

As indicated above, EPA assumed that the maximally exposed individual resides 500

meters downwind from the model uranium mill. The AIRDOS-EPA dispersion and

dosimetry computer model further assumes that the maximally exposed individual *

produces at his residence virtually all of the milk, meat, and vegetables he consumes

each year throughout the life of the model mill. While AMC regards these assumpuons

as unrealistic, they have been adhered to in AMC's initial analysis of risks to individuals

for purposes of this petition.

The health risks to the maximally exposed individual have been calculated for

the doses set forth in Table 1 (suora, at 15) by use of the same factors and assumptions

used to estimate the risks to the regional population shown in Table 4 (suora, at 23).

The results appear in Appendix A-2, Table 10 at 28. The results of analyzing EPA's

19~6 model mill with AIRDOS-EPA demonstrate that the average days of life expectancy

lost with the base control case (A1, B1) is 4.8 days. Implementation of the maximum

level of controls (A4, B4, C2) (which is the control level required to meet the 25

millirerr standard according to AIRDOS-EPA) only reduces the 4.8 days of life expectancy

lost to .04 days.

Moreover, even those small numbers (4.8 and .04 days) are suspect, because the

AIRDOS-EPA methodology includes two assumptions which render the calculated doses

to individuals to be too high. First, it assumes that the maximum dose is that dose

occurring at the end of 100 years of mill operation at full capacity, despite the fact

that the model mill is assumed to operate no more than 20 years. Second, the code-,

assumes that the maximally exposed individual does not wash any of his vegetables,

- 25 -



._

.

most of which are produced on his premises. More reasonable assumptions would be

that the maximum dose occurs during the twentieth year of mill operation and that

the maximally exposed individual washes his food before consuming it. The combined

effect of these assumptions reduces the maximum individual dose by a factor of two.

As a result, the average days of life expectancy theoretically lost will be on the order of

2-3 days for the base control case (See Appendix A-2 at 12). The following discussions

of comparative risks make it clear that a loss of average life expectancy of 2-3 days

is indeed a minimel risk.

2. Comparative Risk Considerations

EPA stated in its analysis that the risks from releases to particulate radionuclides

fecm uranium milling were "quite small," even to the maximally exposed individual.

AMC agrees. However, "small" is a term susceptible of differing interpretations. To

put the term in a proper perspective, it is useful to compare the risks associated with

milling releases with risks that are associated with everyday life activities.

Table 5 (infra, at 28) provides an extensive listing of a wide variety of risks

expressed in terms of average days of life expectancy lost. Some selected values which

highlight the estimated risk to the maximally exposed individual from exposure to

uranium milling emissions at the A1, B1 control level (assumed by EPA as the present

control level) are shown below: 16/

! 16/ See B.L. Cohen & I. S. Lee, "A Catalogue of Risks," 36 Health Physics 701-722
7une 1979).

- 26 -
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COMPARISON OF RISK FOR MAXIMALLY EXPOSED INDIVIDUAL

Source Risk Loss of Life Exoectancy (Days):

Diet Drinks 2
Oral Contraceptives 6
Coffee 6
Fire-burns 27
All Catastrophies Combined 35
Falls 39
Drowning 41
Homicides 90
Home Accidents 95
Pneumonia-influenza 141,

1,

As this comparison of selected values shows, the risk to the maximally exposed

| individual is about the same as that for diet drinks, one-half of that for coffee drinking,

one-tenth that for falls drowning, and about one-thirtieth that for home accidents, and

one-fiftieth that for pneumonia. It is also about one one-hundredth that of a dangerous

job, one twenty-fif th that of the average job, and one-tenth that of the safest job.
;

i

I

|

!

!

!

|
! - 27 -
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TABLE 5

LOSS OP Ut E EXPECTANCY DUE TO VARIOUS CAUSES(I)?

CAUSE DAYS

Being Unmarried - Male 3500
Cigarette Smoking - Male 2250
Heart Duease 2100

' Being Unmarrief - Female 1600
Being 30% Overweight 1300

1

Cancer 990
20% Overweight 900
Sth Grade Education 850
Cigarette Smoking - Female 900
Low Socioeconomic Status 700

Stroke 520
Army in Vietnam 400

i
Cigar Smoking 330

'

Dangerous Job - Akecidents 300
4

Pipe Smoking 220
Increasing Food Intake 100 Calories / Day 210
Motor Vehicle Accidents 207
Pneumonia - Influenza 141

|, Alcohol (U.S. Average) 13n

Accidents in Home 95
Suicide 95
Diabetes 95
Being Murdered (Homicide) 90
Legal Drug Misuse 90

Average Job - Accidents 74
Drowning 41

Falls 39
} Accidents to Pedestesins 37

Safest Jobs - Accidents 30

i Fire - Burns 27
Illleit Drugs (U.S. \verage) 17

Poison (Solid, Liquid) 1"
Suffocation 13

Firearms Accidents 11

Natural Radiaiton (BEIR) 8

Mekdical X-Rays 6i

"Poisonous Gases
Coffee 6

Oral Contraceptives 5
Accidents to Pedacycles 5

l All Catastrophes Combined 3.5
Frequent Airline Passenger (2) (Radiation Only) 2.5
One Transcontinental Flight Per Year (Radiation +Acciden)(2) 2.5,

Maximally Exposed Individual (3) 2-3.
i Diet drinks 2
| Person in 'toom with a Smoker (2) ' 1. 5

| Living in a Brick vs. Wood House (2) 0.9

!

(I) Source unless otherwise noted: "A Catalog of Risks", B.L. Cohen, I.S. Lee, Health
Physics, Vol. 36, June 1979, p. "01-722.

(2) Adapted from Richard Wilson, direct testimony presented on OS:IA Docket Vo. M-
090, Proposed Regulations for Identifiestion, Classification, and Regulation of Toxic

|
Substances Posing a Potential Occupational Carcinogenic Risk. Conversion values to

; life expectancy lost used were 20 years for cancer and 30 years for accidents.
t

(3) Risk corrected to conditions at 20th year of plant operation and washing of home
- grown vegetables before eating.
i

i
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3. Other Risk Benefit Considerations

Beyond the recognition that the predicted risks from uranium mill radionuclide

particulate releases are small, even in ecmparison to accepted daily life risks, there

are other aspects of risk considerations which should be weighed before setting a

standard. This is especially true for the maximally exposed individual.

The FEIS refers to the " extreme maldistribution of . . . impact" on a model

individual and states that doses to such individuals should be minimized when "the

individual at risk is not the direct recipient of the benefits of the activity producing

them" (FEIS Vol 1. at 26). EPA apparently decided, without saying how, that the

maximally exoosed individual for a uranit.m mill is subjected to such an " extreme

maldistribution of risk." Viewed in the perspective presented above, the risk - even

to admittedly few maximally exposed individuals 17/ - is insignificant. The concept

of "maldistribution of risk" to maximally exposed individuals Gould not be controlling,

except where the risks presented are, in fact, extremely disproportionate to those of

the general population. Such is not the case .

Additionally, EPA neglec ' to c.onsider the full risk benefit equation for this

theoretical individual. First, it cannot be said that this individual receives no direct

benefit from the uranium mill. In most instances, a mill makes a very significant

contribution to the economic vitality of the local and regional community - the

community this individual must rely on for a supply of goods and services and other

daily needs. Indeed, it is possible that this individual derives his income from actually

| working for the mill or the mining activities it serves or one of the industries providing
|

| service to the mill. In some instances he may benefit from the mill through rental of

land rights for the mill or fc related mining operations. At the very least, as an

| energy consumer, he benefits from the produ ^ of the mill when it is used to produce

electric energy, even if he is not in the immediate service area of a utility
i

| 17/ See FEIS Vol. I at 26 and 93.
i
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which utilizes nuclear power capacity. The power delivery system in this country is

a broadly integrated network with constant intermixing of electricity generated from

different sources. Once in the system, a kilowatt of electricity from nuclear power is

no different from a kilowatt derived from hydraulic power, coal, oil or natural gas;
! the system as a whole, and each of its consumers, benefits from all power sources.

On the risk side of the balance, it is inappropriate to isolate and highlight the

maximally exposed individual's risk from uranium mills. The individual risks from

uranium mill emissions for purposes of risk distribution must be compared to the similar

risks to an average individual in the total population. Further, the total risk picture

from all sources must be examined. For instance, among the risks that are likely to

be experienced by the average individual who lives in or near a much larger community

than the individual near the mill (most of which are at remote sites) are the following:

Loss of Life Exnectancy Due to Various Causes

Cause Days

31otor vehicle accidente 207
Being murdered (homicioef 90
Accidents to pedestrians 37
Total 334 days

The individual near the remote mill site would experience some of these risks,

but certainly to a much lesser extent. The total risk exposure of the person living

near the mill must be compared with the total risk to the average individual. Only in

this way can judgments be made about the equity of risk exposures.

.
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E. CONTINDING UNCERTAINTY IN DOSIMETRY CALCULATIONS RENDERS
ENFORCEMENT OF 40 CFR 190 UNLAWFUL

1. Dosimetry Codes are a Critical Element in the Formulation

and Enforcement of the 2S Millirem Standard.

As noted previously, EPA used a very rudimentry analytical approach to predict

the dispersion and dosimetry of radionuclide emissions from nuclear facilities in 1973

and 1976. Since 1976, however, EPA developed two sophisticated computer codes:

AIRDOS I and the more recent AIRDOS-EPA. Moreover, EPA has acknowledged that it

is currently working on modifications of AIRDOS-EPA.

EPA has not exposed the analytical method used in the formulation of 40 CFR

190, nor any of the subsequent codes referred to above, to public comment in any kind

of rulemaking process. This is error. Where an agency chooses to use a moceling

approach to standard-setting it is inappropriate that the key predictive tool used to

develop and monitor enforcement with the standard - (a) has not been formally subjected

to public comment and (b) is continually revised without public com*nent. This would

seem to be at odds with EPA's general view regarding proper regulatory reliance on

scientific or technical materials. In response to a comment EPA stated in the FEIS:

...the Agency believes it is not desirable to base Federal Regulations on
unpublished materials, which are not available to the general public and
which have not withstood the test of Deer review and analysis. (Vol. II at
30) [ Emphasis addedj.

EPA will monitor NRC's enforcement of the 25 millilrem standard on a continued

basis (FEIS, Vol. I at 145). Presumably, EPA will use its most current state-of-the-

art predictive tool (i.e., its most recentn computer code) to do so. AMC submits,

however, that to do so is to insert the more recent code into the standard without
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review and comment. This violates the requirements off the APA, 5 U.S.C. 553, as

well as the Fifth Amendment to the United States Constitution. To avoid this result,

EPA must honor its commitment to reopen rulemaking (40 Fed. Reg. 23420, Appendix

B-1; 42 Fed. Reg. 2858, Appendix B-2h

The problems associated wiU EPA's use of dosimetry codes are further

complicated by the fact that NRC will use its own dispersion and dosimetry codes to

enforce ~40 CFR 190. Like EPA, NRC has used or developed a number of different

versions of dosimetry codes (UDAD 1-9) and has recently released a new code (MILDOS),

which is already undergoing revisions. NRC's MILDOS code has not been subject to

public comment in any rulemaking proceeding.

The uranium milling industry, therefore, must attempt to comply s.ith a regulation,

compliance with which will be evaluated by EPA on the basis of a continually changing

code (that has never been subjected to public comment), and, which will be enforced

on the basis of a still different predictive code used by NRC (that has not been subject

to comment and which also continually changes).

Again, this inequitable situation violates the requirements of the APA as well

as the due process requirements of the United States Constitution. Cleveland Electric

Illuminating Comoany v. EPA, 572 Fed. 2d 1150,1160-1164 (6th Cir.1978); Cincinnati

Gas & Electric Co. v. EPA, 578 F.2d, 660, 663-664 (6th Cir.1978).

| 2. The Uncertainties and Inadequacies of Dosimetry Calculations Demonstrate
! the Need for EPA NRC to Develop One Code After Extensive Public

Participation

Such a high degree of uncertainty presently exists in the state-of-the-art dosimetry

calculations that neither EPA nor NRC can ascertain with any reasonable degree of

certainty whether a uranium mill is, or will be, in compliance with the 40 CFR 190

standards. This, of course, makes it impossible for mill licensees to know whether

- 32 -

, - -



. .

they are in compliance with the standard, or whether any given capital expenditure

will bring them into compliance. To attempt to enforce the present standard, or any
_

similar standard, under these circumstances would be arbitrary, capricious, and an abuse

of discretion under the law. National Lime, suora.

As noted above, the current dosimetry codes are much more sophisticated than

methods used by EPA in 1973 and 1976. However, a study of both AIRDOS-EPA and

MILDOS by Impact, Ltd., demonstrates that both codes have serious deficiencies which

need correction. This study, which is attached as Appendix A-1, itemizes the deficiencies

in the two codes and contains technical advice and reference materials that should

prove useful in correcting them.

Moreover, in spite of the advances over the rudimentary procedures employed

by EPA in FCA 1973 and FRC 1976, a high degree of uncertainty remains. This is

demonstrated by comparing the doses calculated by AIRDOS-EPA and those calculated

by MILDOS for an identical case. The Impact, Ltd. study (Appendix A-1 at 56-66)

shows that the organ doses calculated by the two codes typically vary by a factor of

ten or more. With this much variance between the results, enforcing agency should

work together to develop one code between them; a code which is finally developed

I only af ter public peer review and comment.

3. Dose Conversion Factors are an Additional Special Concern

Another special concern is the selecton of appropriate dose conversion factors.

These factors are used to convert predicted concentrations for airborne radionuclides
,

|
derived from dispersion calculations into organ doses. The results of a study by Dr. G.

H. Whipple of agency publications as well as those of eminent scientific authorities in

the radiation field forms Appendix A-3 to this Petition. Dr. Whipple discovered that

differences of greater than a factor of ten exist among the dose conversion factors

published by the various authorities in the field. Beenuse calculated doses are directly
(

proportional to dose conversion factors (i.e., these differences will result in calculated

|
!
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doses varying by a factor of ten), the dose conversion factors should be very carefully
i

selected and clearly identified whether they are to be used for development or

enforcement of a standard. For EPA to proceed without a full explanation of its

methodology in applying dose conversion factors in these circumstances, as it has done
A

so, is a failure to perform its responsibility imposed by law. See International Harvester

Co. v. Ruckelhaus, supra, at 643.

In reopening the record, EPA should entertair. the views of all affected parties

; and the scientific community prior to any final decision on dose conversic' f, actors.

4

h

i

,
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F. THE EXISTING RECORD IS INADEQUATE TO SUPPORT THE
25 MIT.T.IREM STANDARD

1. An Adequate Administrative Record is Required.

The flawed bases of the 25 millirem standard, which have been highlighted by

the new information discussed above, serve to reemphasize the deficiencies in the

original rulemaking record. Although some of these deficiencies were pointed out by

AMC and others during that rulemaking process, a complete treatment of the problems

associated with the 25 millirem standard is nonetheless appropriate at this time. See

Investment Comoany Institute v. Board of Governors, suora, 551 F.2d at 1280-1282.

The necessity of a clear, discernible factual base supporting agency decisions is

well established. In SEC v. Chenery Coro., 318 U.S. 80, 87 L.Ed. 626 (1943), the Court

remanded a reorganization plan promulgated by the SEC because the proof necessary

to justify its decision was not in the record. The Court held that "the process (

review recuires that the grounds uoon which the administrative agency acted be clearly

discimed and adecuately sustained." 318 U.S. at 94, 87 L.Ed. at 636 [ Emphasis added].

See also Camo v. Pitts, 411 U.S.138,143, 36 L.Ed.2d 106,111 (1973).

Section 189 (b) of the AEA establishes the standard of review for a court

considering 40 CFR 190. El This Section provides:

Any final order entered in any proceeding of the kind specified in subsection
a. of this section shall be subject to judicial review in the manner prescribed
in the Act of December 29, 1950, as amended [ch. 1189, 64 Stat. 1129],
and to the provisions of section 10 of the Administrative Procedure Act,
as amended. 42 U.S.C. 2239 (b).

El Under 5 U.S.C. 907 (a), the substantive and procedural requirements of the AEA
and the regulations of AEC/NRC are applicable to EPA after the transfer of authority
for the establishment of radiation protection standards under Reorganization Plan No.
3 of 1970. No authority has been found in Reorganization Plan No. 3 or elsewhere
which rescindes or modifies existing AEC/NRC laws or regulations. Thus, all laws and
regulations which were in effect prior to the transfer of functions from AEC to EPA,
and which relate to such transferred functions, remain in full force and effect after
the effective date of Reorganization Plan No. 3.
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Section 10 of the APA requires a Court to hold unlawful and set aside agency action

found to be " arbitrary, capricious, an abuse of discretion, or otherwise not in accordance

with law." 5 U.S.C. 706 (2) (A).

Under this standard, courts review not only an agency's procedures for compliance

with the APA and the applicable statute, but also "the evidence and fact findings to

see both that the evidentiary fact findings are supported by the record and that they

provide a rational basis for inferences of ultimate fact." Leventhal, " Environmental

Decisionmaking and the Role of the Court," 22 U. Pa. L. Rev. 509, 511 (1974). Especially

where technical considerations are involved, courts have required " agencies to develop

a more complete record and a more clearly articulated rationale to facilitate review

for arbitrariness and caprice." National Lime. suora, at 70, n.126. See also psex

Chemical Coro. v. Ruckelshaus, 486 F.2d 427, 434 (D.C. Cir.1973), cert. denied, 416

U.S. 969 (1974); $/ NRDC v. NRC, 547 F.2d 633 (D.C. Cir. 1967, rev'd en other

grounds, 435 U.S. 519, 55 L. Ed 2d 460 (1978)

Further, assumptions made must be expressly stated. As the court in National

Lime, suora, at 73-74, held:

However expressed, these more substantive concerns have been coupled with
a requirement that assumptions be stated, that process be revealed, that
the rejection of alternate theories or abandonment of alternate courses of
action be explained and that the rationale for the ultimate decision be set
forth in a manner which permits the public to exercise its statutory
prerogative of comment and the courts to exercise their statutory
responsibility upon review. [ Footnotes omitted].

El In Essex the court stated: i

Our " expertise" is not in setting standards for emission control but in
determining if the standards as set are the result of reasoned decision
making. Yet, even this limited function requires that we foray into the
technical world to the extent necessary to ascertain if the Administrator's
decision is reasoned. While we must bow to the acknowledged expertise
of the Administrator in matters technical we should not automatically
succumb thereto, overwhelmed as it were by the utter "scientificity" of
the expedition.
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Moreover, the burden was on EPA to demonstrate the adequacy of the methodology

it employed in arriving at a standard. As the Court in International Harvester Co. v.
_

Ruckelshaus, 478 F.2d 615, 643 (D.C. Cir.1973), held:

It is the Administrator who must bear the burden on this matter, because
the development and use of the methodology are attributable to his
knowledge and expertise. When certain (material lies particularly within
the knowledge) of a party he is ordinarily assigned the burden of adducing
the pertinent information.

In the context of this proceeding, this requires that EPA bear a burden of

adducing a reasoned presentation supporting the reliability of its methodology.

In establishing a standard in an area "where scientific knowledge is imperfect

and the precise quantification of risks is therefore impossible' an agency must bear

the " normal burden of establishing the need for a proposed standard." Benzene, suora,

at 1041. In other words, and in the context of promulgating radiation protection

standards, the burden was on EPA "to show, on the basis of substantial evidence, that it

is at least more likely than not that long-term exposure to" 25 millirem per year of

radiation from uranium milling operations is actually occurring and " presents a significant

risk of material health impairment." Id. In view of its statement that "the absolute

risk to any given individual is quite small" from milling operations, it seems clear that

EPA has not carried this burden (FEIS, Vol. I at 26).

The deficiencies in the original rulemaking record must now be considered

in the context of these legal requirements.
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2. The Reasons the 25 Millirem Standard
was Chosen by EPA cannot b2 Traced in the Record

The 25 millirem standard was apparently plucked from the air. 20/ An assessment

of the radiological aspects of 40 CFR 190 prepared for AMC came to this conclusion:

Nowhere in the 1976 FEIS or in any of its published supporting documents
does EPA explicitly justify the radiation limits in the 40 CFR 190 standard,
i.e., 75 mrem per year to the thyroid and 25 mrem per year to the total
body and to all ot'.er organs and tissues. The figure of 25 mrem per year
is presented with the implication that judgment, cost-effectiveness analysis,
and controls readily available to the industry have all been considered
carefully prior to its formulation. However, nowhere is there any exolanation

,

sufficiently cuantitative to sunoort 25 mrem, as ocoosed to say 50 or 100
mrem oer year. (Whipple, Appendix A-3, at 2-3) [ Emphasis addedJ.

The rulemaking record is, therefore, deficient with respect to an explanation of

the reasons for deciding upon the particular number chosen. This deficiency alone

requires a reopening of the proceeding for development of the basis on which the

number was chosen. See Kennecott Cocoer Corcoration v. EPA, 462 F.2d 846 (D.C.

Cir.1972). 2.J/

20/ Roger J. Mattson, Director, Division of Siting, Health and Safeguards Standards,,

NRC, indicated as much in his statement at EPA's hearings on 40 CFR 190 in 1976-
He said:

The criteria contained in the proposed standard cannot be traced to the
i technical analyses in the draft environmental impact statement or supporting
! documents. The numerical values for the criteria apparently were chosen

as arbitrary limits and the feasibility of compliance was rationalized by
comparison to effluent control values published by AEC and NRC in
connection with the Appendix I rulemaking, in environmental impact

i statements, and in case-by-case licensing actions. (Statement of Roger J.
[ Mattson, March 8,1976 Appendix B-8 at 7) [ Emphasis added].
I

2_1/ In Kennecott, a national secondary ambient air quality standard of 60
micrograms of sulfur oxide per cubic meter of air was challenged on the grounds
that the data base was inadequate for that particular level of control. The court
held:

t

Inherent in the responsibility entrusted to this court is a requirement that
we be riven sufficient indication of the basis on which the Administrator
reached the 60 figure so that we may consider whether it embodies an

abuse of discretion er an error of law. 462 F.2d at 849 [ Emphasis added
and footnote omitted).
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3. The 25 Millirem Standard was Never
Cost-Effective for General Populations

EPA set forth its justification for the proposed standards in its FEIS (Vol.1 at

68 ~2; Figure 3 at 39). EPA emphasized that the standard was developed using cost-

effective le tels of control for reduction of total population impacts, using such controls

for reduction of maximum individual doses, and finally accounting for the potential for

long-term environmental contamination. EPA also stressed that the levels chosen were

confirmed as " representative of levels achievable at real sites and by actual operations"

(FEIS Vol. at 69). Further, EPA steadfastly maintained that application of the

standards to all segments of the fuel cycle would be " easily satisfied by levels of

control that are cost-effective for the risk reduction achieved; [that the 25 millirem

standard] is achievable at all sites for which environmental statements have been filed;

and, [that] on the basis of operating experience at existing sites, [this standard] can

be readily achieved in practice" (FEIS Vol. I at 69). But here EPA was mixing apples

and oranges.

In the above cited statements, EPA was referring only to reactor facilities.

When it came to discussing doses from particulate radionuclide releases from mills, a

significant qualification crept into EPA's explanation:

the achievement of doses within 25 mrem /yr may not be cost-effective,
because of the small populations involved near many fuel suoply facilities.
However, because of the low cost of these control measures, individual
doses of higher magnitude than those permitted by the proposed standards
are not judged to be necessary or reasonable. (FEIS Vol. I at 72) [ Emphasis
added).

Thus, EPA admitted that the 25 millirem standard was not cost-effective for

milling facilities. That it is not cost-effective is further demonstrated by reference

to Appendix A-2, Table 8 at 26. This Table shows that the incremental cost per health

effect averted would be $ 13.3 million in 1976 dollars at the levels of control

recommended by EPA (wet impingement scrubber on the crusher and fine ore bins and
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high energy venturi scrubber on the yellowcake dryer) compared to the $250,000

- $500,000 level considered appropriate in the FEIS.

The failure of the 25 millirem standard to be cost-effective for general population

exposures required EPA to tie the standard to control of doses to individuals which it

claimed could be achieved at low costs. In order to make its position appear more

reasonable, EPA made some interesting changes in supporting documents. EPA effectively

changed the treatment of mills in the FEIS to base the 25 millirem standard on " extreme

maldistribution of risk" to individuals, rather than the cost-effectiveness analyses for

general populations. EP A''s DEIS had indicated that the only controls on mills

necessitated by the 25 millirem standard would be those based on cost-effectiveness

analyses and that the only sources to be regulated based on " extreme maldistribution

of risk" would be reactors (DEIS Table 3 at 38).

Next EPA published FCA 1976 which addressed several areas, particularly

milling - in which new information had become available. Conveniently, this involved

an assumption that a new model would more appropriately depict the milling industry,

a model mill which emitted fewer radionuclides than the model used by EPA in 1973.

EPA used information published in 1972 22/ that allowed it to reduce calculated doses

by a factor of two. In turn, this enabled EPA to show a reduction in maximum

individual dose from 450 mrem /yr in 1973 to 200 mrem /yr in 1976. E/

By changing these two sets of assumptions EPA w.ss able to claim that only

modest outlays would be necessary for mills to meet the 25 millirem standard.

22/ International Commission on Radiological Protection, The Metabolism of Comoounds
of Plutonium and Other Actinides (Pergammon Press, New York,1972) (ICRP Publication
19).

E/ Interestingly, EPA based its model mill in RI 1979 c'1 technical data from the
same report which served as the basis for the 1976 model mill, but in 1979 the maximum
individual dose is raised to 350 mrem /yr.
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EPA did acknowledge that tailings ponds at ten uranium mills would require

" remedial measures of varying degrees to comply with the standards" (FCA 1976 at

36.) EPA gave little attention to the mills themselves, stating only that any retrofitting

cost for mills would "? "approximately the same order of magnitude as the cost to

install the same control systems in a new mills" (Id.). When the 25 millirem standard

is applied to actual mills employing EPA's revised dosimetry, however, it suggests some

reconstruction of existing mills will be necessary, coupled with major redesign of many

tailings disposal facilities. The costs associated with major redesign of ponds and

reconstruction of mills bear no reasonable relation to the " modest outlays" contemplated

as sufficient for compliance by EPA in 1976. Further, it stands to reason that if

control of doses cannot be achieved at a reasonable cost fer a large regional population,

the costs of control for protection of a "few" individuals in a nearby area exposed to

risks that are "ouite small" would be completely unreasonable.

i
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4. The Record Contains nothing
to Justify the Dose Limits to individuals

The administrative record does not reveal how EPA actually chose the -25 millirem

standard. Purportedly, this standard was reached by applying cost-effectiveness analysis.

This choice of methodology was determined by EPA's basic decision to rely upon the

linear non-threshold theory based on the recommendation of the 1972 BEIR Report 24 ,/

Dr. Allan C. B. Richardson, Assistant to the Director for Standards Development, Office

of Radiation Programs, EPA, described the relationship between these two decisions :

The rejection of a threshold relationship has basic significance for standards
setting, of course, and that is that there is no acceotable non-zero dose
level based on elimination of health risk alone. Thus, at any level of
exoosure we must examine the benefits associated with an activity oroducine
public radiation exposure and the cost-effectiveness of risk-reduction through
effluent control. In carrying forward the process of developing standards
based on this examination, we must proceed to make a series of decisions
on judgmental issues. These include such matters as the appropriate limiting
level of spending for measures to reduce exposure, the equity of both
absolute and relative distributions over the population of risks and finally,
the implications of the distribution in time of these risks. (Appendix B-9
at 12-4,12-5) [ Emphasis added] . 2_5/

24/ EPA selected from the BEIR I those recommendations which conveniently fit its
analysis. For instance, the decision to set the standard at 25 millirem for individuals
as well as for the general population conflicts with the BEIR I's recommendation. BEIR
I states:

(d) There should be an upper limit of man-made non-medical exposure
I for the general population. The average exposure permitted for the
( population should be considerably lower than the upoer limit oermitted
| for individuals (BEIR I 1972 at 3).

25/ The outlines of this approach were stated numerous times during the rulemaking
process: 40 Fed. Reg. 23420-23421 (Appendix B-1); Train Memorandum (Appendix B-5 at
1-2); Opening Statement of William D. Rowe, Deputy Administrator for Radiation
Programs, EPA, at Public Hearings of March 8,1976 (Appendix B-10 at 3-4); EPA

: Supplementary Information, Supplement B, Dose-Effect Assumptions Used as A Basis
! for Proposed Standards (January 5,1976) (Appendix B-11 at 5-6); FEIS Vol. I Appendix B

at B4.

(

;
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However, when its analysis of mills indicated that controls necessary to meet

the 25 millirem standard were not cost-effective (FEIS Vol. I at 72), the basis for the

standard for the milling segment of the uranium fuel cycle was effectively changed

from cost-effectiveness to controlling the maximum doses to individuals. EPA explained

in the FEIS:

[A]lthough the primary consideration involved in developing thes? standards
was reduction of the total potential health impact of radioactive effluents
on large oopulations, doses to individuals must also be examined, since even
though the total potential health impact may be at an acceptable level,
extreme maldistribution of that impact may result in a few individu_als,

receiving unreasonably high doses. (FEIS Vol. I at 26) [ Emphasis added]. f/

Contrary to the recom nendation of the 1972 BEIR report, no distinction between

doses to general population and individuals was made. The FEIS explains:

Although the absolute risk to any stiven individual is quite small for these
doses, which are generally below a few hundred millirems, EPA believes
that such doses should also be minimized esoecially when the individual at
risk is not the direct recipient of the benefits of the activity oroducing

t he m. (FEIS Vol, I at 26) [ Emphasis added].

In spite of its recognition that the risk to individuals would be "quite small", 21/ and<

! the " futility of excess control measures" for short-lived radioactive materials associated

with mills (FEIS Vol. I at 25-26), EPA justified an individual dose standard for these

:

| 2,6_/ See NRC Staff Comments (1975) that 1020 of the 1030 potential health effects to
! be averted by the year 2000 are based on protection from long-lived radionuclides
'

(Appendix B-12). See also NRC Supplementary Analysis (1976), Appendix B-13 at 61-64).

{/ In the Benzene case, the Court overturned the Labor Secretary's reduction from
10 ppm to 1 ppm of permissible benzene levels in air at workplaces. In doing so, thei

Court concluded the Secretary had failed to prove that a level of 10 ppm presented
any "significant risk" of harm (supra, at 1042-1043) and that the Secretary's reduction
of the standard was based on "a series of assumptions indicating that some leukemia
might result from exposure to 10 ppm and that the number of cases might be reduced,

by reducing the exposure level to 1 ppm." I,,d. at 1030 [ Emphasis added). There is'

no significant difference between OSHA's actions in that case and in EPA's actions in
this case.

i
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standard for these material on the grounds the it would be " inequitable" to allow

greater doses to individuals than to the general population, because the cost of

necessary control measures would not be unreasonable (Appendix B-14 at 7).

In the FEIS, EPA states:

However, because of the low cost of these control measures, individual
doses of higher magnitude than those permitted by the proposed standards

~

are not judged to be necessary or reasonable. (FEIS Vol. I at 72 [ Emphasis
added]; see also, FEIS Vol. I at 52, 68).

Neither the DEIS nor the FEIS contain any support for EPA's conclusory

statements, as NRC stated:

! EPA does not explain how the dose limits for individuals were justified by
: . . . Weighing cost effectiveness and cost of control relative to the total'

capital cost . . .' [ DES, p. 24]. If the values selected for the annual dose
limits for individuals are justified only on the basis of the cost of controls
relative to the capital. cost of the facility, the procedure would not preclude
arbitrary decisions to require controls which are not cost-effective.

(Appendix B-13 at 41 [ Emphasis in originalj; see also Appendix B-14 at 7).

NRC later reiterated this position:

We are unable to determine how EPA selected the values for annual dose
limits for individuals in the proposed standard. We do not find a rationale
in the EPA reports which indicates that the somatic risks at current RPG
values are unacceptably high or that EPA's proposed reduction in annual
dose limits for individuals is based on a finding of cost-effectiveness. In
fact, we cannot relate the annual dose limits for individuals orocosed in

the standard to any technical base developed in the EPA reoorts. (Appendix
B-13 at 59-60) [ Emphasis in originalJ.

In the FEIS, EPA attempted to answer the comments criticizing the lack of any

basis for the numerical limits for doses to individuals. EPA stated:
,

The Final Environmental Statement has been expanded to provide a more
extended exposition of the relation between the capabilities of control
technology, the benefits of reduced dose to individuals and populations, the
costs of achieving these benefits, and the standards . . . . In general,
however, Table 3 of the statement specifies the dose levels attainable using
typical cost-effective levels of control, and the standards in most cases
simply reflect these levels plus consideration of the need for a margin of
operating flexibility. (FEIS Vol. II at 13-14) [ Emphasis added).

This response addresses the criticism obliquely, if at all.

- 44 -
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Such a failure to fully respond to legitimate criticisms of a proposed agency

action has been held by the United States Court of Appeals for the District of Columbia
1

Circuit to constitute grounds for remand to the agency. In Portland Cement Association

v. Ruckelshaus, 486 F.2d 375, 392 (D. C. Cir.1973), the Court held that "a critical

defect in the decision-making process [is the] seeming refusal of the agency to respond

to what seem to be legitimate problems with the methodology of these tests." See

ajl o NRDC v. NRC, supra, at 655.
,

The greater failing, however, is EPA's total failure to support the standard in

the administrative record. This failure renders the agency action arbitrary, capricious,

an abuse of discretion, and otherwise contrary to law. Benzene, supra; SEC v. Chenerv

Corp., supra; Nationsl Lime, suprS

,

;
,

.
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The 25 Millirem Standard does not Adequately Account for Variability in5.
the Nuclear Puel Cycle and EPA has Failed to

Show that it is Practicable or Achievable for Mills
>

Although EPA claims to have set standards which would account for variability

in various segments of the nuclear fuel cycle, 28/ the foregoing discussion demonstrates

that the 25 millirem standard does not provide adequate variability for the milling

segment of the cycle. As noted above. EPA stated that certain fuel supply facilities

(i.e., mills] might have problems achieving the standard on a cost-effective basis.

AMC's analysis using EPA's new AIRDOS-EPA code demonstrates that the standard is

not practicable for mills.

The standard must be achievable and practicable to be valid. In its declaration,

findings and purpose, the AEA explicitly recognizes the importance of nuclear energy

to the national welfare. 29/ Although there must, of course, be regulation of atomic

energy consistent .with appropriate safeguards to public health acid safety, the Act - in

calling for a program of administration which would be consistent with basic congressional

policies - precludes imposition of standards that are not achievable. 42 U.S.C. Sections

2011-2013. Accordingly, any regulatory program under the AEA which is not achievable

28/ EPA stated that the levels it set included a " margin" added to provide for
" operating flexibility to accomodate minor deviations from anticipated performance,

j levels, differences in specific parameters of actual sites, and the possibly somewhat
| greater impact of larger numbers of facilities on larger sites" (FEIS Vol.1 at 69).
i But EPA's major focus was on reactors for which volumes of large scale commerical
l operating data were available (See Memorandum of June 27, 1975 from Paul C. Tompkins,
! Senior Science Advisor, to Roger Strelow, Assistant Administrator for Air and Waste

Management, EPA, Appendix B-15). If EPA is to promulgate standards which apply to
; all facilities in the nuclear fuel cycle, then those portions of the standards which

most heavily impact a single segment of the fuel cycle must first address that most
impacted segment as the base case, rather than some other segment of the fuel cycle.
Accordingly, the 25 millirem standard, which has its most significient impact on mills,
should have been based on mills, rather than reactors or some other segment of the
fuel cycle.

29/ The Administrator of EPA, at the time the standard was originally being formulated,
recognized the importance of nuclear energy. He also stated: "The standards were
determined to be reasonable by considering both the cost and the technical feasibility
of control technolog'/" (Train Memorandum, suora, Appendix B-5 at 1).

- 46 -
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In a practicable sense - particularly where it is conceded by all that the risks to

individuals are "quite small" - cannot stand. This was recognized in the Ash
'

Memorandum as follows:

...and that EPA should continue, under its current authority, to have
responsibility for setting standards for the total amount of radiation in the
general environment from all facilities combined in the uranium fuel cycle,
i.e., an ambient standard which would have to reflect AEC's findines as to
the oracticability of emission controls. (Appendix B-6 at 2) [ Emphasis
added j .d!U

1

Since the proposed standards do not properly account for variables within the
.

nuclear fuel cycle and, in fact, are not practicable or demonstrably achieveable by the

milling segment of the fuel cycle, they cannot withstand serlous scrutiny. This is

abundantly clear from the recent National Lime case, where the court overturned an

emission standard for lime manufacturing plants on the grounds that EPA had failed

to carry its burden of proving the feasibility and achievability of the proposed

standard.3.1/ The court there stated:'

Promulgation of standards based upon inadequate proof of achievability
would defy the Administrative Procedure Act's mandate against action that
is " arbitrary, capricious, an abuse of discretion, or otherwise not in
accordance with the law." (M. at 22) [ Footnote omitted].

The court rejected EPA's contention that the achievability of that standard had been
i

proven just because six actual plants tested by EPA wcre able to comply. The court

stated: "The Agency's failure to consider the representativeness . . . of the data relied

upon is the primary reason for our remand." M.at27.

In this case EPA relied on a seriously flawed model mill and failed to compare

that model to an operating mill at even one actual site. When considered in the light

30/ NRC questioned the practicability of the standards for portions of the uranium
; fuel cycle in which undemonstrated effluent controls would have to be used to meet
| the proposed standard (See Appendix B-11 at 8-9; Appendix B-13 at 4,11, 34; Appendix

B-8 at 4-9). NRC also noted that during its own rulemaking proceedings for Appendix
I, the proposed levels were raised at least twice to account for practicability (Appendix
B-8 at 8).

31/ The Clean Air Act expressly required achievability, so does the Atomic Energy
Act. See, supra, at 10, 46.

,
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of the unsettled state of the art of dosimetry calculations, EPA falls far short of the

minimum requirements established by the APA and recognized in National time. The

administrative record must support the "achievability" (" practicability") of the

promulgated standards for the industry as a whole. In discussing variables in the

industry the court in National Lime went on to say:

"This necessarily asserts that a standard w'iich does not account for certain
routine variations in conditions is 'unachievable.' We agree, where, as here,
there is no evidence in the record that the ' costs' of adjusting for such
routine variations (assuming such adiustments be oossible) were considered
by the Agency in promulgating its standard. (g at 23 n.46) [ Emphasis
added] ."

A similar line of reasoning is followed in International Harvester Comoany, et al. v.

Ruckelshaus, 478 F.2d 615 (D.C. Cir. 1973). Again the court remanded standards

promulgated by EPA under the authority of the Clean Air Act for EPA's failure to

prove achievability.

The foregoing discussion demonstrates beyond question that the milling segments

of the fuel cycle can not cost-effectively achieve the standard. Furthermore, the

considerable problems which have been pointed out regarding compliance and

enforcement, El as a result of the complexities and inadequacies of varying and ever

changing dispersion and dosimetry codes, further complicate the situation for licensees.

|
It seems apparent, therefore, that if EPA is to promulgate a valid standard which ,

will provide the necessary variability for all segments of the fuel cycle, it must support

the standard with a showing that it is practicable and achievable for all segments of

the cycle. Its failure to do so to date, renders the standard arbitrary, capricious, an

abuse of discretion, and . tot in accordance with law.

El The mere fact that EPA builds flexibility into the enforcement section of a
standard is insufficient.

...the flexibility appropriate to enforcement will not render ' achievable' a
standard which cannot be achieved on a regular basis, either for the reasons
expressly taken into account in compliance determination regulations . . .
or otherwise. National Lime, suora, at 23 n. 46.
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CONCLUSION

In view of the important new data now available, and EPA's commitment to

reconsider in such circumstances, the 40 CFR 190 rulemaking proceeding should be

reopened for reconsideration and revision of the 25 millirem standard through a process

that includes public hearings. Further, a stay of the effective date of the regulations

as they pertain to uranium mills (presently December 1,1980) should be granted pending

reconsideration of this standard.

During the course of reconsidering 40 CFR 190 as applied to uranium mills, EPA

should specifically examine the methodology used in setting the standard. In particular,

EPA should (1) evaluate in detail its model mills and their under@ng assumptions; (2)

validate its dispersion methodology by comparison to actual mills; (3) reassess its

dosimetry and risk assessment procedures to reflect changes in the state-of-the-art; (4)

settle on common codes and dose conversion assumptions with NRC; and (5) adopt a

truly cost-effectiveness approach applicable to uranium mills. If reopened, AMC will

participate in the rule 1 making proceedings to help EPA set a cost effective and

environmentally sound radiation protection standard for uranium mills.

Respectfully submitted,
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HAMEL, PARK, McCABE & SAUNDERS
1776 F Street, N.W.
Washington, D.C. 20006

Attorneys for the American
Mining Congress,
Uranium Environmental Submittee
(202) 785-1234

Of Counsel:

Larry A. Boggs, Esquire
American Mining Congress

I 1920 N. Street, N.W.
Washington, D.C. 20036
(202) 861-2876

- 49 -

_ _- ._ , , _ _ _ _ _ , _ _ _ _ _ _ . _ _ _



,

d '

BEFORE Tile...

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY.

&

'
i

l
'

. . ' DOCKET NO.
-

| ~

| . .

| .
.

i .

IN RE ENVIRONMENTAL RADIATION m
!

PROTECTION STANDARDS FOR NUCLEAR POWER, cp 4
OPERATIONS, 40 C.F.R.190

,

W pW'* -*

us# p-

t otT d $
APPENDIX A IN SUPPORT OF TiiE et'o CI D* S

'

AMERICAN MINING CONGRESS' PETITION q pr.*Qg
.

/
3FOR RECONSIDERATION AND REVISION

4 to<

ca,

'

I .

'
'

| .

t
*

' '. Edward A. McCabe, Esquire
. . Anthony J. Thompson, Esquire

-4
.

HAMEL, PARK, McCABE & SAUNDERS' ''

" ' " , , , ' ' , -
' Washington, D. C. 20006

1776 F Street, N. W.>

'

'''' ,- .

,. < .

'

.

Attorney for the' '- -

--
... ..

American Mining Congress,> :
:< : Uranium Environmental Subcommittee

|

'

-i'
| :1pE7. (202) 785-1234I . - .

'

J:J.,-|b<
,

.. .a - -

.,g . :, ' y g, -*
r

,
- - . ,,-,

Of Counsel: .'' .!U' '

!?, ! :, - -

, _

'

Larry A. Boggs -
,

'

~ , Counsel- '

,
.

. American , Mining' Congress
Suite 300 .'

'I 920 N Stree't, N. W.' '1
, ,

| J Washington, D. C. '20036 ' '~ .

, . '
-.(202) 861-280'0 ,.

. ,
.

.
,. .

'h- P
^ # I'

1 -+ ' = , q -; . -
.

.;
. ,_

.- 'r.
,

,,

,

- - Ao



TABLE OF CONTENTS

.

APPENDIX A-1

The Reliability of EPA and NRC Computer Codes for Regulatory
Evaluation of Uranium Mill Radiological impacts

.

APPENDIA A-2

Dose, Health Effect, and Cost-Effectiveness Calculations Relative
to a Petition to Reopen the Record on 40 CFR 190

APPENDIX A-3

Radiological Aspects of the EPA Final Environmental Statement
and 40 CFR 190 Regulations with Respect to Uranium Niiling

I

: APPENDIX A-4

1980 AMC Survey of Costs to Control Airborne Radionuclide
Emissions from Uranium Nills

|
\

6

|

| .

.

,-- ,,
2



_ _ _ _ -. _ . . . - -. ... ._-. _ _ - . ~ _ - _ _ - . .

I
i

-

!

I *

,

| The Reliability of EPA and NRC Computer Codes
! '.

for Regulatcry Evaluation of>

:
'

; Uranium Mill Radiological Impacts
,

!

!

|

|

i

prepared for

i

i

The American Mining Congress

Uranium Environmental Subecmmittee
:

September, 1980

:

o
by

.

|
~ Impact Environmental Consultants, Ltd.

1409 Larimer Square
. Denver, Colorado 80202
I

i
.



.

EXECUTIVE SUMMARY

From 1972 to 1977 the U.S. Environmental Protection Agency conducted a*

series of analyses of uranium fuel cycle activity radiological impacts -

Environmental Analysis of the Uranium Fuel Cycle; Parts I, II, and III,

(USEPA, 1973) and Part IV, Supplementary Analysis (USEPA, 1976). Those
studies culminated in the promulgation of 40 CFR 190 - Environmental Radiation-

Protection Standards for Nuclear Power Operations. Those standards specify in
part that no member of the general population shall receive a dose to any body

- organ which exceeds 25 millirems as a result of uranium fuel cycle operations.

During studies which led to the standard, the EPA considered various
uranium fuel cycle operations including uranium mills. For each operation
doses resulting from application of various control technologies were
evaluated. Then an analysis of control technology costs vs. reduced health
risks was conducted. Using these tools the EPA derived the 25 millirem
standard in 1973 and then sought to support it in 1976.

In deriving dose estimates in 1973 and 1976 the EPA used radionuclide
release estimates (source terms) assumed for a model mill in conjunction with
dispersion calculational methods documented by the Atomic Energy Commission
(USAEC, 1973). Since those dose estimates were made there have been studies
which have provided more detailed information on mill release rates and there
have been significant advances in dispersion and dosimetry modeling. In 1979,
the EPA published a new model mill concept in a Clean Air Act analysis
document - Radiological Impact Caused by Emissions of Radionuclides Into Air

and also released andin the United States (RICERAUS), (USEPA, 1979b) -

documented its latest dispersion and dosimetry computer code, AIRDOS-EPA.
That Code is f ar more sophisticated than the AEC methods used in 1973 and
1976. In addition the Nuclear Regulatory Commission has recently released
the MILDOS Coce, their dispersion and dosimetry counterpart to AIRDOS-EPA,
which is being used for enforcement of the 40 CFR 190 standard.

Imp act , Ltd. was comissioned to examine these recent developments in
codes and model mill concepts. Three specific tasks were assigned; to emulate
the EP A's 1976 environmental analysis of uranium milling using their latest
model mill concept and dosimetry code to evaluate the adequacy of AIRD05-EPA,
and to compare the resul ts of a MILD 05 Code analysis with those of an
AIRDOS-EPA analysis when both are applied to the same model mill.

To complete the first task the 1976 EPA control technology analysis was
emulated using the AIRD05-EPA Code to analyze the RICERAUS model mill. The

1976 control technology scenarios were analyzed to determine what mill
controls were needed to enable the model mill to meet the 25 millirem standard

,

i for an assumed maximally exposed individual. Using the lung as the critical
organ the 1976 analysis indicated that a wet impingement scrubber for ore

. processing, a high energy scrubber for yellowcake operations, and no tailirgs
,

control would be adequate. Our 1980 analysis using endosteal tissue as tre
critical organ indicates that considerably more extensive controls would be
necessary; a bag filter for ore processing, a high energy Venturi scrubber and

I a HEPA filter for yellowcake operations, and 100% tailings control. Clearly,. .

the most recent EPA tools produce significantly different results than those'

used in 1976.

|
'
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The next study task was to critically examine the AIRD05-EPA code to
detemine its adequacy for use in development of radiological standards. Our
approach to this review was to inoividually examine each of the Code's
submodels e.g. radionuclide release, atmospheric dispersion, terrestrial W

'

transport, and dose to man, followed by an assessment of the composite Code. [
The submodel examination led to the conclusion that significant uncertainty is
inherent in the Code which derives from three f actors; insufficient basic
research and validation studies, insufficient modeling sophistication, and the*

use of single parameter values to represent wide ranges of research data. We
recoceend that an attempt to quantify the uncertainty be made and priorities

.

for improvement be set by conducting a sensitivity analysis of the AIRD05-EPA-

! Code. We have also concluded that it is unlikely that possible improvements
in the Code will drastically reduce uncertainty in predicted dose estimates.

The final study task involved a comparison of the theory and approach of
AIRD05-EPA to that of MILD 05 and a comparative analysis of MILD 05 and
AIRDOS-EPA dose predictions for the RICERAUS model mill. Significant
differences in submodel formulation and parameter values were found and the
mill analysis comparisen showed AIRDOS-EPA dose predictions to be greater than
those of MILDOS with differences ranging from a factor of 5 to a factor of 30
depending on the target organ.

Study rest.ts lead to two primary conclusions:

Recent developments in EPA's conceptual model mill and dispersion and*

dosimetry calculational methods have resulted in significantly
different results than were demonstrated during development of the 40'

CFR 190 standards. Those standards as they apply to uranium mills
should be reexamined.

Qualitative and quantitative analyses of the AIRD05-EPA and MILDOS*

Codes demonstrate significant differences in Code predictions. This
would indicate that the current practice in standards development of
using model predictions as precise or absolute projections is invalid
and that an approach to standards development which accounts for
model uncertainty is mandated. Until such an approach is developed
and current standards such as 40 CFR 190 are revised, those standards
must be considered to be scientifically unfounded and unsupportable.

e
|
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1.0 INTRODUCTION

.

From 1972 to 1977 the U.S. Environmental Protection Agency conducted a
series of itnalyses of uranium fuel cycle activity radiological impacts -

Environmenta' Analysis of the Uranium Fuel Cycle; Parts I, II, and III,
J (USEPA, 1973) and Part IV, Supplementary Analysis (USEPA, 1976). Those

studies culminated in the promulgation of 40 CFR 190 - Environmental Radiation
Protection Standards for Nuclear Power Operations. Those standards specify in
part that no member cf the general population shall receive a dose to any body

'

organ which exceeds 25 millirems as a result of uranium fuel cycle operations.

During studies which led to the standard, the EPA considered various
uranium fuel cycle operations, including uranium -ills. For each operation
doses resulting frem application of various control technologies were
evaluated. Then an analysis of control technology costs vs. reduced health
risks was conducted. Using these tools the EPA derived the 25 millirem figure
in 1973 and then sought to support it in 1976.

EPA's dose estimates for mills were derived in essentially the same
manner in 1973 and 1976. Information available in each year was synthesized
to develop a conceptual model mill. In 1973 the model was based on Ex on's
Highland Mill in Wyoming. In 1976 the model mill was based on data presented
in an Oak Ridge National Laboratory report on the U.S. uranium industry
(Sears , 1975 ) . Dispersion calculations using model mill source terms were
made based on methods presented in a 1973 Atomic Energy Comission
environmental statement for light water reactors (USAEC, 1973) to derive
cor.centrati ons at a hypothetical maximally exposed receptor. The USAEC
methods were derived for light water reactors and did not* account for particle
depletien at the ground surface. No justification was provided for
extrapolation to uranium mills. Concentrations at the receptor were converted
to lung doses using dose conversion factors. Only lung doses and the
inhalation pathway were considered.

Since 1976 additional information on model mill characterization has :Jeen
j developed. In 1979, the EPA formulated another model mill concept for use in
I a Clean Air Act analysis, Radiological Impact Caused by Emissions of
| Radionuclides Into Air in the United States (RICERAUS), (USEPA,1979b). The
| RICERAUS model mill differs from that used in EPA's 1976 analysis in that
| different tailings emissions are assumed. In addition, the Nuclear Regulatory
|

Commission has developed yet another model mill for use in the Draf t Generic
' Environmental Impact Statement on Uranium Milling (USNRC, 1979).

Since 1973 dispersion and dosimetry calculi.tional approaches have become
far more sophisticated than the calculations ured by the EPA in their uranium
fuel cycle analyses. In 1974 the EPA produced the computer code, AIREM, which

| -

was basically a Gaussian dispersion model with no consideration of terrestriall

transport. Then in 1975 Oak Ridge published a computer code called AIRD05
| (Moore, 1975), a Gaussian dispersion model which was augmented by a

terrestrial transport model called TERMOD (Booth and Kaye,1971). The AIR 005'

- Code accounted for plume depletion and for doses due to inhalation, ingestion,

1

i
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and external exposure. This Code was available in 1976 but the EPA chose not
to use it. The AIRD05 Code was superceded by the AIRDOS-II Code in 1977
(Moore,1977) and the EPA further revised that Code into the AIRDOS-EPA Code

,

in 1979 (USEPA, 1979). The Ccdes have become increasingly more sophisticated.
1The NRC has responsibility for enforcing the 40 CFR 190 regulation and

- that agency has also been developing computer codes for modeling uranium mill
radiological impact. In 1973 and 1979 the Code used was the UDAD Code |~

(Momeni,1979) which in many ways is similar to the AIRD05 series of Codes but B

which was specifically developed for uranium mills. In late 1979 the NRC
- began using the MILD 05 Code (USNRC,1980) which is a revision of the UDAD

Code.

Impact Ltd. was commissioned to examine recent developments in the codes
and source terms. Three specific tasks were assigned; to repeat the EPA's
1976 environmental analysis of uranium milling using their latest model mill
concept and dosimetry code, to evaluate the accuracy of AIRD05-EPA, and to
compare the resuits of a MILD 05 Code analysis with those of an AIRD05-EPA
analysis when both are applied to the same model mill. This report addresses
these tasks as follows:

Results of a repeat of the EPA's 1976 analysisSection 2 -

are provided. The AIRDOS-EPA Code was applied to the RICERAUS model
mill concept using an approach designed to emulate that used by the
EPA in conducting the RICERAUS analyses using the AIRD05-II Code.
Several model mill source term variations were also analyzed.

A critical review of the AIRDOS-EPA Code is presented.Section 3 -

Code submodels are critiqued, suggestions for improvement are offered,
and conclusions are drawn about the accuracy of AIRDOS-EPA and its use
in standards development.

Section 4 - MILDOS/AIRD05-EPA comparison results are presented. The
two Codes are compared first on a qualitative basis and then results
of a MILD 05 analysis of the RICERAUS model mill are presented and
compared to the AIRDOS-EPA results.

Section 5 - Overall study conclusions are drawn.

.
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2.0 AIRD05-EPA MODEL MILL CONTROLS ANALYSES

To quantify E?A computer code and administrative developments between
1976 and the present Impact repeated the EPA's 1976 uranium mill controls
analysis (USEPA, 1976) using the EPA's most current computer code and model,

mill data. Model mill data used were those presented in the RICERAUS
document. The computer model used was the AIRD05-EPA Code.;

,

In the 1976 analysis the EPA derived an assumed mill configuration and '

,

estimated radionuclide releases. The effectiveness of eight combinations of;

possible control technologies in reducing the radiological impact of the modeli

'
mill were then evaluated (e,tcluding consideration of radon and its-

daughters). The eight control technologies and their assumed control'

efficiencies are presented in the Table 2.1. The base case technologies
assumed for the model mill were an crifice scrubber on the crusher and fine
ore bins, a wet impingement scrubber in the yellowcake drying and packaging '

areas, and no tailings controls. EPA's 1976 individual and population dose
| analyses of these technologies are presented in Table 2.2.
i

! The results of Impact's AIRDOS-EPA Code re-analysis of the eight control
technology combinations are presented in Tables 2.3 and 2.4. Source terms
used for each control technology application are listed in Table 2.1 and were
derived from the assumed base case control source terms taken from Table 4.2-4
of the RI ERAUS document. Sources of input data used during the Code analyses
are presented in Appendix A.

EPA's 1976 analysis for the lung indicated an A:, B control level (wet3

are processing, high energy venturi scrubberimpingement scrubber --

yellowcake, no tailings control) was sufficient to meet the 25 millirem
: standard. The increased control levels represent condsiderably expense. Our

analysis indicates that if the endosteal tissue is taken as the critical organi

then a control level of A , B., C2 (bag filter - are processing, high energy
venturi scrubbers and HEPA filters - yellowcake, and 100% tailings control) is
required.

In addition to using AIRD05-EPA to evaluate the RICERAUS model mill,
Imoact was recuested to conduct several related analyses. The AIRD05-EPA Code
was used to simulate tne RICERAUS analysis and evaluate both maximum
individual and population doses for three other source term sets:

; 1. 1979 Source Terms with Ra-226 daughters excluded - The radionuclide
release rates assumed for the RICERAUS analysis (see Table 2.1) were
used. Oose contributions from Ra-226 daughters ingrown following
deposition on the ground were excluded.

'

2. 1976 Source Terms with Ra-226 daughters included - EPA's 1976 source
terms were used. These release rates were the same as for 1979 except

,
'

that the 0-10 micron tailings release was assumed to be 0.5 mci /yr for
U-238 and U-234, 5.8 mci /yr for Th-230, and 5.3 mci /yr for Ra-226 and-

its daughters and no release was assumed for 10-80 micron tailings
particles.

'

3. 1976 Source Terms with Ra-226 daughters excluded - Source terms were
the same as in 2 but doses were calculated as in 1.

Results of these analyses are presented in Tables 2.5 to 2.10.

3
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PERCENT EFFLUENT SOURCE TERM

CONTROL METil0D REDUCTION (%) mci /yr
,

U-238 U-234 Th-230 Ra-?26 '

A. Gaseous (Crusher and fine Ore Bins)

1. Orifice Scrubber 93.6 4.5 4.5 4.5 4.5
1.49 1.49 1.49 1.492. Wet Impingement Scrubber 97.9 -

3. Low Energy Venturi Scrubber 99.5 .35 .35 .35 .35

4. Bag Filters 99.9 .07 .07 .07 .07

B. Gaseous (Yellowcake Drying and Packaging)

1. Wet Impingement Scrubber 97.9 85.0 85.0 4.7 0.2
2. Low Energy Venturi Scrubber 99.5 20.2 20.2 1.12 .047

3. High Energy Venturi Scrubber 99.9 4.05 4.05 .223 .0095;

4. High Energy Venturi Scrubber & HEPA Filters 99.99 .405 .405 .0223 .00095

=
C. Liquids, Solids, and Windblown Particulate Matter

1. Clay Core Dam Retention System with Seepage -- 2.lE-3 2.lE-3 4.2E-2 4.2E-2

Return and 0.6 Meters (2 feet) of Earth Cover
Plus Rock Stabilization

2. Chemical Control of Windblown Dust from 100 -- -- -- --

Tailings Pond Beach
-- --

3. Asphalt Liner For Tailings Pond 100 -- --

1

Table 2.1

! Model Hill Alternative Control Technologies

I

' Values f or Pb-214, 81-214 Pb-210, and Po-210 assumed same as for Ra-226

;

a
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Controls Maximum Lung
Dose to an Collective Lung
Individual Dose - Population

(Table 2.1) (mrem /y) (person-rem /yr)

Al; B1 200 2.5

Al; B2 73

Al; B3 34

A2; B3 24

A2; B3; C2 15

A2; B4; C2 6
u,

A3; B4; C2 1.5

A4; B4; C2 0.3

Table 2.2
EPA's 1976 Control Level Analysis Results

Alpha emitting radionuclides as iresoluble, respirable particulate matter
excluding radon and daughters.

For the assumed worst case of an individual permanently occupying a location
exhibiting a /Q of 6 x 10~ s/m .

Population doses only calculated for base case.
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CONTROLS TOTAL RED END0 STEAL STOMACll LOWER LGE.

(TABLE 2.1) ,800Y MARROW LUNGS TISSUES WALL INIEST. WALL THYROID LIVER KIDNEYS TESTES OVARIES

........... .... ...... ..... .__.... .... ............ ....... ..... ....... ...... .......

Al, 81 1.44E*00 1.78E*00 1.89E*00 1.92E*01 4.05E-03 1.18E-01 7.57E-02 8.03E-01 1.74E-01 1.08E-01 1.06E-01'

Al, 82 1.29E*00 1.65E*00 5.98E-01 1.77E+01 2.00E-03 5.32E-02 5.46E-02 5.89E-01 1.22E-01 7.19E-02 7.70E-02

Al, 83 1.26E*00 1.62E*00 2.71E-01 1.74E*01 1.49E-03 3.?!E-02 4.93E-02 5.35E-01 1.09E-01 7.05E-02 6.98E-02
i

A2, 83 8.03E-01 1.04E*00 1.85E-01 1.llE*01 9.06E-04 2.39E-02 3.16E-02 3.55E-01 1.13E-02 4.57E-02 4.52E-02

A2, B 3, C2 2.33E-01 2.96E-01 1.26E-Ol 3.16E+00 4.18E-04 1.05E-02 1.0l[-02 1.03E-01 2.19E-02 1.41E-02 1.39E-02

A2, 84 C2 2.24E-01 2.89E-01 5.33E-02 3.07E*00 3.03E-04 6.88E-03 8.88E-03 9.04E-02 1.89E-02 1.24E-02 1.23E-02

A3, 84 C2 5.31[-02 6.89E-02 1.88E-02 1.34E-01 8.13E-05 1.94E-03 2.20E-03 2.24E-02 4.72E-03 3.07E-03 3.04E-03

A4, 84. C2 1.18E-02 1.47E-02 1.03E-02 1.58E-01 2.69E-05 7.21E-04 5.57E-04 5.67E-03 1.23E-03 7.19E-04 7.69E-04
,

TABLE 2.10

ALTERNATIVE CONTROL SCENARIOS
ESTIMATED RADIOLOGICAL IMPACTS

POPULATION DOSE
PERSON-REM /YR
1976 SOURCES4

DAUGHTERS EXCLUDED
,

4

1) DOSE TO POPULATION WITHIN A 70 KILOMETER RADIUS OF THE MODEL MILL. EXCLUSIONARY ZONE AROUND Tile MILL
AND TAILINGS IS ASSUMED TO EXTEND TO A DISTANCE OF 500 METERS IN ALL DIRECTIONS.

2) EMIS$10NS OF R ADON AND ITS DAUGHTERS NOT CONSIDERED.

.



3.0 AIRDOS-EPA CODE CRITICAL REVIEW

This section presents the results of Impact's critical examination of the
- AIRDOS-EPA Code. Our approach to this review was to divide the Code into the y

submodels of which it is comprised and to examine each submodel [individually. Submodel evaluations were then used as a basis for assessing
the usefulness of the Code as a whole for radiological impact assessment.

,

There are four major submodels of the AIRD05-EPA Code. These in turn are
comprised of more specialized components. The four attempt to simulate the
consecutive processes of radionuclide release, atmospheric dispersion,
terrestrial transport including uptake of radionuclides by vegetation and
transfer to humans and animals, and dose to man due to radionuclide
inhalation, ingestien and external exposure.

Shaeffer (1979) presents an approach to model evaluation which is of use
in putting this review in perspective. She divides the methodology into six
major tasks:

1) model examination

2) algorithm examination'

3) data evaluation

4) sensitivity analyses

5) validation studies, and

6) coce comparisons

Our review focused on the first three tasks of this list. The Code as a
whole was examined to determine its appropriateness for . radiological
assessments and the algorithms used in the formulation of submodels were
criticued. In addition, available data were examined to determine the
adecuacy of various submodel parameters. Parameter values examined were those
used by EPA in their RICERAUS analysis and those recormiended in the AIRD05-EPA
documentation (USEPA,1979a). Primary evaluation criteria for both submodel
algorithms and parameter values were level of inherent uncertainty, conformity
with state of the art developments, and appropriateness of aoplication to
uranium milling.

The last three tasks of the above list have also been conside ed. When
validation studies have been conducted for a particular submodel, tne results
are discussed. With respect to code comparisons, alternative submodels are e
discussed when possible. (In addition, a comparison of the AIRDOS-EPA Code to
the Nuclear Regulatory Commission's MILDOS Code is presented in Section 4.0 of g
this report). Finally, considering the sensitivity analysis task, one of the |-

major conclusions of the review is that a sensitivity analysis of the
AIRD05-EPA Code should be mandated by the EPA in order that the most important

|Code deficiencies may be identified and priorities for further research be
'

set.
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3.1 RADIONUCLIOE RELEASE CHARACTERIZATIONS

It is important to accurately describe the quantity and quality of
radionuclide releases from uranium mills. The release rates presented in the
RICERAUS report were derived from a previous 1976 analysis (USEPA, 1976) and a
report published by Oak Ridge National Laboratory in 1975 (Sears, 1975).

. Releases considered include those from mill process operations, a composite of
releases from ore storage, handling, and crushing activities and yellowcake
production, and two size ranges of tailings, 0-10am and 10-80am. Two primary
problems have been identified with the release values assumed; the inaccuracy

. of the tailings release estimate, and the inadequate characterization of
particle sizes for all emissions.

3.1.1 Tailinas Release Estimate

The tailings emission values presented in RICERAUS are based on the
assumption that the emissions flux from tailings is directly proportional to
the cube of the wind velocity. In 1976 this was a generally accepted theorem
because little validation data was available. However, a recent study
published by Battelle Northwest Laboratory which details field study results
indicates that no relation between mill tailings emissions and wind velocity
could be established (Schwendiman, 1979). In fact, that study's results
indicate there is no presently available valid method for estimating mill
tailings releases.

Note, however, that the results of that study cannot be easily
extrapolated to all tailings areas. The pond studied was associated with a
carbonate alkaline leach process (most mills now use an acid leach process)
and had an unusual configuration in that the dike was built from coarsert

I material separated from the fines by a trailer mounted mobile cyclonic
separator.

More study is needed to determine if a method for modeling tailings
releases could be developed. Until such studies are completed estimates such
as those used in the RICERAUS analysis are not valid. So little information
is available that the uncertainty associated with such estimates cannot be
estimated.

3.1.2 Particle Size Assumotions

It is important to accurately specify particle size distributions for
assessment of the lung burden resulting from mill releases. In general, the
larger the small particle fraction the greater the dose delivered. If

particle sizes are assumed to be too small, predicted doses will be over-
estimated.'

In the RICERAUS analysis mill source emissions were characterized as one
;

| micron in size. Few empirical measurements are available to support this'

sizing assumption. For both yellowcake drying and packaging, and ore crushing
and grinding activities, the control technologies used (generally wet
impingement scrubbers) do discriminate heavily in terms of removal efficiency

,

for particle sizes between 0 and 50 but do not usually reach the 99% removal
level for particles below 2 microns. Selection of 1 micron value is basicallyi

| a worst case assumption. Empirical data for actual mill dust releases are

| needed.
1
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RICERAUS tailings particle size and associated radioactivity assumptions
were also examined. Thirty percent of the radioactivity released was assumed
to be associated with particles sized between 0 and 10 microns which in turn

{were all characterized as being one micron in size (a conservative
assumption). The remaining activity was assumed to be associated with
particles sized between 10 and 80 microns for which no general particle size

'

assumption was made. Again, there are few, if any, empirical measurements
available to support these assumptions.

The Schwendiman study (1980) did indicate that a relatively large
- fracticn of tailings radioactivity is associated with particles smaller than

several microns. In addition, the activity per gram for particles larger than
20 microns was shown to be an order of magnitude lower than that for small
particles. The report also specifically states that " ideally the source term
should be Calculated for each particle size of interest". EPA's assumptions
about tailings emissions sizing and activity are fraught with uncertainty, are
conservative, and should be reexamined in light of the Schwendiman study
results. Other field data are needed.

.

r

r

I:

i

16

_.



,

3.2 EMISSION DISPERSION AND PLUME DEPLETION SUBMODEL

Historically, the bulk of the computer models developed for radiological
modeling have been in the environmental transport area, with the greatest
percent of those in atmospheric transport and dry deposition. More than 70%
of the 83 computer codes developed deal with atmospheric transport, 40% with
dry deposition, less than 30% with wet deposition, and less than 5% with
resuspension. Although 83 different codes have been identified, nearly all of
the codes dealing with atmospheric transport are based on a gaussian plume
dispersion model. The older ones were derived from the work of Sutton and the.

newer ones from that of Pasquill. This means that they do not account for
either spatial or temporal meteorological variations (although some have been
modified to account for ground deposition and depletion in the plume) nor for
the occasional presence of a lid on the atmospheric diffusion layer.
Modifications to model transient meteorological conditions accurately have not
been made.

The submodel used in the AIRDOS-EPA Code to simulate dispersion of
radionuclides is a Gaussian diffusion model. The basic assumptions inherent
in a Gaussian dispersion model are constant wind speed, no wind shear, Fickian
diffusion, flat topography, and straight line transport. Some limitations of
this type of dispersion treatment are discussed in the AIRDOS-EPA
documentation. Our review of recent modeling study results and developments
indicate that the following topics are important when considering an
applicatien of the AIR 005-EPA Code:

general submodel limitations*

complex terrain*

plume depletion*

1cw wind speed conditions*

reciprocal average wind speeds*

wind shear*

dispersion coefficients*

accuracy of predictions at distant locations*

plume rise*

mixing height estimates*

plume trapping and lid penetration'. *

3.2.1 General Submodel Limitations
' The Gaussian dispersion treatment of AIR 005-EPA requires assumptions of a

continuous plume extending infinitely outward from the source with single,
constant values for wind speed, wind direction, and atmospheric stability
class, and uses a single data set for annual average meteorology. These

17
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assumptions do not account for local topography and turbulence nor for spatial
meteorological variations. Maximum individual dose concentrations are
probably most affected by local topography and turbulence and population dose
assessments are most affected by deviations from site specific meteorology.

In the AIRD05 document (USEPA, 1979a), Oak Ridge mentions the limitations
.

of assumptions of constant wind speed, low wind shear, flat topography, [
Fickian diffusion, and no chemical or physical interaction of plume components I

during plume travel. They also point out several other limitations in the
,

theory such as failure to treat dispersion in the downwind direction.

3.2.2 Comolex Terrain

Evaluations of uranium mill operations by the EPA to date have been
generic assessments. They do not account for complex terrain effects because
no specific topography is assumed. Most weitern milling operations are
located in complex terrain and therefore in areas of enhanced diffusion. The
AIRD05-EPA Code predictions do not account for this phenomenon, assuming
instead that low level releases are generally terrain following and that
planar models muld thus apply. Thus, they overpredict concentrations in the
generic assessments.

Data to support this contention are provided in the results of'several
recent studies intended to validate the application of Gaussian models in
complex terrain (Hinds, 1970), (Hovind, Spangler, Anderson, 1974), (MacCready,
et.al., 1974), (Start, Dickson, Wendell, 1975), (Start, Ricks, Dickson,

1975). Resu ts show that Gaussian models may underestimate diffusion byl

f actors ranging from 2 to 15 depending on the particular situation.
Underestimating diffJsion normally results in overestimating particulate
concentrations.

It is possible that the EPA could account for complex terrain in their
generic assessments by assuming a typical topographical situation. This is

| the approach taken by the NRC in the draf t GEIS. However, if such an approach
is taken a terrain modification procedure should be incorporated into the'

Code. Such modifications have been made by the EPA to several of their
Gaussian dispersion models including the Valley Model (Burt, 1977). If the

a!RDOS-EPA Code is to be applied in site specific situations, such a terrain
modificati on would certainly be necessary. Results of the previously
mentioned studies indicate, however, that even these modified Gaussian models
underestimate diffusion in complex terrain situations. Ultimately the

application of finite difference modeling should bring more accuracy to this
portion of the analysis.

.

*

3.2.3 Plume Deoletion and Surface Air Concentration Calculations

The AIRD05-EPA Code provides for depletion of radionuclides from :he-

plume and subsecuent calculation of surf ace air concentrations by application
of four mechanisms: gravitational settling, dry depJsition, precipitation
scavenging, and radiological decay. The amount o' depletion due to these |

- mechanisms is then computed using a source depletion model. A fiftn mechanism I

which affects calculated air concentrations, resuspension, 'as not been

explicitly modeled.
I
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Once particles have been deposited on the ground, a portionResuscension -

will be p1cked up again b." the wind, i.e., resuspended. Three basic
mechanisms exist for this resuspension; surface creep, saltation and
suspension. As a general gJiceline particles larger than 1 millimeter in y
diameter will remain on *ne surface. Particles 1 millimeter to 0.5 g.

millimeters will roll or slide along the surf ace of the ground due to the
force of wind. This process is known as surface creep. Particles between 0.5

. millimeters and 0.1 millimeters will rise into the air to a height of several
centimeters. This is known as saltation. Particles less than 0.1 millimeters
will be suspended for significant periods of time and will be subject to the
process of turbulent diffusion (Horst, 1977). Most resuspension and

,

deposition theory deals with particles less than 10 microns since this
generally represents tne upper limit of the respirable fraction.

AIRD05-EPA does not explicitly address the resuspension process. The
'

Code thus fails to account for losses from the surface and additional
dispersion of radionuclides throughout the area surrounding the f acility.

The net effect of the deposition-resuspension process is generally a
redt.ction in the annual average total surf ace concentrations. A conservative
estimate of the annual exposure to particulates can be made by ignoring both
processes. The reduction is a direct consequence of the climatological effect
of windspeeds and atmospheric stabilities, the contaminant being
preferentially deposited during periods of limited vertical mixing and high
surface air concentrations, and being resuspended during turbulent periods.

The two basic theories developed for handling plumePlume Deoletion -

cepietion cue to deposition are the source depletion model developed by
Chamberlain (Van der Hoven,1969) and the surf ace depletion model based on the
"K" theory diffusion equation for an infinite crosswind oriented line source
developed by Markee, (1967). The scurce depletion model accounts for dry
deposition by multiplying the surface concentration by a deposition velocity
to obtain the amount deposited. This loss is distributed throughout the
entire column in a manner designed to preserve the Gaussian shape of the

| vertical profile. The method therefore produces artifically enhanced vertical
mixing and greater concentrations near the ground with the greatest depletioni

in the early stages of plume travel. In contrast, the surface depletion model
reduces concentrations only at the surface thus avoiding artificial mixing and
leaving more material airborne. Investigations have indicated that the models
vary most near the source when the ratio of deposition velocity to transport
wi nd speed is large and as atmospheric stability increases.

A source depletion model is used in the AIRDOS-EPA Code to account for
removal of particulates by dry deposition. Horst (1976) has shown that the,

, method used to account for the dry deposition depletion may result in ,
,

| concentrations being overestim,ated by f actors as high as four at receptors
I close to the source (less than 10 kilometers). Horst's surface depletion E

model more accurately depicts the deposition process but requires |,

significantly greater computational resources. He has recently developed
another model. a hybrid source depletion model, which provides many of the
advantages of the surf ace depletion model (Horst,1979). A model of this type
should be considered for inclusion in the AIRD05-EPA Code.~

!
20'
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A one-dimensional, finite difference plume depletion model has been,

developed (Machta,1966) which may indicate promise for extended travel time
'

and distances for aerosols. This model was tested by Oraxler & Elliott (1976)
l- aad results indicated substantial differences in the suspended concentrations

af ter the first 24-hour period.

Precioitation Scavencina - Precipitation scavenging or wet removal is also
.' accountec f or in the AIRD05-EPA Code but no reference is provided for the

approach used. There are numerous methodologies that have been proposed to
account for this phenomenon. The method used in the AIRD05-EPA Code is based
on an assumed scavenging coefficient and the average concentration in a column,

above the point of concern. An alternative method for accounting for wet
! removal was recorxiended by an Oak Ridge review group (Hoffman,

et al., 1978). In this method a wet deposition velocity is calculated based,

t on near surface level air concentrations, surface level precipitation
pollutant concentrations, and yearly average precipitation.

No references are provided for the meth':ds used to account for plume
losses due to precipitation scavenging and radiological decay. Both methods,

| as described in the AIRDOS-EPA Code documentation are dependent upon a time
.

'

value calculated by assuming straight line transport to receptors. This is
not an accurate representation of the physical processes involved. The wind
does not blow continuously in one direction at one speed for a certain
percentage of the year and then change to another speed and/or direction as is
assumed. Although this approximation is comonly used to predict long term
average pollutant concentrations, its use in calculating the time available
for precipitation scavenging or radiological decay has not been justified.
Validation data supporting this method must be provided before it can be
considered acceptable.

3.2.4 Low Wind Soeed Conditions

As discussed in the AIRDOS-EPA documentation, Gaussian dispersion models
are generally not applicable in low wind speed conditions. Studies of low
wind speed conditions in rough terrain (comon to uranium milling regions)
demonstrate that Gaussian models overestimate concentrations by up to a factor,

i of 8 (Wilson, et al, 1976), (Sagendorf & Dixon, 1976). The NRC has included a
! correction f actor to account for the situation in their method for estimating
| potential accident consequences at nuclear power plants (Letizia,1979). For

assessments of milling operations, the EPA should consider incorporating a
similar correction into the AIR 005-EPA Code.

3.2.5 Reciorocal Averace Wind Soeeds

In order to save computer time a wind speed simplification was introduced
to replace separate calculations for each wind speed category in each sector
and stability class with a single reciprocal averaged wind speed. The

; modification reduces a 576 element districution to only 96 elements. This was
originally suggested by Gifford (ORNL retired) and Porter (Texas Air Control
Board) and used in the Texas Climatological Model (TCM) (Christianson and
Porter, 1976). When TCM predictions were compared to those of the EPA's
Climatological Dispersion Model (CDM) (Busse and Zimerman, 1973), the

-

correlation coefficient was nearly unity. However, to our knowledge, no
sensitivity analysis has been performed to isolate the effects of this rather
major alteration.
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Although it may be reasonable to use average wind speed for stability
categories A, B, E, F and G it is probably inappropriate to use an average for
categories C and D. Any windspeed can occur within these two categories
leading to extremely misleading results by the use of a single average. While y
yet to be tested quantitatively, it would seem that this short cut would [
weight lower wind speeds more heavily thus increasing concentrations close to

,- the source.

IThe code is inconsistent in that it uses the true average wind speed for
calculating plume rise and the reciprocal average wind speed for dispersion.
If the plume rise vption is used plume rise is underestimated (See

'

Section 3.2.9) and er 'culated concentrations are overestimated. _ As discussed
above, use of average wind speeds also causes concentration overestimates.
The combination of the two results in calculated concentrations two or more
times as great as that which would be expected to occur.

The AIRDOS-EPA documentation expresses concern about calms which seems
overreactive. It is relatively meaningless to discuss plume rise during calms
in the first place since the Gaussian dispersion equations do not apply, and
secondly, the computer model assumes a minimum windspeed of one meter per
second.

3.2.6 Wi-d Shear

Most recent EPA dispersion programs developed since the Climatological
Dispersion Model (COM) address wind shear. This is accomplished by
multiplying the observed wind speed at 10 meters by the ratio between the
actual stack height and 10 meters raised to an exponent that varies with
stability class. Wind speed profiles have been ignored in AIRD05-EPA. The
effect is that dispersion from elevated sources such as the yellowcake stack
will be underestimated while that of ground level sources will be
overestimated.

3.2.7 Discersion Coefficients

The values for horizontal and vertical dispersion coefficients were
derived by Briggs in 1974 They are contained in the third edition of the
ASME publication " Recommended Guide for the Prediction of the Dispersion of
the Airborne Effluents" (ASME, 1979). Although the coefficients are an ;

improvement on the Pasquill-Gifford coefficients for intermediate and longer
distances no presently used EPA model employs them. Use of these values is an
unusual infusion of state of the art theory.

The Briggs coefficients were intended primarily for use in association.

with elevated stack sources (Turner, 1979). They are based primarily on work ,

derived f rom TVA power plants, plumes which are both bouyant due to thermal
effect and enhanced due to stack exit velocity.

While the use of these coefficients may be appropriate for crusher
baghouse exhaust or yellowcake dryer emissions they are inappropriate for

|. surf ace releases f rom tailings ponds. Some buoyancy may exist in a dryer
exhaust but it most certainly will not in a crusher exhaust although momentum
effects may be appropriate for both. A review group sponsored by Oak Ridge
National Laboratory has recommended that for surface level releases the most

22

.



appropriate curves are those of Paso,ill-Gifford with an adjustment for
averaging time and with a roughness coefficient adjustment
(Hoffman, et al.,1978).

,

3.2.8 Accuracy of Predictions at Distant Locations

' The Pasquill-Gifford or Briggs dispersion coefficients are generally
considered to be accurate only to distances ranging between 1 and 10-

kilometers. Predictions become more uncertain as distances increase. This is
of ten due to the f act that meteorological conditions change at distances a few
miles from the source..

Results of a recent study at an existing mill operation
(Schwendiman,1980) suggest that mass flux from mill tailings could be as
great as one order of magnitude greater than background at 4 kilometers and
that soil surf ace concentrations approach background only at distances of 10
kilometers. These results would indicate that any model predicting
concentrations at distances greater than 5 to 10 kilometers would be
questionable.

3.2.9 Plume Rise

The AIRD05-EPA Code allows one to elect various options for plume rise:
direct input, a momentum dominated plume rise calculation by Rupp, or a
thermally dcminated plume rise calculation by Briggs. Clearly, some of the
point sources in a mill have definite plume rise characteristics. However, in
their model mill analysis the EPA has elected to assume zero plume rise.

EPA in other models uses formulas developed by Briggs to calculate
momentum plume rise. For unstable cases this gives twice the plume rise

| predicted by Rupp in the subject code. Stable cases is a more complex
equation.

AIRDOS-EPA adopts a plume leveling theory for distances more than 10
| times the stack height from the point of release adding conservatism to
l distant concentrations. Briggs' plume rise theory uses a distance

proportional to buoyancy flux. For stable categories AIRD05-EPA uses a
multiplier of 2.9 in the plume rise calculation where EPA air quality modelers
recently in their own documentation have adopted a value of 2.6
(Briggs,1980).

There is an apparent problem in the documentation for AIRDOS-EPA
indicating an increase in temperature with altitude.

i s. 3.2.10 Mixing Heicht Estimates

The height above the surf ace through which relatively vigorous mixing
.

occurs is defined as the mixing height or lid height. A single annual average|
mixing height is provided as input to the AIRD05-EPA Code. Mixing height will
vary according to season, day, and stability class. A desirable modification
which is included in other Gaussian dispersion models including the CDM and

I Valley Models, would be to calculate an annual average mixing height for each
,

j stability class.

23



3.2.11 Plume Traccine & Lid Penetration

When a plume is trapped between the ground and an upper level stable
layer, that phenomenon is called plume trapping. A method developed by Turner

,
,

(1969) is used in the AIRDOS-EPA Code to account for plume trapping at '

specified distances from the emission source. Turner has suggested a
preferable alternative method (Turner, 1969) which is more corm:enly employed r

in recent Gaussian mocels, and which should be incorporated in the AIRDOS-EPA
LCode.

A phenomenon not accounted for in the AIRDOS-EPA Code is lid penetration,- the effects of which are discussed in the AIRD05-EPA documentation. Lid|
pnetration occurs when the lid is low enough that stack emissions penetrate
the lid and do not disperse downward. Although this is a rare phenomenon in
some regicns, by not accounting for such an effect the Code will overestimate
concentrations.

*
.

.

! I.

,

l
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3.3 TERRFSTRIAL PATHWAYS

The models of terrestrial pathways for the transport of radionuclides to
man used in AIRD05-EPA have their origins in the code HERMES. According to-

Soldat (in Hoffman et. al.,1978, p. 88) HERMES is the basis for a more simple
ccde, FOOD, and FOOD is the basis of the models promulgated by the NRC in
Regulatory Guide 1.109 (USNRC,1977).

,.

In general the terrestrial pathways codes have evolved primarily in terms
of updated parameter values. The formulations are deterministic, using simple
multiplicative chain equations with constant empirical parameters. Use of the.

models is limited to grossly averaged conditions representing a non-
stochastic, time invariant, steady-state (equilibrium) environment and source
term.

When these models were first developed the uncertainty and errors
associated with them were not of concern. Model predictions were solely
intended to be conservative; that is, to overestimate the radionuclide
transport to man (Hoffman et. al. 1978, p. 1). Assumptions about exposure
pathways, parameter values, and model structure all were used to reduce the
possibility of underestimating the radionuclide transport to man. It is
understandable then, that need now exists for re-evaluation of all phases of
the terrestrial transport models in an effort to provide more realistic
assumptions about exposure pathways, more applicable parameter values for the
sites of interest, and more detailed and realistic model structures.

The models derived from HERMES for indicating the pathways of major
concern have been important in the early stage of the development of pathways
modeling techniques development. However, the conservativism throughout these
models makes them inappropriate for any use where the values are to be
considered predictive of actual population or individual doses
(Hoffman et. al.1978, p.1).

Little and Miller (1979) investigated the uncertainty associated with
some environmental transport models, using published data and models. Among

, the models investigated were FOOD and NRC Regulatory Guide 1.109. The
investigaticn of terrestrial pathways models was abortive since no validation
studies were found to test the predictions of the models. On the basis ofI

the stated conservatism in the development of these models it is felt that
determining model validity under any known set of circumstances must be given
great importance. Until such werk is done the use of these models, including
AIR 005-EPA, for predicting radionuci de concentrations in terrestrial foodi
chains is a theoretical exercise witii no practical validity.

!~ In the following subsections the AIRD05-EPA terrestrial pathways submodel
l is evaluated. First the formulation of the submodel components is discussed,

|
then specific parameters and their values are reviewed.

3.3.1 Submodel Formulation

The major thrust of tnis examination is to determine whether the models
include all of the important physical and biological phenomena which influence
the concentrations of radionuclides in the environmental media surrounding a
uranium milling f acility in the western United States. For this purpose the

processes incluced in AIR 005-EPA are compared to a general conceptual model.
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In order to clarify the discussions, flow diagrams are used. Arrows
represent the flow of radionuclides from one compartment to another according
to a given process. The compartments are represented by boxes and correspond
to physical entities in the environment. The processes are the actual
physical and biological phenomena which control the movement of the
radionuclides. AIRD05-EPA is not strictly a compartmental model and is thus
not easily represented by a standard flow diagram. However, an attempt has |,

been made to rep-es int the processes included in AIRD05-EPA in diagramatic I
form for ease of oiscussion.

The terrestrial transport models of AIRD05-EPA may be broadly broken into
two sections. The fir;t describes the transfers from atmosphere to plant-
tissue. The second describes the transfers from plant-tissues to processed
meat, milk, and vegetables. These two sections are discussed separately
belcw.

3.3.1.1 Atmosehere To Plant-Tissues Pathways - A diagram of AIRDC3-EPA atmo-
sphere to plant-t1ssue pathways as determined from the AIRDOS-EPA
documentation is presented as Figure 3.1. The plant interior and plant
surf ace compartments are sumed to give total plant values.

For comparison, the second diagram following is considered to be a more
complete representation of the processes and interactions actually functioning
in the atmosphere to plant-tissue transport system than that J AIRDOS-EPA.
For pa'nways nu included in AIRD05-EPA we review the assumptions which allow
the pathway to be ignored, and discuss conditions under which the assumptions
may not be acceptable.

Decosition - The calculation of radioactivity deposited on soil by AIRD05-EPA
is not coviously correct. In AIRDOS-EPA the total deposition is applied once
to the soil, and applied again to plant surf aces where some fraction is
retained and the remainder is lost from the system. In nature, the process
occurs in the f ashion shown in Figure 3.2, where some fraction of the total
deposition is intercepted by plants with the remainder intercepted by the
soil.

I In the sample run of AIRDOS-EPA a retention fraction (interception) of
l 0.57 is used for pasture and 0.20 for vegetables. AIRD05-EPA thus seems to

calculate an input to the environment of 100% of the total deposition to soil
| plus another 57% to pasture or 20% to vegetables. Proper use of the

| parameters should yield 57% to pasture with 43% to soil, or 20% to vegetables
with 80% to soil.

The assumption which allows AIRDOS-EPA to handle depmition by this
! apparently erroneous fashion is that the majority of the radionuclides falling -

on plants, or taken up by plant roots will be returned to the soil as
plowed-under plant waste or cattle manure. Thus 100% of the total deposition
eventually will be found in soil if we assume the quantities removed from the

,
system as vegetables, meat, and milk are small in comparison to the quantities

| in plant and animal wastes returned to the soil.

It should be noted that as an equilib. ium model AIRDOS-EPA calculates
only the final condition of the environmental system after "n" years of

,

| f acility operation. The vegetable, meat, and milk ooses calculated are from

!
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only the final year. The 100%-deposition to soil represents the accumulation
of "n-1" years of plowed-under plant and animal wastes, plus the actual

'
deposition directly .to the soil for all "n" years. It also includes the
deposition held on plants for the last year, which is erroneous since the
radioactivity is not instantaneously recycled. The error in the final soil
concentration due to including the last year's deposition onto plants will'

- depend on the length of time for which the model is run. For a 100-year
f acility life the soil concentration will be in excess by 1/99; for a 20-year
life, by 1/20.

Plant Surf ace Losses - Radioactivity intercepted by the plant surface may be-

removec oy the weatnering effects of wind and rain, incorporation of adsorbed
radionuclides into the plant interior, resuspension of radionuclides to the
atmosphere, recycling of plant detritus, and radioactive decay. The first
pathway is included in AIRD05-EPA and serves only to remove radioactivity from
the plant without transferring it to the soil. This apparently erroneous
procedure is compensated, however, by the fact that the radioactivity removed
by weathering was already included in the soil ir.ventory as part of the

i deposition.

|
The foliar absorption pathway is not included in AIRDOS-EPA. It is

unlikely to be important for the natural radionuclides. If foliar absorption

were significant its impact would likaly be most evident in the vegetable dose
to man since the radionuclide content of non-leafy vegetables would
increase. For unwashed plant products (cattle feed and pasture) no change
would be evident. For washed leafy vegetables the effect of washing will be
reduced. This pathway will have no effect on the proportion of radioactivity
in plant tissues which is returned to the soil as plant and animal wastes,

j therefore tha fundamental assumption of AIRDOS-EPA is not violated.

R0 suspension of radioactive particulates from plant surfaces to the
atmosphere is not included in AIRDOS-EPA. This pathway removes radioactivity
f rom the system, thus it could cause an error in the quantity of radioactivity
weathered from plant surf aces to soil. The simple assumption that conditions
of radionuclide deposition are reasonably uniform on a large areal scale
implies that radioactive particulates removed at one location will be replaced
f rom upwind. For the long time span and grossly averaged conditions for which
AIRDOS-EPA was originally intended, this assumption is acceptable.

The return of plant detritus to the soil is inherent in the formulation
! of AIRD05-EPA. Any significant local practice deviating from this assumption

will be an important source of error in the AIRD05-EPA soil concentrations.

Plant Interior losses - Mechanisms for the loss of radionuclides from plant
tissues are few. Of those identified, radioactive decay receives state of the
art treatment in AIRDOS-EPA, and the return of all plant detritus to the soil

! is inherent in the model formulation. Again, any local agricultural practice
! which precludes the return of a significant fraction of harvested plant
I material to the local soil will produce errors in the AIRDOS-EPA soil

concentrations.
~ The translocation of radionuclides from the plant interior to the plant

surfaces is an unlikely pathway except perhaps for radon which may diffuse
!
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through plant fluids and escape through the stomata to the atmosphere.
AIRD05-EPA does not account for the build-up of daughter radionuclides in
plant materials.

-

Soil Losses - In AIRD05-EPA the only loss considered from soil is that due to
radioactive decay. Other pathways for loss have been identified. The loss of
radioactivity from the soil surface to the atmosphere via resuspension may be
resolved with the same arguments used in discussing resuspension from plantsurfaces to the atmosphere. The resuspension from soil to plant surfaces will
be returned to the soil as plant or animal wastes (this is, again, the
fundamental assumption underlying AIRD05-EPA). This process will, however,
significantly aff ect the surf ace contamination of plants. In dry climates.

where resuspensien to plant surfaces is great a surface contamination increase
will occur. A method for considering resuspension should be included in
AIRC05-E?A.

The weathering loss pathway from soils is not accounted for in AIRDOS-EPA
when considering plant uptake. This will result in dose overestimates.Removal of radionuclides from the sois profile will serve to icwer the
equilibrium concentration in soil, thus reducing the radionuclide uptake to
tne olant interior and the importance of soil resuspension to plantsurfaces. The lowered plant concentration will propagate to the vegetable,
meat, and milk doses, although generally the plant interior contributes little
to these doses in comparison to the plant surfaces. For radionuclides whichare mobile in soil this pathway must be considered a potential source of
significant error in the AIR 005-E?A formulation.

Baes (in Hoffman and Baes, 1979, pp. 85-92) discusses the loss of
radionuc' ides from soil by percolation, and addresses a mechanism to account
for percolation (and other weathering processes) in which a decay constant is
used.

An expression allowing for calculation of the coefficient is given by
Baes. It depends on the water infiltration rate, the depth of the soil root
zone, the soil bulk density, soil water content, and the equilibrium
distribution coefficient of the -adionuclide between soil and water. Since
all of these parameters are highly site-specific and some are radionuclide
specific it is essential to provide then if the percolation correction is to
be used.

The benefit of using the percolation correction may be estimated using a
|" typical" value. The range presented by Baes (in Hoffman and Baes1979, p. 90) is 10- 7 to 10-t per year. To illustrate the difference in the,

soil equilibrium term at 100 years with and without percolatien an art itrary|

value of 10" per year is selected and Ra-226 is used as an example. About a,

5% reducticn in the activity in the soil is calculated. For larger decay
constants the difference will be larger. For example, by using 10 1 instead
of 10- the radium activity in the soil is reduced 90%.

'

Other mechanisms exist for the depletion of radionuclides in soil. These
include losses due to erosion and burrowing animal, mixing due to plowing, and

,
uptake by plants having large uptake ccefficients.

Under conditions where excessive leaching or erosive losses do not occur
the soil loss pathway has little impact.
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3.3.1.2 Plant Tissue to Veaetables, Meat and Milk Pathways

A diagram of the pathways as determined from tne AIRD05-EPA documentation
'

is presented as Figure 3.3. For the purpose of this discussion a more
detailed process-oriented flow diagram is not needed.

Radioactivity in Processed Vecetables - AIRD05-EPA calculates the radionuclide-

- concentration in preparea vegetables by summing the surficial and internal
contamination, allowing for losses 'in washing and other preparation. AIRD05-
EPA inherently assumes that the radioactivity removed from vegetables during

- processing is returned to the soil (it was placed there as part of the
deposition). This assumption may cause erroneously high soil concentrations
in at least two cases: where radioactivity washed from vegetables is lost via
waste water from the system, and where vegetable wastes from processing are
not returned to agricultural soils (disposed as garbage). The magnitude of
the error depends on the amount of radioactivity lost each year, compounded
over the number of years of deposition.

The structure of AIRDOS-EPA allows for a reduction in dose due to the
removal of the radionuclides from the vegetables. It does not, however, allow
for reduction in dose due to the removal of those same radionuclides from the
soil when crops are harvested. In this situation the structure of AIRDOS-EPA
precludes direct assessment of the effects of cycling between soil and plant
and losses from the system and implies that such losses from the system are
small. Ng (1978) gives values for the preparation losses for a number of
crops. To cause a significant error in the soil concentration a crop with a
large processing loss would have to be cropped intensively over a signifcant
area near the source.

Loss of radioactivity from processed vegetables due to radioactive decay
is includec in AIR 005-EPA.

Radioactivity in Cattle Feed - AIRDOS-EPA determines the radionuclide content
of cattle feed by summing plant surface and interior concentrations,
allotting a fraction of the plant material to be considered as pasture grass
without a holdup time, and the complementary fraction as stored feed with a
holdup time for radioactive decay. The Code does not account for differences
in the feeding pattern or quantity between beef and dairy cattle. It

inherently assumes that the wasted or spoiled feed is returned to the soil.

R adi oac tivity in Meat and Milk - AIRDOS-EPA bypasses the cow, transferring
rac1cnuclides in cattle feed to milk and meat. Only a small fraction of the
radionuclide content of bulk feed is generally assimilated by cattle. The
vast majority is excreted and CRDOS-EPA assumes it to be returned to the soil| .

! without loss. In f act some small fraction of radionuclides is lost to the
| cattle and not returned to the soil. In any case, where this fraction is
! significant the structure of AIRD05-EPA will cause erroneously high

.

concentrations in soil.

Radionuclides held in cattle manure may differ in their availability for
uptake by plants from those radionuclides in the soil, especially when the
dung is left on the surf ace as it would be on the range. The process of
reincorporating tne dung in to the soil represents a delay in the
availability of the radionuclides to plants which is not included in
A IRD05-E? A.
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| In addition to the radionuclides transferred from feed to meat and milk,'
some will be transferred from feed to bone, liver, and other organs. AIRD05-
EPA assumes this activity to be in the soil. This is not generally the case,
in fact little animal byproduct material will be returned directly to thelocal soil. This pathway for the removal of radioactivity from the system
will be significant only if the total radionuclide assimilation by cattle is,
in some case, large.

3.3.1.3 Submodel Formulation Conclusions

The multiplicative chain structure of AIRD05-EPA assumes linear transport
of radionuclides from compartment to compartment, e.g. air to soil to plant to
cow to person. This chain does not allow explicit modeling of additional
transfers and cycling between system compartments, e.g. plant back to soil or
plant to air. Thus, simplifying assumptions regarding the ultimate fate of
the radionuclides are required throughout. While the simplifications seem
reasonable and adequate for some cases, at least one case has been found where
the assumptions have not held. Technecium is treated in AIRDOS-EPA as a
specia case, requiring a special set of calculations to account for the fact
that this radionuclide is concentrated by plants and the quantities removed
from the soil are significant. The result is a " patch" in the model to
account for a case where the inherent as'imptions do not hold.

| Considering the uncertainty attached to much of the data used in
A IRD05-EP A it may be that other such " patches" will be needed for other
radionuclides. We question the use of a model which assumes the eventual fate
of the radientclides by its structure: the fate of the radionuclides should
be, rather, its predictive end-point. We recommend the use of a different
class of model to avoid the need for assumptions which in themselves may
determine the outcome of the model.

The use of a pathways-oriented model, where the kinetics of each
environmental pathway are represented explicitly, is more appropriate to this
application. The use of such a model, where the rate of radionuclide flow
along each pathway is modeled, relies on data similar to that used in AIRDOS-

1 EPA. But assumptions which must be made concern the dynamics of the physical
processes controlling each individual pathway. Assumptions are not made
concerning the overall outcome of all the flows along the network of pathways
as is the case in AIRD05-EPA. A pathways (first-order, linear kinetics) model
models transfers and cycling, and allows the interacting processes to
determine the fate or eventual distribution of radioactive materials in the
environment.,

| For many cases, where the transfers of radionucides meet the assumptions
!

'

inherent in AIRD05-EPA, the pathways models will provide the same results.
But, where particular radionuclides violate the assemptions (e.g.,
technicium), the only change needed in a pathways model is in the value of the

- transfer rate for the affected pathway. Two models are documented and-

current ly available which fit this classification, TERM 00, which was
originally incorporated in the AIRD05 and AIRDOS-II models, and the model of
the Comission of the European Communities (CEC). Both are differential
equation type models, use pathways conceptually similar to Figure 3.2, and are-

integrated numerically. Both are flexible in terms of the time scale of a
| simulation, and are able to provide 16 environmental concentrations as a
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functicn of time within the period of the simulation. Information such as
this is the proper data for comparison with field-collected radionuclide ~

concentrations. AIRDOS-EPA and other models could be replaced with a model of
this genre without requiring significantly more or different parameter
values. AIRDOS-EPA could be duplicated in such a model simply by setting the
rate coefficients of pathways ignored in AIR 005-EPA to zero. At that point it

- would be a simple exercise to determine the significance of the ignored ]'

pathways by testing the model with a range of values for the appropriate rate I

coefficients. Other benefit might be derived by examining the time course of
the contamination of the environment to determine the length of time required

- for the most sensitive pathway to yield a predetermined dose to man.

3.3.2 Submodel Parameter Evaluations

AIRDOS-EPA calculations of vegetation, meat, and milk radionuclide
concentrations depend upon the same set of parameters found in Reg.
Guide 1.109. (See the parameter glossary on the following page). For many of
these parameters the user can input data specific to the application if
available. If not, the user can use default values provided in the AIRD05-EPA
cocumentation which are intended to be generic rather than site-specific. For
several parameters the def ault values are those of the NRC from Reg. Guide
1.109. Where newer values have been used, many have been taken from a recent
review by Heffman and Baes (1979).

The following is an evaluation of those default values to determine their
acplicability to the conditions associated with uranium mining and milling in
tne American West. A summary of the evaluation approach and results is
followed by more detailed discussien of the parameters in context.

Ea:n parameter used in ti.e model and its associated def ault value has
been qualitatively evaluated against three criteria; appropriateness to
conditions associated with the uranium industry, availability of site-specific
inf ormati on, and consequences of using an inappropriate value. The last
criterien ccnstitutes an estimate of the model's sensitivity to the parameter

,

i value.

| The estimate of model sensitivity is based upon three principles; the
the model will show greatest| role of the parameter in the pathway -

j sensitivity to parameters that appear in calculations which drive several
| subsequent calculations, the role of the pathway in the model - the model will
| show greatest sensitivity to parameters that appear in the most direct

pathways to man, and the role of the parameters in time-dependencies - theI

model will snow a differential sensitivity to parameters describing the time-
dependencies of processes as a function of the half-life of the nuclide of g
interest.

A general categorization of the reviewed parameters appears in the Tables
3.1 and 3.2. The numerical values are not intended to be precise measures of .

sensitivity, appropriateness or availability of parameter values. They
subjectively and relatively reflect the criteria presented above and the major g

i
- points of the subsequent discussions. Parameters that combine the properties 3

of high sensitivity, Icw applicability, and ready availability are those that
deserve priority attention. These include R, Y , T , Q , M , and V . Otherv f g

, parameters are known only with large uncertainty but have relati ely less
influence en dose estimates and require difficult or expensive research for
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Parameter Definition

B Concentration factor for uptake of nuclide from soil forjy
pasture and forage

B Concentration factor for uptake of nuclide from soil byjy
edible parts of crops (dry weight)

,

.

F Fraction of animal's daily intake of nuclide whichf
appears in each kilogram of flesh

'

F Fraction of animal's daily intake of nuclide whichm
appears in each liter of milk

f Fraction of year animals graze on pasturep

f Fraction of daily feed that is pasture grass whens
animals graze on pasture

M Muscle mass of meat producing animal at slaughterg

P Effective surface density of soil (dry weight)

Of Consumption rate of contaminated feed or forage by an
animal (dry weight)

R;, R: Fallout interception fraction for pasture and for
vegetable crops respectively

t Period of long-term buildup for activity on soilb

t., t Period of exposure during growing season; pasture grasse' e,'

and crops y leafy vegetables respectively
,

t Time delay - ingestion of pasture grass by animalsh;

t Time delay - ingestion of stored feed by animaln-

t Time delay - ingestion of produce by manha

t. Time delay - ingestion of produce by manh

V Milk production of ccw3

Y. Agricultural productivity by unit area (grass-cow-milk-y-
pathway)

Y. Agricultural productivity by unit area (produce or leafyy'
vegetables)

w Removal rate constant for physical loss from plant
- surface by weathering

AIRDOS-EPA Terrestrial Pathways Submodel
Parameter Glossary
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Parameter S Ap Av

R1 1 3 2
-

|,
R2 1 1 3

Y 1 3 1y;

,

Y 1 2 1y

t: 1 2 1e

t 1 2 1e;

t: 3 3 1h

t. 3 2 2h

t, 2 2 2n

t. 2 2 2h

t 2 2
'

1b

A 1 3 3w

P 2 2 1

f 3 2 1p

f 3 2 1s

Qp 2 2 1

M 2 2 1g

V 2 2 1g

5 = Sensitivity of model to parameter value
1 = large 2 = moderate 3 = small

Ap = Appropriateness of default value
1 = inadequate 2 = questionable 3 = adequate

Av = Availability of more specific value
1 = readily available 2 = some times available
3 = difficult to obtain

'

.

Table 3.1 3
: Terrestrial Pathways Submodel |

Nuclide Independent Parameters
Qualitative Evaluations

; .

Sensitivity, Appropriateness, Availability
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Element
'

Parameter U Th Ra Pb Po Bi

S 2 2 2 2 2 2

F Ap 3 3 3 3 3 ?
m

Av 3 3 3 3 3 3

S 2 2 2 2 2 2

F Ap 1 1 1 1 1 1
f

Av 3 3 3 3 3 3

5 3 3 3 3 3 3

Bjy Ap 2 2 2 2 2 2-

Av 3 3 3 3 3 3

5 3 3 3 3 3 3

Bjy Ap 2 2 2 2 2 2

Av 3 3 3 3 3 3

| S = Sensitivity of model to parameter value
1 = large .2 = moderate 3 = small

Ap = Appropriateness of default value
1 = inadequate 2 = questionable 3 = adequate

Av = Availability of more specific value
1 = readily available 2 = some times avilable
3 = difficult to obtain

|

Table 3.2
Terrestrial Pathways Submodel
Nuclide Dependent Parameters

~ Qualitative Evaluations
Sensitivity Appropriateness, Availability

l .

.

.

|

|
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reduction of that uncertainty. The nuclide-specific uptake parameters Ff and
B are examples. Such parameters should be updated as new information is
ch ained but should not be the first objects of attention. Parameters for
which better values are readily available, particularly those reflecting site y*

specific agricultural data, should not be defaulted regardless of the model's {sensitivity to them.

|I 3.3 2.1 Vecetation Concentration Calculations

This is the most influential calculation in determining doses from the
various ingestion pathways because deposition on the surfaces of leafy.

vegetables is the most direct pathway to human ingestion. This contention is
supported by the f act that doses predicted by AIR 005-EPA for consumption of
vegetables are greater than those for meat and milk ingestion for all nuclides
of concern to the uranium industry. In addition, the results of this
calculation, with appropriate changes in parameter values, are used to predict
concentrations in forage and feed which, in turn, drive the calculations of
meat and milk concentrations.

There are two critical parts of the equation for this calculation. The
fi rst describes the direct surface deposition and retention; the second
describes uptake through plant routes. Tne parameters contained in each part
will be addressed separately.

Direct Surface Decosition and Retention on Vecetation - This term always
cominates over tne root uptake term due to the range of values the various
parameters can assume. Direct deposition depends on the following parameters,
none of which are considered by AIR 005-EPA to be nuclide-dependent:

R= the fraction of deposited activity retained on edible portions of
crops.

Y = the agr,1 cultural productivity of the edible portion of vegetation,y
in kg/m'.

For forage crops R and Y must be considered together as they
,

are highly correlated. The def ault values are taken to be R = 0.57t

| and Y = 0.28 resulting in a ratio of R /Yyt = 2.03, the mean of thet t

| distr 5bution described by Miller (Hoffman & Baes,1979). It would
' be more appropriate to set a default value for this ratio considered

as a single parameter. If the correlation is as strong as suggested
by Miller this value should be adequate for a wide range of forage
crops.

For vegetable crops a similar correlation can not be
,

demonstrated and the NRC def ault value of .2 is used. Values for
R: are generally unavailable. While R should be less than R , it

2 t

would be expected to vary more widely with plant species than R . .t
~

The default value is, therefore, adequate within the large |uncertainty inherent in the parameter.

I
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Y , varies widely with regional differences in crops grown. A

weight *ed average of crops representative of the region of interest
(uranium milling regions) should be used for specific applications
of the model.*

A = the removal rate constant for loss from the surfaces of vegetationw
by weathering.,

The review of Hoffman and Baes (1979) establishes that the
def ault value equivalent to a 14 day half-time is a reasonable one,

, particularly for the semi-arid west where much of the basic data
have been obtained. This is an adequate default value, difficult to
improve upon. It is not to be confused with soil weathering losses
used for "model adjustment".

t, = the time period that crops are exposed to contamination during the
growing season.

The time period chosen for t will determine the influence ofe
A,. If t, exceeds roughly five times the value of the half-time
corresponding to A, small correcticns in the weathering rate
constant will not int *1uence the calculation.

The default value for t is taken to be 30 days for pasture and
60 days for vegetable crops., Since agricultural practices vary with
climate, crop, and soil, site or region-specific (such as for
uranium milling) values should be used for individual

; applications. Statistics such as planting and harvest dates are
I reacily available from the US Department of Agriculture.
|

This calculation isRadienuclide Uotake by Vecetation Throuch Roots -

cepencent upon the following parameters: .

,

B = the concentration factor for uptake of a given radionuclide fromjy
i soil by edible parts of crops.

This parameter is known to be element-dependent. In some
cases it is also known to be species and soil dependent. Thus
these values are subje:t to change as new information appears in
the literature. The values used by AIRD05-EPA are consistent with
current literature values but those current values are generally
based on inadequate research and have a large inherent
uncertainty. If a crop with known values dominates in a given

i ' region, appropriate adjustment of Bjy should be made.|

P= the effective density of the top 15 cm of soil.
' The def ault value is taken to be the mean of the distribution

reported by Hoffman and Baes. This is appropriate as a generic
value. Since data on this parameter. are readily available, a more

- representative value should always be used for specific

applications.
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Tb = the period for long-term buildup of activity in soil.
. The def ault value of 100 years for buildup time used in the

RICERAUS analysis is not realistic for uranium mill facilities with
a 15-20 year expected time of operation. For long-lived nuclides
(>500 years) or short-lived ones (< 1 year) this will not greatly

' influence their dose contributien. However, for Pb-210 with a half- I
life of 21 years the value will result in an overestimation of about |
100%. A more representative value should be used for specific
applications of the model to uranium milling.

T =a holdup time representing the interval between harvest andh
consumption of vegetation.

This parameter influences both terms of the plant
concentration expression. While the default value of zero is
appropriate for pasture, the values for stored feed (2160 hr), and
vegetables and produce (336 hr) are not. Site or region-specific
values should be used where available.

3.3.2.1 Meat and Milk Concentration Calculations

Concentrations in meat and milk as are calculated using several of the
same parameters. Both pathways use the same expression for calculating
concentraticns in feed. In addition to depending on the parameters discussed
above in relation to vegetation concentrations, feed concentrations depend on
f and f . Meat and milk concentrations are also both functions of Q . These

s fvSlues are more influential than those affecting only one pathway or .the
other.

f(=fractionoftheyearthatanimalsgrazeonpasture,f = fraction of daily feed that is pasture grass when animals graze on
pasture.

The default values of these parameters are taken from median
I values described by Hoffman and Baes (1979). However, the range of

observations about those means is large (f : mean = 0.43, s.d. =I

0.22) reflecting widely varying0.40, s.d.0.13; f mean = =

environEe:ntal
|

conditions. It has also not been established that'

these two parameters are independent.

Since grazing practices vary widely, more representative values
should be used. However, note that these parameters have a strong

' ' influence on dose estimates only when there is a large difference
between contamination levels in pasture and stored feed. -

,
Qf = the amount of feed consumed per animal per day.

is taken to be the median of theThe def ault value for Qfdistribution described by Hoffman and Baes (1979) for Holsteins and 3
- derived from data for Dairy Herd Improvement Association (DHIA) [

herds. Even though it may be expected that DHIA herds will have a
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slightly higher mean than that of the entire U.S. dairy cow
population, this value is likely to be adequate for estimating

,
concentration in milk when Holsteins dominate milk production.

For beef cattle this value is inappropriate. A value
repr?sentative of cattle breed and local conditions should be used.

.

Parsneters exclusively influencing the milk pathway are F and V . It is
Bexpected that there are unquantified correlations between F ' M, and Q .m f

F = the fraction of the animal's daily intake of a given radienuclide-

m which appears in each liter of milk.

The values fer lead, pcionium, radium, thorium and uranium
reflect the current knowledge of the parameter. Values for bismuth
used for our runs of AIRDOS-EPA (see Section 2.0) were provided by
EPA with no documentation.

V = daily milk production rate of a cow.m

The default value is below the average for the U.S. cow
population (USDA, 1977). Since this parameter is dependent en breed
of cow and on local conditions, a representative value should be
used for specific applications.

The important parameters exclusively influencingConcentratiens in Meat -

contamination levels in meat are F ,. M , and Q . There are indications that
f b f

is one of the least well known of theare correlated. However, FfFf and Mbparameters required for this model so that it is unlikely this correlation can
be quantified.

Ff = the fraction of the animal's daily intake of a given nuclide which
appears in each kilogram of meat.

This is a strongly nuclide dc;endent parameter that is poorly
quantified for most nuclides. AIRDOS-EPA documentation notes that
"it has not been conclusively shown that equilibrium between intake
rate and meat concentratien is ever attained". Even dubious data
are unavailable fer cattle. Estimates were made from values
measured for other runinant species.

The value of 3.0 x 10-8 for the Ff of radium exceeds the valueof 5.1 x 10~ ~ reconnended by the rev1ew of McDowell-Boyer (1979).
The more recent value should be used. The value for lead of 9.1 x-

10~' is probably adequate.

For uranium, thorium, and polonium no adequate values are
.

available but the estimates cited are consistent with the literature-

on the parameter. Values used for bismuth in our AIRD05-EPA runs
(see Section 2.0) were provided by EPA with no documentation.

.

O
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MB = the mass of muscle per animal at slaughter.

The def ault value is adequate for generic use, however, the
parameter is dependent on the breed of cattle and on local
conditions. Representative values should be readily available for
individual applications such as for uranium milling.

[.

3. 3. 2. 2 Parameter Conclusions 5

Based on the discussion of the previous sections the following topics
merit special consideration:.

Imocrtance of Retention, Resuscension, and Weatherino - The most critical
parameterY in tne AIRD05-EPA formulation ere those that determine the
concentration of activity on the surfaces of vegetation. The entire model is
driven by the results of these calculations. Processes of interception,
retantion, and weathering, especially for vegetable crops, deserve more
careful treatment. The contribution of resuspension from the soil surface
onto plant surfaces is known to be important and constitutes a major
contaminating process not addressed by the model. The 14 day weathering half-
time is characteristic of particle-size distributions similar to those of
resuspended soils. The weathering behavior of the one micron particles
assumed as the direct-deposition source term is undoubtedly different.

Nuclide Soecific Parameter Considerations - Uptake by plants and by animals
into meat anc milk are governec by element-dependent biochemical processes.
Because these processes are not well described, simple concentration ratios
are employed. Any more elaborate approach is not supported by existing data.

Certain limitations to the validity of these parameters should be
recognized. They all require that equilibrium exist between the two relevant
compartments. Only for the feed / milk ratio is this assumption met. For
feed / flesh and soil / plant ratios, equilibrium has not been conclusively
demonstrated.

Setting aside these considerations, it is clear that a thorough analysis
of the available literature on S F, and F needs to be done for the
naturally occurring radionuclides. $y,he review by Hoffman and Baes has provedf m

T
. its value by the number of times it is cited in AIRD05-EPA and elsewhere.
( Unfortunately, it contains analysis only for the major fission product

nuclides. The EPA or NRC should sponsor a similar analysis for the U-238
series.

. Correlation Among Parameters Several sets of parameters exhibit strong-

correlations as noteo above. The result of this is that care must be taken -

when using site-specific values. A value of one parameter may be appropriate
only when used with certain values of other parrmeters. Even when proposing

.

generic default values these sets of correlated parameters should be.

considered together.

I
|

I

|
'
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Availability of Agricultural Data Base - Clearly the most important parameters
in assessing a particular site are those describing the local agricultural
environment. Crop production, grazing practices, soil type and so forth have.

a strong influence on most of the parameters required by AIRD05-EPA. Data on
these parameters have been compiled by the USDA for many areas of the
country. These data should be accessed by the EPA when conducting any

,' regionally specific analysis such as that for uranium mills.

.

O

.

9
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3.4 DOSE CALCULATIONS

3.4.1 Individuals

The AIRDOS-EPA Code calculates the dose delivered to selected organs of
the body from exposure to selected radionuclides through five pathways: air
immersion, exposure to ground surfaces, imersion in contaminated water, g
inhalation of radionuclides in air, and ingestion of food produced in the |
area. Dose conversion factors for each of the nuclides of concern are
provided for each of these pathways as input to the code. Inhalation and
ingestion dose conversion f actors recommended in the AIR 005-EPA documentation
are those published in the f all of 1979 by Oak Ridge (Killough, et. a l . .,
1979). Air imersion and surface exposure dose conversion factors used have
also been developed at Oak Ridge (Kocher,1979). For an additional discussion
of dose conversion f actors see Dr. Hoyt 'Whipple's report for the American
Mining Congress, 1980.

3.4.1.1 Inhalation Doses

To compute inhalation doses, the air concentration at a receptor is
multiplied by the breathing rate assumed and dose conversion factors.
Inhalation dose conversion factors are dependent on the size of the particle
assumed and the solubility of the compound in which the radionuclide is
found. The particle size assumptions of the recent RICERAUS uranium mill
analysis have been discussed in the section on source terms.

The solubility classification scheme developed by the ICRP Task Group
Lung Model includes three classes: D, O to 10 days; W, 11 to 100 days; and Y,
greater than 100 days. The EPA selected the Y classification for all of tne
radionuclides in their RICERAUS analysis. Recent information developed from
analysis of uranium mill particulate releases indicate that other solubility
classes will have to be considered, (Kalkwarf,1979).

3.4.1.2 Air immersion Doses

Dose conversion factors for estimating external doses from air containing
gama emitting radionuclides are derived using an infinite cloud assumption.
This assumption can result in doses near a low level release being
overestimated by one or two orders of magnitude due to limited spreading of,

l the plume close to the source (Hoffman, et al., 1978).

3.4.1.3 Surface Excesure Doses

Estimated doses are directly proportional to calculated ground
! concentrations. Unlike the terrestrial pathways submodel, a mechanism is .

provided to account for environmental decay and resuspension. This option was
not used in the RICERAUS analysis, therefore predicted surf ace exposure doses

! were overestimated..

! 3.4.1.4 Water Imersion Doses
*

In general these doses are not considered by the EPA in applying models
,

such as AIRDOS-EPA to uranium milling operations.
!

.
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3.4.1.5 Incestion Doses

In calculating these doses ingestion rates of produce, milk, meat and
leafy vegetables are assumed. Ingestion fractions are assumed for produce and
leafy vegetables grown in a receptors garden and in the region. It appears
that the factor for consideration of produce and leafy vegetables produced at
a receptor of interest is counted twice, once in the RVEG f actor and once in-

the f and f f actors.g e

In the RICERAUS runs the def ault values for market place dilution of
f ood stuff s consumed in the assessed region, and for local and regionalfoodstuff availability and processing procedures, were set to very
conservative values in order to describe a " worst case" situation. This isextremely unrealistic. For example, individuals were assumed to produce 70'.'
of their vegetables, 44% of their meat, and 40% of their milk with the
remaining foodstuff s to be provided by regional sources (within an 80 km
radius). In some areas of the West virtually all produce is imported from
outside the region being modeled. Efforts to improve the predictive ability
of the model, either by improvements in structure or in parameter values, are
wasted if available information on the distribution of contaminated foodstuffs is ignored.

3.4.2 Peculation Dose

A population dese caused by a f acility's activities can be calculated
using the AIRDOS-EPA Code. The population dose is defined as the total dose
in person-rems received by the population living within an 80 kilometer radius
of the f acility. The calculation is made by considering a grid superimposed
on the 80 kilometer radius area. Grid segments are delineated by the 16 wind
direction sectors and 12 concentric annular rings placed at selected distances
from the circle center. An individual dose is computed for each segment which
is then multiplied by the population assumed for that segment. The total
population dose is derived by summing over all segments.

|

| The population dose is thus computed using the same submodels used for
( individual doses. As discussed in the previous sections there is a large

uncertainty associated with each of those submodels which is thus inherent in
the population dose calculations. In fact, for the population dose the
uncertainty is much larger. Since uncertain individual doses are multiplied

| by the total populatien, the uncertainties are also multiplied by a f actor as
! large as the population. In the RICERAUS analysis uncertainties were thus

mul tipli ed by a factor of 36,000, the assumed population. To introduce
fu rther uncertainty most of the population of concern will be situated at
distances more than 10 kilometers from the facility. As stated in the

I dispersion submodel section of this review, no confidence in the AIRDOS-EPA
predicted concentrations is warranted at such distances.

| - As stated by Oak Ridge reviewers, "the population dose commitment
calculation is of very limited value" (Hoffman, e.t al., 1978). The population
dose commitment is considered useful only as a relative index to be used in
comparing f acilities or technologies. In no sense should these figures be,

represented as reality, as the EPA seems to have done in their recent uranium
mill analysis.

|
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3.5 SUMMARY & CONCLUSIONS - AIRD05-EPA CRITICAL REVIEW

AIRDOS-EPA submodels and their components formulation are ,tvaluated in
Table 3.3. In Table 3.4 selected submodel parameter values are esaluated for y
accuracy and appropriateness for use in evaluating uranium mill r0diological I
imp ac ts . In both tables suggested recomendations for improvement are

,

identified where possible..

These tables serve to illustrate the uncertainty inherent in each of the
,

AIRDOS-EPA submodels and parameter values. The fundamental causes of error
are:

1. Insufficient Submodel Scientific Basis - For some physical processes
such as deposition and resuspension there has simply not been
sufficient scientific support research conducted to substantiate use
of a particular submodel. !n other cases, such as terrestrial
transport, submodels have been formulated but little or no validation
data exist to confirm their accuracy.

2. L ack of Modeling Sophistication - Some physical processes have been
studied and are sufficiently complex that no meaningful mathematical
simulation method has been developed. Such is the case with the
tailings emission generation process.

3. Inapplicability of Parameter values - Some submodels require single
values to be selected for internal constants. Usually these values
represent a range of observed data. Thus use of a single value for a
p articul ar application introduces uncertainty. For the RICERAUS
analysis many of the site related parameter values used were not
representative of uranium milling regions thus further limiting model
applicability.

Taken alone each submodel has its own inherent uncertainty. Taken
together the uncertainty compounds from submodel to submodel so that the finali

dose predictions may have uncertainty of several orders of magnitude.I

If the uncertainty associated with all the individual submodels were
precisely known then a statistical analysis could be conducted to determine
the uncertainty associated with AIR 005-E?A dose predictions. An alternative
approach to establishing overall uncertainty would be to conduct a sensitivity
analysis. This is the fourth task Shaeffer suggests in her suggested review
approach discussed in the introduction to this critical review section. Using

,

the sensitivity analysis approach, the model itself is used to derive'

estimates of total dose uncertainty. The added benefit of a sensitivity
analysis is that one can determine which submodel components and parameters -

most affect dose predictions. Once critical components are identified
critical reviews sucn as this can be focused and priorities for further code {
development and research can be set. We strongly recommend that the EPA |'

conduct such an analysis of the AIRD05-EPA Code.

- Even with a sensitivity analysis and further research our review
indicates that there are certain processes which simply are to complex to be
modeled accurately. This realization has important implications for the
further use of such codes for setting or enforcing standards.
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i
ReconnendedSubmodel

Components Evaluation Replacement

Source Terms
,

J

Ore Pad & Grtruling Conservative influence on More empirical data on amount and
predicted doses - degree particle slie

unknown due to insuffIctent
| scientific basis

Yellowcake Drying Conservative influence on dose More empirical data on amount and
predictions - degree unknown particle site

Tallings Pond Particulates No confidence in predictio% - No adequate modeling technique
may be off by several orders available

;
of magnitude

,

i M .

Air Dispersion
,

.I
i Gaussian Equations Limited appilcability - not EPA approved terrain modification.

appropriate for uranium milling Pessible use of particle-in-cell
)

j due to conditions of complex or finite difference models. FRC
! terrain and !ow wind speeds low wind speed correction factor 7

: and other factors
-

:

1

Plume Rise Plume rise at model mill stacks inclusion in future model mill '
i

should be considered. Brigg's analyses of Brigg's formulation
momentum dominated formulation
is used in other models

Wirul Shear Model does not account for wiral Profile methods used in other EPA
speed variation with height dispersion programs

:
fable 3.3

AIRD05-EPA Code formulation Evalutations
(conttr.ded on next page)

!
.

i



-_
_

_

. , . . .
.

1

Sutmetel Recommended
Components Evaluation Replacement

Reciprocal Average Wind Speeds Insufficient model validation Additional study or conventional
studies, inconsistency of use of wind speed classes;'

application leading to con- consistent use of average w!nd
servatism of factor of 2 or speed
more

Plume Trapping & Ltd Penetration More accurate alternative plume Use Turner's alternative plume
trapping method; not accounting trapping method (1970)
for lid penetration may cause
overestimates

Predictions at Leag Distances No validation work No accurate model exlits'

Plume Depletion'

,e
cn

Gravitatienal Settling Tilted plume factor only should Only apply when appropriate4

be used in neutral stability
conditions

,

Source Depletion Moitel May result in concentrations over- llorst's hybrid source depletion
i estimated by factor of four at model (1979)

close receptors

Resuspension Important process which is,lgnored An accurate simulation model is
in AIRD05-EPA not available

*

j Precipitation Scavenging AIRD05-EPA method is based on Alternative method available
columnar average concentrations based on a surface level'

cor .ntrations as suggested in
lloffman, et al., 1978.

;

Table 3.3i
'

AIRD05-EPA Code Formulation Evaluations
(continuation)

>
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. . , ..
,

, .

Submodel Recommended
Qaponents [ valuation Replacement

,

i Radiological Decay Insufficient research to justify More stealy needed
.i
,

Terrestrial Pathways Generally insufficient validation Further research; use of linear
studies; models formulated to kinetics model such as TERM 00 or
to be conservative, particularly C[C model
assumptions of complete re-
cycling to soll

Atmosphere to Plant Tissues

Ground Deposition RadionucIlde cycling not specif t- As Above
cally modeled but are implicitly
considered

,

Plant Surface Concentrations ideathering and radioactive decay As Above
accounted for; follar adsorption
and resuspension ignored

Plant Interior Concentrations Uptake from soll does not account As Above,

for soll properties or element
4

solubilities and is not suff-
iciently plant or nuclide spe-
cific. Recycling to soll
assumed but not necessarily
true

Soll Losses Only radioactive decay and soll Use le of Hoffman & Baes, 1979
;

percolation addressed. Other<

pathways exist, e.g. perco-
lation, resuspension, mechanicali

mixing, etc.4

Table 3.3
AIRD05-EPA Code Formulation [ valuations

(continuation)
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!

Submodel Reconsmended

Components Evaluation Reppcement

Plant ilssues to Vegetables.
i

Meat and Milk

Processed Vegetable Limited applicability of As above
asstsuptions about radionuclide
cycling to soll

Cattle Feed Does not account for dif ferences As above
in beef and milk cattle feeding

i
or accurately depict recycling
to soll

Meat & Milk Does not account for transfer of As atx)ve
s radionuclides to soll*

; Individual Dose Calculations

Inhalation Based on latest available models No better availablem
o,

Air Isenersion Infinite cloud assumption over- No better available
estimates near receptor doses

Surface Exposure Delssion of. surface radionuclide include surface loss mechanisms
losses causes dose overestimates

!

Ingestion Doses Best available models No better available

Population Dose Calculations Tremendous inherent uncertainty - No I:etter available*

orders of magnitude - use only
for relative assessments

i

Table 3.3
AIRDOS-EPA Code f ormulation Evaluations*

4 (continuation)
i
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ReconsnendedSubmodel
Parameter Accuracy Appropriateness Replacement

Source Terms

Ore Pad & Grinding & Uncertainty is i 1001 More accurate measure-
nents to determine mostYellowcake Particle Stre representative site or
if more size classift-
cations needed'

4

! Taillags Particulates - Uncertainty possibly Not adequate further Study

Particle Stre orders of magnitude'

Dispersion

Plume Rise Should be used Use of 2.6 value for
tn stable categories ,"

instead of 2.9

Dispersion Coefficients Depends on application Intended primarily for Use of adjusted Pasquill-
use with elevated Gifford curves
stack sources - Only
appropriate at /,

distances up to 10 km

Mixing Helf t t 1001 and will vary Adequate Best available
with stability class

Deposition Velocities Up to four orders of Values used are too Hicks' (1976) model
magnitude uncertainty; large
uncertainty will prl-
marily affect popu-
atton dose estimates

Table 3.4
AIRD05-EPA Code Submodel Parameter Evaluations

(continued on next page)
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a

Submodel Reconsnended'

Parameter Accuracy _ Appropriateness Repl ace,ne.it
i

I Scavenging Coefficient May vary over an order Value used was spe. None

of magnitude cific for arid
areas

j Terrestrial Pathways
i

R,/Y,, Taken as a ratto, value Adequate For certain cases, spe-
i

15 adequate for wide cific values may lie
;

j range of situations better

j R, Large associated un. Not adequate Best available
certainty

J

j Y,, Varles over an order of Questionable Use weighted average of
magnitude f or dif f er- crops in milling

;
ent crops regions

A, Acceptable Adequate Best available

j t, Can vary by a factor of Questionable Get representative'"

3 values

8, Order of magnitude range Inadequate but best Adjust to be representa-
1

g available tive if possible'

P Can vary by a f actor of Questionable Representative value
2

!

Table 3.4

AIR 005 [PA Code Submodel Parameter Evaluations
(continuation)

See parameter glossary in Section 3.3.2 for explanation of terms.
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ReconenendedSubmodel
Parameter Accuracy Appropriateness 9; placement

t Variation from 100 to Not appropriate 20 year assumption more
b 20 years results in reasonable

dose variations of
up to 801

t Not accurate Pasture value ap- Value representative of
h propriate, stared region

feed and vegetable
not

f,f Can vary from 0 to 1 Inappropriate Value representative of
p 3 region

Factor of 2 variation Adequate for dairy, Value represcntative of
Qg inappropriate for regionm

" beef value

At least a factor of Adequate Best availab.eF,
10 variation

F Insufficient data to 11 adequate Best available
r determine. At least'

a factor of 10
variation

Questionable Representative value
V,

Questionable Representative value
Mg

Table 3.4
AIRD05-EPA Code Sutmodel Parameter Evaluations+

(continuation)
,

d

.

I

r



_. __ -. __ _ - - - _ _ - - - - __-

. , . , , ,

:

,

Sutmortel Reconsnended

Parameter Accuracy Appropriateness Replacement _

I

Individual Dose Calculations

Inhalation

Particle Size Questionable Additional data

Solubility Classes inaccurate Inappropriate Kalkwarf's (19/9) values
,

' Ingestion

Market place dilution inaccurate & conserva- Inappropriate Representative values
,
' factors IW FIX, RVEG, tive

RBEF, RPtK, D01*

Surf ace Exposure
,

' ro
1 100 year value is inappropriate Realistic, representa-

; 8 conservative tive value'

f , f, Conservative Inappropriate Representative valuei
g

i Table 3.4
AIRD05-EPA Code Submodel Parameter Evaluations

(continuation)
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In the past model predictions have been used w thout regard to accuracyi

or uncertainty. This practice should not continue. S t,.'a means for accounting
for the uncertainty inherent in model predictions must a incorporated into.

the standard setting or decision making process. To develop such a means the
EPA should investigate the latest developments in the decision analysisi

field. Until such a means is developed the EPA should delay implementation of
new standards and reconsider standards previously set using such modeling*

approaches.

.
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4.0 AIRD05-EPA / MILD 05 COMPARATIVE ANALYSIS

.

The AIRD05-EPA Code was developed as a generic model to aid in developing
standards for radiation protection. The Federal government charges the
Nuclear Regulatory Corm 1ission (NRC) with enforcement responsibilities for
those standards. For enforcement evaluations the NRC has developed its own g
models which differ f rom those of the EPA. In the case of uranium mills the 3
NRC uses the MILD 05 Code.

'

Impact examined the differences between the AIRD05-EPA and MILD 05 Codes
both in a qualitative manner and through a quantitative analysis, using both
models to evaluate the EP A' s 1979 RICERAUS model mill. Substantial
differences were found. In the following sections the Codes' submodel

,

formulation and parameter values are compared and MILD 05 Code model mill run'

results are presented and compared to AIR 005-EPA dose predictions.

(Comments presented in the following sections are directed toward Code
differences. For further explanation of the AIRD05-EPA Code see Section 3 of
this report. For MILD 05 Code elaboration see the UDAD Code section in the
American Mining Congress' comments on the NRC's Draf t Generic Environmental
Impact Statement ( APC , 1979 ) . Cormients found there are generally applicable
to the MILD 05 Code.)

|

.

. l

I.
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4.1 RADIONUCLIDE RELEASE CHARACTERIZATION

The Nuclear Regulatory Comission has incorporated into the MILD 05 Code
' framework (USNRC,1979) assumptions about particle sizes, solubilities, etc.

similar to those used by EPA in formulating their model mill. Both agencies
assumed particle sizes of 1 micron for the ore processing and yellowcake

- releases and considered two size classes (0-10 microns and 10-80 microns) of
- tailings. The NRC, however, has assumed and incorporated into the MILDOS Code

different densities for ore processing and yellowcake particles, and has
assigned a median value of 5 microns to the 0-10 micron size tailings. The

. EPA assumes uniform densities and a median value of 1 micron for the smaller
size tailings. It is unknown whether either approach adequately models true
particle size distribution characteristics. For either model mill more,

| empirical data are needed to support selection of source term descriptors and
parameters.

; In formulating their model the EPA calculated tailings releases based on
| an assumed proportionality of dust flux to the cube of the wind velocity. The

MILD 05 Code approach is similar although more sophisticated. Neither approach
;

is satisfactory and recent studies show no satisfactory approach exists
(Schwendiman, 1980) .

A major difference between the two models is handling of time-varying
source terms. MILD 05 allows changes in source terms to account for mill
expansion, tailings pond size changes, etc. The MILDOS Code can therefore
account f or various phases of mill operation, decomissioning, reclamation and
post-reclamation periods. AIRDOS-EPA has no such provision and assumes
steady-state conditions throughout the life of mill.

l
|

(
|

,
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4.2 EMISSION DISPERSION AND PLUME DEPLETION SUBMODEL

The dispersion submodels of AIRD05-EPA and MILDOS are similar both in
- formulation and limitations. Both are based on a sector averaged Gaussian {dispersion formulation and account for processes of deposition, precipitation B -

scavenging, gravitational settling, and radiological decay. Neither accounts
for complex terrain, wind shear, low wind speeds, plume trapping, or lid g

- penetration. The models differ with respect to plume rise, wind speed, g
precipitation scavenging, and area source approximation characteristics as
follows:

.

Plume Risa - Ore processing and yellowcake stacks may be subject to velocity
or tnermally induced plume rise. The MILDOS Code only provides for velocity
augmented plume rise. AIRDOS-EPA provides mechanisms for both types of plume
rise although the EPA ignored this option in conducting their RICERAUS
analysis.

Wind Sceeds - Wind speeds are conventionally reported in terms of the percent
occurrence of each of six wind speed classes. To save computer time the
AIRDOS-EPA Code uses a single wind speed value which is the reciprocal average
of all occurences. In contrast, wind speeds are entered according to the six
conventional classes in the MILDOS Code. Comparative data are not available
to determine the effect of this difference.

Precioitation Scavencine - This process is implicitly modeled in the MILDOS
Coce ey assuming tnat curing rain or snowf all scavenging rates are equal to
dry deposition rates. Only dry deposition is then considered. In contrast
AIRD05-EPA explicitly models precipitation scavenging using a method which is
not referenced. Alternative approaches have been recommended. In the arid
west precipitation scavenging is not a particularly important pro.ess.

Area Source Acoroximations - Two significantly different approaches are used
witn MILD 05 assuming a square configuration projected upwind to a point source
and AIRD05-EPA assuming a source configuration which differs according to the
distance from the receptor. The AIRD05-EPA configuration may vary from a
point source at far distances to a circular source centered at the receptor
for close distances. No ccmparative data have been found to Mtablish
quantitative differences between the two or the superiority of one.

Deposition is treated similarly in both models. Deposition is calculated
using deposition velocities and a source depletion model. The same
conservative deposition velocity of I cm/sec has been used by both the NRC and

' EPA to model yellowcake, ore processing, and the 0-10 micron tailings
particles. For large (10-80 micron) tailings the EPA has assumed a value of
10 cm/sec and the NRC a value of 8.82 cm/sec. Deposition velocities -

representative of actual tailings size distributions and western environmental
,

conditions should be used in both.

Gravitational settling is also treated similarly. This process is
modeled using a tilted plume method which is being described in Section 3.2.3. 3
Gravitational settling velocities have been assigned equal values in both |,

Codes.
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AIR 005-EPA provides an optien for varying the deposition velocity at
particular receptors within an assessment area. This is an important option

- when concerned with an area of varying ground cover.

The Codes both use a source depletion model to account fcr plume
depletion due to dry deposition. Either could benefit from substitution of.

the recently developed hycrid source depletion model (Horst, 1979) for the.

source depletien model currently used.

An area in which the two models differ is treatment of resuspension. The
.

AIRD05-EPA Code does not explicitly address resuspension although deposition
velocities could be adjusted to implicitly model the process. This is a
generally accepted method although it may introduce its own uncertainty. In
contrast the MILD 05 Code explicitly models resuspension using a method applied
in the Liquid Metal Fast Breeder Reactor (LMFBR) project. Using this method
the uncertainty may approach several orders of magnitude.

Omissien of resuspension considerations may cause significant differences
between the MILDOS and AIRDOS-EPA Codes. For example, in a recent analysis
MILD 05 Coca resupension concentrations contributed approximately 37% of total
predicted air concentrations. More research is needed to develop an accurate
resuspension model.

The final dispersion-related similcrity between the models is the cor:non
method used to account for radiological decay during dispersion. Both models
calculate the time available for decay by assuming straight line transport
between scurce and receptor. This approach does not accurately model physical
processes and no validation data is available to support its use.

;

I

|

|

|

|

|
|

| .

'
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4.3 TERRESTRIAL PATHWAYS SUBMODEL |
|

4.3.1 Submodel Formulations

The basic evolution of MILDOS food chain models is the same as that
described f or AIRDOS-EPA. Each Code is intended to represent the models of |

,' NRC Regulatory Guide 1.109, although they have differences in implementation,
structure, and parameters. Contents previously made concerning AIRDOS-EPA are |true of MILD 05 except as specifically discussed below.

4.3.1.1 Atmoschere to Plant Tissues Pathways*

The calculational structures of MILDOS and AIRD05-EPA are capicted in
Figures 4.1 and 4.2 respectively. The models are similar in formulation but
differences are found in the mechanisms for deposition, losses from both plant
interior and surf ace, and soil losses.

Decosition - As with AIRDOS-EP!.. it is not obvious that MILDOS handles the
ceposition of radionuclides onto plants and soil adequately. At first glance
it appears material is counted twice as 100% deposition is assumed for the
soil and an additional fractional deposition is assumed for the plants.
However the fundamental assumption of both models is that all deposited
radionuclides eventually reach the soil. This is of ten the case because
plants usually are returned to the soil by decay or plowing. These processes,
however, are not specifically modeled. The apparent error of applying full
deposition to the soil, and an additional fractional deposition to plants is
explained by realizing that the radioactivity deposited on plants cannot be
" cycled" to the soil with this model structure. For specific crops such as
sugar beets where the entire plant is harvested this fundamental code
assumption will result in dose overestimates.

MILD 05 provides particle size dependent deposition onto plants and soil
as does AIRD05-EPA. But MILDOS also provides particle size dependent
resuspension from soil and subsequent redeposition to plants. As discussed in
the dispersion section this may be a significant difference,

f Ccnsideration of resuspension in MILD 05 is an improvement over AIRD05-EP A
l but it introduces added complexity to the deposition process. The Code must

assume a different air concentration for deposition onto soil than for
deposition onto plants. Soil deposition is dependent on an initial air
concentration whicn is due to f acility operations alone. Deposition on plants
is dependent on the initial air concentration plus an additional concentration,

| in air due to the resuspension of radioactivity from the soil surf ace. The

,

' sum of the initial and resuspended air concentrations is the total air
' concentration. .

Radioactivity resuspended from soil is not subtracted from the soil
' concentration in MILDOS. Likewise resuspended radioactivity deposited from |

upwind directions is not added to the soil concentration. The assumption
underlying this approach is that the site is uniformly contaminated over a
large area. Only then will the losses due to resuspension be approximately
equivalent to the gains from redeposition of material from upwind.
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I

|
-

!
I

i In AIRD05-EPA deposition onto plants is assumed to be cycled to the soil
as plant or animal wastes. As long as the quantity of radionuclides lost from

!
' the system is small this fundamental assumption appears reasonable, although

I it does not consider delays in the cycling process. In MILOOS the deposition
on plants is greater than in AIR 005-EPA due to resuspension. But the
fundamental assumption is the same, the resuspended radioactivity deposited is
plants was not subtracted from the soil inventory, and thus it is assumed to-

:| be returned to the soil.

) Losses from Plant Surfaces - Unlike AIR 005-EPA MILD 05 does not account for the
equ111ertum losses f rom plant surf aces due to radioactive decay. This is of.

,

| importance only for deposition of short-lived radionuclides not in association
with a parent, and may not be necessary for the natural radionuclides.

MILD 05 also does not account for the decay of radioactivity on the
surf ace of plants in the holdup ceriod between harvest and consumption. Again'

| this will be of importance only for short-lived radionuclides not deposited in
j association with a parent.

! Losses from the Plant Interior - The MILD 05 equation for concentration in the I
plant interior cue to root uptake of radionuclides from the soil does not

. explicitly show the buildup of radionuclides in soil with time as does

| AIRDOS-EPA. However, that process is included in the ground concentration
; parameter used in the calculation. (

j MILDOS does not account for radionuclide losses from the plant interior
during the holdup time from harvest to consumption. Since root uptake is more |

| radionuclide dependent than deposition on plant surfaces, this may be an (
) important omission for a short lived radionuclide taken up in excess of the '

equilibrium concentration of a parent,
f

! !
' Losses from the Soil - MILDOS incorporates the leaching loss term that was

suggestec for inciusion in AIRDOS-EPA. This improves handling by MILD 05 of
l the losses of radioactivity from the soil compartment. The loss coefficient
I is based on a 50 year half-time, which is an internally supplied constant.

This parameter should be available for manipulation if site or radionuclide
specific data are available to improve the model simulation.

4.3.1.2 Plant Tissues to processed Vecetables, Meat, and Milk

For these pathways the MILD 05 Code is severely limited because constants
are used for parameters which require site-specific data. AIR 005-EPA has i

defined those same parameters as variables so that site-specific data
artinent to agricultural practices or local market conditions can be used.

Except for the use of constants rather than variables for several
parameters, MILD 05 and AIR 005-EPA calculate milk concentrations in the same,

fashion. For meat concentrations, however, MILD 05 does not incorporate-

radioactive decay losses from meat during the holdup time between slaughter
,

an: consumption. This will be important only for short-lived radionuclides
;, resent in meat in excess of the equilibrium concentration of a parent..
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4.3.2 Parameter values

Since both the MILD 05 and AIRD05-EPA Codes are implementations of the
'

USNRC Regulatory Guide 1.109 model there are a number of parameters which both
use. For some of these parameters the two ccdes have significantly different
def ault values which will be discussed below.

g.

Some differences, however, exist in structure between these two models I
-

which result in differences in the parameters required by each. In the
discussion below emphasis is placed on parameters required by the structure of
MILD 05 but not by AIR 005-EPA.-

The same evaluation criteria have been used for the default values in
MILDOS as were put forth for AIRD05-EPA; appropriateness, sensitivity and
availability of better values. The estimate of model sensitivity for
parameters unique to MILD 05 must be made in the context of the MILD 05,

formulation.

As mentioned in the previous section, parameter values that appear as
input data in AIRDOS-EPA are treated as constants in MILD 05. These constants
are identified when they represen't significant or highly site-specific
quantities.

4.3.2.1 Total Air Concentration Calculations

As discussed previously, a significant difference in structure between
MILOOS and AIRD05-EPA is the inclusion of resuspension in MILD 05. This is a
critical difference because resuspension contributes to direct deposition on
plant surfaces which then drives all subsequent calculations contributing
significantly to radiation dose.

The contribution to total air concentration attributed to resuspension,
as calcalated by MILD 05, depends entirely on one time and particle size

the resuspension factor, R. Although there is andependent parameter -

inherent uncertainty of several orders in magnitude, the MILD 05 formulation of
the resuspension factor does yield a good fit to the best data available on
the phenomenon of resuspension (Anspaugh,1975). The data was collected for
an arid southwestern location and is likely to be representative of the
uranium mining regions of the United States.

4.3.2.2 vecetation Concentration Calculations

The MILDOS calculation of concentrations in and on vegetation is very
similar to that found in AIR 005-EPA. Both the direct deposition term and the-

root-uptake term are dependent on equivalent parameters. The direct -

deposition term always dominates over the root-uptake term.

'. Direct Deposition on Vecetation - In MILDOS direct deposition depends on the
following parameters:

E = the fraction of retained material reaching edible portions of they.

vegetation.

F = the fraction of deposited material retained on plant surfaces.
r
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Y = the agricult:.ral productivity of the edible portion of vegetation.y

t = the growing season of the vegetation.
, y

A w = the weathering rate constant from plant surfaces.

- The product of E and F is equivalent to the retention fraction, R, in
y r

AIRD05-EPA. The def ault value of 0.2 for F used in MILDOS is adequate for ,-

r
vegetable crops but no provision is made for adjusting it for forage crops.
The ratio of (E *F )/Y for forage crops should be considered in light of data
reported by M11Ter (1979) and set to 2.03 as was done for AIRD05-EPA.r

For both forage and vegetable crops the default values established for Y y

and t in MILDOS are much too restrictive. As noted above parameters such as
these,y for which regional data are relatively easy to obtain, should be
formulated as input data not as model constants so that values specific to a
particular application can be used.

Root Votake by Vecetation - In MILD 05 root uptake is governed by the following
parameters:

Bjy = the ratio between the concentration in vegetation and that in soil.

P = the density of surf ace soils.

1, = environmental loss from soils.

AIRD05-EPA uses the same set of parameters except A is excluded.e

The parameter A influences the calculation of external dose from
penetrating radiations,as well as the contribution of the root-uptake pathway

i to internal dose. It is intended to account for the leaching of radioactive
material f rom surf ace to deeper soils. The def ault value used in MILDOS is
equivalent to a 50 year half-time and is applied to all nuclides, soil
conditions, and climatic conditions. This is an unnecessary restriction.
Data are available on radionuclide movement through soils that allow more
precise descriptions of this phenomenon. The discussion of soil leaching
presented by Hoffman and Baes (1979) in conjunction with the nuclide-specific
data base reported by Schreckhise (1980) allows the calculation of more
appropriate values of K, reflecting regional conditions.

MILD 05 uses an extensive set of parameters for Biv, distinguishing
between above and below ground vegetable crops as well as between forage and

- vegetables. In all, five categories are used. AIRD05-EPA uses one single
value for vegetables and one for forage. Use of crop specific values by
MILDOS reflects a more extensive data base and allows a greater response to
regional agricultural conditions than does the approach used by AIRDOS-EPA for

i
,

; this pathway..

4.3.2.3 Concentrations in Meat and Milk
~

Parameter Accearine in MILD 05 - As in AIRD05-EPA mest and milk concentrations
cepend on pasture anc f eed concentrations calculated in the manner described

,

| above. The only aarameters appearing in the MILDOS formulation are the
following:

65
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Q= feed ingestion rate.

Fb= the feed-to-meat transfer coefficient,

F the feed-to-milk transfer coefficient=
m

- For the two transfer coefficients MILD 05 and AIRD05-EPA use adequate |values for all nuclides of interest. However, these parameters suffer from E
-

the same inherent uncertainties discussed in the AIRDOS-EPA critical review
section of this report.

.

The value of Q in MILDOS appears to be a wet-weight default value,
although the available documentation does not explicitly indicate this.
According to the repcrt of Hoffman and Baes (1979) care must be taken to
consistently use dry-weight values for forage and for the appropriate Bjy data
as is done in AIRD05-EPA. In MILDOS, as in AIRDOS-EPA, the same value for Q
is used for both beef and milk herds.

4.3.3 Submodel Summary Evalaation

MILD 05 has three features of special merit. The first is a treatment of
the resuspension pathway. This phenomenon is of critical importance to
modeling the mos ement of radioactivity in agricultural systems. It affects
all subsequent pathways both direct and indirect.

The second feature is the flexibility introduced by the use of crop-
specific data for B It is worth noting, however, that the root uptakejy.
pathway contributes relatively little to tne total dose so that this
sophistication has small influence on the outcome of the calculation.

The final feature is that the MILDOS Code provides for losses of
radionuclides from the soil which result from environmental processes. There
is a problem with the MILDOS approach in that the 50 year environmental half-
life assumed will be conservatively long for many applications.

Relative to AIRDOS-EPA, MILDOS has several notable weaknesses. All of
these are related to insufficient parameterization of regional agricultural
conditions. It is impossible to improve model predictions on the basis of
more information if the model will not accept that information as input. Crop
produc tion, grazing practices, market place dilution and many other critical
issues are ignored in MILDOS.

.

I.

| |-
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4.4 DOSE CALCULATIONS

- 4.4.1 Individuals - Similar calculational approaches are taken in MILDOS and
AIR 005-EPA. Dose conversion f actors are used with calculated concentrations
and model man ergonometric characteristics to derive predictions of 50 year
dose comitments for several organs. In general, although the Codes employ.

similar methods, the dose conversion factor sets differ markedly between the-

two models. In addition, the organs considered in the two codes are different
with only four organs - total body, lung, kidney and liver - in common.

.

4.4.1.1 Inhalation Doses - In AIRD05-EPA, for each organ, radionuclide and
particle size ano solucility assumption combination, a dose conversion factor
is multiplied by an assumed breathing rate. Those conversion f actors have
been derived from a recent Oak Ridge study (Killough,1979). The MILD 05 Code
considers particle density as an additional factor in determining dose
conversion factors. In the MILD 05 Code, the breathing rate has been included
in the conversion f actors which were derived using the UDAD Code (Momeni, et
al., 1979). By manipulating units the dose conversion factors for the organs
common te both models can be compared (selected values are compared in Tables
4.1 and 4.2.

The dose conversion factors for the two models do not compare well and
the differences show no consistent pattern. The two sets were supposedly
developed using similar models. The differences between these two dose
conversion f actor sets are prime evidence of the uncertainty inherent in these
models. Some of the differences may be explained by the fact that the AIR 005-
EPA f actors are based on Y solubility assumptions for all nuclides except
Radium-226 where aW assumption was made. MILDOS factors represent the
mixture of solubility assumptions recomended by Kalkwarf (1979).

| 4.4.1.2 Air Imersion and Surf ace Exoosure Doses - Both Codes calculate air
I imersion and surf ace exposure doses using dose conversion factors multiplied

by predicted air or surface concentrations. Comparative dose conversion
factor values are presented in Tables 4.3 and 4.4. AIR 005-EPA factors
(Kocher, 1980) vary according to organ whereas MILD 05 total body f actors
(Momeni, et al.,1979) are assumed to apply to all other organs. Significant

. differences are observed.
|

| AIR 005-EPA surface concentrations are calculated considering a deposition
rate and a decay rate. The decay rate includes both radiological and
environmental decay, the latter of which was conservatively set to zero by EPA
in their RICERAUS analysis. MILD 05 ground concentrations are computed using a
depositicn rate and a conservative 50 year environmental decay half-life. As
discussed previously surf ace losses due to resuspension are not considered.

The MILDOS Code provides for a shielding factor of .825 to account for a
~

person's time spent indoors. One hundred percent site occupancy is also
ass umed . AIRD05-EPA provides no occupational allowances and is therefore even
more conservative.

'
'

4.4.1.3 Ingestion Doses - For both models, predicted doses are dependent on
concentrations, cose conversion factors, ingestion rates and a preparation
factor for vegetables and produce. MILDOS computes ingestion doses for four
population age groups; inf ant, child, teenager, and adult, and total doses are

.
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expressed for each age group classification. AIRDOS-EPA maintains a single
adult categcry. Dose conversion f actors are compared in Table 4.5 which shows
that variations in differences are observed, with AIRD05-EPA values generally
larger. Ingestion rate assumptions are compared in the Table 4.6 which shows.

that fcr each type of food the values of the two Codes are different.

An assumption inherent in MILDOS is that an individual obtains all of his

'
food at his residence. On the other hand AIRDOS-EPA provides a mechanism to {

'

account for individual ingestion of site, regional, and imported food.
Howeve- AIR 005-EPA dilution factors which account for imported foods have

,

by EPA in the past at conservative values.been se:

4.4.2 Poculation Dose

Similar methods are used in the two models to calculate population doses.

!

!

.

l

.

|
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2

1

MILDOS *
<

MILD 05 ' AIRDOS* AIRDQS

1-

Vegetables (Kg/yr) 1.05E*02 1.94E*02 0.541

Heat (Kg/yr) 7.83E*01 9.4E*01 0.833

Milk (L/yr) 1.30E*02 1.12E*02 1.16

i
t

t

.

t

:

Table 4.6'

MILDOS/AIRD05-EPA Comparison
Ingestion Rates of Food by Man (Adults)

' Source: J. F. Fletcher and 14. L. Dotson (compilers), " HERMES - A Digital
Computer Code for Estimating Regional Radiological Ef fects from the Nuclear
Power Industry". Hanf ord Engineering Development Laboratory, HEDL-THE-11-
168. December 1971.

'Not referenced in AIRD05-EPA documentation.
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4.5 MILDOS VS. AIRDOS-EPA APPLICATION RESULTS

Using the EPA's 1979 model mill with base case controls as a test case,;
' MILD 05 and AIRD05-EPA Codes were applied and resulting dose predictions

compared (see Table 4.7). Table 4.8 gives a comparative breakdown of the
,

three mill source contributions to the two Codes' predicted doses.
{ -
q

~ These tables have been examined along with dose conversion factors,
predicted air concentrations, and other parameter values previously
dis cu ss ed . Due to the number of parameters and the variations in values

- between models it has been difficult to find an obvious explanation of the
differences between model predictions. We offer the following observations
and conjectures about the total body and lung dose prediction differences. In
addition, since MILDOS predicts bone doses and the most comparable AIRDOS-EPA
organ is encosteal tissue, results for these organs are also discussed.

:

Total body doses are primarily determined by the vegetableTotal Body -

ingestion pathway for AIRD05-EPA and the inhalation and vegetable ingestion
pathways for MILD 05. We have observed that the air concentrations from the
point sources as predicted by MILD 05 are greater by a f actor of 1.06 than
those of AIRD05-EPA. In contrast, AIRD05-EPA tailings generated
concentrations are higher than those of MILD 05 by a f actor of 8 for the 0-10
micron tailings and a f actor of 1.5 for the 10-80 micron tailings. In AIRDOS-
EP A, tailings generated concentrations are generally greater than those from
other sources (except for U-238 and U-235) and MILD 05 tailings' generated
values were ccmparable to those of the other sources.

We have also observed the importance of resuspensjon in MILD 05 (39% of
total predicted air concentrations) and the conservatively high ground'

concentrations in AIRD05-EPA, and have noted that AIRD05-EPA ingestion and
inhalation dose conversion factors for total body are greater than those of
MILDOS. We conclude that difference in Code dose predictions is probably due
to the dose conversion f actor differences and the higher AIRDOS-E?A ground ,

concentrations. The influence of the inhalation pathway for MILD 05
predictions may be due to a large resuspension concentration and less ground
buildup than in AIRD05-EPA.

Lungs - AIRD05-EPA predicted doses exceed those of MILD 05 by a f actor of
1.83. The MILD 05 dose was derived primarily from yellowcake whereas AIRDOS
values resulted from contributions of all three sources. Doses were due
almost totally to inhalation for MILD 05 and both inhalation and surface
exposure for AIRD05-EPA. Dose conversion f actors are significantly different
but are not consistant in their differences. Since so many differences exist
no conclusion can be drawn about the determining f actors for the two Codes'-

prediction differences.

Bene (MILD 05) Vs. Endosteal (AIRDOS) - The AIRDOS-EPA prediction for endosteal
; .

tissue f ar exceeds tne MILD 05 bone prediction. The AIRD05 dose consists
primarily of the tailings contribution and results from the ingestion
p athway. The MILDOS dose consists of equal contributions from all sources and'

is primarily due to the inhalation (56%) and vegetable ingestion pathways..

AIRDOS endosteal ingestion dose conversion f actors for radium and thorium
(which are primary constituents of the tailings) are greater by a factor of 5
than MILDOS bone conversion factors for those same radionuclides. Our

75
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MILD 05
AIRD05 MILD 05 AIRDOS

Whole Body 2.16E+02 6.07E*00 0.0281

Sone (Endosteal') 2.26E*03 7.81E401 0.346

Lung 2.42E+02 1.32E*02 0.546

Liver 1.14E*02 5.11E*00 0.0448
y
cn

Kidney 6.92E+01 1.95E*01 0.282

Table 4.7
MILOOS/ AIR 005-EPA Comparison

Maximum Individual - Total Dose
(arem/yr)

'The dose presented for AIRD05-EPA is to the endosteal tissue,
the organ nwist comparable to the bone used in MillW)S.

|

MM M I
|
|

|



l

a
t %
o 8 1 2 6 2
T

4 9 5 8 4
f 4 3 7 3 4
o
1

S
O
D.
t
i

M 0 0. 0 1 1

b 0 0 0 0 0
i * * * * *
r E E E E E
t 2 $ 3 7 1

n 7 0 9 9 6.

o
e C 2 3 9 1 8

.
k
a
c
w
o

l

l .

e S
. Y O

D
l L
a
t %

I

Mo 2 8 5
8 2 6 2 3 nT

i

f 7 6 0 9 8 l
o 8 1 a % 9 d

2 1 3 9 6 et
1 o s

5 T 0 9 5 9 4 u
0 3 2 2 2
D f e
R o n
I o
A S 1 b

. 1 2 2 1 0 O
b 0 0 0 0 0 D s e
i * * * * * L t h
r E E E E E
t 9 2 5 9 8

I l t

M un 6 4 9 1 7 0 1 0 0 0 s o.

b 0 0 0 0 0 e to
C 1 a 1 2 5 i * * * * * Rr E E E E E e

t 3 7 I 3 9 n se l

n 8 2
I.

5 1 ot c bs sr ao
C 1 2 7 1 4 i yu rr aolla aS p

p a mn
s mAyu od co biv)g

8. C
l n l

onir ta i

t % l 4 Aro y s
P do 0 9 2 5 1 on/til

a eE nt e mT
5 1 9 1 1 I

T l ou e
f 2 3 1 3 3 5

i

r nCbml bo a a0 a

D e r m (a g5 t T Rst0 1 o % 2 r
2 8 9 4 6 ani oID T xACoL a

_ I f 6 6 9 5 4 / C e
. M o 6 6 5 6 5 M he_

0se t
_ . 0 1 1 0 0 5 1 Das
.

b 0 0 0 0 0 0 IB o ,_ L
.

D D e_ i * * * * *
r E E E E E M uR S
t 2 9 3 1 1 I U s
n 5 4 5 6 0 A A s

3 o i

n C 1 2 2 1 6 b. R
i i

2 3 l 1 1 tE
0 O C 0 0 C

- s r E L E E E
. s t 3 1 0 2 7

I l
aR

_ e n 4 5 4, 3 4 e
c o t

- o C 1 1 2 5 4 s
or dP n

e e
r

O l e
a h
t ') t

o % 6
4 1 4 5 0 l oT

y a t

f 6 7 9 5 7 d e
5 o 2 2 2 2 o t s
0 B s i

D 1 o y
R e d r e A
I l n g e n P
A o E n v d E

h ( u i i -
W L L K 5

. 1 2 1 1 1 e 0
b 0 0 0 0 0 n D.
i * * * * * o R_
r E E E E E B I

_ t t 3 9 1 7 A
_ n 7 1 2 9 8

o r
C 5 6 2 2 1 o

f
_
-
-

. d
e

- t
n

_
.

) e.

s
'l e
a r

_
y e p
d t
o s e.
B o y s

d 9 r e o
_ e n n e n d

l E u v d
o ( L i i e
h L K h
W e T

n '

o
_ B

_
_

Y

- , . 4 4 ! , 4 ,



conjecture is that the large difference between endosteal and bone doses is
due to a combination of greater dose conversion factors, greater tailings
concentrations, and greater ground concentrations in AIRD05-EPA. The MILDOS

- prediction dependence on inhalation seems to confirm the importance of {resuspension particulates. B
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4.5 SUMMARY AND CONCLUSIONS - AIRDOS-EPA / MILD 05

The AIRDOS and MILDOS Codes were developed to predict the radiological
impacts of nuclear f acilities. One would assume that the two would be very
similar in fermulation and, if applied to the same facility, would provide
comparable dose predictions. Neither assumption is correct. Formulation

- differences between the two Codes were found, and, run on the same model mill,
- AIRD05-EPA dose predictions were found to be greater than those of MILD 05. The

differences in magnitude range from a factor of 5 to a factor of 30 depending
en the target crgan.

.

Major differences in formulation and parameter values are listed below.
Recommendations for resoluti a of these differences are provided where
a;;p ropriate.

Treatment Of Resuspension - MILD 05 models this phenomenon using a*

resuspension f actor which results in total air concentrations being
increased by more than 60% with associated increases in deposition
rates and dose estimates. In AIRDOS-E?A this process is ignored.
Resuspensien should be considered in the AIRD05-EPA Code, however,
the MILD 05 Code scheme is more of a finge? in the dike approach
than an accurate simulatien.

Dose Conversien Factors - Substantial differences were found,*

p articul arly for the inhalation and ingestion pathways. For
ex ample, the U-238 dose conversien factor for the whole body
inhalaticn pathway is 1.15 in MILDOS and 136 in AIRD05-EPA.

Input Values vs. Ccnstants - Values for several terrestrial pathway*

parameters treated as constants in MILD 05 can be provided as input
data by an AIRD05-EPA user. The MILDOS Code should allow such
incorporation of site specific data.

Soil Radionuclide losses - An environmental loss term is included*

in MILD 05 which should be incorporated into the AIRDOS-EPA Code.

Tailings Particle Size Assumptions - In the MILD 05 Code a 5 micron*

median value for the 0-10 micron tailings is assumed. In the EPA
RICERAUS analysis a 1 micron median value was used. Use of a

| medi an value is not necessarily an adequate means for
characterf zing particle size distributions in tailings. More field
study is needed. Of the two code values the 5 micron selecticn is

,

| a less conservative choice.
|

~

.

The fact that such differences exist between the two models' formulation,
p arameter values, and predictions is prime evidence of the uncertainty
inherent in any attempt to model uranium mill radiological 1mpact. The

, ,

! uncertainty in any particular submodel may be due to one or all of several
sources; insufficient scientific basis, inadequate modeling sophistication,'

and representation of wide ranges of research data by a single parameter
; ,

value. Such uncertainty permeates both the AIRD05-EPA and MILD 05 Codes.

79
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Even if the differences between the two models are resolved and changes
which have been suggested in this report are incorporated, the uncertainty
associated with the model predictions must still te recognized as

- substantial. This f act raises serious questions about the validity of the use
of models in developing and enforcing radiological standards.
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5.0 CONCLUSIONS SUMMARY

Data and observations detailed in this report motivate the following
conclusiens:

'

If the EPA repeated their 1976 analysis of uranium milling*
-

operations using current EPA model mill concepts and dispersion and
dosimetry Codes they would find that with the additional organs and
pathways now considered significantly more sophisticated control.

measures are required to meet the 25 millirem standard than were
published in 1976. The standard must be reexamined.

! The uncertainty inherent in the AIRD05-EPA Code indicates that the*

current approach to standards development based on model
predictions is simply not acceptable. Even with suggested Code
improvements dose predictions will not be sufficiently accurate to
specify an exact dose limit. An approach which recognizes and
quantifies uncertainty is mandated.

| MILDOS Code predictions will not be the same as those of AIRD05-EPA*

for the same case. This reinforces the conclusion that the current
modeling approach to standards development is inadequate and also
dsmonstrates the difficulties of trying to enforce such standards
once developed.'

A new approach to standards development and enforcement is needed which;

|
recognizes the uncertainty in dosimetry models. Techniques have been
developed by decision analysts to account for such uncertainty in decision,

~ making and the EPA might explore these techniques. Until such a technique is

developed standards such as 40 CFR 190 must be considered to be scientifically
unfounded and unsupportable.
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Appendix A
MODEL MILL ANALYSIS DATA SOURCES

Data used in the model mill analyses were derived from several sources. {*

Input data categories and sources are presented in the following pages along B

with data values used if the same for all runs. Case-specific values have
been omitted. E.

. |
The primary sources were the data input tabulations used by the EPA

during their AIRDOS-II analyses for the RICERAUS document. When data unique
to the AIRD05-EPA Code were required those values were taken from the,

AIRD05-EPA documentation (USE?A,1979a). Dose conversion f actors were taken
(as recommended in the AIRD05-EPA documentation) from a recent work entitled
" Estimates of Internal Dose Equivalent to 22 Target Organs for Radionuclides
Occurring in Routine Releases from Nuclear Fuel Cycle Facilities" (Killough,
et al., 1979), and one entitled " Dose-Rate Conversion Factors for External
Exposure to Photon and Electron Radiation from Radionuclides Occurring in
Routine Releases from Nuclear Fuel Cycle Facilities" (Kocher, 1979). Where
pulished data were not available, values used were those provided us by EPA.

Keys to source codes are:

AII AIRDOS-II Data Sets

AE AIRD05-EPA Documentation

KI Killough, et. al., 1979

K0 Kocher, 1980
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Soun es: As Harted lmilvidually

1858 Of INPHI W At HE 5 804 R ADIONuf t|Df-INDE PENDENIV ARI AHLf 5

NUMDf R Of NUCLIDE5 CONSIDERfD 8

IIME Di t A T --l esGE 5 f l04 Of PA58URE 6R455 HT ANIMAL 5 (Het 0.0000fe00 M Iable 14

IBME D(t4T--INGF5510N Of SIORfD fEfD Bf ANIMAL 5 (lle l 0.2160te04 A[ lable 14

IIME DE L 4T--lNGE SIION Of LtAtT VfGtIADLES pf NAN (HR) 0.51607*03 AE Table 14

IIME DEtAV--INGESIl0N Of PRODU(I ST M A DO ( 18 8 ) 0.1360f603 Al IabIO I4

REMOVAL RAlf CONSIANI f0R PHf 51( AL LOS$ RT W(4fHERING (PER ltouel 0.2800f-02 M Table 14

PERIOD Of EIP05URE Dualis GROWING SEASON--PA$IURE G4455 ( tie l 0.F200te01 M Iable 14

PE RIOD Of EnPOSURE DURING GROWING SEASON--CROPS OR Lf Af f Vf Gf t ABL E S (HR) 0.1440f*04 M Iable 14

AGRICUtluRAL PR000CilVIlv et UNIT AREA EGRA51-COU-MILK-MAN PAIHWAV (KG/14 Mfifall 0.2800Ee00 AE Table in

AGRICUt lUR AL PRODUCTIVilY GV Use l l ARfA (PRODUCE OR LEAff VEG INGESTED 87 MAN (KG/50 MEIERll 0.fl60f*00 AE Sample

IRAtt101 Of TEAR ANIMALS GRA{E ON PASIURE 0.4000Ee00 AE TaDie 14

FRAtlION of DAILY ffED IN45 IS P458URE GRA5$ WHEN ANIMht GR AIE S ON pasture 0.4300E*00 AE Table 14
c-.
O

CONSUMPIION RAIE Of C 0pel 4 MIN Alf D ffED OR FORAGE AT AN ANIMAL IN KG/DAV (DRV WEIGNf3 0.1560fe02 AE Table 14#

B R A es5 PORI IBME FROM ANIM4L f E E D-MILK-M AN (DAvl O.2000Ee01 AE Sample'

RAIE of INGE5fl0N Of PRODUCf By MAN (KGITR) 0.lF60feci M fable 15

RAIE of INGE5fl0N OF MIL ( ST MAN (LITERS /TRI 0.ll20Ee05 At Table 15

R4tf of INGfstION of Mf41 et MAN (NG/vtl 0.9400E*02 AE Table 15

RAff Of INGE5fl04 Of LE4ff VEGEIABLES ev MAN (KGivel 3800Ee02' M Table 15

AVERAGE f l ME FR3M SLAUGNIER of Mf4I ANIMAL IO CONSUMPIION (DAfD 0.2000Ee02 AE Table 14

544C1804 Of PRODUCE INGE5tED GROWN IN GARDEN of INIERf5I 0.1000fe01 M Sample Run

IRAttl0N Of LEAff VEGEf43LE5 GROWN IN GARDEN Of INTERf59 0.1000fe01 AE $ ample Run

PERIOD Of LONG-IERM 8UILDUP FOR ACTIVlif SN SOIL (VEARS) 0.1000E*05 M Table It'

EffECIIVE SURFACE DEN 5Ilf Of SOIL (KGtSG. N DRT WE IGNf 3 (AS5UMES 95 CM PL3W 14TE R) 0.2iSOEe05 M Table 14

Vf GEI ABL E INGt5810N RAll0-IMMED|AIE SURROUNDING AREA /10fAL W i l 881 N ARE4 0.F000Ee00' All

MEAT INGE5I10N RAllo-1M4fDl4tf SURROUNDING ARfAfl0fAL W i lill N AREA 0.4420Ee00 All

Milk INGE 5 8 80N R All0-BM4f DI ATE SURROUNDING AREA /I0lAL WlINEN AREA 0.3990Ee00 All

MINIMUM FRACfl0NS Of 500D ITPES FROM OUISIDE ARE Alls tE D ntLOW 4RE ACTUAL fitfD VALUES

0.0003f*00 All
mensmum inAftenN vp 6F s ais e t I NGi s l e ss fanM nul%3Dr ARFA
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MINIMUM FRAffl0N MEAL 11GfillD fRoM OUISIDE AREA 0.0000E*00 All

MINIMUM IRA (flot Mil t 113E 5 f t D fROM oul51DE ARE4 0.0000Eo00 All
i

INHALAll0N RAff of MAN ((Unl( (t hf lMf f f asteeR D 0.996FE*06 M Sample

useltDUP IIME 5 0m R ADIONut t IDE S DEPoillED ON LROUND AND W AIE R (DAV5B 0.3652E*05 All

DILUll0N FA(10R IOR wAIER s0R $WlMMING ((M) 0.1524Ee03 All

fR4(fl01 Of IlME SPENI SJIMMING 0.0000Ee00 All
I

MUSCLE M455 Of ANIMAL Al SL AUGHIE R (EG) 0.2000Ee05 All

IRAttt0N Of ANIMAL HERD SLAUGHIERED PER DAV 0.5810E-02 All

MILE PRODU(100N Of (OW (LIIERS/DAvl 0.1100E402 All

fatt0UI INIER(EPfl0N ( R 4(I t 01-VE f,E I A9t E 5 0.2000Ee00 AE 5ection 5.2.1

fALLOUR INIER(EPfl0N FRACIION-pasture 0.5700E+00 At Section 5.2.2
a

I R A( f l 01 Of RAD 10ACIIVIIT REIAINED ON LEAfV VEGEIABLES AND PRODUCE AffER WASHING O.1000E*05 At Samlile'

|

4 5
fu,

1

Value given in AE lable 14 is 4 days and 15 referenced to flRC Regulatory Guide 1.109. Reg. Guide 1.109 presents a value of.2 days'
as does the At Sample run. Ihe Table 14 value is assumed to be a mistate and the 2 day value was used.

8 Value laten from AE lable 14. Also consistent with 100 year value used for bulldup time for radionuclides deposited on ground and
] water. ,

* Value from AI Sample run. IIRC ac(epted value is .5 (Draf t Regulatory Gulde)
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Souras: As Marked Individually
list of input Data IOR NH(t IDE s

RAD 10ACIIVE DECAT (DNSIANI (PER DAT)
A|| Rang

(NVIRONMfMIAL DECAT CONSIANI--5HRf4Cf (PIR DAT) All Run?

(NVIRONMfMIAL OfCAT (015fANI--WAIER (PER DAT) All Rams

AVERAGE FRAttl04 0F AN11AL'S D ell T INIAKE Of NUCL I DE WHl(H APPEARS IN (A(H L Of M IL K (DATS/L)A[ I4ble il
IRA (IBON Of ANIMAL'S DAILY INIAKE Of NU(TIDE WHl(H APPEARS IN fACH KG Of ILE5H (DAT5tKG) AT Table 12

( ON(E Nit a i l0N FACIOR FOR UPIAKE Of NUCLIDE FROM Soll FOR PA51URE AND FORAGE AE lable 9'(IN PCI/EG DRT WEIGHI PER PCI/KG Def 5011.)

CON (INIRAI80N FACIOR 80R UPIAKE Of NU(810F FROM SOIL 87 ED18tf P A R' f 5 Of CROPS AE lable 10'lIN PCl#KG WEI WtIGHI PER PC I /KG DRT Solti

G8 UPIAKE FRACIBON (INHALATION)
'A[ KjllDugh

GI UPIAKf FRAC $104 (INGE5IION)
AE Elllough

PARil(Lf 512E (MICRONS) All
g 50LH81Liff (LASS

All'w .

005E CONVERSION FACIOR$
ORGAN INHALAll0N INGE5fl0N SU8MER510N IN AIR SURFACE fEP05URE SU9mfR580N IN WAf f R( Rf M5tnit R0(uR IE )(RE ns /MI CR0(uRIE ) (Rfns-Cuelt Ent (REHS-SeuARE Cn/ (REMS-(URIC (Mt

nt(20(Uttt-HR) MICR0tuRIE-Hal MICR0(uRIE-HR)
KillotGl' Kit t olGl kOClit R FOClifR KOCittRIOI.80DT

5 WALL
LLI WALL
LUNGS
KIDNEV5
LIVfn
6VARIf5
R MAR
INDOSI
f f Sif 5
INTRotD

.

'

All values taken from referenced table except those for Bismuth-214. 81-214 Values taken from . Sample AIRDOS-[PA run proVided by EPA personnelwhich was stated to have the latest values lieing used l>y (PA.
'

Y solubility clas5 assumed except when dose conversion factor unavailable frose Killough (RadliaR-226 Lead-214, Bismuth-214. Lead-210, and
'

{ Polonium-210 canapounds all assumed W by Ellinugh).
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APPErlDIX A-2

DOSE, HEALTH EFFECT, AND COST-EFFECTIVENESS CALCULATIONS

RELATIVE TO

A PET (TION TO REOPEN THE RECORD
'

ON 40 CFR-190

,
-

.

September 19, 1980.
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INTRODUCTION.

The EPA development of the 40 CFR-190 regulation started with a rather
,

simple analysis published in 1973, EPA-73.[1] This analysis was substantially

altered in a supplement published in 1976. EPA-76.[2] The 1976 version was used

as the basis for the regulation.

This analysis provides a detailed examination of the doses and risks to

the inaximally exposed individual, the doses and risks to the regional population,

and the cost-effectiveness of the controls propcsed by EPA. The procedures used

by EPA in EPA 76 and in a later document [3] designated as RI-79 have been followed

as closely as possible. This does not mean that ttfe American Mining Congress (AMC)

nece'ssarily agrees with these procedures, but it is most straightford to examine

the situation with EPA's own methodology and avoid the additional complications of

debating calculation procedures. Three basic cases are compared; the 1976 source

model based on 1976 exposure and cost estimates, the same 1976 sources combined with

present(1979-80) technology and costs, and the most recent EPA model (RI-79)

also using present technology and costs. The health risk factors used by EPA are

also reviewed and the implications of the levels of risk found are examined.

|

|
'

| ~ Supply, EPA 520/9-73-00313.
[1] Environmental Analysis of the Uranium Fuel Cycle, Part 1 Fuel'

|

[2] Environmental Analysis of the Uranium Fuel Cycle, Part IV,
- Supplementary Analysis - 1976, EPA 520/4-76-017.

[3] Radiological Impact Caused by Emissions of Radionuclides Into
Air in the United States. EPA 520/7-79-006. August 1979.

i

f
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1973 EPA CASE (EPA-73)
.

~

This case used rather crude dosimetry calculations based on source terms

,
estimated from the Highland Mill. Apparently no contribution was included from

dust blown from the tailings pile and several other potential sources were omitted.

A waterborne pathway with discharge to a nearby river was also assumed as a source

and was found to be the cause of about 90% of the health effects estimated.

The source tems used and details of the casioetry and health effects

calculations are shown in Tables I and II to identify the methodology used. Since

this case was superseded by the 1976 model which wa's substantially different, de-

tails of the 1973 model mill were not pursued further.

SOURCE TERMS - REGULATORY ANALYSIS

1976 EPA Accroximation (EPA-76)

In their revised analysis in 1976 (EPA .76), the EPA adjusted the source

terms from the 1973 model to allow specifically for a modest contribution from tail-

ings and dropped the water pathway completely. The source terms chosen by the EPA

with the tailings contribution adjusted slightly to match the totals actually used

in the calculations are shown in Table III.
!

'

The same dosimetry and health effect factors given for the earlier 1973
!

were used by the EPA to calculate the impacts here. The regional population of
,

55,000 was also unchanged.

.

l

I
_ _ _ _ _ _
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1979 Case (RI-79)
*

:
'

In 1979 the EPA published a justification for listing of radionuclides as a |

,
hazardous air pollutant under Section 112 of the Clean Air Act (RI-79). The milling

portion of this listing was based on a model mill in a New Mexico geological and

meteorological location with a surrounding population of 36,000 people. The mill-

ing source terms used here were the same as the totals for the 1976 case except

that the Th-230 and Ra-226 terms had each been reduced by 5 mci / year and Pb-210

and Po-210 had been added at 5 mci / year. The "less than 10u" tailings contribution

was increased by a factor of about 4 however, and a " greater than 10p" tailings
,

component that totaled 123 mci / year was added. Details, including radon which is

not considered in this analysis, are shown in Table III.

.

AMC ?NALYSIS OF HEALTH EFFECTS AND COST EFFECTIVENESS

Cases Examined

Health effects to the maximally exposed individual and to the general

|
population in the region at the various levels of control suggested by EPA ar.d the

cost effectiveness of these levels of control have been examined in detail for

five specific cases as follows:
i

|
1. 1976 EPA Approximation (Base Case)'

,

This case used the EPA-76 source terms (See Table III), the

; same 30-year dose commitments as used by EPA as the basis for the total
i
' health effects, the same regional population of 55,000, and also the 1974

- EPA costs and health risk factors. The results provide a comparison basis
,

for the other cases and also show what EPA would have seen if tne milling
|

| operation had been examined in its entirety rather than been mixed in an

undefined way with the overall fuel cycle.

___ _ - - . . . ___ _ . __ - .. _ _ _ - _ _ __ _ ._
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2. 1976 Sources - AIRDOS EPA - Radon Dauchters Included

The total source terms here were the same as the base case but
0

were adjusted to include radon daughters in the particulate blown from

the mill and tailings.(The AIRDOS-EPA code cannot be operated without the.

inclusion of radon daughters in the source tems). The latest EPA procedure

for dispersion and dosimetry, AIRDOS-EPA was used to calculate doses to the

total body and to the specific organs. The factors used to obtain health

effects were essentially the same as used by EPA in the RI-79 listing.

The New Mexico regional population of 36,000 from RI-79 was also used and

the 1976 EPA costs were adjusted upward by a factor of 1.55 to represent

1980 costs. The results show how the 1976 base case would look if calcu-

lated to present conditier.s by the present methods.

3. 1976 Sources - AIRDOS EPA - Radon Dauchters Excluded

This is the same as Case 2 except that the effect of the radon

daughters have been subtracted out. The difference between the two cases

shows the effect of the radon daughters.

4. RI-79 Sources - AIRD05 EPA - Radon Dauchters Included

. This case uses the source tems from RI-79. (See Table III)
All other conditions are the same as Case 2.

s,

,

"

! 5. RI-79 Sources - AIRDOS EPA - Radon Dauchters ExeLuded
~

'

This is the same as Case 4 except that the impact of the radon

daughters has been dropped out.

i

|
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In the development of these cases a detailed calculation which combined.

the RI-79 input terms and assumptions with the later AIRDOS-EPA procedures was

'. made for Case 4. The doses for the other cases based on present techr. ology, i.e.,

Cases 2, 3 and 5, were found by ratio. Details are provided in Appendix A-1.
.

In their analysis the EPA postulated a series of controis in the order

of decreasing cost-effectiveness. These controls, together with corresponding

efficiency attained in each step are shown in Table IV. All.of the reanalysis

done here uses the same sequence of controls at the same assumed efficiencies.

Imoact on the Recional Poculation

The annual doses to the regional population for each of the eight levels

of control defined by the EPA have been calculated for the five cases just described.

The results are summarized by organ in Table 5.

In the 1976 analysis, (EPA-76) a value of 30 times the annual dose was
end of

used to estimate the lifetime risk since the mill was shut down at .the/30 years and

only minimal additional doses would result. In the RI-79 analysis, however, the

exposure was calculated for a highly hypothetical 100th year of operation and

this exposure was taken to be present for 70 years, i.e., the lifetime exposure

was found as 70 times the 100th year exposure. Since the 1976 approach seems more
.

realistic and to avcid further complications in the analysis, all lifetime doses

have been approximated as 30 times the annual dose obtained from the AIRD05-EPA.

.

calculations. Note that this is still the 100th year dose, however. Health effect

. factors essentially the same as used by EPA in RI-79 were then applied to these organ

doses to estimate the annual risk to the general population (See Table XVI for

specific factors).
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The results of these calculations are summarized in Table VI. The key

point shown is that the lifetime risks range from about 0.07 to 0.4 per million-

persons exposed for the assumed present base level of control, Al, Bl. This is
- substantially less than the level EPA has proposed as sufficiently hazardous to

require reporting of a hazardous substance spill under the Clean Water Act [4].

While the AMC does not necessarily endorse a level of lifetime risk as low as
6

1/10 as appropriate, there is clearly no justification for the addition of any

controls on the casis of risk to the regional population at the still tower

Levet of 0.07 to 0.4 per mittion.

Cost-Effectiveness of the Procosed Levels of Control

The incremental health effects for each successive level of control were

cbtained from Table VI and were combined with the corresponding incremental costs to

move to each successive level to obtain the cost-effectiveness of each added control,

i.e., the incremental cost per incremental health effect averted. The costs used,

expressed as present worth as done in EPA-76, are sucinarized in Table VII. Note

that the cost of the orifice scrubber on the ore handling facilities, A1, is not

included since it is assumed by EPA to be current technology. The net costs of

the wet impi.igement scrubber and the low energy venturi scrubber on the yellowcake

operations B1 and B2, are also taken to be zero by EPA on the basis that the value

. .sf the recovered yellowcake at least covers the cost of recovery.

In 1976, EPA concluded from their analysis of the entire fuel cycle that.

| a level of cost-effectiveness of approximately $250,000 to $500,000 was a reasonable

guideline for the addition of controls. On a 1980 basis, this would' correspond to.

.

|

[4] Proposed Amendment to 40 CFR-ll7, Determination of Reportable
'

Quantities of Hazardous Substances. 45FR 46097.

t
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about $390,000-5775,000, i.e., $400,000-3800,000. i.ais general level is sup-

ported in an extensive analysis by Cohen [5] published in 1980 and will be used
'

as a benchmark in this discussion.
.

.

The results of the cost-effectiveness calculations are listed in Table
VIII. It is immediately evident that for the base case (1976-EPA Approximation)-

all of the Controls beyond Al, B2 (which were claimed to be self-liquidating) exceed

the 0.25-0.5 million dollar per level criteria just described by a factor of about

250 to 14,000. They clearly fail to be cost-dffective by the EPA's own criteria

by a tremendous margin.

'

It is also evident that the change in dosimetry to AIRDOS-EPA substantially

increases the num.ber of calculated health effects for the same source terms (compare

Cases 1 and 2). The inclusion of additional organs and pathways also alters the
'

relative effectiveness of the various types of controls. Since the basic objective

here was the evaluation of the order of magnitude of the cost per health effect

averted and since none of the controls beyond A1:B2 were cost effective by a large

margin, no attempt has been made to optimize the order of addition.

The higher costs for 1980 do not compensate for the change in health ef-

facts so that there is an aoparent improvement in cost-effectiveness at each specific

level of control. It will be shown subsequently, however, that the new dosimetry

,
code changes the level of control required to meet the 25 mrem requirement from A2:B3

to the much more stringent A4:B4:C2. This increases the cost per health effect

( averted from $133 million tfL $1.2 billion.

The RI-79 case differs from the 1976 cases in that the source terms due
.

to tailings have been increased substantially. (See Table III) This results

[5] Cohen, B.L., Society's Valuation of Life Saving in Radiation Protection and
Other Contexts,]][ Health Physics, Jan.1980, Pgs. 33-51.

. - . - - . . . - - . -__ - _ - - _ . ..- -_ - - . . . , -. - -. _ _ - -



.

-8-

.

.

(compare Cases 2 and 4) in an increase in the absolute level of health effects but

little change in the incremental values for the ore and yelloacake controls. The
-

health effects decrease sharply when chemical control of tailings, C2, is intro-

duced so the cost-effectiveness of this step becomes better but still is very poor.-

Once complete tailings control (C2) is added there is little further difference

between Cases 2 and 4.

There is another consideration that'nceds to be examined here. It is

well recognized that the estimation of cost-effectiveness for the control of the

discharge of long-lived radionuclides is a controversial subject. The conclusions

reached are largely a function of the integration period used.

Since the present case includes only particulates there will be no fur-

ther source releases after the mill is shut down and the tailings disposal is com-

pleted. The effects will gradually decrease as a result of weathering and radio-

active decay.

As mentioned previously, in the RI-79 analysis the EPA did not estimate

the impacts for the 20th year at the close of typical mill operation or even for
'

the 30th year after shutdown but for an assumed 100th year of operation. The li fe-

time health effects in Table VI, therefore, are in fact the result of a hyopthetical,

hundredth year of mill operation multiplied by 30 to conform to the earlier EPA

| approa:.h. They thus represent an extremely conservative estimate of a 100-year
l

-

'

population dose coanitment, i.e., the health effects for a 100-year integration

period. Even if the integration period were extended to 1,000 years, i.e., the

calculated 100-year health effects were multiplied by 10, the cost-effectiveness

__ __
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of the proposed controls would still exceed the criteria level by a factor of at
*

1 east about 2 and for most controls by far more than this. It is thus clear that

the proposed controls in all reasonable cases exceed the EPA criteria for an appro-
.

- priate level of cost-effectiveness by a large amount.

.

Impact on the Maximally Exposed Individual

Annual Doses

The annual doses to the maximally exposed individual at the various

proposed levels of control have been calculated and are summarized for the five

cases being examined here in Table IX. The control level that would be needed

to meet the 25 mrem level in 40 CFR-190 is indicated for each case.

It is immediately evident from Table IX that the inclusion or the

exclusion of the radon daughters has a relatively modest impact so it will not

be considered further. It is also evident that the change in the dosimetry code

to AIRDOS-EPA has made an extreme change in the level of control that would be

required for the same model mill with the same source t_erms. The. critical organ
|

has shifted from the lung to the endostial tissue. The level of control has

changed from a low energy venturi scrubber on the ore handling facilities plus a

high energy venturi scrubber on the yellowcake processing (A2, B3) to highest pro-
.

posed level of control on all sources, A4, B4, C2. The RI-79 case shows higher

' exposure levels until tailings controls are added but the conclusion are the same."

A change in dosimetry only thus presents an entirely different picture of what
'

1
- would be needed for compliance with the 25 mrem level than was presented by the

EPA in their 1976 justification.
. ,

The problem is complicated further by the fact that the EPA is providing
!

the justification for the regulation but it will be enforced by the NRC using a|

substantially different code currently designated as ,Mildos. Mildos evolved in

about August 1980 from UDAD-II and is itself in transition.
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The similarities and differences between these codes are described in

detail in A6pendix A-1.They emphasize different organs, different pathways, andi

use different dose conversion factors. The disparities are illustrated in Table X

which compares the individual doses for RI-79 source terms calculated by AIRD05--

EPA and by the present version of the NRC Mildos code.

.

Note particularly tne endostial tissue dose where AIRD05-EPA shows an
at the maximum exposure (Al 31 control level),

exposure of 2262 mrem /while Mildos does not even present this as an important

organ. Doses to the two organs common to both codes, liver and kidney, differ

by a factor of about 20 and 3 respectively. The organs " lung" and " average lung"

which may not be the same in the two codes differ by about a factor of 2.

The present situation for the application of the 40 CFR-190 standard

to mills is thus one of complete chaos. The 25 mrem above background level can-

not be measured directly by any technology now available, but must be calculated

using a dispersion and dosimetry code. In reality, therefore, the standard

should include both a specified exposure level and the code used to calculate

this level. Otherwise, the specification of a level only has little meaning and

compliance becomes an arbitrary function of the code selected by the enforcing

agency.

Also, the 25 mrem level was justified by the EPA using a 1976 model and

1976 dosimetry. Both the model and the dosimetry have been changed substantially.

There has never been an assessment of the potential impact, which is clearly much*

greater than the original 1976 EPA assessment, using present technology. The
.

problem is not made any easier by the continuing changes in the EPA dosimetry code.-

- On the compliance side, the code by which the NRC will determine what

controls must be installed has only become available in the last several months

and it too is changing steadily. There has thus been no way for the EPA or the

regulated industry to assess the overall impact of the regulation nor for the
.
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individual licensees to make a reliable determination of what equipment is neces-

,
sary to meet the standard. This situation urgently needs to be remedied before

the regulation goes into effect.
.

Health Risks

The health risks to the maximally exposed individual have been calcu-
.

lated for the doses given in Table IX by the use of the same health effect factors

and assumptions used previously to estimate risks to the general population. The

results are shown in Table X for the five cases being examined. For convenience in

comparison with literature values from various sources the results are presented in
,

three different units: lifetime risk in units of health effects per million per-

sons exposed, annual rate of risk in units of health effects per million persons

exposed per year, and as the days of life expectancy lost averaged over the entire

population. This latter approach is taken from Cohen.[6]

Depending on the source tems assumed for the model and the health risk

factors used, i.e.,1976 or 1979, the results range from 2.2 to 8 average days of

life expectancy lost for the assumed present level of control A , B), from 0.3 toj

4.8 for the A2, B3 level indicated by the 1976 EPA analysis, and from 0.003 to

|
0.04 for the A4, B4, C2 level suggested as needed by the AIRD05-EPA calculations.

It is clear that the change in the level of control that results from the emphasis

on different organs in the new dosimetry code also significantly alters the level

of risk that corresponds to the 25 mrem requirement.
,

Before examining the significance of these levels of risk it is important
i .

- to recall another problem in the manner in which the AIRDOS-EPA was applied: As

noted previously, anong a number of assumptions that can be questioned in the EPA
.

RI-79 dosimetry calculations which tiave been used as a model for this analysis

[6] Cohen, B.L. , Lee, I.S., A Catalogue of Risks,
Health Physics, Vol. 36, June 1979, pgs. 701-722.
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two are of particular note:

1. The annual impact from the mill (which nonnally operates only
.

about 20 years) was calculated as if it were the 100th year of

. continuous operation.
.

2. The maximally exposed individual lives his entire life 500-600
'

meters downwind from the mill, raises all his own vegetables,

and consumes them unwashed.

These two factors multiply and have impacted on the results just

presented. A calculation was made using the more reasonable factors 0.25
,

instead of 1 to account for the radionuclides remaining after the vegetables

are washed and the 20th year of mill operation instead of the 100th. These

changes reduced the 1976 source case from 3.8 days to 2.7 days and the RI-79

source case from 8.0 to 4.5 days. These values refer to the base case controls

Al. B1 and would be reduced further as each level of control is added. The key

point is that the risks indicated from the models, without additional controls

are basically of the order of 2-4 days of life expectancy lost. The implications

of this level of risk are examined in the next section.

!

RISK CONSIDERATIONS

Risk is an inherent aspect of life itself. In a very real sense living is

a process of trading certain risks for the benefits involved in an activity. Some-
'

times we make these balancing judgments and accept certain risks consciously; often

; our consent is involuntary or unknown to us.
!

Many of our activities today involve benefits and risks to a broad segment

of our population. In such instances we increasingly have to come to rely on

,

.

-,, . . - .-,. - - -, .-..e ,
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governments to perform the necessary risk-benefit balancing. Obviously, in these-

instances, as well as in individual choice situations, there is no such thing as
.

zero risk. For questions involving either societal benefits or societal risks, the

responsibility of government is to provide the greatest conr.on benefit with the least

common risk recognizing that, as always, we have only limited resources of time,

money, manpower and materials. In the final analysis, it is not only the govern-

ment's duty to carry out the balancing of risks and benefits but also to fully

explain its decisions and reasoning so that it can be evaluated by those it governs.

In order to put the risks due to uranium milling into perspective it is

useful to note first that the radioactive materials that are released by this

activity also occur naturally throughout the world. The general population is thus

subject to a substantive exposure from these natural sources. The incremental increase

in exposure that results from milling operations is extremely small relative to the

natural background and cannot be detected reliably by any measuring technique avail-

able today. Any correspond increase in risk also cannot be measured or distinguished

from that due to the natural background. The regulation thus addresses both increases

in exposure and increases in risk.which are indistinguishable from those already

present due to the natural background concentrations of the radionuclides under

consideration.

.

.

The EPA stated in their analysis that the risks from releases of

particulate radionuclides from uranium milling were "small" to even the maximally,

.

exposed individual. This conclusion is entirely consistant with the situation

just described. "Small", however, is a relative term that can have different
.

interpretations. To add further perspective to the term it is useful to compare it

with other risks that occur commonly in everyday life.

. . . -
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Table XII provides an extensive listing of a wide variety of risks

expressed as the average days of life expectancy lost. Selected values to high-.

.

light the value of 2-4 days from uranium milling at the present level of control,

,
for new mills, Al, B1, assumed by the EPA are shown below:

COMPARISON OF RISKS-MAXIMALLY EXPOSED INDIVIDUAL

*

Days of Life
Source of Risk Expectancy lost

Accidents in Home 95
Drowning 41

,

Falls 39

Coffee 6
Oral Contraceptives 5

All Catastrophies Combined 3.5
One Transcontinental Flight Per Year 2.5

Maximally Exposed Individual 2-4

Diet Drinks 2

Living in a Brick vs Wood House (Radon) 0.8

As the table shows, the risk to the maximally exposed individual is at
.

the same general level as the risk from living in a brick rather than a wood house
- (radon), diet drinks, one transcontinental flight per year, all natural catastrophies

combined, oral contraceptives, and coffee. It is about ten times smaller than the
. risk from falls and drowning and thirty times smaller than the risk of accidents in

the home. It should also be noted that most of the risks just described apply to large

i
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segments of the population. The number of maximally exposed persons, i.e., those

who live their entire lives and raise all of their own food at a distance of 500--

600 meters downwind from a mill, is clearly limited to a miniscule fraction of the
.-

population if such a person exists at all. This comparison shows that it is most

appropriate to reexamine the EPA conclusions that the very small number of maximally

exposed individuals are subject to an " unreasonable risk" or that an " extreme

maldistribution of risk" exists.

The issue of the selection of the level of risk which is acceptable to

society in a particular situation is clearly a societal not a technical decision.

The type of information just presented is essential for a fully informed decision

and should be an integral part of any rulemaking.

HEALTH RISK FACTORS

1973 EPA Analysis (EPA-73)

In this analysis the EPA considered the health effects to four types of

organs; lung, bon., bone marrow and total soft tissue other than bone. The health

effect factors used in EPA-73 are shown in Table XIII.

~

Bone apparently includes both tabecular bone and bone surfaces and the

corresponding health effect was given as cancer of the skeleton. It is not clear

whether this is related to the "endostial tissue" organ factor which appears in.

subsequent reports.
0 .

'

Doses were estimated for all of these factors and the health effects were

calculated for all three of the categories, i.e. , mortality, non-fatal events, and
.

genetic effects. Only the fatal cancers were used in the cost-effectiveness

calculations.

.

, - - . ., -- - - - - - . . -
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,1976 EPA Aporoximation (EPA-76)

The water pathway was assumed not to be significant in the EPA-76 version.

of the model mill so only the airborne pathway to the lungs was used. The health effect

factor for the lung was unchanged from the EPA 1973 analysis but an adjustment was

made to reduce the dose-conversion factor for the lungs by about 50% to take into

account new information on solubility.

.

1979 EPA Analysis (RI-79)

The AIRD05-II Code was used here and doses to the ten organs and the total

body listed in the left hand column of Table XIV could be calculated. The available

health risk factors, however, did not correspond exactly to the calculated doses so

several adjustments were necessary. These factors as given in Table B-1, Page B-2

of RI-79 are shown in the center column of the table. The adjusted factors actually

used in the risk calculations are given in the right hand column. It should be

noted that the total health effect for a particular exposure was,found by summing

the product of the dose and the health effect factor for each individual organ

impacted. The " total body" factor was not used in the calculation.

1979DraftGEIS(NRC)[7]

The organs and doses calculated by the latest NRC Code, MILDOS, were
.

compared with AIRD05-EPA in Table X. The 0:t recent NRC risk factors available

are those for the predecessor code UDAD II. These are listed in Table XIII to,

~

further illustrate the extensive differences between the approaches being used by

the two agencies.
,

[7] Draft Generic Environmental Impact Statement on
Uranium Milling, NUREG-0511, Vol. II.

. _



/

'

- 17 -

.

Selection of Health Risk Factors for the AMC Analysis

When AIRD05-II evolved to AIRD05-EPA the procedure still calculated doses-

to 10 organs and the total body but several of the organs had changed so that risk

- factors were not available. Of particular importance was the introduction of

endostial tissue with extremely high estimated dosages.

Dr. G. Hoyt Whipple, the AMC consultant, discussed the problem infonnally

with EPA to obtain guidance on the appropriate health risk factors and learned that

they are now moving towards a code which calculates doses to eighteen organs and the

total body. The code and corresponding risk tactors are, however, not yet a.vailable

and Dr. Whipple's best estimate of how the risk factors might eventually look is
.

shown below:

Projected
EPA-1980

Organ Male Female

Red Bone Marrow
(Lukemia) 24 24

Lung 24 24

Thyroid '6 6

Endostial Tissue 6 6

Stomach Wall 12 12

Small Intestine Wall 12 12

Upper Large Intestines 12 12

Lower Large Intestine Wall 12 12

Kidney 12 12
- Liver 12 12

Pancreas 12 12

Bladder Wall 12 12-

Spleen 12 12

Skin 1 1
*

Breast 30-

Uterus 12-

Ovaries 12-

Testes 12 -

Total Body 181 223
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Since it was necessary to have factors for the specific organs used in

AIRD05-EPA a combination of the factors from RI-79 and the Whipple estimate were.
,

selected for this analysis. These factors are compared in Table XVI with factors

used previously by the EPA. Note particularly that the lung and bone marrow valuesO

are essentially the same as RI-79 and the total of all of the factors is moderately

higher than the EPA reference, i.e., 141 is 161. These values have been used for

all risk calculations presented in this report except for the EPA-76 base case where
6the EPA lung factor of 50/10 rem was retained. It should be noted that the AMC

does not necessarily accept the validity of these factors but the present petition

is not thi appropriate place to contest this issue.-

.

O

-e

O

.

- - . - . . , _ . . _ . . ~ . ,, , . . , , , , , . _ . , _ _ . .
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1973 - E?A CASE (EPA-73)l1
. .

DOSE ESTIMATES - HDDEL FACILITY - CURRENT BEST TECHNOLOGY (3)Aggregah 5 tc '1

AIRBORNE PATHWAY Doss Conversicn ~ Maximum B0 Osi 8

Exposur Olspersion Average Exposure Organ fos
(3) ractor(4) Boundry{5jt factorg7g DoseWithinBQs Personsg9) Person

,

SourgI Critical g erem " r)
((/m ) Organ DCI m (mrem /y i C(a) (mrem /yr) Exposed _remfyrhacility yrTern blj Q,)mgx.

Radionucitcle (Cl/Yr)
__

0
~2 5.5x10" 2.4 x10

2.3x10'4 4.4x10
6 x10'0 Lung 1.0x10 1.9 10 0-2

2.9x10 1.6x10i U (Total) 0.1 2 (6) .

1.tx10* 1.3x10 0
"

Ra-226 0.06 Lung* -2 1.6x10"
(6) 2.9x101.tx10" 1.3x10

.

Th-230 0.06 Lung* 0
2 I0I 10.2x10'2 5.6x10

4.5x10 _

Dose
WATERBORNE PATmeAY Convers19n

*

~

Factor p2) Average Exposure

I~prembr)_ Note (13) C(W) W imremlyr)Il5fRiverSourg) ti(|Q)R Oose from 300 t o
Note (9) Note (I6)Critical-

Term IyCt/1 ) tT7t 3

Radionucifcle (Cl/fr) pct /sec Organ
2.2x10^ 4 .4 x10^ 1x100

Bone 9 2.2x10 0.1
20x4x10-6 (H) 0-2 1x10U (Total) 0.1 "

2.2x10'I 2.2x10*
0Soft Tissue 0.9 8.1x10*

0 1.8,10"

Ra-226 0.06 Bone 12 1.8x10 *I
-2 6.1x10'3 2.7x10* *

.

Sof t itssue 0.4 6.2xto I
8.9x10' 3.9x10"

0 *

Th-230 3.5 Bone 1 8.9x10"
--

- -
- -

3Soft Tissue 0 Bone 5.Tx100 Bone 1.3x10 0

2.8x10'I sof t itssue 0.3x10'I Sof t Tissue 1.3x10Bone 12.9x10
Soft Tissue

1. Adapted from Tables A-12 and A-13 to show the sources of the various factors used and to demonstrate the calculation procedure.
2. Table 2-5. Page 34.
3. Table A-2. Page A-6. 4 2

, = mremfyr e.g.(0.1)[ p ] (1012)(6x10-6)(1.0x10 ) = 1.905x104. Table A-4 Page A-9 and Table A-51ge A-10. 3 mpct. ,5. Calculate as ,
.

, pC 2Total is 4.2x10 , a dif ference of about 71.,

) = 1.14 x10 not 1.3x10 1his value was selected for fuel supply factittles.6. These values should be (0.6)(1.904x1
This is the average factor for 50 power reactor sites.[C(a)) (Maximum Exposure of Boundry); Error noted in (6) continues here and through the remainder of the calculation.7. See Page A-4.

<

8. Calculated as:
9. From Table A-3. Page A-7.(Average exposure dose within 80 km) (Persons Exposed); Note also the change in units from person erem to person rem. Note also that unity in Table A-2 areThis appears to be in error.

11. Table A-13 gives lx10-6 times the factor of 20 to compensate for lower river flow.pCl/t)|(pCf /sec).10. Calculated as:

(p'l/m3)(ptt/sec) and in Table A-13 the same numerical value is shown as
0 0

pct t_ 9 ares yr) = 2.3x10 (Value of 2.2x10 reported in Table A-13.)
g .1 pC_f,) g1 yr y (10 oCl) (20x4x10'612. From Table A-7. Page A-13. 12

p Q sec) g pCilto13. Calculated as:
yr 3.15x10' sec Ci

14. From Table A-2. Page A-6. Assumes a 300 km length of river. Appears to be totally arbitrary.
| Hote person prem to person rem conversion.

15. Calculated as: (C(W)] [ Maximum exposure at boundary].(Average exposure dose from 300 km of river) (Persons Exposed):!

16. Calculated as:
520/9-73-00313.17. Environmental Analysis of the Urantuut fuel Cycle. Part I. Fuel Supply. EPA

1

.

I
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1973 - EPA CASE (g)
. . -

, ,

HEALTH EFFECT ESTIMATES - MODEL FACILITY - CURRENT BEST TECHNOLOGY ('I

Health Total Effects Per Total Effects Per
!

AggryggteSomatic Effect Health Effects Exposure Yr 30 Yr Exposure
'

Doset 7 (Person Factogsl3)
Correction (4) Nortalities(6) Cancers Events Pathway Yr) 30 Yr)

Genette Non-Fa tal Genetic (Effects / Facility- (Ef fec ts/Fac ility-/10Critical Organ Reg / Facility-Yr1
0Lung 5.6x10 50/0/0 - 2.8x10-4 0 0 Air 2.8x10~4 8.4x10
I

{ Bone 5.1x10 16/16/0 - 9.1x10'4 9.1x10'" 0 Water

! Bone Morrow (5.7x10 )(5) 11/0/0(5) - 6.3x10'4 0 0 Water 3.1x10'3 9.2x10 ,
I

2-

0Soft Tissue 1.3x10 150/150/300 -/-/0.5 2.0x10* * 2.0x10~4 2.0x10d4I Water
'

20.2x10'" 11.1x10'4 2.0x10~4 3.4x10'3 10.0x10'2
.

U
.

Adapted from Table A-14 to show the sources of the various factors used and to demonstrate the calculation procedure.

(2)TItals from Table I of this report (Indicated by boxes).
I3I From Table A-11. Page A-18. Shown in order as mortalities, non-fatal cancers, genetic events.
III 6enetic correction factor is based on 20 years of all) operation with a doubling time of 40 years. .*. factor of 0.5.

* ''

(5)N.E.F. for above marrow was (leukenta) multiplied by 0.2 to give the value of 11/106
shown. This is because dose to bone marrow is taken as 20% of

the bone dose. It would seem to make more sense to reduce the bone dose and leave the H.E.F. alone but the end result is the same.

(6)Calcsisted as: (5.6) (50) = 2.8x10'4 etc.,

10

IIICalc 31ated as: (30)(HealthEffects/ Facility-fr.)
INEnvironmental Analysis of the Uranium Fuel Cycle, Part I. Fuel Supply. EPA 520/9-73-00313.

&m **
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TABLE III

SOURCE TERftS FOR 1976 AND 1979 EPA ANALYSES

.

EPA-76 APPROXIMATION

Sources (mci / year)II).

Radionuclide Ore Pile and Crusher Yellow Cake <10u Tails Total

. U-238 4.5 85.0 0.5 90

U-234 4.5 85.0 0.5 90

Ra-226 4.5 0.2 5.3 10

Th-230 4.5 4.7 5.8 15

Totals 18.0 174.9 12.1 205-

,

Ri 1979 ANALYSIS

Sources (mci / year)(2)
.

Tailings Discosal Area

Radionuclide Milling 0-10p m 10-80u m

U-238 90 0.6 1.5

U-234 90 0.6 1.5

Th-230 10 12 30
,

Ra-226 5 12 30

Pb-210 5 12 30

'

Po-210 5 12 30

6
2.7x10Rn-222 120,000 -

Ex. Radon 205 49.2 123.

-

.
.

(1) Environmental Analysis of the Uranium Fuel Cycle, Part IV, Supplemental
- Analysis,(EPA 520/4-76-017), Tables 5.0-1 and 6.0-1, pages 20 and 24.

Radiological Impact Caused by Emissions of Radionuclides
Into Air in the United States (EPA.520/7-79-000). Table
4.2-4, Page 4.2-9.

-

.
,
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TABLE IV
-

SUMMARY OF CONTROL METHODS AND
CORRESPONDING EFFLUENT REDUCTIONS (I)

.

.

Assumed Effluent
Control Method

, Reduction (%)

A. Gaseous (Crusher and Fine Ore Bins)

1. Orifice Scrubber (2) 93.6
2. Wet Impingement Scrubber 97.9
3. Low Energy Venturi Scrubber . 99.5
4. Bag Filters 99.9

B. Gaseous (Yellowcake Drying and Packaging) .

1. WetImpingementScrubber(2)(3) 97,9

2. Low Energy Venturi Scrubber (3) 99.5
3. High Energy Venturi Scrubber 99.9
4. High Energy Venturi Scrubber + HEPA Filters >99.9

C. Liquids, Solids, and Windblown Particulate Matter

1. Clay Core Dam Retention System with Seepage
Return and 0.6 Meters (160 Acre Tailings Pile) -

| 2. Chemical Control of Windblown Dust from
j Tailings and Pond Beach 100.00

3. Asphalt Liner for Tailings Pond (160 Acre
Tailings Pile) 100.00

.

1
! .

.

1. Environmental Analysis of the Uranium Fuel Cycle, Part IV, Supplementary
Analysis - 1976, EPA 520/4-76-017, Table 8.1-1, Page 29.-

2. Assumed current level of control for new mills.

3. Costs for B1 and B2 are assumed to be more than compensated for
by the value of the product recovered.

. .- . .-. . .
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TActt V

DCSE TO Twf RfC10%At PCPt!tAf t0b

(Person rem /yr)

LOWER LAROCTCTAL EN005tE4L STCMACH INTISTINC- C09780L5(2) 8007 MAna0s tun 05 T!55Ut5 Watt Watt THve0fc LivtR C DNEY5 ftstts ovAR!ts1. 1976 [PA APf'D"If MA?!OgI31

A1.81 2.5. . . . . . . . . .
A1.82 0.91. - . . . . . . . .

,

A1.83 0.43. . . . . . . . . -
,

A2.33 0.30. . . . . . . . . .

A2.83.C2 C.19. . . . . . . . . .
A2.84 C2 0.075. - . . . . . . . -*

A3,94.C2 0.01 9. . . . . . . . . -

A4.84.C2 . . 0.004 . . . . . . . .
2. 1974 500:0!$ . A19005 [pA( } . RADON OAU;wTERS !NOUf0f0

A1.81 1.7890 1.9400 2.C200 19.5820 0.1158 0.2175 0.2111 0.6540 0.3358 0.1439 0.1405
A1.52 1.6328 1.8158 0.7230 18.1210 0.1118 0.1511 0.1876 0.4360 0.2765 0.1120 0.1096A1,83 1.5938 1.7848 C.4014 17.7560 0.1108 0.1346 0.1818 0.3817 0.2617 0.1040 0.1019
A2.33 1.0198 1.1448 0.2667 11.7530 0.0726 0.0878 0.1180 0.1347 0.0890 0.0356 0.0383A2.13,C2 0.29180 0.32380 C.14770 3.2284 0.01900 0.C2730 0.C3290 0.1347C 0.08900 0.03460 0.03330
A2.84.C2 0.2830*, C.31680 C.07440 3.1455 0.01882 0.C2350 0.03150 0.12240 0.0857C 0.C3380 0.03160
A3.84 C2 0.Cs780 0.07540 0.02380 C.75020 C.00442 0.00590 0.00750 0.03010 0.02060 0.0C810 0.00760
A4.34.C2 0.t1470 0.0161C 0.01130 0.16120 0.00092 0.00150 C.00160 0.00730 0.00450 0.00180 0.0C1103. 1976 SOUP:t! . A!2005 (*A . E",00N CAUFt25 f t!LUOto
A1.81 1.4430 1.776C 1.8857 19.1630 0.0040 0.1178 0.0757 0.8030 0.1745 0.1076 0.1C59
A1.82 1.2929 1.6548 C.5979 17.7260 0.0C20 0.0532 0.0546 0.5889 0.1221 0.0779 0.0770
A1.83 1.2555 1.6246 0..*768 17.3460 0.0015 0.C371 0.0493 0.5355 0.1090 0.0705 0.0698
A2.33 0.8025 1.0397 0.1850 11.1250 0.0009 0.0239 0.C316 0.3546 0.C713 0.0457 0.0452
A2.83.C2 0.23254 0.29572 0.12633 3.1563 0.00042 0.01054 0.010C7 0.10259 0.C2188 0.01408 0.01393
A2.94 C2 0.22403 0.28835 0.05332 3.0739 0.00030 0.00688 0.00888 0.09045 0.01801 0.01240 0.C1229
A3.94.C2 C.05367 0.06886 0.01880 0.73379 0.00uo8 0.00194 0.00220 0.02241 0.00472 0.00307 0.00304
A4.34 C2 0.01176 0.01473 0.01030 0.15781 0.00003 0.00072 0.00056 0.00567 0.00123 0.00078 0.00077
4. 1979 50gp0t$ 91 79) . AIR 005 EPAI I RA001 Us.UGHTtd5 INCLU0tC

A1.81 3.14 3.45 2.16 34.6 0.1 97 0.314 0.352 1.53 0.962 0.385 0.361
A1.82 2.98 3.32 0.870 33.1 0.193 0.248 0.328 1.31 0.902 0.353 0.330
A1.83 2.94 3.29 0.548 32.8 0.192 0.231 0.322 1.25 0.887 0.345 0.332
A2.83 2.37 2.65 0.413 26.4 0.154 0.185 0.258 1.01 0.714 0.277 0.259
A2.83.C2 0.292 0.323 0.148 3.25 0.01 9 0.C273 0.0329 0 .135 0.0890 0.0356 0.033

| A2.84.C2 0.283 0.316 0.0744 3.15 0.01 9 0.C235 0.0315 0.1227 0.0857 0.C338 0.0316
A3.54 C2 0.C678 0.0754 0.C238 C.750 0.0044 0.0059 0.0075 0.03C1 0.C206 0.0081 0.0076
A4.84 C2 C.0147 0.0161 0.0113 0.1 61 0.0009 0.0015 0.0016 0.0073 0.0045 0.0018 0.0017
5. 1979 50t;ncts ( 8!-79 ) . AtRDOS EPAN . RADON DAUOwTERS (ICLUDED

A1.81 2.5120 3.1650 1 .9431 33.910 0.0048 0.1422 0.1159 0.1870 0.2561 0.1627 0.1606
A1.82 2.3619 3.0438 0.6553 32.401 0.0028 0.0776 0.0948 0.9729 0.2037 0.1330 0.1317

j A1.83 2.3245 3.C136 0.3342 32.C21 0.0023 0.0615 0.0895 0.9195 0.1906 0.1256 0.1 * .5
; A2.83 1.8715 2.4287 0.2424 25.800 0.0017 0.0484 0.0718 0.7386 0.1529 0.1008 0.0399,

A2.83.C2 0.23254 0.29572 0.12633 3.1563 0.00042 ~0.01054 0.01007 0.10259 0.02188 0.01408 0.01393
A2.94 C2 0.22403 0.28885 0.05332 3.0739 0.00030 0.00688 0.00888 0.09045 0.01891 0.01240 0.01229
A3.84 C2 0.05367 0.06886 0.01880 0.73379 0.00008 0.00194 0.00220 0.02241 0.00472 0.00307 0.00304

A4.54.C2 0.01176 0.01473 0.01c30 0.15781 0.00003 0.00072 0.00056 0.00567 0.00123 0.00078 0.00077

Foe Case 1 the regional population is 55.000. For all other cases it is 36.000.

(2) Levels of control as def teed in Table 8.1 1. Dage 29 of " Environmental Analysis of the Urantum Fuel Cycle
,

(EPA $20/4 76 017). Part tv Supplemental Analysts.

Dispersion estimated from (*l0),,,, by application of a constant factor C, = 2.3:10*"*

All AlpD05.tPA tasee calcalations are from Appendia A-1.

.

. ,. - .,



- 24 -
*

TA8LE vt

EstigtTED REGIC4AL P0pULATION HEALTH EFFECTS AND RI$K$.

health Effects Lifettnea t he
Hea th EffectsControls Per Year 30 Years (2) (10 Exposed)"3I

I1. 1976 - EPA APPROI!MATION "I

A1;81 0.000125 0.00375 0.068
A1;82 0.000046 0.00133 0.025

- A1;83 0.000022 0.00066 0.012
A2;83 0.000015 0.00045 0.0082
A2;83;C2 0.0000095 0.00029 0.0052
A2;84;C2 0.0000038 0.00011 0.0021

A3;84;C2 0.00000095 0.000029 0.00052
A4;84;C2 0.00000020 0.000006 0.00011

2. 1976 - SOURCES - A! ROCS EPA - RADON CAUGHTERS INCLUCEDIII

A1:51 0.00C298 0.00894 0.25

A1182 0.00C226 0.00677 0.19
A1;83 0.00C203 0.00625 0.17
A2;83 0.000133 0.00400 0.11
A2;83;C2 0.00005C7 0.00152 0.042
A2;84;C2 0.0000421 0.00127 0.035
A3;84;C2 0.0000094 0.000283 0.0078
A4;84;C2 0.0000C23 0.000069 0.0019

3. 1976 - SOURCES - AIR 005 EPA - RADOM CAUGHTERS EXCLUCEO(5)
A1;81 0.000278 0.00833 0.23
A1;S2 0.000207 0.00621 0.17
A1;83 0.000190 0.00571 0.15
A2;83 0.000122 0.00367 0.10
A2;83;C2 0.000C37 9 0.00114 0.032
A2;t4;C2 0.0000339 0.00102 0.028
A3;84;C2 0.0000084 0.00025 0.0070
A4;84;C2 0.0000021 0.000063 0.0018

4. 1979 . (pt.79) . Aggpos gpa . RADON OAUGHTERS INCLUCEO(5)

A1;81 0.000479 0.01437 0.40
A1;82 0.0004082 0.012246 0.34

. A1;83 0.000391 0.0117 0.32
A2;83 0.00C312 0.00937 0.26

A2;83;C2 0.000048 0.00144 0.040
A2;84;C2 0.000039 0.00116 0.033

| A3;84;C2 0.0000094 0.0C0283 0.0078

| . A4;84;C2 C.0000023 0.000069 0.0019

5. 1979 - (ag-79) . AIR 00s EPA - RA00N DAUGHTERS EXClu0ED(5)

A1;S1 0.00043 0.01294 0.36

A1582 0.00036 0.01083 0.30| -
,

( . A1;83 0.00034 0.01020 0.28
A2;83 0.00C276 0.00828 0.23

i A2;83;C2 0.000038 0.00114 0.032
*

| A2;84 ;C2 0.000035 0.00105 0.029,

I A3;84;C2 0.0000085 0.000255 0.0071

A4;84;C2 0.0000C19 0.000057 0.0016

1. Numeer of health effects comettted as a consequence of the emissions in a year.
2. Annual health effects time 30 years. Since the assumption is made that virtually the entire dose

is consattted over 30 years this has been taken as the lifetise health effect.
: 3. 30-year cumuistive HE expressed as HE (llfetime) per el11fon persons exposed. For example -

104 * 0.068.
|

4 Based on a regional population of 55.000,.

5. Based on a regional population of 36.000.

!
. . - , .



- - _ -

'

- 25 -

.

TABLE VII

CONTROL COSTS USE0 TO CALCULATE COST-EFFECTIVENESS

(l)*

- Control s 974 Dollars APW (1974) APW (1980)(4)

A1,B1(2)(3) 172,000 172,000 266,600

A1,B2(2) 172,000 0 0

A1,B3 262,000 90,000 139,500

A2,B3 290,000 28,000 43,400

A2.B3,C2 432,000 k42,000 220,100

A2,B4,C2 561.000 129,000 199,950

A3,B4,C2 701,000 140,000 217,000

A4,B4,C2 867,000 166,000 257,300

1. Dollars per facility. Environmental Analysis of the Uranium
Fuel Cycle, Part IV, Supplemental Analysis - 1976, EPA 520/4-

l 76-017, Table 9.0-1.

2. Costs for control eptions B1 and B2 are not included, since
they are more than compensated for by the value of the product

,

recovered.

3. Assumed current levels of controls for new mills.

4. 1980 dollars obtained from 1974 dollars by a factor of 1.553.-

Chem. Eng. Plant Cost Index, 1980.

,

.

?
'

i

i

, .~ - - , , . - , . , - , - . . . . - - --- - - - - - - , - . . - . - . - - - .
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TA8tt VI!!

C057-EMEtttVENE55I Or VARIOUS LEVEt3 0F CONTRot

Cost Effectiveness
Lifetime (Millions of Dollars /Present r nj,2)p,'

Controls Health Effects (3) (Nealth Effect Averted) 3

1. 1976 - EPA ApoportMAft04

A1;81 0.00375 I4).

A1;82 3.00138 0
A1;83 0.00066 125
A2;83 0.00045 133,

A2;83;C2 0.00029 888
A2 $4;C2 0.00011 717
A3;84;C2 0.000029 1728
A4;84;C2 0.000006 7217

2. 1976 - SOURCES - AIRD05 - EPA - RADON DAUGHTERS INCLUCED

-($}A1;81 0.00894
A1;82 0.00677 0

,

A1;83 0.00625 268

A2;83 0.00400 19

A2;83;C2 0.00152 89

A2;84;C2 0.00127 800
A3;84;C2 0.000283 220
A4;84;C2 0.000069 1202

3. 1976 - SOURCES - ATRDCS - EPA - RADON DAUGHTERS EXCLUDED

A1;81 0.00833 -(.

A1;82 0.00621 0

A1;83 0.00571 279

A2;83 0.00367 21

A2;83;C2 0.00114 87

A2;l4;C2 0.00102 1667

A3;54;C2 0.00025 281

1429A4;84;C2 0.000063

4. 1979 - (Rf-79) - AIR 005 - EPA - RADON DAUGHTERS INCLUCED
A1;81 0.01437 -

A1;82 0
A1;83 0.0117 255
A2;83 0,00937 19

A2;83;C2 0.00144 28

A2;84;C2 0.00116 714

A3;84;C2 0.000283 247

A4;84;C2 0.000069 1202

5. 1979 - (RI-79) - AIRD05 - EPA - RAION DAUGHTERS EICLUCEO
'

A1;81 0.01294 -(
A1;32 0.01083 0

i A1;83 0.01020 221
** A2;83 0.00826 23.

* A2;83;"2 0.00114 21

A2;84;C2 0.00105 2222
^

A3;84;C2 0.000255 272
'

- A4;84;C2 0.000057 1299

1. Calculated as the incremental cost (present morth) for each successive level of control divfded by the
incremental health effects averted by the neat control level.

2. From Table VI.
3. Free table VII.
4 1976 Collars.
5. 1980 Collars.

i

; . - . . -

-
t

|
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9A;tt II

mas tt*Urt 005t TO 1h0!v!DU'.L

(Perseas meemneae)UI

LC*.ita LARCI
TOTAL at Em005 TEAL STC':ACH !NTESTINECCP.TR0ts(2) 800v MA R O.4 L U'c5 T!ssut$ WAu uAtt TMTR$to Livra ut04tv5 TESTts CVARIES

1. 1976 EPA APPRCI!?'f,TIOh },

A1.81 . . 20C . . . . . . . .

A1.82 73. . . . . . . . . .

A1.83 34
IALt3j5)

. - . . . . . . . .p*
, , , , , , , , , ,.

A2.83.C2 15. . . . . . . . . .

A2.84.C2 . . 6 . . . . . . . .

A3.84.C2 . . 1.5 . . . . . . . .
*

A4.84.C2 . . 0.3 . . . . . . . .

2. 1976 50320!5 . Ale 005 toaI8) . RAOS 0A c ?t 5 TNOLU0tc
A1.81 99.4 104.6 224.3 1034.0 9.6 15.3 14.9 64.7 32.3 16.4 15.1
A1.82 86.5 95.5 75.7 925.8 9.3 10.9 13.2 48.0 27.8 13.9 12.8
A1.83 83.3 93.2 38.7 8 98.8 9.2 9.9 12.7 43.8 26.8 13.3 12.2
A2.83 45.0 50.5 23.3 487.8 5.7 5.4 6.9 24.3 14.2 7.2 6.6
A2.83.C2 1 9.61 21.65 16.92 2Cs.83 2.83 2.48 3.00 10.65 6.45 3.16 2.91
A2.84.C2 18.88 21.16 8.50 202.68 2.81 2.24 2.9* 9.70 6.20 3.03 2.77
A3.84.C2 4.53 5.04 2.73 48.48 C.50 - 0.55 0.69 2.37 1.49 0.73 0.67

I Aa.Ba.C2NI 0.99 1.C8 1.30 I10.43j5) 0.10 0.13 0.15 0.57 0.33 0.16 0.15
3. 1976 50L20!5 . Af 8005 EPAI'). RACCh CAUMTERS DCLU0tc

A1.81 78.2 92.C 214.0 10C7.0 0.3 7.1 4.5 51.8 10.9 6.6 6.4
A1.82 65.8 - 83.2 65.4 899.6 0.1 3.0 2.9 35.4 7.0 4.3 4.3
A1.83 62.7 81.0 28.4 872.8 0.1 1.9 2.5 31.3 6.1 3.9 3.7
A2.53 34.C 43.8 17.8 474.1 0.0 1.l 1.4 17.7 3.4 2.1 2.1
A2.83.C2 14.91 16.84 14.57 203.12 0.03 0.67 0.66 7.76 1.56 0.97 0.95
A2.84.C2 14.20 18.34 6.15 197.C3 0.02 0.43 0.57 6.84 1.34 0.85 C.83
A3.84 C2 3.42 4.38 2.17 47.09 0.01 U.12 0.14 1.69 0.34 0.21 0.21

| As.Ba.C27 ) 0.76 0.94 1.19 1 9 0.00 0.05 0.04 0.43 0.09 0.05 0.05
'5 '5)

4, 1979 MJ20t% II'I-79 I . Af9005 toa . RADON CAMHitRS INCLLCt0
A1.81 216 235 242 2262.0 23.1 29.0 33.2 114 69.2 34.9 32.1
A1.82 203 226 93.3 2153.0 22.7 24.6 31.4 97.4 64.8 32.5 29.8
A1.83 200 224 56.2 2126.0 22.6 23.5 31.0 93.2 63.7 31.9 29.2
A2.83 162 181 40.9 1716.0 19.1 19.0 25.1 73.8 51.1 25.8 23.6
A2.8 3.C2 19.6 2 .6 16.9 209.0 2.83 2.49 3.00 10.7 6.45 3.17 2.91
A2.84.C2 18.9 21.1 8.50 203.0 2.81 2.24 2.90 9.70 6.20 3.C3 2.78
A3.84.C2 4.53 5.C3 2.73 48.5 C.496 0.550 .694 2.37 1.49 0.727 0.668

1 as.es .C71 0.954 1.08 1.3C ITO'Tl 0.103 0.134 0.151 0.570 0.327 0.161 0.149
5. 1979 SOUR *ts (P -791 . A!n005 rpat'> . RA00N CAUCMitRS E C U0tD

A1.81 1 64.9 204.7 217.3 2195.0 C.4 9.2 7.8 82.9 17.6 11.1 10.8
A1.82 152.5 195.9 68.7 2088.6 0.2 5.0 6.2 66.5 13.7 8.9 8.7
A1.83 149.4 193.7 31.6 2061.8 c.2 4.0 5.8 62.4 12.7 8.3 0.2
A2.83 12C.7 156.5 21.0 1663.1 0.1 3.2 4.7 48.8 10.0 6.6 6.5
A2.83.C2 1 4.91 18.84 14.57 203.12 0.03 0.67 0.66 7.76 1.56 0.97 0.95*
A2.84.C2 14.20 18.34 6.15 197.03 0.02 0.43 0.57 6.84 1.34 0.85 0.83
A3.8 4.C2 3.42 4.38 2.17 47.09 0.01 0.12 0.14 1.69 0.34 0.21 0.21

l A4.54.C7 I 0.76 C.94 1.15 | Ic.201 0.00 0.05 0.04 0.43 0.09 0.05 0.05
4

*

Individual subjected to manimum dose as most recently deff ned by (PA is a person itving 500 meters from the source.
For thts analysts. as in orter IPA A!P*05.!! analyses, distances of 570 neters from the tallings and 503
eeters from m1111n9 operations e e selected for use. trissions of radon and its daughters not constdered.

(2)Le.els of control as defined te Table 8.1 1. page 29 of *tnvironmental Analysis of the Urantus Fuel Cycle
(EPA 52C/4.76 017). Part IV 5wesleaental Analysts.*

I3I
cisse ston esticated my an averase (il0)r.aa. Lung as designated as the critical organ and lung dose only wascoasidered.

(8'm11 A! ROCS-IPA tesed caleslations are from 8aceas.. 41.
III

1ndicates level of control neeced to evet the 40 CFA-190 25 mese standard.

.
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TABLE I*

}R!5KS TO THE MAI!MALLY EIPOSED IN0!VIOUA'

.

Annual Average Days ofLifetine Annual Average Days of
Life *I{ ire Risk (5)Riskt4) Rate of Risk (5) Life ( pectancy Risk I Life ( spectancyRateo{/Veae) Lest ) - (Da ys)Coateol s(2) (Mille 6) (utfi;o/veae) 6Lest i - (Cays ) (ME/10 ) (HE/10

O. EPA 1976 Ap*R0ttMATION DA00N DAUGHTERS INCLUOE0 1. RA00N DAUGHTERS EXCLUDE 0( I

300 4.3 2.2A1.51 - - -

110 1.56 0.8A1.82 - - -

51 0.73 0.4A1.83 - - -

- - - 36 0.51 0.3A2.93
23 0.32 0.16A2.83.C2 - - -

9 0.13 0.07A2.84.C2 - - -

2.3 0.032 0.02A3.84,C2 - - -

0.5 0.006 0.003A4,84.C2 - - -

2. 1976 509 CE5 (EPA 76) A!D005 EPAI3) - RA00% 3. RA3om DAUGHTERS EICLUDEO(8)
D w iEa5 M L :ED m

A1.81 640 9.3 4.8 650 9.3 4.8

A1.52 420 6.0 3.1 360 5.1 2.6
A1,83 360 5.1 2.6 310 4.4 2.2
A2,83 200 2.66 1.5 170 2.41 1.2
A2.83,C2 95 1.36 0.7 81 1.16 0.6

A2.64.C2 82 1.17 0.6 69 0.98 0.5

A3.54.C2 20 0.29 0.15 17 0.25 0.13

A4.84.C2 5.3 0.C8 0.G4 4.7 0.067 0.01

4, 1979 50Uo"!5 (at-79) AIF00$ EPA - RADON DAUOWTERS 5. RADON DAUGHTERS E10tU0E0

IhR G EM os

A1,81 1100 15.6 &O 1070 15.3 7.8
A1,82 870 12.5 6.4 730 10.4 5.3

A1.53 820 11.7 6.0 700 -10.0 5.1

A2,53 660 9.4 4.8 520 7.4 3.8

A2.83.C2 95 1.35 0.7 81 1.16 0.6
A2.84,C2 82 1.17 0.6 69 0.98 0.5

A3.84.C2 20 0.29 0.15 IT 0.25 0.13

A4.84,C2 5.3 0.076 0.04 4.6 0.067 0.03

maximum dese as most recently defined by EPA is a person livin9 500 meters from the source.UI !ndividual s bje:ted t:
For this analysis, as in prior EPA AIROC5-II analyses, distances of 570 rreters free the tallings and 503 meters from

Emissions of radon and its daugnters not considerec.milling operations were selected for use.
IIILevels of control as cefined in Table 8.1-1, page 29 of * Environmental Analysis of the Uranium Fuel Cycle (EPA

520/4-76-017). Part IV Supolemental Analysis.
A-1IIIA11 AIRDOS-EPA calculations are based on doses given in appendte

as a result of 30 years discharge from the source. Since only a minimal further dischargeI'ILifetire risk of canceeaf ter shutdo.m was assWd in the 1976 analysis this becomes the total lifetime risk of cancer due to this source.
(5) Average senwal rate of risk calculated as lifetime riskt per million divided by a life expec*ancy of 70 years.,

Expressed as health effects /per et11 ton /per year.
IIBased on 20 years of life expec:ancy lost per health effect. Health effect factor = $3 NE/106 ,,,,*

Only lung dose included on the basis that it was the critical organ.
*" ** "" *"* " " *" ""I'

(8) health effect f actors used for tog same 10 organs listed 6 " rem *.
'-

endostial tissue and tnyroid 6/10 rem. all others 12/10*

.

.
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TABLE XI
.,

COMPARISONOFAIRDOS-EPATOMILQg}f(2)
-

MAXIMALLY EXPOSED INDIVIDUAL L

.

AIRDOS-EPA

Lower
Largei

Total Red Endostial Stomach Intestine
Body Marrow Lungs Tissue Wall Wall Thyroid Liver Kidneys Testes Ovaries

|

| 216 235 242 2262 23.1 29.0 33.2 114 69.2 34.9 32.1 -

.

I

j MILDOS [,
e
..

Whole Average
Body Lung Liver Kidneys Bone

,

6.07 132 5.11 19.5 78.1- - - - - - -

4

. .

II) Calculations from Attachment 1.

IIRI-79 Source Terms; A. 8, Control Level. (Orifice scrubber
on Crusher and Fine Ore Bins and Wet Impingement Scrubber on
Yellowcake Facilities)

-

7

1 - .
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TA3LE III

I1) ILOSS OF LIFE EXPECTANCY DUE TO VARIOUS CAUSES

.

CAUSE Days

Being Unmarried - fiale 3500
Cigarette Smoking - riale 2250,

Heart Disease 2100
Being Unmarried - Fer: ale 1600

*

Seing 30t Overweight 1300

Cancer 980
- 20t Overweight 900

<8th Grade Education 850
Cigarette Smoking - Female 800
Low Socioeconomic Status 700

Stroke 520
Living In Unfavorable State 500
Amy In Vietnam 400
Cigar Smoking 330
Dangerous Job - Accidents 300

Pipe Smoking - 220
Increasing Food Intake 100 Calories / Day 210
Motor Vehicle Accidents 207
Pneunonia - Influenza 141
Alcohol (U.S, Average) 130

Accidents in Home 95
Suicide 95
Diabetes 95
Being Murdered (Honicide) 90
Legal Drug tiisuse 90

Average Job - Accidents 74
Drowning 41
Falls 39
Accidents to Pedestrians 37
Safest Jobs - Accidents 30

Fire - Burns 27
Illicit Drugs (U.S. Average) 18

Suffocation
,

17Poison (Solid, Liquid)
13

Fireanns Accidents 11

Natural Radiation (BEIR) 8
Medical X-Rays 6
Poisonous Gases 7
Coffee 6

Oral Contraceptives 5
Accidents to Pedacycles 5

3.5
All Catastrophes Coebined (2) (Radiation Only)Frequent Airline Passenger 2.5

- One Transcontinental Flight Per Year (Radiatten+ Accident)(2)
-

2.5
2-4|flaximallyExposedIndividuall
2Diet Drinks

Person in Room With A Smoker (2) 1.5
-

I)Living in a Brick vs Wood House 0.8'

II) Source unless otherwise noted: "A Catalog of Risks" B.L. Cohen, I.S. Lee,
.

Health Physics, Vol. 36, June 1979, p. 701-722.

(2) Adapted from Richard Wilson, direct testimony presented on OSHA Docket No. H-090,
Proposed Regulations for Identification Caissification, and Regulation of Toxic
Substances Posing a Potential Occupational Carcinogenic Risk. Conversion values to
life expectancy lost used were 20 years for cancer and 30 years for accidents.

IIIRisk corrected to conditions at 20th ye't of plant operation and washing of home
grown vegetables before eating.
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', TABLE XIII

II). EPA - 1973 RISK FACTORS

.

Organs and Factors
Used to Calculate Risk (2)

6Organ (H.E./10 Person-Rem)

Lung 50/0/0

Bone 16/10/0

Bone Marrow 54/0/0(3)

Total Soft Tissue Organs Other Than Bone 150/150/300

TOTAL 270/165/300

(I) Environmental Analysis of the Uranium Fuel Cycle, Part 1, Fuel Supply,
-

EPA 520/9-73-00313.

6(2) Table A-11, Page A-18. Factors given as events per 10 rem aggregate
dose in the order of mortality, non-fatal cancers and genetic effects.
Only the lungs were used in EPA-76.

(3)It was stated in Table A-14 Page A-22, that the bone marrow dose is
20% of the bone dose. In the calculation of health effects in Table
A-14, the H.E.F. for bone marrow was reduced to 20% and applied to the
whole bone dose instead of adjusting the dose and applying the proper- -

factor. The end result is the same.

(41Apparently includes tabecular bone and bone surfaces

.

.

--- --- - - , , _ , , . , - , -,-n, ,-
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TABLE XIV

RI-79 RISK FACTORS ( }
.

..

(Fatal Cancers per Organs and Factors,

AIRDOS-II(3)
100 Perso -Rem) Actually Used T (3)

-

Factors 2) Calculate Risk
-

__

Lung 40+0.021/ person-WL-Y 40

I4)Bone 30-

Kidney 10 (From "Other")-

Thyroid 1 1

Liver 10 (From "Other")-

G.I. Tract 20 -

Testes '- -

Ovaries - -

Spleen - -

Muscle
RedBoneMarrow)(2) 40 ~(4)

~

(2)(Breast Ave. for Both Sexes) 40(Other Soft Tissue) 50(5)
-

(

(2)(Stomach)20
-(Dose Not Calculated)

(2)(Up to 4 Others at 10 Each) 40
-

I = 201 I 141
Total Body 200

(I) Radiological Impact Caused by Emissions of Radionuclides Into Air in the United
States, EPA 520/7-79-006, August 1979 (RI-79). AIRDOS-II calculated doses and

*

applied dose conversion factors to these 10 organs and total body as listed.

(2)AslistedinTableB-1,PageB-2,RI-79.

(3)The factors shown here were used with the specific organs and the results were-

sununed to calculate the total health risks. The total body risk was not included
as part of this calculation. ~

' (4)See Page B-1, RI-79. Includes both bone (as one of the four "other") and redmarrow as a composite of 40/106 for bone marrow and 10/106 for bone, i.e.,
0.5 x 40/106 + 10/106 = 30/10 . This factor was applied to the calculated bone6

dose.

(5) Includes 40/106 6for breast plus one other organ at 10/10 ,.

_ . _ _ _ _ . . _ . . _ _ _ . _ . - _ _ _ . _ _ _ . _ _._ - _. _ _. . . _ _.
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TABLE XV
.

DRAFT GEIS - RISK FACTORS
'

(NRC - 1979) (1)
,

Organ Risk Estimates (2)-

Lung 72
(Pulmonary and Bronchial
Epithelium)

Bone 6

Bone Marrow (Leukemia) 32

Other(3) 120

Total 230

(1) Draft Generic Environmental Impact Statement on
Uranium Milling, NUREG-0511, Volume II, Page G59.

(2) Fatal health effects / year /106 man-rem / year.

(3) Appears to mean everything not accounted for via
lung and bone.

.

k

4

e
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' '

FACTORS FOR HEALTH RISK CALCULATIONS
'

,

0Organs and Factors Used in llealth Risk Calculations (Fatal HE/10 Person-Rem)
'

Airdos - EPA - E PA - AMC
RI-79(3)III 1976(2)

, PetitionOrgans Calculated EPA - 1973*

I30 NB::ne (Red liarrow) 54/0/0 40-

4

Lungs 50/0/0 50/0/0 40 40
I) 16/16/0(Bone)Endostial Tissue 6--

Stomach Wall 12-- -

L:wer Large Intestine Wall 12- - -
,

Thyroid 1 6- -

2 Liver 10 12- -

Kidneys 10- 12, - -

Testes (Cancer) 12- - -

! Ovaries (Cancer) '
12- - -

150/300/300 (Soft Tissue) 50(5) Soft Tissue- -

Totals 270/165/300 50/0/0 141 1,64-

.

II) Environmental Analysis of the Uranium fuel Cycle, Part I - Fuel Supply (EPA 520/9-73-003-B), Page A-22.
Values given are for fatal cancers, non-fatal cancers and genetic effects where applicable.

(2) Environmental Analysis of the Uranium Fuel Cycle, Part IV - Supplementary Analysis - 1976 (EPA 520/4-76-017).

'

(3) Radiological Impact Caused by Emissions of Radionuclides into Air in the United States,
| Preliminary Report (EPA 520/7-79-006), Table 4.2-5, Pages 4.2-11.

Composite of red bone marrow at 40/10 and bone at 10/10 , i.e., (0.5)(40)/100 + 10/106
06 6 = 30/10

Applied to calculated bone dose.
(5) Includes breast at 40/106 plus o.ne other soft tissue organ.

.

e

|
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ABSTRACT

>

'

This report reviews available information on the

,
Environmental Protection Agency positions on individual radiation

dose limits, dose conversion factors and risk factors as they apply

to the Final Environmental Statement on Environmental Radiation
Protection Requirements for Normal Operations of Activities in the

Uranium Fuel Cycle and the requirements set forth in EPA's
,

40 CFR 190 regulations, as these requirements relate to uranium

milling. It is concluded that EPA has not provided quantitative,

objective justification for the choice of the 25 mrem per year

individual limit. Dose conversion factors, and to a less.er extent,

risk factors are at present in such a state et disagreement that

it is by no means clear what factors should be applied
.

in enforcing the requirements.

I

i

It thus seems very clear that the values used by EPA in

the studies the Agency cites in support of its standards are at
!

| best questionable. In view of this, and the above, there would

appear to be no rational basis for putting the proposed standard,

into effect.

,s

*

!

.

t
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RADIOLOGICAL ASPECTS OF THE EPA FINAL ENVIRONMENTAL STATEMENT
,

AND 40 CFR 190 REGULATIONS WITH RESPECT TO URANIUM MILLING

.

.

.

I. INTRODUCTION

A. PURPOSE

This report examines the radiological bases for radiation

protection standards proposed by the Environmental Protection Agency

in the Final Environmental Statement, Environmental Radiation

Protection Requirements for Normal Operations of Activities in the

Uranium Fuel Cycle (EPA 76) as these requirements apply to uranium

milling under EPA's 40 CFR 190 regulations. The report specifically

considers three matters: 1) the 25 mrem per year standard, 2) dose

conversion factors relating the radiation dose experiencad by body

organs to quantities of radioactive material inhaled or ingested,

and 3) risk factors which relate the radiation dose to the chance

of additional health effects.

.

B. SCOPE
.

m

The report addresses the principal features of the three
-

.

matters mentioned above and centers attention on the radionuclides

and exposure pathways which produce the largest doses.

- - , - . . _ . . . . - - .-. . - -- - - -
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*

The report relies primarily on published technical literature.

Comparisons are made between the concepts and values used by EPA
.

in developing, proposing and promulgating the 25 mrem standard,'

and the corresponding concepts and values which appear in the
.

scientific literature. These comparisons reveal some serious

deficiencies and inconsistencies in EPA's position and in the

standard.

II. THE 25 MREM STANDARD

A. JUSTIFICATION

Nowhere in the 1976 FEIS, or in any of its published supporting
documents does EPA explicitly justify the radiation limits in the

40 CFR 190 standard, i.e., 75 mrem per year to the thyroid and 25

mrem per year to the total body and to all other organs and tissues.

The figure of 25 mrem per year is presented with the implication

that judgment, cost-effectiveness analysis, and controls readily

available to the industry have all been considered carefully prior
.

to its formulation. However, nowhere is there any explanation

- sufficiently quantitative to support 25 mrem, as opposed to say 50
or 100 mrem per year.

.

The Federal Register notice proposing the standards, dated

May 29, 1975, page 23421, third column,. states:
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.

"The proposed standards for annual whole body dose to
any individual limits the combined internal and external
dose equivalent from all operations of the fuel cycle...

', to 25 millirems. Such a limit is readily satisfied at
all sites by levels of control that are cost-effective...

for the reduction of potential risk achieved; is in accord
with the capabilities of controls anticipated by the AEC ;...,

and, on the basis of present operating experience at existing
sites, can be readily achieved in practice. ..."

The following two quotations are as close as the FEIS comes

to explaining the choice of 25 mrem per year.

"If the data in the cost versus health effect curves in
Figure 3 are clotted as differential curves, as shown in
Figure 4, a display of the rate of aversion of health
effects per unit cost versus cumulative cost is obtained.
An examination of these curves in conjunction with Figure 3
shows that near a cumulative present worth cost of about
three million dollars per gigawatt of power capacity for
the entire fuel cycle for the PWR case (about eight million
dollars for the BWR case), a breakpoint occurs between
efficient and inefficient control options. At this point
the rate of reducing potential health effects is roughly
one oer half-million dollars. In the region beyond this
point, the differential curve continues to descend rapidly

| to very low rates of cost-effectiveness and an insig-...

nificant further reduction in health effects is obtainable
even for large additional control expenditures." (EPA 76,
Vol. I, p. 48)

"...the approach to setting standards for maximum individual.

dose was to weigh the cost-effectiveness of individual dose
reduction and the cost of control relative to total capital
cost, in order to arrive at a judgment whether or not it was

,

,
possible, at reasonable cost, to reduce these few individual
exposures to the same general levels that are achievable for
large populations for other sources of environmental radiation
exposure from the uranium fuel cycle." (EPA 76, Vol. I, p. 26),

!
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.

These statements scarcely enable an interested observer to

comprehend how the limit of 25 mrem per year was reached for the
.

.

proposed standard.

.

B. OTHER CONSIDERATIONS

EPA's position with respect to limits on dose commitments to

populations (expressed in person-rems) is stated as follows (EPA 76,

Vol. I, pp. A-7 to A-8):

"... The Agency believes that future changes and refinements
in models, and thus the person-rem assessments upon which
these standards are based, will occur on a continuing basis.
The standards are therefore not proposed directly in terms of
person-rems, but future reviews of their adequacy will reflect
any changes in model-based assessments of population dose.
Standards have also not been proposed directly in terms of
person-rems because the regulatory implementation of such a
requirement does not appear to be administratively feasible
for the fuel cycle under existing widely varying geographical
and demographic conditions and for doses that may, in some
instances, be delivered over indeterminately long periods of
time. ..."

i

i
'

It appears from the quotation above that EPA intends to consider

| Limits on person-rem when the models and administrative procedures.

have developed sufficiently. Once the problems identified in this

| '. report and the petition to which it is appended have been solved,

this may be within EPA's reach. Alternatively, perhaps this
.

eventuality can be deflected by regarding the 25 mrem per year

individual limit as a threshold, or de minimis level, below which

the integration of person-rems is of no moment. Absent the imposi-

tion of this, or a similar cutoff, the assumption of a linear,

. _. _ . _, ._
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non-threshold relationship between radiation dosage and excess

health effects would suggest society should make the massive ex-,

.

penditures necessary to attempt to eliminate any risk whatsoever.

. Clearly the elimination of all risk is neither feasible nor cost-

effective. Unfortunately as indicated in the following comment

and response, EPA seems to fail to grasp the fact that our society's

resources are limited and should not be squandered in this fashion.

(EPA 76, Vol. II, pp. 59-60):

" Comment 126: The economic resources required to satisfy
these standards could be more effectively spent to reduce
health impact in areas other than nuclear power. ...

" Response: It will probably always be true that, for any
given social expenditure, an alternative choice can be found
that would yield a greater return. However, it will usually
also be found that the resources involved are not transferable.
In any case, the possibility that greener fields may exist
elsewhere for health effects reduction does not absolve the
Agency from ensuring that appropriate measures be taken by
the uranium fuel cycle. In no case does the agency believe-
that the costs that would be incurred to satisfy these

l standards represent an unreasonable use of the Nation's
! resources."

\

l

12I. DOSE CONVERSION FACTORS

| .

A. SACKGROUND

.

.

That fraction of the radioactive material initially deposited

'

in an organ which is present at some later time is called the

retention function (3ee Attachment at p. A-5) and is dependent

on time after deposition and the effective half-life. For many
1

chemical elementsi it is found t h at biological elimination can be

- .. . - , , - .. - . _ - - :
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described adequately by a simple exponential function of the

same form given for radioactive decay. Among the few elements
.

' which cannot be satisfactorily represented by a simple exponential

elimination function is radium. The ICRP (ICRP 72) has developed

a thorough and complex model for radium transfer within the body

which involves both exponential and power functions of time

after deposition.

The ICRP (ICRP 66) has developed a model for the depositione

retention and transfer of radioactive material in inhaled aerosols.

This model appears to have been used in the calculation of all

the inhalation dose conversion factors cited in this report.

Table 1 (p. 7) gives the constants used in the ICRP lung clearance

model.

i

|
For four of the elements of interest in this reports the

!

ICRP Task Group on Lung Dynamics (ICRP 66, pp. 201 - 202) has

given recommended values for the slow phase clearance half-Life

| (Tb). These values are given in Table 2 (p.9 ).

| Inhalation dose conversion factors are functions of several
|

| characteristics of the aerosols involved: 1) particle size distri--

butions 2) solubility in lung fluide described by the three class-

ese De W and Y, and 3) the retention function which is controlled| -

by the clearance half-Lifer Tr and is closely related to theb

solubility class.

|



t

7

Table 1.
'

Constants Used in the ICRP Laog Clearance model
(ICRP 66, page 193)

.

.

Depos. in Trans- Class O Class W Class Y
respir. ferred

T F T F T Freoion to b b b

N-P blood 4m 0.50 4m 0.10 4m 0.01
G-I 4m 0.50 4m 0.90 4m 0.99

T-E blood 10 m 0.50 10 m 0.10 10 m 0.01
G-I 10 m 0.50 10 m 0.90 10 m 0.99

P blood 30 m 0.80 90 d 0.15 360 d 0.05
G-I 24 h 0.40 24 h 0.40- -

G-I 90 d 0.40 360 d 0.40- -

lymph 30 m 0.20 90 d 0.05 360 d 0.15

Lymph blood 30 m 1.00 90 d 1.00 360 d 0.10
- - - - -

00 0.90

__

T = biological half-lifeb
F = fraction transferred

N-P= nasopharyngeal
T-E= t racheobranchial
G-I= gastro-intestinal tract

P pulmonary=

m = minutes
*

h = hours

daysd =

.

e

*

w e- - - - - -r ---->e v- - - - , - , .-
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The sources from which the dose conversion factors given in
.

Tables 4a through 9b (pp. 14 - 26) are drawn arer in all cases,
*

for particle size distributions with an activity median aero-
.

dynamic diameter (AMAD) of 1 um. The selection of this small

size produces larger dose commitments than would a larger sized

aerosol.

The findings of Kalkwarf (1979) with respect to solubility of

airborne material from uratium mines and mills are summarized in
Table 3 (p.10). Comparison of the ICRP recommended classifications

in Table 2 with the experimental classifications in Table 3 shows

excellent agreement for thorium, fair agreement for radium, except

that Kalkwarf found 10% of Class D component in both ore and tail-

ings dusti and rather poor agreement for uranium and polonium.

Kalkawarf found generally higher solubilities for uranium, and

lower solubilities for polonium than those recommended by the

ICRP Task Group.

Age is one factor which affects the relation between the
,

quantity of a given radionuclide inhaled or ingested and the

resulting organ doses. The ICRP has used a 50 year individual.

.

dose commitment period for workers (ICRP 78a at p. 7Bb). This

means that when an individual inhales or ingests a given quantity
,

.

of radioactive material at a particular timer the doses delivered

to the organs of his body are summed over time thereafter until

either the material has been completely removed from his bodyr or

a period of 50 years has elapsed. As far as the references used
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.

Table 2. Clearance Half-Times for the Slow Phase
- (ICRP 66, pp. 201-202)

.

.

Clearance Half-Time,
T daysb,

*

Chemical Chemical Single multiple Clcss
Element Form Exposure Excosures

Polonium Hydroxide 30 30 W

Uranium Oxides 120-150 380 Y

Thorium Dioxide 500 Y-
,

Radium Sulfate 180 Y-

,

!

.

.

.

1
I .

l
. r., , , _ . . _ _ . _ , . , , . , . . . , _-m. - - ,
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Table 3. Solubility Classification for Airborne Products

from Uranium Ores and Tallings Piles in.

Simulated Lung fluid (Kalkwarf 79, p. 3)
.

.

Product Isotope Class O Class W Class Y
.

U r an ium-or e U-235 100%- -

dust U-238 100%- -

Ra-226 10% 90%-

Th-230 100%
- -

Pb-210 100%- -

Po-210 100%- -

Tailings- Ra-226 10% 90%-

pile dust
Th-230 100%- -

Pb-210 100%- -

Po-210 100%- -

U ranium - - - 100%
octoxide

U ranium
100%. - - -tetrafluoride

Yellow-cake U-235
dust 60% 40% -

U-238
Amm on ium 100%-- - -

diuranate
i

.

b

o

.

;

i
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.

in this report indicater all have used a 50 year period in the
.

- dose conversion factors. Inasmuch as the average life expectancy

is about 70 years, a 50 year individual dose commitment period
.

seems appropriate. Finally, the quality factor (See Attachment

at p. A-9) used in this report is Q = 20 based on ICRP 78a.

B. C0f1 PARIS 0N OF DOSE CONVERSION FACTORS

The following six pairs of tables (pp. 15 - 26) give the

latest available inhalation and ingestion dose conversion factors

for uranium-238, uranium-234e thorium-230, rcdium-226, polonium-

210 and lead-210. Radone of course, is excluded from consideration.

The data in the first several rows of each table give the

bases on which the dose conversion factors were calculated. A

question mark indicates it to be probable that the information

was not given in the reference from which the tabulated dose

conversion factors were obtained. In some cases the required

information is probably given in the reference cited by the
.

sour.ces used herer but unavailablility of documents prevented

inclusion of this information in the tables.s.

.

. Firste it should be noted that the dose conversion factors

used by Impacts Ltd. in their computer runse which are those

recommended by the EPA for use with AIRDOS-EPA, are those

designated ORNL in the following tables.

_ _ ._ _ . - - - _ - . _ . _ . _ _ _ _ - _,_
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.

The dose conversion factors given by NRC are essentially
'

equal to those given by EPA-2 (See p. 14) for uranium-238,
,

uranium-234 and thorium-230, but not for radium-226, lead-210

'

or polonium-210. The dose conversion factors given by ORNL are
,

approximately equal to those given by ICRP for uranium-238,

uranium-234 and thorium-230 by inhalation, for potonium-210

by inhalation and ingestion, and for radium-226 in the lung and

gonads. However, the ORNL factors are 5 to 10 times greater

than the ICRP factors for thorium-230 by ingestion, and for

radium-226 to endosteal tissue by inhalation and ingestion,
~

and to red marrow by ingestion. ICRP has not yet published

factors for lead-210.

Finally, it should be noted that there is.no apparent

agreement between EPA-1 and EPA-2 (See p. 14) for the three

isotopes for which both references give dose conversion factors

(radium-226, polonium-210 and lead-210).

The chaotic lack of agreement evident in Tables 4a

through 9b makes it difficult to predict which set of dose*

conversion factors wilL ultimately be determined to be correct.
t

- EPA personnel are presently indicating that some months wilL pass

before a decision is reached.
.

|

|
To some extent the differences in the tabulated dose

!

| conversion factors result from different choices of the factors
|

|

. - . . - -. .. . . .. ..
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.

which enter into the calculations. It seems natural to accord

the ICRP factors more respect than the others. However, the.<

.

fact that the ICRP factors rest on calculations made at the Oak

- Ridge National Laboratory makes the lack of agreement with the

'

ORNL factors puzzling.
.

At the very leasti the disagreement evident in Tables 4a

through 9b calls for delay in enforcing the 40 CFR 190 standard

until these disagreements have been resolved in a clear and

reasonable manner.

.

'
h

.

e

- - , . . y-- ,- n, , , . . , - - - . - - , ,,c , , , ,- , . . . - , , - . _ - , - . , , , - _ . , , , , , . , . . , , , - . . , , , ,eny- .y., - , , , ,,- w-
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DDSE CONVERSION FACTORS: Key to Tables 4a through 9b.
,

References:
.

.

ICRP: ICRP Publication 30, Supplement to Part 1 (ICRP 78b),

pp. 378, 364, 355, 322, 323, 289, 272.,

ORNL: Dunning, et al. NUREG/CR-0150 Vol II (Dunning, et al. 79),

pp. 497, 498, 483, 484

NRC: Draft Generic Environmental Impact Statement on Uranium

milling (NRC 79), Vol. II, pp. G-42, G-48.

EPA-1: AIR 005-EPA (moore, et al. 79), pp. 216-218.
epa-2: P reliminary -R eport : Radiological Impact Caused by

Emissions of Radionuclides into Air in the United

States (EPA 79), pp. A-31, A-33.

_K e y to Abbreviations

Period, yr: the period in years over which the dose equivalent

commitment is integrated

O(alpha): the quality factor taken for alpha particles

N: the modifying factor for alpha particles

AEAD, um the activity median aerodynamic diameter of the

radioactive aerosol in um.

Class: the degree of solubility of the aerosol in lung

|
fluid: D half-tme of 0 to 10 days, W 11 to 100

days, and Y greater then 100 days.

f): the fraction transferred from the gastro-

intestinal tract to the blood.*

| T. body: total body

5 5t. wall: wall of the stomach
_

LLI walls wall of the lower large intestine
~

Red marr.: the red bone marrow, where the formed blood

elements are produced.

| Endasteal: the endasteal tissue to a depth of 10 um from
|

the surface of mineral bone.'

|

I

l .
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Table 4a. Inhalation Dose Conversion Factors: rem /uC1, for Uranium-238
.

ICRP ICRP ICRP ORNL ORNL ORNL NRC EPA-2
~

. Period yr 50 50 50 50 50 50 50 50
O(alpha) 20 20 20 20 20 20 ? ?

N 1 1 1 5( bon e) 5( bon e) 5(bone) ? ?.

AmAD um 1 1 1 1 1 1 1* 1

Class D W Y D W Y Y Y

f 0.05 0.05 0.002 0.05 0.05 0.002 ? ?3

Organ

T. body 29. 9.6 1? 0.206 0.21
- - -

St. wall - - - 0.0151 0.00? 0.009 0.030-

LLI wall 0.041 0.11 0.28- - -

0.030-

Lungs 1.04 51.8 1,000 0.83 49. 480. 360. 390.
Kidneys 14.8 15. 4.4 1.5 0.?9 0.82

- -

Liver 10. 3.0 1.1 0
- - -

-

Ovaries 10. 3.0 1.0- - -
- -

Testes 10. 3.0 1.0- - -
- -

Red marr. 2.44 11. 3.2 1.1- -
- -

Endasteal 36.3 28. 8.4 2.9 3.5 3.6- -

; Thyroid 9.9 3.0 1.0- - -
- -

*[3= 2.4 gm/cm

.

>

e

6

-,_ .-e.-. . . , . , - . . ,_,-r - . _ . _ - . ..~ .- , , . - , . , . ., --4. _ . . - . . _ .
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Table 4b. Ingestion Dose Conversion Factors, rem /uti, for Uranium-238
.

ICRP ICRP ORNL ORNL NRC EPA-2.

Period, yr 50 50 50 50 50 50

,0(alpha) 20 20 20 20 ? ?

N 1 1 5 (bone) 5(bone) ? ?

f) 0.05 0.002 0.05 0.002 ? ?

Organ

T. body 3.0 0.12 0.045 0.045- -

St. wall 0.005 0.004 0.15- - -

LLI wall 0.17 0.16 0.17 0.15- -

Lungs 0.002 0.000 0.045- - -

Kicneys 1.52 0.063 1.5 0.060 0.175 0.17

Liver 1.0 0.041 0- - -
;

Ovaries 1.0 0.041- - - -

Testes 1.0 0.041- - - -

Red marr. 0.252 0.010 1.1 0.044 - -

Endasteal 3.7 0.148 2.8 0.11 0.767 0.76

Thyroid - - - - - -

!

I

.

I

*

*
.

- - . - . - . . . - - - - . - - , , . . , , , _ _ . . - , . , n-..- ,
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Table Sa. Inhalation Dose Conversion Factors, rem /uti, for Uranium-234
.

ICRP ICRP ICRP ORNL DRNL ORNL NRC EPA-2
'

Period,yr 50 50 50 50 50 50 50 50.

O(alpha) 20 20 20 20 20 20 ? ?

N 1 1 1 5(bone) 5(bone) 5(bone) ? 7.

i Ah: A D , um 1 1 1 1 1 1 1* 1

Class D W Y D W Y Y Y

f 0.05 0.05 0.002 0.05 0.05 0.002 7 ?
3

Organ

33. 11. 19. 0.23 0.24T. body - - -

St. wall 0.016 0.007 0.004 0.034- - - -

LLI mall 0.043 0.095 0.11 0.034- - - -

Lungs 1.18 59.2 1,110. 0.94 55. 536. 410. 450.
Kidneys 16.7 16. 4.9 1.7 0.90 0.94- -

Liver 11. 3.4 1.2 0- - - -

Ovaries 11, 3.4 1.2- - - - -

Testes 11. 3.4 1.2- - - - -

Rod marr. 2.59 12. 3.6 1.3- - - -

Endasteal 40.7 34 10. 3.5 3.8 3.9- -

Thyroid 11. 3.4 1.2- - - - -

. *f=2.4 gm/cm

'.
.

e

- , - , _ ,,-_,,-,-,,y - - _ ,,
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Table 5b. Ingestion Oose Conversion Factors, rem /uC1, for Uranium-234
.

ICRP ICRP ORNL ORNL NRC EPA-2
9

~

Period, yr 50 50 50 50 50 50
O(alpha) 20 20 20 20 ? ?

'

N 1 1 5(bone) 5( bon e) ? ?

f) 0.05 0.002 0.05 0.002 ? ?

Organ

T. body 3. 4 ~ 0.14 0.052 0.051- -

St. wall 0.006 0.004 0.065- - -

LLI wall 0.18 0.17 0.18 0.065- -

Lungs 0.002 0.000 0.051- - -

Kidneys 1.74 0.070 1.7 0.067 0.20 0.20

Liver 1.1 0.046 0- - -

Ovaries 1.1 0.046- - - -

Testes 1.1 0.046- - - -
,

Red marr. 0.27 0.011 1.2 0.046 - -

Endasteal 4.07 0.17 3.5 0.14 0.84 0.83

Thyroid 1.1 0.046- - - -

.

h
.

9

---- - - -, -a , ear , -- - , , - - , , , , - --,w , e,.. ,__ , ,,- w
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Tsble 6a. Inhalation Oose Conversion Factors, rem /uC1, for Thorium-230
.

ICRP ICRP ORNL ORNL NRC EPA-2
a

Period, yr 50 50 50 50 50 50

O(alpha) 20 20 20 20 ? 7
,

N 1 1 5(bone) 5(bone) 7 7

AEAO, um 1 1 1 1 1* 1

Class W Y W Y Y Y

f 0.0002 0.0002 0.001 0.001 7 ?
3

Organ

347. 155. 20.7 25.T. body - -

0.0330.003 0.003St. wall -- -

0.033- - 0.93 0.10LLI wall -

1,110. 54 526. 401. 440.Lungs -

233. 94. 208. 250.Kidneys - -

1,800, 730. 42.7 52.Liver - -

91. 37.Ovaries - -- -

91. 37.Testes - -- -

Red marr. 630. 260. 690. 280. - -

Endasteal 8,150. 3,220. 10,600. 4,260. 741. 830.
| Thyroid 13. 5.4 - -- -

.

f = 2.4 gm/cm*

.

e

9

.w -, , , - - - - , ,e - - - - . ~ , --
-
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, Table 6b. Ingestion Dose Conversion Factors, rem /uti, for Thorium-230

ICRP ORNL NRC EPA-2*

,

Period, yr 50 50 50 50

O( alpha) 20 20 ? ?
'

N 1 5(bone) ? 7

f 0.0002 0.001 ? ?
3

Organ

2.8 0.057 0.057
_

T. body -

St. wall 0.004 0.065- -

LLI wall 0.18 0.065- -

0.000Lungs - - -

1.9 0.565 0.56K idn e ys -

15. 0.117 0.12Liver -

0.75Ovaries - - -

0.75Testes - - -

Red marr. 1.07 5.7 - -

Endasteal 13.3 87. 2.06 2.0
0.11Thyroid - --

.

O

4

e
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. Table 7a. Inhalation Dose Conversion Factors, rem /uti, for Radium-226

', ICRP ORNL NRC EPA-1 EPA-2

Period, yr 50 50 50 50 50'

~

O( al pha) 20 20 ? ? ?

N 1 1 ? ? ?

AIAD,um 1 1 1+ 1 1
'

Class W W W W Y

f 0.2 0.2 0.2 ?
3

Organ

19 4.23 9.01' 2.0T. body -

St. wall 0.004 0.003 0.024- -

LLI wall 0.18 0.16 0.024- -

Lungs 59.3 56. 50.3 55.7 1,000.

0.66 0.149 0.662Kidneys - -

0.66 0.005 0.662Liver - -

Ovaries 0.67 0.664- - -

0.66Testes 0.664- - -

Red marr. 23. 1.92- - -

Endasteal 28.1 227. 42.3 9.90 200.
0.66 0.664Thyroid - - -

i
I

~

l

f = 2.4 gm/cm*

| '

1
-

|

- - - _ _ - - . .. . ~. . .. - - - - . . . . . -- . . _ , . - - - - - - -
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Table 7b. Ingestion Oose Conversion Factors, rem /uti, for Radium-226

1

+

ICRP ORNL NRC EPA-1 EPA-2,

Period, yr 50 50 50 50 50

0(alpha) 20 20 ? ? 7.

N 1 1 ? ? ?

f 0.2 0.2 ? 0.2 ?1

Organ

T. tody 16. 4.60 7.26 0.10-

St. wall 0.005 0.004 0.065- -

LLI wall 0.33 0.333 0.065- -

Lungs 0.002 0.001- - -

Kidneys 0.59 0.163 0.590 0.30-

Liver 0.59 0.006 0.590 0.30-

Ovaries 0.34 0.59 0.592- -

Testes 0.34 0.59 0.591- -

Red marr. 2.2 20. 1.71- -

Endasteal 25. 202. 46.0 8.82 10.
Thyroid .59 0.591- - -

.

e

%

.
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, Table 8a. Inhalation Dose Conversion f actors, rem /uC1, for Polonium-210

ICRP ICRP ORNL ORNL NRC EPA-1 E PA-2,

.

Period, yr 50 50 50 50 50 50 50
Q(alpha) 20 20 20 20 ? ? ?,

N 1 1 5(bone) 5(bone) ? ? ?
AMAD,um 1 1 1 1 1* 1 1

Class D W D W W W ,Y

I
1 0.1 0.1 0.1 0.1 0.1 ?

Organ

T. body 2.8 1.6 0.192 1.56 0.051- -

St. wall 0.001 0.002 0.002 0.03- - -

LLI wall 0.029 0.088 0.088 0.03- - -

Lungs 48.1 1.0 46. 18.4 45.8 110.-

K idn e ys 44.4 14.4 46 14 5.78 14.4 1.6
Liver 8.15 8.0 2.5 1.72 2.48 0.47-

Ovaries 2.6 0.80 0.803- - - -

Testes 2.8 0.80 0.803- - - -

Red marr. 2.6 0.81 0.855- - - -

1.2 0.37 0.783 0.374 0.22Endasteal - -

Thyroid 2.6 0.80 0.803- - - -

Spleen 81.5 24.8 80. 25. - - -

.

/3 =2.4 gm/cm*.

.
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Table 8b. Ingestion Dose Conversion Factors, rem /uti, for Polonium-210
.

ICRP ORNL NRC EPA-1 EPA-2,

.

Period, yr 50 50 50 50 50

0(alpha) 20 20 ? ? ?.

N 1 5(bone) ? ? ?

f) 0.1 0.1 ? 0.1 ?

i

Organ

T. body 0.56 0.086 0.562 0.29-

St. wall 0.005 0.005 0.065- -

LLI wall 0.18 0.1?9 0.065- -

Lungs 0.000 0.000 0.086- -

K idn eys 9.26 9.3 2.52 9.32 4.8

Liver 1.63 1.6 0.?56 1.61 0.82

Ovaries 0.52 0.521- - -

Testes 0.52 0.521- - -

0.53Red marr. 0.554- - -

Encosteal 0.24 0.356 0.242 1.3-

0.52Thyroid 0.521- - -

Spleen 16.3 16. - - -

.

>

b

e

-_.,.e--. .-m_ _ . _ , . - - ,. , , _ , , _ , , ,, ,. _ _ - _ . , ,
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Table 9a.- Inhalation Dose Conversion F actors, rem /vC1, for Lead-210
.

ORNL NRC EPA-1 EPA-2.

,

Period, yr 50 50 50 50

Q(alpha) 20 ? ? ?
-

N 5(bone) ? ? 7

AMAO, um 1 1* 1 1

Class W W W Y

f 0.08 ? 0.08 ?
3

Organ

T. body 15. 1.03 15. 0.56

St. wall 0.001 0.001 0.001-

LLI wall 0.047 0.047 0.001-

Lungs 6.2 4.21 6.18 370.
K idn eys 3.3 26.5 7.54 14

Liver 3.1 8.13 3.09 4.5

Ovaries 0.67 0.120- -

'
Testes 0.67 0.120- -

2.94Red marr. 1.4 - -

Endasteal 20. 31.9 19.5 17 .

Thyroid 0.67 0.120 --

.

3f = 2.4 gm/cm*

.

e

e

|
|

I

- - - - - - . - . .. - . .- - - --.
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Table 9 c. Ingestion Oose Conversion Factors, rem /uti, for Lead-210
.

ORNL NRC EPA-1 EPA-2o
.

Period, yr 50 50 50 50
O(alpha) 20 ? ? ?,

N 5(bone) ? ? ?

f 0.08 ? 0.08 71

Organ

T. body ?.4 0.544 ?.33 3.3

St. wall 0.000 0.000 0.010-

i

LLI wall 0.020 0.020 0.010-

Lungs 0.000
'

0.000 0.52-

Kidneys 0.94 12.3 3.03 0.46
Liver 1.4 4.3? 1.44 0.64

i Ovaries 0.30 0.030- -

Testes 0.30 0.030- -
,

| Red marr. 0.64 1.42- -

Endasteal 9.6 15.3 9.64 45.
Thyroid 0.30 0.030- -

t

!
-

i

.

l

.

._ .. - _ . . . . . . . . , - . -- .- - -. .
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IV. RISK FACTORS

O
^

Radiation risk factors may be expressed in several ays:

1) as the chance that a radiation-induced health effect will,

arise per year of Life, 2) as the chance that a radiatien-induced

health effect will cause death per year of lifer 3) as the chance

that a radiation-induced health effect will arise in the years
of life after irradiation, and 4) as the chance that a radiation-

induced health effect will cause deatS in the years of normal
life expectancy after irradiation. The first two are based on

per year of Life after irradiation; the last two are based on

all the years of normal life expectancy after irradiation. The

first and third give the chances that health effects (fatal and

non-fatal) will be induced; the second and fourth give the changes

that a fatal health effect will be induced.

Fews if anys of the epidemiological studies on which radiation

risk factors are based encompass the entire lives of all the in-

dividuals exposed. As a consequence, it is necessary to adopt a

model which projects from the available data the risk for the
.

years of Life remaining to the ernosed individuals. The model
-

usualLy takes the form of a latent period following exposure
_

during which the risk is zeror followed by a plateau during which
-

the risk is taken to be constant. The plateau may be assigned a

finite duration, usually 30 years, or assumed to persist for

the remainder of the normal life expectancy.

- ._. . - . - _ . . _ _ _ . _ .,



28

.

Radiation risk factors may be estimated on the assumption

that the risk has a constante absolute value throughout the

plateau (the so-called absolute risk model), or on the assumption

that the risk is a constant fraction of the spontaneous incidence,

of cancers of the same type (the so called relative risk model).

Since the spo1taneous incidence of most cancers increases with

ager the relative risk model predicts that the risk of radiation-

induced cancer also increases with age. Figure V-4 in the 1980

BEIR Report (BEIR 80, p. 220) illustrates these models well.
.

In several instances where radiation-induced cancer data
are available for two ecuntries in which the spontaneous inci-

dence of cancers is quite different, the radiation-induced rates

do not appear to reflect the differences in spontaneous rates.
t

This observation argues against the relative risk model. ICRP

and UNSCEAR (see Table 11, p. 32) have elected to use the absol.ute
risk model; BEIR 72 and BEIR 80 use both modelse but

"It should be noted thate if epidemiologic follow up
through the entire lifetime is completer both models

j
,

will give the same result for lifetime risk." (BEIR 80s p. 37)

-

Table 10 ( p . 31 ) summarizes radiation risk factors from four

recently published sources. The first two columns are from
the 1972 BEIR Report (BEIR 72) for absolute and relative risk-

| models. The next two columns are estimates adopted by EPA in

1973 from the BEIR 1972 Report; the first of these two columns

| is for the induction of fatal cancers the second column is for
.
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.

cancers which do not prove to be fatal. The reason for includ-

* ing both fatal and non-fatal factors in Table 10, under EPA
,

1973, is that when the EPA refers to " health effects", it is

* not clear whether only fatal cancers, or both fatal and non-

fatal cancers are included.

Table 11 is a comparison of the lifetime risk factors for

radiation-induced fatal cancers per million person-rem given by

BEIR 1972, UNSCEAR 1977 and BEIR 1980 (BEIR 80, p. 195). It

should be noted that SEIR 1980 gives risk estimates based on three

dose-effect relations: a linear quadratic model (which the Comm-

ittee favors for low LET radiation), a pure quadratic model

(which the Committee believes gives the lower bound of risk for

low LET radiation), and a pure linear model (which the Committee

believes to give the best estimate of risk for high LET radiation).

All the data given here from the BEIR 1980 report are for the pure

linear model.

Table 11 indicates quite good agreement among the risk
|

|
- estimates given by both the absolute and relative risk models.

1

The ICRP 1977 risk estimater based on the absolute risk models
-

is also in good agreement with the corresponding risk estimates.

of Table 11.
.

Table 12 gives the BEIR 1980 risks of fatal cancer, according

to the linear models for a single exposure of 10 rad of low LET

radiation, and for a continuous exposure of 1 rad per year of

.- - .. - . -_
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.

Low LET radiation. Since the linear model is used to obtain

these risks, the BEIR 80 Committee would indicate them to ber
,

the best estimates f or 10 rem and 1 rem per year of high LET

radiation. For the same reasons these risks will scale linearly-

with dose, i.e.i a single 0.1 rem exposure will produce 0.1/10

= 0.01 of the excess fatalities given in Table 12 for a single

10 rad exposure.

The BEIR 1980 report gives risk estimates over a considerable

range for each of the major types of cancer, depending on the

model used to obtain the estimate. Even for the high LET alpha

particless the risk factors cover a range of about 5 (see Table

11). Also this report gives risk estimates fore at mostr 12

plus "other" sites. In these circumstances the shape of the

risk schedule finally adopted by EPA cannot be anticipated with

any confidence.

Table 13 gives estimates from the BEIR 1980 report for risk

of cancer incidence and cancer mortality for 12 cancer sites,

| and "other" sites. The data given in Table 13 are said to have.

i

been " derived from Appendix A" (BEIR 80 p. 248), howevers this

( derivation is by no means clear. Taking the data of Table 13

at face valuer one finds that the risk of fatal cancer (the I
~

x R columns) is greatest and approximately equal for red bone

marrows the female breast and the lung. Note in Table 10 that

UNSCEAR and ICRP accorded the female breast a fatal risk more

| than twice as great as that for bone marrow and lung. 9one has

, - - - .- -. -.
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- Table 10 Radiation Risk Factors, life-time risk per

million person-rem.

.

.

EPA 1973
*

Crgan SEIR 1972 Non- UI|SCEAR ICRP

irrnd. Absolute Relative Fatal fatal 1977 1977

Fem:1c
50 75breast - - --

Rsd nar-

::v(1 ) 26 37 54 0 20 20

50 0 25-50 20Lung --

16 16 2-5 5Sone - -

10 5Thyroid - - - -

All

50(2)cthers 61-74 122 417 150 150 -

100(')-

Total E7-130 159 454 270 156 100

Gana s(c' 52 (200) (300) 20-30 40/

(155) (200)

SEIR 72: p. 169, Table 3-1 ; p. 57, Table 4.
E?A 73: p. A-12, Tcble A-1.
UNSCEAR 77: pp. 6,9, 413, 414.
ICRP 77: pp. 10-12.

1) irradiation of red bone marrou increases the-

incidence of Leukenia.
2) 10 for ecch of up to 5 of the most highly irradicted-

organs, Other than th:se listed.'

for the individual organs = 125, but ICRP3) the sun

estimates the total risk to be 100. .

~
*

4) the ::en numbers give the risk cf genetic defect in
the first generation; the numbers in parantheses give
the risk for all future generations, including the first.

_. _ _ ~ _ _
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3

Table 11. Comparison of Risk Factors, Lifetime E xcess i

Deaths per millicn Person-rem (EEIR 60, p. 195)..

,

Single 10 rad E xposure Continuous 1 rad per year,

Absolute Relative Absolute RelativeScurce model model model model

, EEZR 80; linear model 167 501 158 430
!

BEIR 72 117 621 115 568

UR15CEAR 77 75 to 175 (absolute model)

,

I

!

l

|
-

|

. .

9

|

| *

|
|

I
.
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.

T able 12. Lifetime Risk of Fatal Cancer per million

of U.S. Population for Two Types of Exposure.,

'

Linear model (EEIR 80, pp. 193, 256, 259).-

.

Single 10 rad 1 rad per Year
Exposure for Life EEIR 80
nale . Female male Female page

L euk emia + bone cancer: 256

normal expectation 9,860 8,018 10,600 9,050

excess 566 384 3,568 2,709

Cancers other than

leukemia and cone: 259
normal expectation 170,400 139,400 165,700 149,200

excess:
,

absolute risk 919 1,473 5,827 10,400

relative risk 4,226 4,852 24,210 30,540

All forms cf Cancer: 193
normal expectation 163,800 167,300

absolute risk 1,671 11,250

relative risk 5,014 30,520

.

4

9

9

i
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Table 13. Risk of Cancer Incidence and Mortality per million Persons,,
'

per Year per rem (SEIR 80, p. 250, except as noted.)

-

i.
'

! n. ale Female
*

g(1) R(2) IxR(3) I R IxR
.

Red marrow (#) 2.239 1.00 2.24 2.239 1.00 2.24

Sone ( ) 0.05 1.00 0.05 0.05 1.00 0.05,

Thyroic 2.20 0.18 0.40 5.80 0.20 1.16
Breast 5.82 0.39 2.27- - -

Lung 3.64 0.83 3.02 3.94 0.75 2.96

Esophagus 0.26 1.00 0.26 0.28 1.00 0.28
Stomach 1.53 0.75 1.15 1.68 0.78 1.31

Intestine 1.02 0.52 0.53 1.12 0.55 0.62

Liver 0.70 1.00 0.70 0.70 1.00 0.70
Pancreas 0.90 0.91 0.82 0.99 0.90 0.89
Urinary 0.81 0.37 0.30 0.88 0.46 0.41

]
Lymphoma 0.27 0.73 0.20 0.27 0.75 0.20

Other sites 1.52 0.99 1.64 0.82- -

All sites 15.14 10.66 25.41 13.91- -

_

1) I = incidence of cancer, cancers per million persons Lcr year

per rem, age-weighted average.

2) R= ratic of mortality to incidence

3) I xR= fatal cancers per million persons per year per rem.

( 4) irradiation of red bone marrow increases the incidence of
| leukemia values of I and R from p. 256,

5) values of I an d R from p. 256

*
; ,
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s

'

a fatal risk, according to BEIR 80, far less than the thyroide*

i

or any other organs i n Table 13. It seems inappropriate that )
{ 40 CFR 190 allows 75 mrem per year to the thyroids but 25 mrem-

i

per year to the bone as one of the " ELL other organs". In
.

fact, six of the organs in Table 13 (bone, esophagusi intestiner

Liver, urinary and Lymphoma) have fatal risk factors, one-,

I

J third or less that of red bone marrow and might better be
i

accorded the 75 mrem per year limit than the thyroid.

4

t

i

|

.

*e

%

'
,

J
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V. CONCLUSIONS-

A. THE STANDARD OF 25 MREM PER YEAR-

.

EPA has not provided quantitative, objective justifica-

tion for the choice of the 25 mrem per year Limit. On the basis

of relative radiosensitivity, the limit of 25 mrem per year

for atL organs other than the thyroid is not appropriate.

B. DOSE CONVERSION FACTORS

EPA has not published the dose conversion factors to

be used in putting the proposed standard into effect. Dif-

ferences greater than a factor of 10 exist among the dose

conversion factors published by ICRP, NRC, ORNL and EPA. The

proposed standard shoutd not be put into effect until a set

of dose conversion factors has been proposed by EPA and has

been reviewed by the parties affected.
,

1

C. RISK FACTORS
'

|

|
|

! The recent publication of the 1980 BEIR Report shoulds

.

be considered by EPA in connection with the 40 CFR 190

standard. The 1980 BEIR risk factors have a range of a-
,

factor of 3, even when limited to the linear model the
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this Committee indiates to be most appropriate for high-

LET radiation. This range and the as yet unpublished

selection of organs to be used by the EPA give rise to con--

siderable uncertainty. The proposed standard should not be
.

put into effect until a set of radiation risk factors has been

proposed by the EPA and has been reviewed by all of the parties

affected.

D. OTHER CONSIDERATIONS

In addition to the uncertainties in dose conversion

factors and radiation risk factors discussed above, large

uncertainties are also associated with source terms (includ-

ing particle size distribution and solubility), dispersion

factors, uptake and transfer factors, and public use of air,

land, water and produce. It is premature to put the standard

into effect until the principal uncertainties have been

resolved.
:
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I. DOSE CONVERSION FACTORS
.

Dose conversion factors are usualLy expressed as the
a

50 year dose equivalent commitment, in rem, to a specified

organ, or to the total body, per uCi (microcurie) inhaled or
.

ingested. In a few of the references cited in the dose

conversion factors in this text, the dose conversion factor

for inhalation is given in terms of mrem / year per pCi/m .

In such cases, these factors have been converted to rem per

uCi inhaled using the ICRP average daily air intake for

3Reference Adult Man and Reference Adult Woman of 22 m / day =

38030 m / year CICRP 74, p. 346). Then

mrem / year
x 0.125 = rem /uci.

pCi/m

| The ICRP is switching over to the Internatior,al System
l

i of Units (SI) and now expresses dose conversion factors as
i

!

| Sv/Bq, where
!

|
|

1 Sv (sievert) = 100 rem

2.7 x 10 ci = 2.7 x 10 ' uti.~II ~

1 Bq (becqueret) =
|

.

6Then, (Sv/Bq) x 3.7 x 10 rem /uci.=

l

|
*

A. INGESTION-

Ingestion of radioactive material occurs when this
.

A-2
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material is present in water, food, and in the mucus elevated

from the respiratory tract and swallowed. When ingested

radioactive material is in a chemical form highly insoluble

( in the digestive tract, this material passes through the body

without being assimilated and is excreted in the feces. In

'

such cases, the only body organs irradiated are the stomach,

small intestine, and large intestine. However, when the

ingested radioactive material is soluble, or rendered soluble

by digestive agents, this material is transferred through the

wall of the small intestine in the blood.

Few materials are completely soluble or completely in-

soluble in the digestive tract. The solubility of any given

radioactive material is determined by the chemical compound

in which the material occurs and can vary considerably from

one compound to another of a given radionuclide. The

solubility, or availability, of a radionuclide is set by

consideration of the chemical forms in which it is likely to

be encountered, and is expressed as "f the fraction of the$,

ingested compound of the element which is absorbed into the

blood" (ICRP 78b, p. 20). It is noted that the conventional

,
values of 1 may be either greater or lesser than the actual

3

fraction absorbed if the chemical form is more or less soluble
~

than the compound for which f was selected.
, g

A-3
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#Radionuclide Class 1

'

'U-238 Y 0.002

. U-234 Y 0.002
.

Th-230 Y 0.001

- Ra-226 W 0.2
,

Pb-210 W 0.08

Po-210 W 0.1

Once in the blood, the absorbed radioactive material is

distributed within the body according to the metabolic

dictates for the chemical form in which the radionuclide

occurs. The distribution of a radionuclide in a given chemical

form is described by a series of terms which give the fractional

transfer from the blood to each of a number of organs. The

'symbol usualLy used for these transfer fractions is f I"2*

general, this fraction has a different value for each organ

and for each chemical tent.

Given that a fractic f $, of the ingested radioactive
material, QuCi, is transferred from the gastrointestional tract

'to the blood, and that a fraction, f f this absorbed2,
.

activity is transferred from the blood to a specific organ,

- there is at some short time after ingestion a quantity,
.

Of f = q(0), of the radionuclide in this organ. The quantityg 2

- .q ( 0 ) can leave the organ in two ways: by radioactive decay,

and by biological elimination, or transfer to another organ .

A-4
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Radioactive decay proceeds in an exponential manner:

-0.693 t/Tq(t) q(0) e p=

where q(t) = quantity of radioactive material in the-

organ at time = t days, uCi

q(0) quantity of radioactive material in the- =

organ at time = 0 days, uti

T = radioactive half-Life of the isotope, days

For many chemical elements d '. is found that biol.ogical

eliminiation can be described satisfactorily by a simple

exponential function of the same form given for radioactive

decay. For radioactive isotopes of these elements the quantity

of radioactivity in an organ as a function of time after

ingestion is given by:

-0.693 t/T
q(t) q(0) e=

where T = effective half-life days

= (T x Tb)/(T + Tb)p p

T = apparent biological half-Life of elimination, days
b

The term retention f_ unction _ is given to the fraction of
.

material initially deposited in the organ that remains at some

,
time, t days, after this deposition, i.e.:

.

R(t) = q(t)/q(0)
.

A-5
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The retention function, R(t), is, clearly, a function of time

after deposition and of the radioactive and biological half-

Lives.
.

.

S. INHALATION
-

The ICRP (ICRP 66) has developed a model for the

deposition, retention, and transfer of radioactive material

in inhaled aerosols. This model appears to have been used in

the calculation of att the inhalation dose conversion factors

cited in this report. The model considers the activity median

aerodynamic d;ameter (AMAD) and the solubility of the aerosol

in lung fluid.

Table A1 (p. A-7) (ICRP 66, p . 183) indicates the tendency

of smaller particles to deposit deep in the respiratory tract,

and of larger particles to be deposited preferentially in the

upper portions of the respiratory tract, whence, it will be

evident in a momente they are rapidly removed.

Solubility in lung fluid is divided into three classes

(ICRP 66, p. 195): Class D, which dissolves with a half-life
!

of 0 to 10 days; Class W, which dissolves with a half-life of;

l
!

~

11 to 100 days; and Class Y, which dissolves with a half-life

of greater than 100 days.
!

~

l
-

( All material, regardless of solubility, is removed in

^

a matter of minutes from both the nasooharyngeal (N-P) and
|

| tracheobronchial (T-B) regions of the respiratory tract. As

|
!

A-6
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TABLE A1. The Fraction of Inhaled material Deposited

in Various Regions of the Respiratory Tract

(ICRP 66, p. 183)
.

AF.AD N-P T-8 P Total

-

1 0.24 0.04 0.26 0.54

10 0.61 0.07 0.10 0.98

AMAD = activity median aerodynamic diameter, um

N-P = nasopharyn x

T-B = trachea and bronchial tree

P = pulmonary region, consisting of respiratory

bronchiales, alveolar ducts, atria, alveoli

and alveolar sacs

.

9

9

W
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the material becomes less soluble, smaller and smaller

fractions of it are transferred to the blood. Only in the

respiratory tract (region P) does the degree of solubility

have a marked effect on the retention of half-Life (bio--

Logical half-life, T ). The ICRP model indicates that 60%
- of the Class Y material deposited in the pulmonary region

wilL be removed with a half-Life of 360 days; the remaining
40% is removed with a half-Life of 24 days by macrophages to

the ciliary-mucus transport system and then to the gastro-
intestinal tract.

Hign solubility leads to rapid removal, short term retention

time, low Lung dose and high doses to other organs, such as bone;

Low solubility leads to the reverse. Polonium and uranium

appear to deliver only small fractions of the total dose

to any organ, so the disparities between Tables 2 and 3 of

this text wiLL have little influence on the overall doses.
The 10% Class D component for radium observed by Kalkwarf

in ore and tailings dust may have a marked influence on the

bone doses, however.

C. OTHER FACTORS

-

Among the other factors which affect the relation between

| the quantity of a given radionuclide inhaled or ingested and
,

the resulting organ doses are: age, dose commitment period-

i

,

and quality factor.

A-8
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Data for the Reference Man (ICRP 74) permit the cal-

. culation of dose conversion factors for infant, child,

teenager and adult. Although some of the sources from which
.

Tables 4a through 96 of the text were compiled give factors

for ages in addition to those for the adult, only the factors
.

for the adult have been tabulated. The average person spends

more of his life as an adult than as a member of any other

age group, so this choice is appropriate.

The quality factor (indicated by G in the tables) is

the factor by which the physical dose io rads is multiplied .

to obtain the dose equivalent in rem. For beta particles,

elect-ons, gamma rays and X rays, it has been, and remains,

1. For alpha particles, which arecommon practice to use Q =

of principal importance in this report, there has been some

10 and Q = 20. The latest recommendationdithering between Q =

on this matter (ICRP 78a) is Q= 20 for alpha particles.

In addition to the quality factor, the ICRP has intro-

duced a " modifying factor," N, which is intended to allowt

!

for any other modifications that anyone may think of. In

the latest recommendation (ICRP 78a), N has been taken equal

to 1 for all cases. However, it is not always clear what value

of N has been assumed by some authors in calculating dose con-
,

version factors. Dunning, et a. 79, p. 9, state:

". the alpha dose to the target ' BONE'in. ..

the tables assumes a volume distribution and
contains the N-factor 5 except when the isotope

A-9
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taken into the body is radium. ." in.

which case N = 1 for each alpha emitter in
the chain.

This suggests that while bone doses from ingested and-

| inhaled radium should be the same for ICRP and ORNL (Dunning),

bone doses for ingested and inhaled thorium might be as much*

as 5 times greater in the ORNL factors than in the ICRP

factors. While this expectation is realized approximately

for thorium (see text, Table 66), it is far off for radium

(see text, Table 7b).

.

O

e
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APPENDIX

.

'

ICRP 74:
ICRP, Report of the Task Group on Reference Man.
ICRP Publication 23, adopted October 1974

.

ICRP 78b: ICRP, Limits.for Intakes of Radionuclides byWorkers. ICRP Publication 30, Supplement toPart I, adopted July, 1978.
'

|

i
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APPENDIX A-4

1980 AMC SURVEY OF COSTS TO CONTROL AIRBORNE
.

RADIONUCLIDE EMISSIONS FROM URANIUM MILLS

n

AMC has recently completed an industry-wide survey designed to
update and better define the actual costs required to install

. and operate emissions controls at uranium mills. The survey
specifically addresses the costs of control technologies
considered by EPA in its analysis of the 25 millirem standard.
The results of the survey are shown in Attachment 1 of this
appendix. These values and values from recently published
literature are the basis for the figures in Table 2 of the
petition.

Survey Method

AMC distributed a questionnaire to member uranium companies
requesting information about costs to control five sources of
radionuclide emissions from uranium mills:

e ore haul roads

e ore storage pads

'

e ore crushing and storage

e yellowcake drying and packaging

airborne particulate from tailings beachese
|
|

The AMC questionnaire is shown in Attachment 2. The actual number
and the names of the companies that responded to the survey as
well as to the questions that a given company answered were kept
confidential. The results were compiled by an independent law
firm to protect the information submitted by the individual mills.

- Calculations

Attachment 1 shows the results of the AMC cost survey. The alpha-
numeric designation from FCA 1976, (Table 8.1-1 at 29) is indi--

cated for each emission control type where applicable. The results-

shown represent an average of responses from at least three mill
operators, unless noted otherwise.

.

Survey results are presented in terms of the equivalent present
.

value for the EPA 1976 model mill (S 1980). This was done to
facilitate comparison with cost estimates develop ~ed by EPA,

| for its 1976 analysis of the 40 CFR 190 standard (FCA 197 6,
Tables 8.1-1 and 9.0-1 at 29 and 35).

_ _- - -__ - _ - - -. . .-



Appendix A-4
Page two

.

The calculations converting the survey results to equivalent
present value for the EPA 1976 model mill were performed at
the law firm using the same methods used in Sears et al. (1975)a

and the NRC-GEIS (1978). These methods, described EeTow --
-

(1) Adjust survey results to account for
- differences in emission control device

capacities between the survey nills and
the EPA model mill;

(2) Convert survey capital costs to 1980
dollars; and

(3) Convert capital and annual operating costs
to

Capacity: Capital cost information from the survey
was scaled to reflect the capacity of EPA
model mill emissions control equipment
using the scaling factor "X 0.6" (Sears,
et al. 197 5) (NRC-GEIS) . Operating costs
were scaled directly (i.e., operating
costs to sprinkle a 10 acre ore storage
pad were assuned to be twice those of
sprinkling a 5 acre pad).

Inflation: Survey results on capital costs (and EPA
cost estimates shown in Table 2 of AMC's
Petition) were converted to 1980 dollars
by multiplying them by factors taken from
the " Chemical Engineering Plant Cost
Index" for 1980. No inflation adjustment
was necessary for survey information on
operating costs, because respondents
provided this information in 1979-80
dollars.

- Present Value: Present value was calculated from capital
i and annual operating costs using the same

formula used by EPA (FCA 1976, Table 8.1-1
, at 29): Present Value = Capital Cost +

, (Annual Cost x 9.818).

Table 2 of the Petition compares AMC survey results with EPA's
1976 estimates of costs to control emissions from the model mill.
AMC's values in Table 2 were developed by summing the appropriate

'

combination of control costs listed in Attachment 1. The costs

.
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Page three

of water spraying ore haul roads and ore storage pads inside
the NRC licensed area are included in the cost for each
control combination. Cost estimates from recently published,

literature (i.e., Sears, 1975 and NRC-GEIS) were used where

] costs for a particular control technology (e . g . , one crusher
' orifice scrubber) were not available from the AMC survey.a

s

(

,

.

.

b

e

4

*
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TABLE 1

PARTICULATE EMISSIONS CONTROL COSTS FOR URAMIUM MILLS (1980)(1)

Present Value for (3) (4)Source Term Control Type (2) EPA 76 Model Mill (1980 S)

Ore Haul Roads Water Spraying $286,704
Ore Storage Area Water Spraying 38,323
Ore Crusher and Storage Dag Filters (A4) 151,313

Wet Impingement Scrubber (A2) 207,265
Low-Energy Venturi (A3) 903,216 (1 mill)

Yellowcake Drying & Packaging Wet Impingement Scrubber (B1) 423,427
High Energy Venturi (B3) 399,176
Wet Orifice Scrubber 134,269 (1 mill)
Low Energy Venturi (B2) 62,363 (1 mill)

Windblown Tailings Chemical Stabilization (C2) 835,810 (2 mills)
Water Spray 150,024 (2 mills)
Water Spray / Chemical Stabilization 330,038 (1 mill)

1) See text for details of survey and calculation methods.

2) Alpha-numeric designatir.1s from EPA 76 where applicable.

3) Results represent average of at least three responses unless otherwise indicated.
4) EPA 76 Model Mill Control Capacities: Ore Haul Roads = not given (assume 10 acres); Ore

Storage Area = not given (EPA 79 assumes 2.5 acres); Ore Crusher and Storage = 27,000 cfm;
Yellowcake Drying and Packaging = 6,000 cfm; Tailings Area = not given (EPA 79 assumes 37.5
acres dry).

. .
#g g
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AMERICAN AMC RADIOACTIVE DUST CONTROL COST DATA SHEET
MININ G
C3NCRESS
FQUNDED 18!Ti
RING BUILDING INSTRUCTIONS
WASHINGTON
D.C. 3)036
202 861 2800
TWX 710 822 0126
J. ALLEN OVERMN, JR.
PRESIDEST

Please answer the following questions with respect to the.

various control points at your facility. If you have any questions,
call Larry A. Boggs at AMC, (202-861-2876).

Return the completed questionnaire by fastest available means
to Anthony J. Thompson of Hamel, Park, McCabe & Saunders, 1776 F Street,
N.W., Washington, D.C. 20006. Telecopier use is available. The firm's
telecopier numbers are: (202)785-1244 (automatic) or (202)785-1234
ext. 213 (manual). If a telecopier is used, a confirming copy should
be sent by regular mail. An envelope addressed to Mr. Thompson is

, enclosed for this purpose.
|

All information will be kept CONFIDENTIAL. Only Hamel, Park,
McCabe & Saunders, as counsel for the AMC, will have access to data
with respect to individual companies and facilities. The AMC will
receive only aggregate data.

QUESTIONNAIRE

1. Name of Facility .

2. Location of Facility .

3. Name(s) and telephone number (s) of person (s) completing this
questionnaire

,

- 4. Capacity of mill (tons ore / day) .

[

5. Cost Information by Control Point. In the following radioactive
dust source categories associated with your uranium mill and,

associated areas, please provide the requested information to the
best of your ability. (The information requested with respect to
ore haulage roads and ore storage areas should include only those
within a mill's restricted area, i.e., the area defined in the-

operator's license. ) Please do not guess at these numbers --
include information that you have available or can generate in
a reproducible fashion. We are not seeking documentation of how
numbers were derived; we simply want to be sure that, if necessary
later, you would be able to show how you got the numbers presented.
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A. Surface Haulage Roads Radioactive Dust Control

1. Control technique (i.e., none, water spraying, chemical
spraying, windbreak, combinations of above (specify),.

or other (specify)). (NOTE: if a combination of control
types is employed, provide answers separately for each
type of control used).,

., ,

2. Acreage to which control (s) are applied

acres.

3. Capital cost (s) of control equipment used,
dollars; number of years over which capital costs
depreciated, years.

4. Annual operating and maintenance costs of control (s).

dollars.

5. Year of cost data: for capital cost (s)

year (s) ; for operating costs

| (give most recent typical year).

.

1

.

.

ALL INFORMATION WILL BE KEPT CONFIDENTIAL
.

>

.
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B. Ore Storage Areas Radioactive Dust Control

1. Control technique (i.e. , none, water spraying, chemical
spraying, windbreak, combination of above (specify), other,

(specify)). (NOTE: if a combination of control types is
employed, provide answers separately for each type of
control used),

s

* .

2. Acreage to which control (s) are applied

.

3. Capital cost (s) of control equipment used,
dollars; number of years over which capital cost (s)
depreciated, years.

4.
,

Annual operating and maintenance costs of control (s)
dollars.

~

5. Year of cost data: for capital cost (s)

year (s) ; for operating costs

(give most recent typical year).

t

.

D

I

;

i

.

ALL INFORf1ATION WILL BE KEPT CONFIDENTIAL ,

|

!
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C. Ore Crusher Radioactive Dust Control

1. Centrol type (i.e., none, orifice scrubber, wet impingement.

scrubber, low energy venturi scrubber, bag filters, combina-
tion of above (specify), or other (specify)). (NOTE : if
a combination of control types is employed, provide answers,

separately for each type of control used).

.

2. Capacity of control device'

cubic
feet per minute (cfm).

3. Capital cost (s) of control device (s) used,

dollars;
number of years over which capital cost (s) depreciated,

years.

4. Annual operating and maintenance costs

dollars.

5. Year of cost data: for capital cost (s)

year (s); for operating costs

(give most recent typical year).

6. Percentage efficiency of control device (s)

%.
(indicate whether based on actual operating experience or

| design limitations, if not yet operating. Check one of
following: ( ) operating experience or ( ) desian
limitations).-

7. Annual operating costs v. efficiency (percent of control
data, if available. (The answers to this question should3
reflect the efficiency / cost relationship for different
ways of operating the installed control system) .

ALL INFORMATION WILL BE KEPT CONFIDENTIAL

- - .. . - . _ _ - -
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D. Yellowcake Dryer Radioactive Dust Control

1. Control type (i.e., none, wet impingement scrubber, low
energy venturi scrubber, high energy venturi scrubber,,

high energy venturi scrubber and HEPA filters or other
(specify)).

i

.

2. Capacity of control device,

cubic feet per minute (cfm).

3. Average annual release 1bs U 08 (if3
available).

4. Capital cost (s) of control device (s)

dollars; number of years over which capital
cost (s) depreciated,
years.

5. Annual operating costs, dollars.

6. Year of cost data: for capital cost (s)

year (s); for operating costs

(give most recent typical year).,

7. percentage efficiency of control device (s)

1.
(Indicate whether based on actual operating experience
or design limitations, if not yet operating. Check one
of the following: ( ) operating experience or ( )
design limitations).

8. Annual operating costs v. efficiency (percent of control)
data, if available. (The answers should reflect the
efficiency / cost relationship for different ways of operating
the installed control system).

.

W

%

ALL INFORMATION WILL BE KEPT CONFIDENTIAL

_ _ _ . . _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . - - . - _ . _ . . _ . _ _ _ . ~ . _ - . _ _ . _ _ - . _ . _ _ _ - - . . - . . . . _ , . -
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E. Tailings Radioactive Dust Control

1. Control technique (i.e., none, spray dry beach with water,
chemical stabilization, combination of above (specify) or
other (specify)). (NOTE: if a combination of control types

-

is employed, provide answers separately for each type of
control used).

i

2. Area of dry beach or area to which control (s) is (are)
applied acres.

3. Capital cost (s) for control type (s),
dollars; number of years over which capital

cost (s) depreciated, years.

4. Annual operating costs, dollars.

, 5. Year (s) of cost data: for capital cost (s)

year (s); for operating costs

(give most recent typical year.

i
(

|

|
e

.

I

'

ALL INFORMATION WILL BE KEPT CONFIDENTIAL

.

I
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I PROPOSED RULES

ENVIRONMENTAL PROTECTION4 " active materials and r
.

AGENCY ,es Inthe K - - the various opt!ons available and th
-

" . .
[ to CFR Part ISO ] result of ecuents' front rnfr.ing erstionsa tt ne cost-enectiveness of reductra therpitL M$.y because that Act does not provide au- risl:s."

thority over such c".uents. Fmauy since For the purpose of setting radlauorENVIRCNMENTAL RADIATION PROTEC* there are no planned releases frc:n exist-protecuon standards the most p:mdenT4ON FOR NUCLEAR POWER OPERATIONSing radioactive waste disposal sites and basis for relating radiation dose to it.Proposed Standards these sites pairnarily serve sources of poss:ble impact on pubhc health con.5aste other than uranhun fuel cycle 11nues to be to assume that a potenttaIkorgantratton Plan No. 3 which be-
operations, these standards do not apply for health efects due to ioni:tng r3du-came eccettre on December .. to such sites. The Agency his each of tion exists at all levels of exposure an;

1970
taansferred to the Mministrator of the these areas of ccncern under routinumg that at the low levels cf exposure char-study. acteristic ofit. co o e e omic Ener environ = ental levels c!It is the intent of the Mency to main. radiation the number of these e2ects wilarfle en be directly proporttonal to the dose oian , tain a cont:nuing review of the appropri.pp 'n I start
the p1C'eetbn o; the general environ, ateness of these environmental radiation radiation received Ia linear non-thresh-

ds for
standards and to formally review them at

these assumDtions the range of estimatesold dose-efect relatt3nship). Etien underment from radioact;te matertal.** The Icast every t
Plan defined these f.tandards as " limits if necessary,h e Sear:. and to revise them,

of the health risks assmiated with aon radiation exposures or levels. or con. that d:velops in the interval,on the basis of informationgiven level of exposure derived from ex-centrations or quantities of radioactive
istin2 scientiac data is broad. It is reccg-material outside the boundaries of loca- Interageacy ref af'onships. Reorgs nt:
nfzed that su2cient data are not nowtians under the control of persons pos. tion Plan No. 3 transferred to the En-2

available to either prove or disprove.mstn; or using radioactive material." Vironmental Protection Attency
these assumptiora, nor is there any res-

(EPA)On my 10.1974 the broad guidance resporaicihtfes jof tpthe Agency pubitshed

.fn=hft'rredrogpgir nexamic validity at the low levels of expected ex-sonable prospect of demonstrating theiran advan:e notice of its intent to propose er FhtardT'E s.p5Ctde,u andalso tstandards under this authority for the poaure w
Ener&C?in:SisI!5n < AEC)tratuum fuel cycle and invited puhuc the more ex. However,ith any high degree of certainty,

participation in the formulation of this plicit responsibt!!ty to establish gene n117 the Agency believes that ae-

tes. even with the existence of large unceptance of the above prudent 334 ump.
proposed rule, applicable radiation standards for the

Tha Agency has rey!e'ved and con- environment. However, the resportubuit
sidered the comments received in re- for the implementation and en!:reemer.y developmgcertamties, provides a sound basis for

.

of both this guidance and these stand-spo:ue to that notice and proposes t
environmental

arcs which would assure protection ofherein env!ren:nental radiation stand-- 4htef?CGar; cI th ilardJJ!as.4n most cases. in agenc:es other . protection of the public hstandards which provides reasonableradJation

in a manner most meaningful for pubLcealth and do so
the '''r e

general pubuc from unnecessary erstion%s this rMponsibinty, which had
< ~ . ,m. T i .mc; ear poTeFTy.

under:tanding of the potential 1= pact ofraCaticn exposures and radioactive ma-
been ves,ted in the AEC, is now vested inthe nuclear power industry. Standardster:als in the general environment re-

sulting from the normal operations of developed on this basis are belleted tothe Nuclear R r:ulatory Commission
fac;itties comprismg the uranium fuel (NRC), which wC1 exercise the respon also protect the overan ecosystec., since

biologtcal species sensitive enough tothere is no evidence that there is anycycle. fj;nirgpower reneration based on cibility for L1plementation of these gen,
.

.(at:wJ Pemrecyc!?d pLv:a cr on E m.m a w erally applicable standards through the% -mmE issuance and enforcement of regulations,warrant a greater level of
b.~ s.ent ermttne <fm e expertencem se

regulatory guides, licenses, and other than that adequate for man. protection
st

R.w are not,yf f.r43;p. T>e% requirements for individual facilities. from nuclear power industry cperationsRadiological protection of the pub!!c
. . r. f+- y stut:t:

Basic considerations. The Agency has
.

fore any oT concluded that environmental radiatio:tthese developing
has bean based to date on guidancetechnologies becoctes

of potentlal signif.cance to public health standards for nuclest which has had as its prunary focus thethe need for addittonal generaUy appil- power industry
of: 1) the tStal radiatiott dose to popula-operations should include considerationgenerallimitation of dose to the most ex-cab:e standards will be considered. posed individual, rather than limitation

The environmental radiation stand-
tions, 2)

the maximum dose to individ- of the total population dose from anyards proposed in this notice supplement uals. 3) the risk of health efects attrib-spect!!c type of activity.The proposed ex.existing,

Federal Radiation Protection utable to these doses, including the fu- panded development of thei

Gu;deline linuting maximum exposure of ture rtka arising from the release of power industry requires, however, nuclearthe general public IFR Docs. long-lived rad!onuchdes to the environ. of a broader environmental perspectivethe use60-4533
and 61-94021 by providing more expUcit ment, and 4) the eCectiveness and coststhat more spectf.cally considers the po-' Rubit;Aqtth and envtronmental prot 3e of the technology available to mitigatetential radiological impact on humantwn Mm e-

these risks through ecuent control. The populations of radioactive ecuents from~huen*a m_y$M t..ru *Gavec

e urantum fueWQ recent study of the biological effectsAgency also recognizes the findings of thethis industry, rather than just that onGrieir--nczm21 operation. Numetkaily the most exposed individual. A numberthe proposed standards att below cur- low levels of lonizing radiation by theof
of long-Hved radionucudes are now dis-rent Federal Rast!M o. Protection Advisory Committee on the Biological charged from various fuel cycle opera-1

Guides. The Agencf1s no Efects of Ionizing Radiation (BEIR tions which carry a potential for build-_ptcmsinn.rettMons m t this time. Committee)
up of enttronmental levels and Irrevers!-of Sciences--Nat! anal Research CounctLof the National Academyv HErderal

" -" Mon Protect:en Guldance for'The ble cocunttments for exposure of popula-
_ geg$c%c tecause s us renet (nat a Two of tne principal conclusions of the

ra
tions that may persist for tens. hundreds.. data Exatn .auca o BEIR Committee were: 1) that cusTent or thousands of years. The extent of theflylly ca.C.m...u w n.r eacn maior ac- eccletal

needs appear to be achiev cumulative population doses wbdch may.,uc ramauon ex-posur ''"" C W.~us e rem u F
o

able ". . . with far lower average exposure-occur over the years follo ving release oftasgenera 14ui4
m, W d ac_grJ.idered. und lower genetic and somatic risk than such radionuclides is related to their -Existing FetteraT*Ttnctation Protection pemt!tted by the current Radiation Pro- radioactive decay times, the deta!!s ofGuldsnce for werkers in the fuel cycle tection Gu!de. (Thus.1 to this extent, thetheir dispersion through environmentalIs also not at?ected by these proposed

current Guide is unnecessar117 h!:h . . ."media. the pened over wbdch they re-6 tandards. In addition, since these and 2)
that "Guldance for the nuclearmain in the bicephere. and thelt expo.p standards are proposed under atatherity power industry should be estabusbe-1sure (both internal and external)!

derived from the Atomte Dfry Act on the basis of cost. benefit analysis, par-
,

dos result!ng from releases to the en-dividual.s in popu11tions. The cumulative
of In-*

- 1954, ca amended, {ey do not apply +ticularly taking into account the total
.

_ biological and environmental risks of vtronmentt

of such materials can be
termed an " environmental dose commit-[ '

4
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t .ent." and Snantitsthely expceved in
t*rms o! the number of pnson-tems of m* del-based ass * sments c! pope ation
do*c c:mmmed The propoud Ma* dads .d.ne Standaros nave Mao not been p:m er nt fu*l reproceuing and are convani-

'

are bred, to the extent that t'eesent pmed directly in terms of persen-re'ns ently cattger;2ed as either long.I;ved or
::n-fladce re.t's on such pro.wt:ans because the regu:atory tmp:ementation dtort-live:.1 f.ssion and actnation prod. i

4

In2 mumt:0n of radioactive e6n's of such a requ:remeat dees not appear to u:ts, dependmg urnn whether tnelth:Gi 'c:

|
tmouen the tiosphere .wd estimates cf be administranvely feas:Me Ice the fuel lives are greater then tir en than one
ine sum of p,tental dves to present and cycle under et.steg wMely varyinz EM- year. Although natural;y cccurftnz rsd:o.
*utre ;wulat:ans dur:n; that mtgm- phytical and demegraphic c:nditians and nuclides ara of some con:ern, it :s these

fer d ses that mar. :n ? cme tnstan:es. be fbsten and activauon prMacts which areucn.
d2ered crer mdaterm.nate!y lena of gr*3 test coneem from the goint of

2:nte ;0tential e:fects frOm tr.d:ft!ian ::cds of tune.The pre;msed standards are tter of con':o*d!ng rad:Atton doses to the ,pe-

eposure are t.ssursed to occu at any exDressed in terms of D !!mits en in- public d'te to nucient porar operations.
4

!evel of etresure it is not p? iole to i

dividual doses to members of the pub!:c Standards are proposed for the f aelcredy rcle.J on a heMth basts r.n r.:. and 26 on quant.t es of certain long lived cycle in te:S major categor:es. The pro-ce;taWe levaJ of radiation expcsu:e for radioactive matmals in the general en- posed standards would limit: D the an-
eaher indindual.s or popidations: !! is vironment. On the basis of its assess- nual dose equiva:ent to the whole body <

ne:essary to balance the health r tks t.s- ments of the health risks associated with to 25 m!!!! rems, to the thyttid to 75 md-sectated fath any level of e cosure projected annual population doses and lirems, and to any other organ to 25 ng. '

aga:nst, the costs of ach:eving th t levey environmental do=* cemmitments the tirems; and 2) the quant:tles of krypton-
EPA has carefully con::dered. in 0.dd:.In deve op ng the preposed standards..,. Agency has concluicd that these two 85 tod!ne-129. and certain Iong-lived

,

thn to poten*tal health efec!s. tne avati. {. praate enc:ce of criteria to provide ef-tmes of standards are the most appro- transuranic radionuclides released to the
<

environment per gigawattgetr of power i

ab;e inicr nation on the e:!ectiveness and(Gmpact on populattens of sh,!ective hm;tation of the poten*tal hes;th produced by the entire fuel cycle tocosts of vartois means of redu:ing radio. 50.000 curies. 5 milicunes, and 0.5 m1111-
|

ort. lived and L

active e*'ue.nts, and therefore po! ental AUbilved radioactive mater:als. respec- cu. ries. respecthely, The first standardshealth e'!ects. from fuel cycle operat:ons, nively.
This cons:ceration has included the Snd.

are designed to limit population and in-
ings of the AEC and the NRC nth re. Even thcuzh adequate protection of dividual exposures near fuel cycle cpers.

populations considered as a vihole may be tions due to short-lived fission produced-

s::ect to practiesb 11ty of cSuent centrols.
as wt!! as EPA's o vn continumg cc:nt. assured by standards based upon the materials and naturally occurring mase.

'

zance of the development. operat:ng ex. above conside atton of health r.sks and rials. and due to transportation of any
penence and costs of centrol technology. control costs. it may not always be the radioactive materials, while-the second
Su:n an examenstion made it pcssib:e to ca.se that adequate protection is assured specifica!!y addresses potential populs-
propost the standards at ievels cons; stent on this basis to scme individu.als in these tion exposure and buddup of environ.
Mth the tapabdities of control tednol- population.s who reside close to the site mental buruens of long.hved mater:als.-

boundaries of nuclear fac;11 ties, because ne prcposed standa:-i for annual
o;y and at a cost judged by the Agency of the distribution characteristi:s of cer- trhofe body dose to any individual limits
to be acesptable to soc:ety, a.s well as tain eSuents Such a situation is possib!e the combined internd and external dosereason.b:e for the r: sic reduction
achieved. ~hus the rtandards general:y in the case of thyrold doses due to re- equivalent from gaseous and !! quid e'!!u-
represent the lowest rad.:st:on tevels at hases of rato!cd=es frcm reactors and ents as well as exposuro to tantma and

Mel reprocessing facdities. Although the neutron rr.dlation or:g:nating from a:1v.hlth the Agency has deter n:ned that
the costs of centrol are justined by the s frcm sud doses to nea.rby individ- operations of the fuel crele to 25 milli-ns'

reduct:en in heal:h r:M*. The Agency ha; uals !s quite small. it is ineqdtable to rems. Such a limit is readily sattaded at
se:erted *he cost.egectiveness approaen may be substants::y PJgher than thosepennit deses to s;e !ac fndividu:2.3 that all sites for which fuel cycle facillnes arepretently projected through the yest
as *h:t best dencned to str:Xe a bahincebetween the need to reduce health nsks to other* members of the population frem 1985 (including cny potenttal overlap of!

to the general popdation and the need other radionuc!! des. Additienal protec. dores from adjacent sites) by legals of
tion for these ladividuals should be pro- cohtrol that are cost-effective for the twfor nut; ear power. Such a talance is ne:. vided when *achnc;o r/ or other proce- due, tion of potential Msk achieved; is in

essa:/ :n part because there is no sure dures are avausbie for W+* g any accord with the espabilities of controlsway to t'.;arantee absolut' protection of
public health from the effects of a non- additicaal po:dat!al risk at a reasonab!e anticipated by the AEC for &Il sites for
thrcshold scuutant, such as radiaticn. cost. The standard.s proposed to limit which Environmental Statemen*-s have
o:her than by prohibiting outr::ht any doses' to individuals reliect this addf- been Sled; and, on the basis of prepnt
em.issions. The Agency bei: eves that such tional require =ent t7here .3 is appropr!- operating experience 81 eT.isting sites.ate to do to. can be readily achievad in pis4tice. The
a courr.e would not be in the best m-terest.s cf :ociety, Technied cc:tsiderction.s. It is con- combined effect of any combinstions of

venient to consider edects of radioactive operations at the same location that areThe total population impact associated
materials introduced into the environ- foreseeable for the next deesde or so wasT:th a particular level of e:"uent contrcl ment by the uranium fuel cycle in three also examined and is judgad to be small.

u best as.sesaed in terms of dose commit- so that
meats to populations mer.sured in per- categones. Prtor to the occurrence of the proposed standartis can
son-rems, which are then converted into nuclear assion at the reactor only na- readDy be sattsSed by itse of lev =ls ofcontrol that are similar to those requtredturally occur-=g radioactive materialse timates of patential health

t= pact. are present in f uel eye!e operations. This that this preposed standard for maxi-
s

for sinzie ope-stions. It should be noted
However, the environmental modeis used Urst category of matarisis cons.sts!

br der,v:n;; these asses 2=ents, whde t.;e-
principally of urnnium, thor:um. radf um, mum whole body dose, whfeh is higher

' " 'or making est: mates of r.otantial and rr. don wi'.h its dau;;hter products. than that proposed by the AEC as guid-.:.ith im;mt. aIc not consMered to be.

w we:1.dtnned 13 to allow standards for fladioactive matanals introduced to the ance for design cheertives for lleht-water-cco;ed reacto: . dL'!ets from th%e
environment frem faci'; ties for milling, cbjectNes in that it applies to tne total;mdan:ns to be expressed dircetly in chemical

conversion, isstcpic enzsch. dose rere: red from the fuel cycle as aterms rcT.unng their expJ' cit use. The meat, and fatncation of fuel ,

'srt.y ble.es that future chansas and uratuum vehich ha.s not ceen recycledfrom whole ar d from all pathways including
*

M.r.hr.ents in models, and thus in tho :re hmitad to these naturally occurdngtimn:a radiat!on from onstte locations.
! P it on-run asseaments upon v.hich It is also not a dest;n sbjectiva. bu*, a

..me sts:.d: rds are based. MII occur on rad:chdides. As a result of the rower- standard which !!mits dos *s to the pubhc
a conttra.ng basa;. The standards are prAiucinz ih11on proceu at the rea;*ar
therefore not prot,osed Crectly in terms a large number of nev radionuclides are under cond!!!ons of actual normal opent-

,

tion,

rtrson rems, i:ut future reviews of cr ated as Cr,sion or activation products.^:
w adet;uacy wt!! ref*ect any chan;es in These may be intrMured into the gen- The appropriate level f0r a standard s

eral environment pr!n !palIy by reactors limitin'; the maximum annual total dose
to the thyrc!d of InnZduais is not easy

ut UC157te, Vol to. NO losauMoAY. M AY 29. 1973
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to determine. A standard for maximum with a view to further action. if neces- these rius in order to gain the necessazTtotal thyroid dose based on considera- sary. b(nents of electrte power. Fortunatelytions limited to the same criteria as for Among the variety of long-hved radio- the vast majority of potential health ef-
msximum wh0le body dose (cost-edec- nuc!! des productd m the furt cycle, trit- fccts due to releau of these radionu-
tiveness of reduction cf total popu ation hm. carbon-It m' ipton-M. todme 123, chdvs can te avoided nt a renzona:!e
impact and ach:evab:hty) would permit plutemum, and certain other long hved cost. The Acer.cy etttmates the ecs of
unacceptably high d]ses to individuals ttansuranic radionuchdes are of particu- Implementin;t the proposed standards for
near sorne 54t e :>oundaries. The proposed lar sigmficance as environmental po:1ut- these lon1-lived rartu> active materials tor.andard of 75 rn!!hrems per year to the ants. Environmental pathways of tr.t- be less than $100.000 per potential case oft!2yroid has therefore been chosen to re- tunt. carbon-14. and krypton-35 are
feet a level of biological risk compara- worldwide. Even though the balance of cancer, leukemia. or aerious genetic ef-
bla, to the extent that current capabihty the above radionuchdes may stot rap:dly feet averted (lesa than $15 per perton-

rem t . In view of.the above considera-
for risk estunation pennits, to that rep- become a:!dely dia;'ersed, ther are sigmfi- tions, the Agency beheves that the pro-
resented by the standard for dosa to cant because of their potential for ex. posed standards. which limit the number
the whole body. The et| uent controla re- treme persistence in environmental path- of curies of cettain of these radionue:1 desq;ured *o ach: eve this limit have been ways, possibly for thousands of years for
exam:.ned extensively by EPA. AEC. and plutonium and other transuranics, and released to the general endrenment for
the industry, particularly in regard to for even longer periods for todme-123, each gigawatt-year of electrte:t'/ pro-
the AEC's proposed Appendix I to 10 Because of their high toxicity and long duced by the fuel cycle, represent the
CFP,50 for light water-cooled reactors. half-lives, the cumulative impact of re- most reasonable means of providing re-
and, tn the view of the Agency, this level leases of plutonium and other transur- quired protection of the general en tron-

ment for present and future generations.
of maximum annual individual dose to anics to the environment could be large. The standards will usure that any en-the thyrcid can be achieved at reason- However, due to very large uneettainties
able efort and cost. concerning their ennrenmental behavior Mronmental burdens of long-lived ridjo-

: The principal potential doses to in- over long periods of time, as well as a lack active materials accumulate only as the
I ternal crgans other than the thyroid are of deftmtive information concermng the necessar*/ result of the generation of an

to the lung via inhalation of airborne relationship between exposure to these offsetting quantity of electrical energy,
The proposed standards for long-particulates and to bone due to inges- matenau and health effects, the !!mits

tion via water and other pathways of of this potential impact cannot be more lived materials fall into two categories:
the naturn:ly occurring materials proc. than roughly estimated. Therefore pru- those which can be achieved using cut-
essed in the several components of the dence dictates that the environ:nental rently available methods for control of
fuel cycle required to convert uranium burden of these matenals be minimized environmental releases, and those that
ore into reactor fuel The impact on to the Io' vest levels reasonably achieva- reqture use of rnethods that have been
populations due to ef:1uents from these ble. Similarly, although its toxicPy is less demonstrated on a laboratory or larger
operations !s generally quite small (due than that of the alpha emitting transur- scale, but have not yet ach2eved routme

; to their predominately remote locations anics. In view of the extreme persistence use. In the former case, exempliced by
and lacic of widespread dispersion), of lodine-129 (half-life 17 million years) the standard of 0.5 milucurtes per sngs- !

ho'vever, signiacant lung doses are pos. and great uncertainty concerning its en- watt-ye'tr for plutonium and other long-
Uved alpha-emitting transuranics, the

sib!a to individuals near to these opera- ,vinnmental behavior, envtronmental re- standard limits the environmental bur-tic .s. particularly in the case of mills ' eases of this isotope should be also
I den to the lowest level reasonably

and conversion facihties. 'Ihe use of maintained at the lowest level reasonablr achievable using currently availablevceu-established, c:".clent, and inexpen. achievable. The prevention of un!!=1ted
control methods. In the latter case.sive *Achnology for the retention and discharges of krypton-85 to the environ-

control 'of parttculate eCluents can mynt from fuel cycle op erations is of his:h that of the propesed standard of 50.000'

read:!y achieve the levels of control re. priority because of its potential fe# curies per gigawat -year for krypton-35 -
cuired to rneet the prcposed standard of signancant long-term pubhc health im- and 5 mtlheuries per g!gawatt-year for
25 minirems per year for limiting dose pact over the entire world. Finally, car- todine-1 3. these hmit:ng levels of en-

vironmental burdens are not thoseequivalent to the 1mernal organs (other bon-14 and tnt!um. both of which
I than thyrold) of individuals. rapidly enter worldwide pathways as achievable by best demonstrated per-

formance, but Instead by minimum'

Environmental radiation expcsures gaseous radioactive materials, are of par * performance reasonably anticipatedfrcm transportation operations are due ticular concern because carbon and '

to direct radiation. Althougn average hydrogen are principal constituents of from introduction of these new systems i
in'o commeretal operations. As ex-radiation doses to individuals in the gen. the chemical structures of n!! life forms.
perience is gained with the abdity oferal publ!: from transportation activi. These long-lived radionuclides should the industry to limit fuel cycle releases

individuals could receive higher doses after careful consideration of the trade- of these mater!als to the envimnment,
-;

ties are very small, situations in which only be discharged to the ennronment

may reasonably be postu!sted. It ts recog, o!!s between the societil benents of th9 it may be appropriate to reconsider the '

nl:ed that exposures due to transporta, power generated, the current and pro * standards hmiting the maxtmum envi-ronmental burdens of these part!cular !tion of radioactive materials are dil".iculg jected health risks to populations, and radionuclides,
to assess and regulate because as ship, the costs and effectiveness of methods iSimilarly, as knowledge bacemes avail-
ments move in general commerce be, aval!able to I!mit their release. Since the able concerning the practicabihty of lim. 9

tween sites the exposed population is anticipated maximum dose to any single I

constantly changing. Transportation ac. Individualimm any of these matertala ts iting envimnmental ralenses of tntium
tivities should be conducted with every vez / small the primary concern is the and carbon-14, the appropriate levels of

-

!
maximum environmental curdens ofeffort made to maintain doses to in. cumulative risic to populatlon groups over

divtduals as low as reasonably achieva. long periods of time. For thi: reason, it these radionuchdes due to fuel cycle op-
ble. consistent with technical and ero. is not of primary importance where or erations e/ill be carefully considered by

'
6

nom!c feasibi'ity. In any case, the max . when in the fuel cycle any !;uch materia!S the Agency. However, the kno'vledge base
mum dose to any member of the general are released, since the committed im- now available is inade<1unto for such a
public due to uranium fuel cycle opera. pact will be similar. What is important 13 detennination, and no standards are
tions, including those due to shipments to assure that any permitted discharge presentiv proposed for these radionu-
of radioactive materials, should not ex. has been ofset by a beneficial pro <tuct. c!! dea. The potential for a long term im-
ceed the pmposed standard of :'S mini. i.e., n quantity of e:ectricity, and that pact due to carbon-14 released Imm fuel
acms per year to the who?e body of ar2 every reasonable edort has bean made to cycle oremtions wa.s not recogn2ad un-
individual The Agency will continue to min.imize it. It is aM importnnt to as- td the Agency considered environmental

i examine potential exposures due to sure that suelety is not burdened with ec,se comnu: ment.s imm the indust: r in
the coune uf developing these standards;! transporMtion of radicactive mater!als unreasonable expenditures to minimke thus consid! ration of methods for ]!mlt-!

.

*
i
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.r.: st;:dase to ths ;tenernt en.- enment Nc:!ect Reristory CJmmhsha. The that are necesssry tS aW2re the orderly

.tre Cr.W no'r W.ntu; g. Trtitur: evels r~enanism* by wnicn there standards deM ery of e9'ett:c TioPr. S'2ch a two-
?. !!:e ger e 0.1 ene .~ ent f r:m f r! c; - Gre n :nerad mil da a matter t' atween the fuht objective requires consideration ofe :: c c-at. : s are nX exp : tad to te.e .NP.C nna the industries that are !kensed the questian whether to impo>e stricter
nc-.!de .nt unt:1 the late 1930's. and de- to carry ct.: varttatu urantam fuel cycle standards which acnteve lower levels of
.ebpment programs are in ectente fer c: mum, but, in general, will be bued radiation exposure and environmental
a ntrol of reteeses of thu radtenuci.de en regulat: ens and guides for the deWn burtlens of Iong-lived radioactWe mate.
ir:m its prtncipal cource, fuel reprocess. and operation c! the var:ous fact:1:2as. r!a:s. but shich may force temporary
.r.; crarsticcs. The Agency be:Jeves 02: The .kency is confident that thne pro- shu* downs which may not be just! Sed onme de elopment an.1 truta!!ation of een. N d stanuards can te ef!echytly imp e. a ris%-benefit basis for sitch periods; orto:s to mammi.*e envtronmental burde.ns mented by such procedures.

to establish more liberal standartis whtchv bo:n carbon-14 and tritturn are ;m. Current rules and regulattens app!!ca- decrease the possibility of such shut-
nortant ob;ectives and will carefu!!y fol. b!e to f uel cycle cperattons generally con- downs, but may be overty permiss;ve
.0w the detelopment of new kno@1:e tan provisions echtch have the eifect of with respact to public exposure and long.
*mcerning both the im; met and centrol. litrutm:s doses to ind2viduals, thus imple- term environmental releases. The AgencyU.b:lity of thMe incionuestdet mentation ot the proposed str.ndards for has attempted to avcid this dilemma by

To a'!otv r.de<tuate t::ne !Jr 2mplement. m:.ximum dcscs to indivi:!uals should be proposing standards that are not per-
:ng the s*andards for krypton-83 and strau:htfory.ard. Prote:Na of the public missive with respect to either public ex.
:::!!ne-l?3 control, includmx the neces- fr:m the environ:nental 2::;mulation ci posures or long-term environmental re-
.22/ testm2 and analysis required prior Icn -lived racioact:ve matertals may re- leases and at the same tirne providing a
w !!ce .smg of these control systems. the r;u;te some changes in regu story require- variance which allows the standards toc.!ect:ve da e is proposed as January 1, rit:nta. For example, this standard limit be temporarily exceeded under unusual
3S3. Implementaucn by this date would exstronmenta! accumaLiuons of certam conditions. The use of such variances by
.?sult in control of these releases bafure raionuc11 des nssociated Eth the gen- the regulatory agency will depend to a
.v.7 .ntbs:nnual potential health im;'act erat on of a R: a catM*.1r of electr2 cal large degree upon their value judgments

m t".cse materials due to uramum fuel energy, echich 1.s gene:ated only at the concerning the necessity of the fuel cycle
":!e o :crations can occur and vccu:d. In 7:ovcer reactor. Sinec otner c;arations in operation concerned to a region, overs;1
e Jus: ment 4 tne Agency, picvide the cyc:e whi:h Q ut generate porter facility safety, and the possible impact

m.etuate pro:cct:On of pubhc heaith :u e mote like:y to ctst.latge suca mate- on pubhc health. The proposed vartancewr::::ter, mus, it may be neces.ry for the regu- proddes that temporary increases above
The pre;;csed standard for maximu:n latory at.ency to make :.n appropriate the standards for normal operations are

drse to cracans exciudes rad:n and 1: al|vesten to each f ac:hty and to deter- allowable when the public interest is3

1.aughter prcducts. Raden is re!ealed rs mine the embsion rates IWuired to sat- served. such a.s to rnalntain a dependable
3r. rt.W.ed t3 3 days nalf-1:le s merg Lfy the standard for t~e antire fuel cyc'e. source of continuous pcwer Cr during a

"s. main'" fr m tag:ngs pdes at r=:13. Titu a npec: ally Qe cue for a raconu- power crts:s.The Agency antiraW.es that.

. ?. rrecu:-d :ts prmc.::al potect:a :m. clite hke krypton-1:~a wnich can ce re. the need to use such variances Mll be in-

.M :. rct.d depossuen of its dau%1Mr ! md either at reactm. dJrmg fueistor- fre<1uant and of shor*. duration, and that
r:ir:4 .n te lun4 7".2re emts con. a;e. or durin; furl rrprocessing. 'IT.e the overallimpact on popula' ion and in-

terao:e t.ncerr.aanty about the pu2:he :. tan:iards do not 5.pecify the time, loca. dividual radiation doses from the opera-
u:d a im.:a.: of ext., ting ;eveb of raucn tron, or concentration of cmtssions of tiens of the entire fuel cycle wt11 be.r. .he atmos;nere, as reell as over the long-!ived rad! nuchdas. Once a giren minimal.

*

.: mettca for manas.ement of rre quantity of elec:::ert pwer hu been With re:pect to rerulatory Lnplemen-
. rces c ! rnusa created by man's acuvi. ger.erated the s;;ech:<. :enount of the tstian cf the flex 15thty provided by this
.cs. waan r?:nove tnis naturally eeeur. racomiehde may be 14eul at any ti:ne proposed variance provtsion. the Astenc7

. A.J n. ate 1 and its precur: ors : cm and at any ru.s ur Iveatun that dces not h;.5 carefully exmmed the guidance foreer.eath tac earth's protective c. us t. c :ceed the !ndividual dose hmitat:On:. d.: sign ecjecttves and U= tang conditions
ladon leve;a in the general environmeng Demonst: .tten of comp!!:.nce 171th the for operaticn of light-water-cocied nu.
~ r3 stMtanu.4 .L:.1 are dominated by standard recnires oc!y * hat the to!c.! clear power reactors as att forth recently
.atur4 sources, except in the immediato quantity of electr:etty generated af ter the by the NRC in Appendtz I to 10 CPR 50.
* in.ty <,f man-made sources. Exposuras. (Sective date of the standards be re- It is the vtew of the Agency that this.

:r;m rr. den and its daughters hae preyg. corded to detcrm!ne the 'n .zimum quan- guidance for reactors will provide an
Cy been the . subject of Feder tl Radia. tity of theselorg-12 vert radiomiehdes that appropriate and sa !afactory imple=en-non Pr:tection Guidance,in the ene of may eventual!7 be releved. tation of these proposed environmentalunderg r".nd uran.um m;ners tTR Dcc. "he A;;ccci recern.!:c.s that hnplemen. radiation s*and.rds for the tc ani:m fuel
~. ~2"J and T?. Doc. 71-M7), and ot tauon (,f the standard.2 !ar brypton-45 cycle 5th respact to !!zht-nte -acclad

.l. dance imm the Surgeon General, in and lodine-IL3 by *he ;rc;csed cCective nuclear reactors util.izing uranium fuel
7 cue cf puche exposure due to the use date of January 1.1083. El require suc. The various monitor.ng and repor-inrr
. tri:umm min taihnxs in or under cese.ful demonstration of control tech. procedures requireo by the AEC in the
unctures cerutded b7 me=bers of the nolo.;y f Jr commercial use that is now in pM*. and supplemented by A:: pend!s *

.

ne. 3; ;"Ce N e of Urac.fum f.hu ndvanced stages of devMopment. ne are expected to provtde conttnuing in.
~ i: t:s far Consit actten Purposes." Agency, as state-1 above, intends to re. formatiort ruf|icient to de*er=2e that

c

5:srin s Lefore tha S:beammit*.ee on Vic v all of these standar:s m at least re these standards are being satisfied dur-
ttw Matertals of the Jotnt Committee yaar in*erv ds. If suur.uual dit:*culty log the coun:e of normal operations of
n A tcm;c ifner"7. Oc!coer :'8-23. l' 71, tho::Id deveNp for implementtn tbc the fu:I cycle.s
~p 22MW. The Atency has concluded r.tandards for 1:rypten45 and lodme 123 Although the Agency has attempted to
hat the pr0b! ems a.se,ociated with radsa v.ith rm pect to tun p:owsed IMets, facd. limit the cacct of radioactive dischaq;esm.

..cns ne r.uf.clently di%ercnt tro:a sty raft.ty, or rest, the A;crey will give from the fuel cycle on populationJ andthae c! othar radicactive rnateriala u. f hese factors carefit! ar.d appropriate on indwiduals through theae proposed
"Mted with the fu-1 cycle to warrant enn:2 derat:on prior to the eacct!ve date. standards. it has not attempted to specifycarate consideration, rtnd has under-

With re :n t to o. err.t :ns associated constraints on the selection of tites forw 2n indepenitent c.ssessment of man- with the rupply of eierte: cal power it is fuel cycle facilities, even thoup the
M :-ource 3 af radon eminions as;d important not only to set standarG AJct:v reccanizes that sit:ng is 0.a im-.dr c:analen.ent. which vc111 nrov:-'e sati factory pub:! portant factor which n*fec*s the poten-

f r:pime :tction of the s t:n. fards. her.itn pre!ce?;cn. conaic, tent with teen. tial he'llth impact of tnost planned re-
ha pric ed :,*snr.ards are expected nic-d an ! cpnomic fcub.hty, but also le tses from operations in the f'tel crete.
' La !mf ementw1 far the var: Tit com- to mini:r.::= s.hta ! mete'.i which tray ' Die sthds wen developed, however.

Nnents of the uramum fuel t? ele, orer- ocettr as the result (! temporary inter. on t'.e assumption that, sound eating
. e undar ncr:nal conditions, by the ruptons !n . * %rl cale op aratio:u practices will con *inue to be prcmoted

.

.
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.
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t PROPOSED RULE 5

as .a ce ;r.n ar.d tr.:.t ;acu planners comments received m res;cn e to thta no- re) " Radiation * rncans at.y or a;l cf
di tv.Re re no:e sites w:th Iow pcpub- tice, as well as comments recthed in re- the fotowing: alpha, teta, Grnma, or. t:on uenstttes to the :naximum extant4 fessM.e. sponse to the A;;ency's advance notice of

this proposed r'.demaking .mlished on x rays; neutrons; and huhwnergy ekc-
The Agency .ns raso censidered the May 10. IG74, and the Agency's response trons protons, or other. don:ac p rticles:I t.eed for speca; pro 1,:s;ons f.,r single to these co:nments con.atmne part of but not sound or radlo waves, ner visible.j

stes contar.ing ;arge numbers of factu- the background for this rulemakint and infrared. or ultraMolet haht.
:ics, of sin::tc or : nixed types, as exempu- may be examined in the Agency's Free- (f) "Radifucuve material" means any
.a.e d by the "m.dcar para * concept. dom of Infottnation OI".ce. 401 M Street. material which emits radiation.Present cor.st ruct:on projections by SW.. Washin; ton, D.C. 204GO. 4:) " Uranium are* ls any ore which

{ unhtles indicate that no such s:tes are contams one twentieth of one percent
. hkdy to be op?tational during the next Dated: May 23.1975. (0 05 percent) or more of uranium byten ytars. In stew of the need to ac.

RtrsstLt. E. Tr a tn.
vielcht.

c;.ntulate operating experience for the Ad'ntr.istrator, "Curte" (CD mean.= that quautityth)
new large individual fac:lities now under of radioactave material producmg 37
c:nstruction and the intent of the A nere Part 190 is proposed to be added billion nuclear transformations per sec-
Agency to review these standards at res- to Title 40. Code of Federal Regulations, ond. (One mil:1 curie (mci > =0,001 Cl.)
sonable intervals in th? tuture,it is con- ag gonows: (D " Dose equhalent" means the prod-
sidered premature and unnecesary to PART 190-ENVIRONMENTAL. RADIATION uct of absorbed dose and appropriate *
pred:cate these standards on any siting C N S At R FOR f4U- factors to account for diderences in bio-

<

acon ctrat:Ons postulated for the next logical e:fectiveness du~ to the quahty
decire and beyond. T".le Agency w111 con- Subpart A-General Provessons of radiation and its spatial distt:bution

. ::dcr changes in these standards based in the body. The unit cf d0se equha.enton auch considerations when they are g3 gg,g;7 is the " rem." (One milltrem imrem)neaded and justta.ed by experience. 100.02 Denmttons. :=0.031 rem.)
It is the conclusion of the Agency thag sapart B- .

im;!ernentation of the proposed stand- npygnja|cs a da,ds for the f)) " Organ * means any human organg,gggg g
,

ard; for r:ormal operations of the nuclear 190 to staudards tc: ncrmat operat:oo2. or the cornes.,

powGr industry based on the uraniurn 1 Wrtance for unusual operation.s. (k) "G4awatt-year" refers to the
; fuel cycle will provide society protection 100.12 Edeettee dMe. (luantity of electric 31 ener;y produced at-

c! its environment and the health of it.S Attruenny: Atomic Energ7 Act cf 1354. a.s the busbar of a generating station. A
cat:e:u and that this protection is ob. amended; and neorgamration Plan No. 3 of gigawatt is equal to one biluon watts.taired without placing unreasonable fi- 29n. A gigawatt-year is equivalent to thecanctal burdens upcn society. In this Subpart A-General Provisions amount of cuergy output represented bycontext these standards are responstve
to the President's ener;7 messages of $ 190.01 Applicablirr. an average electric power level of one

stgatvatt sustained Ior one year.June 4,1971. and April 18.1973, which The provis!cas of this part apply to (1) ".Membe f the bu **
chauenged the Nation to the twin ob. radiation doses received by members of any Individual that can r cetve a a
fecttves of 'ieveloping sumcient new en. the pubuc in the general environment [tid0 in th' gen aI en ronmmt
er;7 resources while providing adequata and to radioactive materiah intrcduced gr myprotec'!on or puobc health and the ir e ge tal env nme. he re- e osed to radiation in an occupatione_m -

,
Reg:.est fo~ coments. Notice is here, nucIear fuel cyc!e.

However. an ind:vtdual is not ecnstderedby given that pursuant to the Atomic
( 190.02 Dermitione. a membar of the public during any perted

T {fg{IOI "]g In which he is engaged in carrytng outd d.ai
p D (a) " Nuclear fuel cycle" means the any operation which is part of a nuclear70-13374) adoption of Part 190 of Title operations defined to be a:sociated with

C7C 'Regtdatory agency, m40 of the Code of Federal Regulations is the production of electdcal power for (m)
-

proposed as set forth below. A1] inter. pubbc use by any fuel cycle through government agency responsible for issu-eans the
ested persons who wish to submit com- utilization of nuclear energy. ing regulations governing tha use ofments or suggestions in connection with (b) " Uranium iuel cycle' means all sources of radfation or radicactive mate-
this proposed rulemaking are !nvited to facihties conducting the operattons of rials or emissions therefrom and estrying

j send the:u to the Director Criteria and milling of uranium ore, chemical ecn. out inspection and enforcement activities
version of uranium,isotopte entschment to assure compliance with such regula-

'

Standards Division (AW-560). Of!!ce of of uranlun2, fabrication of urt.nium fuel, tions.
Radiation Programs, Environmen tal Pro. generation of electricity by a light-water *
tection Agency. Washington, D.C. 00460, cooled nuclear power plant using ur2- Subpart B-Environmental Standards for
on or before July 28, 1975. Within this #* ' ' the Uranium fuel Cycle
same time period. Interested parties are ta t n f y F 190.10 Standards for normal opera.i

abo invited to indkate their desire to active material in support of these oper- 8"""-

participate in a pubuc hc24 Don the ations, to the extent that these support (a)
:g nreposed rulemaP5g~td Wscheduled corrunercial el-ctrical power produetten

The annual dose equivalent shall
util! zing nuclear energy, but excludes not exceed OS millitems to the ahole

after the comment period ends. Com. *I"IU" OP'#"IIO M " *I M * * OI TC* body,75 millJrems to the thyroid, and 25
; ments and suggest!ons received af ter yeje, "" U # UI inall! rems to any other organ of any

Jtdy 03. 197~> pedod will be cons!d- member of the public as the result of
(c) " General environment" means thecred if it is practical to do w. but total terrestrial, atmospherte and aquatic exposure to planned discharges of radio-

tuch assurance can only be given for enytrcnments outside sites upon which active materials, radon and Ita daughters,

commer.to !!!ed within the period any operatton which is part of a nudear excepted. to the general envfrenment
spacified. Sing |e copies of a D: sit 'I. .C inom uranium fuel cycle cperations and

n'y lucation, con-) as
Envarcr.mentr.1 Statement for the pro' ' taincd within a boundaty acror.s which

* " '#0* * #'
(b) The total quantity of radioactivepond standasds and a technical report

ingress or egress of members of the gen, raaterlab entering the general environ-entitled "Emtonmental Analysis of the
eral pubuc is controCed by the pe son ment f rom the entire uranlun2 fuel cycle,

Uranium Intel Cycle" are available upon conducting activttles therem, on which is per gigantt-year of electrical energyj

request at the above address. The above- conducted one or more operations produced by the fuel cycle, shall contain;

mentioned techn! cal documents and covered by this part.
less than 53,000 curles of krypton-85. 5'

.

1

-
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2M25
I mt!!acuries of lodine 103, and 0.5 milli.

(a) The regulatory 22ency has grantti 5 190.12 Encesive . tate., curtes combined of plutonium 233 and a variance based upon its determination'

other alphn-emitttnt trsnsurante ra:ilo. that a temporary and unusual operattn; g,3 .Ihe standards in this Subpart, ex-
nuchdes with hsLf ides greater than one condition exista and continued operation cepting those for krypton-85 and iodine.

'

#

year, r

is necessary to protect the overall societal 123, shall be e:fective 24 months from the
' ' promultation date of this rule.t $190.11 hiance for umastial opers. *

8'*'^ ve o! et cal w r a.7d (b) The standards for ktypton-85 and;

(b) Information delineating the na- lodine-129 shall be effective January 1,j
The standards spec 1?.ed in i100.10 ture and basis of the variance is made I833'may be exceededif:

a matter of public record.
(rn Doc.75-t 4017 rated 5-2s-Ts.s:4s amt
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RULES AND REGULATIONS

Title 40-Protection of Environment .!atMns on May 21 1975 Letters were
CHAPTER l-ENVIRONMENTAL mned kom a WM mWcMon of Agency has made ite intent regarding

PROTECTION AGENCY rmesentatn as of the gener.tt pubite. the Mallstic implementation elenr. ns for ed
SuecHA.= Em r s o N PRortcT1oM mdustry. profesuonal .:r9ups. the states. ample in the discussion of these runtters

in the Ptnal Environmental Stntement3gd pedera} a genClet In addition 17
p trties partierpated m three days of and wll! Continue to do s3 If neCeshAry asN*O Ik heatmgs and. m many cases pub- implementation proceeds, to assure thatsub-

PART 190-ENVIRONMENTAL RADtATION mitted estensive additicual written test 1*unnecessary conservatism does not occur.
PROTECTION STANDARDS FOR NU. mony. In all, the contributed record In this regard, the NRC has recent!yi

CLEAR POWER CPERATIONS comprises over 3500 paget Comment let- issued a re'tised set of regulatory gu! des
for !!sht water-cooled reactors whichOn .,.tay 10.1974. the Environmental ters, a transcript of the pubite hearing.

Protect!cn Agency dEPAs pub!Lsh*d an and all submitted testanony are avall- Implement their announced intent to use
the most realistic models available whenadvance notice of intent to propose en- able for v:ewmg and copytng in the

vironmental radiat!on protecticn stand- Agency's Pubtle Information Reference adequate experimentkl data etfst to per-
ards for the uranium fuel cycle (39 PR Unit, Room 2922. U.S. Envtronmental mit a prudent and scientiac determina-

and invited pub!!c participation Protection Agency. 401 M Street SW.. tion. These models are intended for use16908)
On May 23.1975. EPA proposed regu* Washington. D C. 20460. The Agency has In implementing the recently-tssued Ap-
.ations setting forth such standards '40 constdered n!! of this record in reaching pendix I to 10 CFR Part $0. whteh defines
FR 23420) pursuant to the Atomic En* its conclastons for these final regulations. design and operating criteria for single
ergy Act. As amended. and Reorganiza* At the time these standards were pro- reactor units. EPA has examined Ap-
gon Plan No 3 of 1970 '35 FR 156231. Posed. EPA re! eased a Draft Environ- pendix I and the accompanying regula-tory guides and agrees that they provide
oumerous written comments were re* mental Statement and soliented public the basis for rea!!stic imp!ementation of
cc:ved and a public hearing was held on comments. A Final Enttronmental State- these standards fer single reactor units.
J.farch 8-10.1376 (41 FR 1124 and 41 ment is being made available concur- The existence of these requirements.FR 5349) ? rently with the promulgation of these coupled with the realization that mest

These regulations setting forth envi- standards. This statement contains the existing reactor licenses are for no more
ronmental radiation standards are here- comments recoved on both the proposed
by promulgated an final form. The stand. standards and the draf t statement, and than one or two units on a site, makes it

EPA's responte to there comments. Single unnecessary, in the Agency's Judgment.ards specify the levels below which
normal cperations of the uranium fuel copies of the rinal Environmental State- to reexamine the license conditions ofthese licensees for compatibihty with
eyele are determmed to be enytrenmen- ment and an additicnal document con- these standards, unless the nearest
tally acceptable. A numt,er of changes tainmg EPA's detailed re=ponses to testi- neighboring site covered by this stand-
have been made in the proposed regu- mony received in connection with the
*ations in response to comments received. public hearine are available from the ard is within ten m!!es In these latter
n eca char:ges mod!!y and tiarify the D6 rector. Criteria and Standards Diviston cases small adjustments may be neces-sary. However, in the vast majortty of
areas nf appucabJity of the standards ( AW-460). Of*.ce of Radiation Programs. situations, the sum of all reasonably
and their c:!cetite dates. and expand Environmental P r o t e e t i o n Acency, postulable contributions from sources
the conditinns under which variances Washincton. D C 20460 Persons inter- other than the immediate site will be

eteti in a summarv disettuion of the sma!! compared to these standards andmay be graniet The numettral levels of
bvkground. t atmtmle. Interpretation, should be ignored in assessina comph.the standards ha',e been retained as
and sigmficance of these standards ance It would not be reasonable to at- jproposed.

'

The Acency has benchted from exten- should consult the nottec proposing the?e tempt to incorporate into comp!!anceregulations and. for greater detail, the
sive public part!cipation during the Final Environmental Statement. assessment doses which are small frac.
course of the de'.elopment of the=c recu- tions of the uncertainties assoc!ated w:th
lations Sixteen comment letters were MAJoit Isst'Es Ratszn DtrarNo Revirw the determination of doses from the prt

mary source of exposure. The Agene);receaed in reeponse to the Agency's May
Three major usues were rmed by has also concluded that, except under10. 1974, notice of mtent to propose commenters here were: (1) concern

*tandards. and 82 comment letters fnl. that procedures for implementation of highly !mprobable circumstances. con-
lowmg the publ! ation of proposed regu- the standards would be unnecessarily formance to these criterta shcu!d providereasonable assurance of comphance with

conservr.tive or costly, 82) disagreement these standards for up to five imits on a
over the need for and cost-et!cctiveness

'

bey h At :ed n ral h etc) of control of environmental releases of site. This conclusion is based, among
're es

Services t AGNS) on Ortober 4 and Decert. krypton-85 and other !cng-lived radio- other considerations, upon realist:c con-
| ter a.137e. for a supplemental hearing on nuclides. and (31 disanrcement over the sideratton of anticipated site sizes and

eround, ' hat the Arenay is. In part, retytnR form of the relationship between effects the relative location of indtudual un!ts.
rertain aspects M this ru:emaktne. on 'he

as well as the stochastic naturt: ofupon infrmathn acquired subacquent on health and radiation dose assumed in ef!!uent releases.to derly na these standards.e.e puhm nearine whtch. In the vte w cf
A large number of commenters ex* A number of ecmmenters. meludimr the

u ts e r rYo s NRC. also noted that shutdown of nu.er r e Ace ey pressed the view that stuplementation
rettewed the maternis wb:nitted tn wpport would ! cad to more restricttve control of c! car fac1htles for mmor dev;attens from
or this rea uut and cone!uded that they c!"uents than mtenced due to the use of the standards wou!d not be reasonablew ould not pros fue 3 numetent hasis for s!ter. The Agency agrecs, and notes that theutmecessarily conterVative models fortne :ta vnnetustone A respanee to new mat- u?P of such an extreme meadre is no'r.ource terms. control capabt!!ty, andters addreme<t tn this matertal has beenorg.,e nd *d m the Aremy's commentary on environmental transport, and due to re- required under present compliance pro-

c$arin
qqg7pggg3 fg7 gggg,ygp3hyy japgg may, cedures for !!renses issued pursuant to

t e a ards in addl ums beturen normal operating levels the Atom!e Enerry Aeg ang g33g g3g,
tion it ts noted that the Arency ham prest- and the standards especially at sites con- regulations do nct add such a requtre+
nusir <<o nt 2342m made ptintie its meent tatning a number of facihties. The au* ment. A graded scale of action 1s an au-

* * * to matntain a contsnmnt therity to regulate fuel cycle facihties propria te regula tory response for achte6-res tew

4 th* artnprintere" of trew enttronmen- imder these str.ndards resides in the ing conformance. This may mt!ude. forrm <tnec ed. * * * wd to restw them if
on 'ne but* "r inforrmetnu *he ';uclear Regulaterv Commission t NRCt. example, requirements for correctm ac-neremre

, or. m .ome cases the States. under agree- tions. appropriate penalt;er, and. m es-
e ne t netuded tha tt t a da have treme cases. cessation of operations Theen w

wither"nere.wr nor appropriate to erant CC M ""3 Agency is confident that the NRC will
nnw t*.e additrocal puhne heartne requested memters Cf the put:!!c. rather than to implement these standards m surh a
we stu, of crurse, wetcame W anhm'rmn hypothettent receptors. tn order to en- reasonable manner-of attinnu 'e Nai data nr. the tr.att e rs
mmccrneo as it bei nm avaustie courace the uv of realistic models by the Some commenters expressed the view

regulatory agency In addition, the that it was not feasihie to momtor con-

4
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RULES AND REGULATIONS 2M9
formance with these standards through
the use of env!!anmental measurements f al bevend tha jurisdiction of EPA.was:

The Agency agrees that routme momtor- ibi unreasonsb y costly. 'c1 not achiev cluded that the contml of U.S relea.ses
of krypton-85 !s warranted on the b.sts

fng based exclusively upon environment- ab e by 19d3. the prorosed imp ementa- of reducing its potential aorld Alde pub-
al meuurements would not be a reason- tion date cor, m the view of some com- l!c health Impact. In initiat:nz a rtmdre-

menters. was achievable prior to 1983i. ment for this control. the United Statesable means for usuring conformance or id) not a reasonable requirement of fulfills Ita responsibility, as the world's
and the regulat!ons do not contain such domestic industry un!!! international lanest user of nuclear Wwer. to pnea requ!rement. Env!ronmental object!ves agreements are achieved to restrict em!s-

~ cre generally be.st achieved through con- sions from foreign sources. vide leadership in this matter.
trols exercised at the source. For this A number of commenters augested
reason eSuent monitoring is generally The Agency has concluded that its that the propM regulations should te
preferable and such measurements. when jurisdiction is clear. Reorganization Plan amendal to include s'andr>ds for es -
combined 'vath regulatory models for en- No. 3 of 1970 speelf!cally transferred to bon-14 and, in some cases. other lonn

EPA from the Atomic Enerry Commis- lived radionuc!! des. The A.;ency hm-

vironmental transport, would provide sion the authority to establish standards studies of sources and controls for thesequite adequate demonstration of con-
formance with the standards for the for "* ' * Quantitles of radioactive ma-materials widerway and anticipates that

tertals in the environment * * ** and pmpcis for appropriate env!rorunentalvast majority of situations, based upon
existing expertence. However, s!nce vary- attaches no conditions to this authority standards for cart:on-14 can be made

-ing degrees of conservatism and uncer- except a requirement that the standards shortly, with consideration of proposals
tatnty exist m all environmental models. apply outside the boundaries of Deensees for other materials following at a later

EPA has carefully reexamined the date. IIowever, the knowledge base is notthe Agency believes it will of ten be ap-
propriate to supp;ement ef'!uent monitor- costs of control systems for krypton and 8 #

ing with confirming envircnmental mens- has concluded that a substantial portion bfo$n*r
*

urements, as is now the regulatory prac- of the additional costa presented at the nt were received ref'ecting
tice. In the case of !!ght water reactors. public hear:ngs is correct. This analysis many po!nts of view on health eiTects is-
models and monitoring requirements for !s reviewed in the F!nal Environmental sm e gmup acM e 2.e.Wy s
demonstrating conformance with Appen. Statement. However, in spite of these in- *[y
dix I of 10 CFR Part 50 are generally creased costs, the installation of con- r entte t

(.ftrols for krypton-85 is belteved to be ruonal Aca&ny of M ences
adeque te for demonstrating conformance justified by the public health benefits E!!ects on Populations of Exposure to Iowh
with these standards. Sim!)ar models and
measurements would, in general, be ap- ach!evable. In today's do!!ars, the cost hI h0"' onper unit radiation dose reduction at fu- , 1 1 capropr: ate for most ot.her types of fa- ture reprocessing fullities will be $50- Effects of Ionizing Radiation. NAS-NRCcillues.

375 per man-rem for whole body doses. 1970). These estimates are primaruy
In the special case of possible wind- and considerably less than this for doses based upon a linear interpo:st!on be-

blown eduents from mill ta:hngs. the to other organs. ncse values are more tween ex sting data on human popula-
existence of operational measures de g.. than an order of magnltude lower than tiens and the assumption of no eticcts at
temporary or permanent stabihzation) limiting costs now =pec:. fled in regula- zero dose. Anotner group believed thu
should normally be the criter:on used for tions governing the licensing of indand- modal is not su!*icientif conservative to
vertfying co:nphance. In lieu of eduent ual nuclear power reacto:t It is rero.T- adequately protut pub!!c h.ealth, basedand environmental momtoring, because n! zed that the cost of retrontting one ,

hy otheses
of the di!Sculty associated with such facility which is expected to te in opera- concemhg the shape of the dose-e:!ect
measurements. It should be noted that tion before 1933 wul insolve greater relationship at bw doses. A third group
doses resulung from exposure to radon costs, and the regulator / agency is en- ,g gg
and its daughters, which are discharged couraged to exploro means to minim 12 servative at low doses and low dose-ratesfrom a mill site f or result from material costs to this fac!!1ty in its imp!cmenta- W uen ef e b Nwhich has been discharged), are ex- tion of the standard for this pilot case. g g
cluded, but that garnma radiation cross. Regarding the achievab!!1tv of control g gg
ing site boundaries from any on-site over the release of krypton-85 to the en- Measurements sReport No 43) which
source is covered. v!ronment by 1983. It is noted that this implies that radiation standards should

In situations where members of the or s!milar control technology is already not be based upon numerical estircates'

I public are actually exposed, these stand- being omed commac! ally for nuclear of health eficcts, and a recent report of
ards. !n e*fect, preempt those regulations reacWs and fud reprocessiv fac1h the Nuclear Regulatory Commission

, which are based upon the Federal Radia- and is currently being fnstalled, or is on 'NUREO-75 / 014 ) which presents. in
t!on Protect!on Guldes (25 FR 4402 in- addition to risk estimates based upon the"' 8f[[pa r to and a a
sof ar as exposure of the public is due g, National Academy of Sciences report,y
to operations defined to be included in strppI!ers. ne Agenev therefore, believes s me I wer risk estimates based upon a
the uranium fuel cycle. For example. the that 1983 is an achievable implementa- belief that dose-rate dependent phenom.
dose !!mits in 10 CPR Part 20 would not tion date. However, a more accelerated ena exist for low !!near mem transfn
be the limiting consideration regarding schedule is not considered fustifted, in r diation (garnma rays and beta par-
exposure of members of the public as a view of the small amount of reprocessing t!c!cs s which reduce the carcinogenic
result of uranium fuel cycle operntions- that will occur before that date and the e:Tect of radf atton to levels lower thani

) These standards do not, however, replace present lack of operating expertence with tho=e predicted by the linenr modo! ne
applicatfon of the Radiation Protection krypton controls. Agency hu exam!ned the evidence for
Guides to the regulation of sources not Finally, we have examined arguments each of the above viere and concluded
,ine!uded withtn the scope of the uranium C0[[ 'g# OUff varlot:s assumptions or for various spe-

that, while each may hase valldity under
.uci eycle. Fmally, the graded scale of , p

actions estab!hhed in 1961 CS FR 9057) sun s and do nM N 2em msun- c!!'c situations. the Mght of currentlyfor use in implementing the Radiation 8 ^ the de avathble scientif!c evidence supports the
lopm nf continued use of a Imear, nonthresholdProtection Guldes do not apply to im- f .n !

olementation of these standards. but ent3y partic!patmg in the r!Nelopment of model for denttng standards in protect
n'ould remain In c!!ect for implementa- ad a gu ance control of public health'

tion of radiation protection guides for # '' * *I U#*other radiation sources. under the au'sp!ces of the Internauonal # ' # * # #
'

~

Ictions
Several commenters expressed the view Atomic Energy Agency. A number of

that a requirement for controt of the un- countrim are already committeo to or A number of chanres have beca
restricted release of krypton to the en- are in the process of committing them- in response to commenta recetido$ade

~

the
vironment frota fuel cycle operations selves to control of krypton releases ne proposed regulations. ne foHosing de-

Agency supports this trend and has con- sertt:es and provides the reasons fr.r eachof these charges:
|
< n
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RULES AND REGULATIONS

1. Parturraph 190 02f b e tuts been
changed to delete tmnsportation as an standards would occur in such cases to
operat!cn coverM1 by the<e standards and a degree that the added risk to the gen- the Agency and NRC that a four ye0
to spm". cal y exclude waste disposal eral public is small and the environ- implementation period ts required t.

sites, which were previously not men. mental e:Iect is acceptable in comparison mills. rather than the three years pre
t!oned. The Agency is addressmg the de- to the economic penalty that would be vided for all other fuel cyc!e operation
velopment of criterta r.nd standards for mociatM with cessation of operation 7. Section 190.12f b) has been change-

management of radioactive ustes as a or the anticipated public health and en- to clarify the Agency's ortelnal tuten
separate matter. as mentioned in the no- vironmentAl impact of available alterna- that the standards specifled in twra-

grnpli 19010(b) apply to radioactive ma-
tice proposing these standards, tive sources of power. For this reason, terials produced after the effective datethe variance provision has been broad-

A number of commenters, including the ened so that the regulatory agency may,The Agency antic pates that protnulcNRC and the Department of Trans- if it deems it to be m the public interest, gation of these standards mill serve
portation, pointed out the d!Siculty of grant a variance in such situations. It addition to providing for necessary p. $ro-
implementing these standards for trans- should be noted, however, that the vari- tection of publ!c health, to alleviate som@
Dortation aethities, particularly notmg ance provision applies only to temporary of the uncertaintfes associated uith thGthe

problems near nuclear facilities. and unusual situations. It is expected design of environmental controls for fuelIn such cases an apportionment of
the dose limits would appear to be neces- that continued operation under the var!- cycle facilities, and the consequent eco-

ance provision will be predicated upon nomic penalties. through stabilizing and
sary in order to avoid unreasonably ex. an apprVved plan to achieve compliance providing direction to the process of de-tensive monitorma requirements for
members of the public. Since studies in an expeditious fashion, that is, in as velopment of standards and regulations.The economic and inflationary impacts
by both EPA and NRC show that most short a time as is reasonably achievable. of these regulations have been evaluated

The requirement for public documen- in accordance with Executive Ordertransportation-related doses are ex-
pected to remain ht small fractions of tation of variances has been clarifled and 11821 and it has been determined that an
these standards in any case, the imple- extended to apply to this broadened pro- Inf!ation Impact Statement is not re-
mentation d!"iculty does not appear to vision. EPA will not review indleidual quired. (The estimated annual cost of
warrant their inclusion in thcee stand- variances or compliance p1hc., ~Mch additlanal ef'!uent controls required by
ards limittr:g doses to individuals from will be made public in accordance witu these regulations is in no case greater

the provistens of paragraph 190.11(b). than ten to twenty million dollars, which
uranium fuel cycle operations. The but will maintain a general overviev is significantly less than the one-hun-Agency will instead address this matter

through periodic review of the use of dred million dollar annual cost cut-offunder its bro 2d authority inherited from this Section,
the former Federal Radiation Council. established as the minimum for whichthrough the development of more gen- 8. Section 190.12f al has been changed an Inf!ation Impact Statement is re-
eral guidance to a!! Federal agencies con- to provide that the effective date for the quired.)
cerning radiation exposure arising from standards limiting doses to individuals Notice is hereby given that pursuant *o
tha transportation of a!! types of radio- shall be December 1,1979, for all opera, the Atomic Energy Act of 1954, as amend-
active materials, not just those from the tions except the milling of uranium ore. ed. and Reorganization P:an No. 3 of
urantum fuel cycle. for which the effective date shall be 1970 Title 40. Chapter I of the Code ofDecember 1,1980.2. Paragraph 190.02fo) is chanred to Federal Regulations is amended by add-
reflect the definition of "rt'e'' implied by he Nhc has carefully examined its Ing a new Subchapter F and Part 190 as
Reorgant:ation Plan No. 3 of 1970. existing programs for impeementation of set forth below.

3. Paragraph 190 02'f) is changed bY Appendix I at light-water-cooled reac-
adding the word "spontanaously" to re- tors, and the feasiblitty of integrating Dated: December 28,1976.

f'ect the Agency's original intent. implementation of these standards into *
4. Parneraph 190 02(g) is deleted and that on. going pmcess, a* well as In

*

*

subsequent paragrachs in Section 190 02 parallel, implementing th=se standards A new Subchapter F. consisting of Part
are renumbered. nis pararruph def!ned at other types of fuel cycle facilltfes 190. is added to 40 CPR Chapter I as
umnium ore a.s ore conte _!ning 0.05% or through development and promulgation follows:
more uranium by wefght. As pointed out of new regulatory guides and individual
by one commenter. It h not desirable to license conditions. Finally, there are susCHAPTgR F- AAotAftoN PROTgCT1oM

PRooRAksexclude ores containing lass than thb matters regarding reactors which will
quantity of uranium since future require generic treatment, such as the PART 190-ENVIRONMENTAL RADfATION
demand for ore may m,ake the use of condit!ons required for compliance when PROTECTION STANDARDS FOR NU-
such ores economically feasible. there are multiple units on single sites. CLEAR POWER OPERATIONS

5. Section 190.11 has been broadened It is the conclusion of the NRC, and the *
to permit a greater degree of discretton Agency concurs, that the orkinally pro- 8'*-
to the regulatory agency to develop and posed two-year implementation period is 19001 Apptteabtttty,
apply conditions for the tranting of var- insuf5 cent and that three years will be 190 02 mantum
ia.nces. As pointed out by a number of required to complete this procens. The
commenters. It is not reasonabic to pred- NRC review of these matters regard!ng suboart B--Emironmaatst usaderde for the

urenwen rues cwe*

teate the justification for variances solcly implementation has revealed that the 190.10 standards for nermat operettons
on pub!!c need for orderly delivery of cue of mills is unique, since better in- too it vartances f r unusual operattons
power. Fbr example, a facility may hav? formation is required concerning a num. 19o.12 Errecuve date.
innalled 4 control system wiuch in spite ber of alternatim for stabilizat!on of Atrrnonrry: Atomic Enert? Act of 1954. maof gmd fatth performance on ,the part tallings-both as to their relative merit
of the supp!!er and the user, may fall and the degree of terlodic mnintenance amended: Reorganization Plan No 3, of 197o.
to achieve operational capability on a rmu! red. On June 3.1976. the NRC pub- Subpart A-General Provisions
timely basis, or, once Installed may ex- lished (41 FR 22430) a notice of intent g 1%01 Applicability.

to prepare a generte environmentalpr.cnce operational fa.11ure at some
time, yet operation of the fact:1ty may statement on uranium mt!!ing opera- ne provisions of this Part apply to ra-

| not be essen:Ja! to the " orderly delivery tions. This effort will be completed in dlat!on doses received by members of the
of electrical power." In addition. some approximately two years. and includes public In the generit ennronment and to
Tort:ons of this stan<tard are prutteated f! eld measurenents with turticipa+1on of radloactive materials introduced into the
upon the tse of waste treatment systems twth EPA and NRC personnel in addi- general environment as the result of op-
not yet in general commercial use. Al- tion. the NRC osued proposed new emu- erations which are part of a nuclear fuelcycle.
though in no case should opernt!on con- ent reportme rmulrements at mills an

November 17 1975 840 FR 53230). In 6 190.02 Definitions.ttnue if safety is compromited. it may
casily be that excursions above these view of the abme considerations. it is

the jointly agreed upon conclusion of " Nuclear fuel eycle"means the op.fa)

crations de'!ned to be associated with theI
,

%
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product:en of electrical power for public
use by any fuel cycle through utilization logical effectiveness due to the quality
of nuclear energy. of radiation and it.s spattal distributton member of the public as the result of edposures to planned dischntees of radia-

In the body. The unit of dose equivalent active matenals. raden and its dauth-<be "Urantum fuel cycle" means the is the " rem " #One mtI!! rem imremi e
operations of mt!!!ng of uranium cre. 0,001 rem i ters excepted. to the general environment
chem! cal converston of urantum, isotopic from uranium fuel cycle operations and

i enttchment of uramum, fabrication of (D " Organ" means any human organ to radiation from these operations.
uranium fuel generation of electricity by exclusive of the dermis the epidermts. (bl The tot.at nuant tv of radtonctive|

or the cornca. a light-water-cooled nuctent power plant innterials e.ntering the general enttron..
using uranium fuel, and reprocessing of W "Oigawatt-year * refers to the ment kom @A enM uranM Nd c@.
spent uranium fuel, to the extent that quantity of electrical energy prcduced at per gigawatt-year of electrical energy
these directly support the production of thebusbarof a generating station. A gig- produced by h fut cyck contains W
electrical power for public use utaltzmg awatt la equal to one billion watts A etc. than 50.000 curies of krypton-85. $ milit-
n'2 clear energy, but excludes mming op* awatt-year is equtvalent to the amount curies of todine<0. and 0.5 m13! curies-

erations operations at waste disposal of energy output represented by an av- combmed of plutomum-239 and other
sites, transportation of any radioactive erage electrte power level of one gtgawatt alpha-emitting transuranic radlonuelldes

sustained for one year, with half-Ilves greater than one year.
W " Member i the public" means $ 19011dt reuse of recovered no u

*pecial nuclear and by-product materials any individual that can receive a radi. Variancc* for unu+ual opera.
irom the cycle, ation dose in the general enmonment,

one.

(cp " General environment" means the whether he may or may not also be ex- The standards spec!Med in i 190.10 may

be exceeded i^"'ulatory acency has grantedtotal terrestrial atmospheric and aquatic posed to radtatmn in an occupation as- $a) Thererenvironment 4 cutalde sites upon which sociated with a nuclear fuel cycle. How-
any operation which is part of a nucleir ever, an individual is not considered a a varrance based upon its determination
fuel cycle is cohducted member of the pubhc during any period that a temporary and unusual operattne

(dl ' Site" means the area contained in which he is engaged in carrying out conditbn exisf4 ano continued operat:cn
any operation which is pa(t of a nuclear is in the pub?fc Interest, andMthin the boundary of a location under fuel cycle. ib) Information is promptly made athe control of persons possessmg or using

(Il " Regulatory agency" means the matter of public record denneating theradioactive material on which is con * nature of unusual operating conditions,
dacted one or more operations covered the government agency responsible for the degree to which this operation is ex-by this Part. issuing regulations governing the use of

(el " Radiation" means any or all of sources of radiation or radioactive ma- pected to result in levels in excess of the

the following: alpha beta samma,or X- terials or emissions therefrom and car- standards, the basis of the variance, and
the schedule for achievmg conformancerays; neutrons; and high energy elec- rying out inspeetton and enforcement ac. with the standards,

trons. protons, or other atomic particles; 11vitres to assure compliance with suchregulatJone. $ 190.1., Effective ifate,.

but not sound or radio waves, nor visible.
infrared. or ultraviolet light. Subpart E vir nm 1 St ndards fo' Ia t The standards in i 190.10(a) shall

#fa " Radioactive matertal" means any be eTective December 1. W9 except that
for doses artsma from operations assoct-

mater:al which spontoneously emits 5 190.10 standard for nonnal opera- ated with the mining of uranmm ore theradiation. tinn%
edective date shall be December 1,1980(g) "Curte" (CD means that quantity Operations covered by this Subpart

(b> The standards in i 190.10(b) shanof radioactive matertal producing 37 bil- shall be conducted in such a manner as to be efective December 1,193, except that!!on nuclear transformations per second.
tone millieurie (mCD =0.001 Cl.) provide reasonable assurance that; the standards for krypton 85 and lodme-

(as The annual dose equivalent does 129 shall be ef'ective January 1,1983, fe-(hl "Done equivalent" means the
product of absorbed dose and appropriate not exceed 25 m Hirems to the whole any such radioacttre materials generated
factors to account for differences in bio- body, *l5 millirems to the thyroid, and 25 by the fission process af ter these dates.

mtDirems to any other organ of any
IFR Doc.77-399 Pned 1-12-77.9:4s aml
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ENVIRONMENTAL PROTECTION AGENCY

_40-CFR Part -

ENVIRONMENTAL RADIATION PROTECTION REQUIREMENTS FOR

_ NORMAL OPERATIONS OF ACTIVITIES IN THE URANIUM FUEL CYCLE
Notice of Proposed Rulemaking

Reorganization Plan No. 3, which became effective on December 2, 1970,

transferred certain functions from the Atomic Energy Commission to th:
e

f Eavircamental Protection Agency ". ..to the extent that such functions

of the Commission consist of establishing generally applicable
0

a

environmental standards for the protection of the general environment
from radioactive material. As used herein, standards mean limits on

radiation exposures or levels, or concentrations or quantities of

radioactive material, in the general environ =ent outside the boundaries

of locations under the control of persons possessing or using .

radioactive material."
The Environmental Protection Agency proposes to

issue standards under this authority to assure protection of the general

public from radioactive effluents resulting from the normal operations

of the uranium fuel cycle * which support the generation of electricity
by light-water-cooled power reactors fueled with enriched uranium

.

Nuclear power generation based on recycled plutonium fuel
, plutonium

CAs used herein the uranium fuel cycle means all f,

including transportation, that are involved in the processingacilities or operations,
(nd reprocessing of uranium for the production of fissioning,,

time uranium ore leaves the mine through the reprocessing of urelectrical power from the
burnup in reactors and its eventual recycle back into fuel supplyanium after

.
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fuel, or thorium fuel are excluded from this consideration, as are

mining operations, but future consideration of these activities i"

s
conte = plated when appropriate.

s

A major national effort has been underway for more than a d,

ecade to
develop light-water-cooled nuclear reactors using enriched ur

anium for
fuel for the generation of electrical power.

The current rapid growth

of this energy source also mandates increases in associated activitii

{ and operations of the uranium fuel cycle.
es

..

]
Increases are expected in the

processing of uranium ore to supply fuel for the increasing generati4

onj

of electricity by light-water-cooled nuclear power reactors
Similar.

-

increases will also be necessary in fuel reprocessing, vaste disposal,
J and transportation requirements.
!

The Agency believes that current

radiation protection guides and regulations are not entirely adequate ti

o

control the i= pacts associated with these expanded activities for three
principal reasons: 1)

The concept of "as low as practicable" as:

enunciated by current

f
uidance does not give adequate consideration too

population dose, 2) the basis for exposure determinations should be
3

expanded to include the long-term total population impact of the(
release;

of long-lived nuclides to the environment,i
1 and 3)
| a recent study by the

National Academy of Sciences - National Research Council * co
! ncluded that

current Federal guides for exposure of members of the general populati
i on

as they apply to the nuclear power industry are " unnecessarily high "|
| .

|

|

* Report of the Co=mittee on Biological Effects of Ionizing Radiati
'

entitled "The Effects on Populations of Exposures to Low Levels of
, on

Ionizing Radiation" National Academy of Sciences, Washington(November, 1972). , D.C.

!

,

,
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The standards proposed in this rule =aking are expected to provide

environmental and public health protection from the potential effects of

normal radioactive effluents from all operations within the total
| uranium fuel cycle which support the generation of electricity by light-i

water-cooled reactors fueled with enriched uranium. The standards under1

consideration have two principal objectives: 1) to provide standards
;

I

specifically applicable to light-water-cooled nuclear power reactors and
A

fuel reprocessing plants and 2)
to provide standards to be achieved by

all other components and operations in the balance of the uranium fuel
cycle.

Each of these standards is based, to the extent infor=ation is

available, on an examination of the particular health risks, the
] technology available to mitigate these risks, and the costs of applying.

I
such technology to the operations involved.

,

It is the intention of the Agency, as recommended by its
4

'

Environmental Radiation Exposure Advisory Co==ittee, to review these!

\

standards periodically, in at least five-year intervals, and to revise

them up or down as appropriate based on information that develops in the
interval.

INTERAGENCY RELATIONSHIPS. Reorganization Plan No. 3 transferred to the

Environmental Protection Agency the responsibility for establishing

generally applicable environmental radiation standards for the

protection of the general environment from radioactive materials. The

Atomic Energy Commission remained responsible for the implementation andj

i enforce =ent of the Agency's generally applicable standards. The

standards proposed herein recognize this division of responsibilities by

stating maximum exposurc levels and quantities of radioactive materials

1 -
-
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that categories of activities should satisfy in the general en i-

v ronment

outside the site boundaries of sources; the i=plementation of thesei
I

standards through the issuance and enforcement of licenses for.i

j
individual facilities, including technical specifications at effl

uentj
points, is expected to be carried out by the Atomic Energy Commission

.

The regulatory activities which have been effectively carried out by th
} e

AEC in the past are expected to be equally as effective in assuring that

these standards are met in the future.'
.

4

The imple=entation of the standards proposed is not intended to)
l

alter the programs carried out by the States under agreements with the
j AEC.

Implementation of these standards is compatible with the programi
j
| activities the AEC has developed with its " Agreement States" insofar as
1

these activities pertain to the various operations associated with!

thej uranium fuel cycle.
1
'

Appropriate monitoring and inspection activities should be conducted
I

.
o

!
4

j
to determine actual radiation exposures and discharges of radioa tiI c ve
materials.

Sufficient reporting of these data through public channels

should also take place to allow determination that normal, planned
,

i

! ,

controlled operations within the uranium fuel cycle have satisfied these1

,

standards.
i

BASIC STANDARDS APPROACH. Radiation protection standards for the

nuclear power industry to date have been based primarily on the

limitation of risk to the most exposed individual, rather than to the
total population exposed.

Further= ore, the current and proposed

expanded development of the nuclear power industry, with its planned and

potential releases of long-lived radionuclides, requires the develop =ent
,

|

|
|
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of a broader environ = ental assessment that enco= passes the entire
<

radiological i= pact of these pollutants.4

Assessments of the potential
4

impact represented by industries such as the nuclear power industry
5

require projection of the migration of each radionuclide through the.1
i

environment over long periods of time, and a determination of the

potential dose to populations (measured in person-rems *) delivered and
<

the associated health effects ** expected to occur throughout this
migration.

These assessments must include all individual exposures,

however small, so that all of the impact on society is assessed, and
;

must be cognizant of the exposure of future generations implied by thei
s

essentially irreversible environmental co=mitments that result from the

discharge of long-lived radioactive materials into the general
4

environment.

The most prudent basis for relating radiation dose to its i= pact on
i

public health continues to be that health effects due to exposure to;
.

ionizing radiation ocesr at all levels of exposure down to zero and that2
,

; ;
, the nu=ber of these effects induced is directly proportional to the dose

of radiation received (a linear, non-threshold cause-effect
relationship) .

Although it is recognized that data are not available to
S$
I) either prove or disprove this assu=ption, the Agency believes that it
ii

provides the only seund basis for developing to protect public health.1

Within this framework, the only totally risk-free level of radiation
i

exposure is zero; a secadard set at any other level must be jusr ~fied onl '

* Person-rem is the unit of total integrtted exposure of all individualsexposed.
For example, an exposure of 100 persons to 1 rem is 100

person-rems and an exposure of 1,000 persons to 0.1 rem is also 100person-rems.
For such a dose concept, dilution of the effluent does not!

change the potential health effect if the increase in population exposed isinversely proportional to the dilution factor.
** Health effect means lethal cancers, other non-lethal cancers, or
serious genetic effects, such as mogolism and gross deformities

s .
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the basis that the activity producing the radiation exposure provides
5 sufficient offsetting benefits. The use of this radiation protection
i

perspective for can is believed to provide also for the protection of

the overall ecosystem since there is no present evidence that there is1

!
any biological species whose sensitivity is sufficiently high to warrant.

I a greater level of protection than that adequate for man.
-

This

perspective and others on the risks due to exposures to ionizing

radiation were recently analyzed quantitatively by the Cocsittee on
i

Biological Effects of Ionizing Radiation for=ed by the National Acade=ya
1

of Sciences - National Research Council. This study was conducted under
|

joint sponsorship of the Environmental Protection Agency and the
3

i

j
Department of Health, Education, and Welfare, and provided an important

;
3 input to the development of these proposed standards.
k

The Agency believes that the first principle to be satisfied by

activities producing radioactive effluents is that benefits should
,

:
\

; accrue to society from the activity in sufficient a=ounts to offset both
the short- and long-term radiation risks involved. Although these risks

i
can be quantified within reasonable limits of scientific uncertainty,;

benefits, whether described in social, health or economic terms, are
, ,

;

) very difficult to quantify and must usually be evaluated using somewhat
'

I !
arbitiary value judgments.,

With respect to electric power generated by

the uranium fuel cycle, the Agency has concluded that the social,

health, and economic benefits realized far outweigh the health risks

presented by effluents resulting from the normal operations of this

industry controlled at the levels proposed by these standards. Thisi

determination was reached after first assessing the total population

!

_ . . . . . . _ -
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risk incurred, by determining, for all radioactive materials from the

fuel cycle entering the general environment, the population exposure (in

person-rems) delivered with consideration also given to the time the
material persists in the environment.

From these population exposure

esti=ates, the projected health effects were calculated and the Such

chcices of standards corresponded to limits on total quantities of

radioactive materials which enter the general environ =ent or in some
cases, limits on individual dose.

The second major perspective used by EPA in setting the proposed

environmental radiation standards was to consider in some detail the
effectiveness and as aciated costs of effluent control for each class of
activity.

Such an examination allowed the standards to be set at a
level of radiation risk consistent with the capabilities of control

technology and at a cost acceptable to the public and reasonable f
or the

risk reduction achieved.
The standards assume that the most cost-

effective control technology available vill be e= ployed for each
,

!

effluent stream.
In order to bring about orderly achievement of the!

standards at reasonable cost, appropriate lead times are also given to|

those affected by the standards for changing processes and activitit

es,

or applying the control technology required to meet the standards.1

After population protection has been assured by such consideration

of risks and costs, a third requirement that must be satisfied is to

assure that protection is provided to those individuals in the public

who may receive unjustifiably high radiation doses close to the site
boundaries of nuclear facilities. Such an occurrence is possible in a1

few situations in the uranium fuel cycle, such as exposure due to

_
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_-----
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releases of short-lived radioiodines and from shipments of radioactivei

materials. The risk to an individual from such exposures is, in most1

I. cases, quite small, but it is still basically unfair to impose such

doses on specific individuals if they are substantially higher than
those received by the average population. It is believed that such
doses should be are limited where technology and other procedures are

i

available such exposure reduction, and the cost can be justified.

COM IDERATIONS FOR THE TOTAL URANIUM FUEL CYCLE.It has been projected
j taat well over 300,000 MWe of generating capacity based on the uranium
i

fuel economy will exist within the next 20 years. As indicated above,i

the prespective for radiation protection of the public frem thic growth

should consider the effects of the chronic exposure of large
populations. The major population exposures due to operations of the

uranium fuel cycle are associated with: 1) near-term low-leveli

; radiation exposures resulting directly from effluents from the various
!

1 operations of the uranium fuel cycle, and 2) increasing low-level
4

radiation exposure which occurs as a result of the long-term<

; accumulation of long-lived radioactive =aterials as general
i

environ = ental contaminants.

Analysis of the environmental impact of the uranium fuel cycle

indicates that a number of long-lived radionuclides are discharged as a
;

result of planned operations within the cycle, with consequent buildup

of environmental levels and co=mitments for population dose that may
4

persist for tens, hundre!s, or thousands of years. The extent of

population doses which may occur as a result of such commitments are

related to the physical half-life of the radionuclide, the extent of its
|

|

_

, .=



-_

._ _ , _ _ _ _a _ ,
- :..

8
.

- --}. .
--

.- -m -- -

. .
__

i
-

.

94

dispersion through envrion= ental media, and the period over which it<

'

rc=ains available in the environment so that it can interact with andi

expose hu=ans and other species through air and water directly, by

direct radf ation, or by accumulation in and transferral through food
chains.

The population dose resulting from the dispersion of such long
3

-

-

lived materials into the environment can be termed an " environmental
dose co=mitment." The Agency believes it is important to recognize this

perspective of radiation risk in addition to the present one, which

effectively considers only annual exposures of individuals from shorter-

lived radionuclides, and to i=plement appropriate controls to mini im ze
such long-term dose co=mitments.

For this reason, the environmental

analyses of the various operations in the fuel cycle have considered th
e

potential for health effects due to long-lived radionuclides af ter their

introduction into the general environment to the extent that present
knculedge permits.

Because of the potential dose co=mitments involved, and in the

interest of minimizing the degradation of tho quality of environment la

resources, it is important to keep the environmental burden of long-

lived radionuclides at the icwest levels consistent with technicaland
economic feasibility.

The Agency has, therefore, proposed environmental

standards for the long-lived radionuclides of concern in the form of

limits on the quantities discharged per year into the general
environment.

In addition to const:aints on quantity released for protection

against environmental buildup, standards are also proposed to limit

exposures to the whole body or organs of the individual due to short
-

-

-- _
_ _ ,
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; lived radioactive effluents. The standards proposed are consistent with
'

limiting such exposures through the application of technology at an
a

; acceptable cost.

Whereas the Agency has attempted to minimize the total effect of

radioactive discharges on populations in its development of these
i

proposed standards, it has not attempted to specify siting constraints,
'

even though siting is an important factor which also affects the
'

population impact of all operations in the fuel cycle. It is expected
I

that good siting practices will continue to be promoted and that
1
1

facility planners will take advantage of the benefits of remote sites inj

their designs.
In this regard, the Atomic Energy Commission's policy of

low population density siting as practiced in the past should be,

d

continued.

k
Total population impact, particularly with reference to health

4

effects, is best considered in terms of the total person-rem co=mitmenti

a
< over the entire population :Ifected.

The standards were basedi

principally on a determination of the population impact of all
<

operations in the uranium fuel cycle, even though actual limits are
i

expressed in terms of quantities discharged and whole body or organ
doses to individuals. Person-rem limits have not been specified in the

]
standards because the implementation of such a requirement is difficult.

The proposed standards are expressed as limits on quantities of
i

radioactive material and individual doses outside the boundaries of
3

classes of activity so as to facilitate their translatior. into
regulatory controls.

1

J

i
.
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j It is the viewpoint of the Agency that adherance to the proposed
;

; standards by the nuclear power industry will insure levels of risk due
j to normal operations that are environ =entally acceptable and that are
j worthy of public acceptance. In this context, these standards are
i

responsive to the President's energy messages of June 4, 1971, and April

18, 1973, which challenged the Nation to develop sufficient new energy
resources and at the same time to provide adequate protection for public

health and for our environ =ent.
,

,'
CONSIDERATIONS FOR FUEL SUPPLY OPERATIONS. The principal activities

J -

involved in converting uranium ore into enriched uranium fuel for use in,

power reactors are milling, conversion, enrich =ent, fabrication, and

transportation. With the exception of transportation, each of these

operations involves environmental discharges of naturally-occurring3

i

uranium and daughter products which can result in radiation exposures of,

.

; individual organs and the skeleton. The primary environmental radiation
4

exposure frem transportation operations is direct gamma radiation.i

$ Since the discharges, environmental pathways, and control techniques for

uranium and its daughter products are common to all aspects of fuel
a
:

| ?.
supply operations except transportation, standards covering these

a' operations as a group are proposed to limit the quantities of these
i

1 me.terials discharged to the general environment and to minimize

exposures to individuals. Through the application of cost effective

control technology, doses to actual individuals or organs can be kepti

below 15 millirems per year and quantities discharged to the envirorment

can be maintained below one curie per year, exclusive of radon-222.
I

|

!

-
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Although radiation doses to individuals from transportation

activities are s=all, on the average, instances where a few individuals
may receive fairly high doses can easily be postulated. Exposures of

individuals due to transportation of radioactive =aterials are diffi
{ cult

to regulate because as shipments move in general corner
ce between sites

the exposed population is constantly changing. Transportation

activities should be conducted with every effort made to maint i
a n dosesJ

to individuals as low as possible consistent with techni
cal and economict feasibility.

In no case should doses to individuals due to shipments ofi

radioactive materials exceed che general standard of 15 millirems per
year.

The Agency will continue to examine transportation with a vi
ew to

further action in this area.
j

CONSIDERATIONS FOR LIGHT-k'ATER-COOLED P0k'ER REACTORSI On June 9, 1971,_.

the Atomic Energy Co= mission proposed (36 F. R.1113) an Appendix I to

10 CFR Part 50 setting forth new design and operation guides for li h
g t-

water-cooled power reactors.
After a careful examination of current)

waste treatment technology for such plants, EPA concluded that the
|

proposed design guides could be implemented so that design doses to

individuals offsite would routinely be limited to less th
an 5 millire=s

per year, and that operational control measures could be taken to limit

doses to the maximum exposed individual to within a range of 20 40;
-

millire=s per year under all conditions of normal operation.
Under

these circumstances, the Agency decided for the time being not
|

to

exercise its authority to establish generslly applicable environ = ental
i

radiation standards for light-water-cooled nuclear power reactorsThis.

decision was publicly stated by the Agency on February 23, 1972, at the
i

!

-

_
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rulemaking hearing on proposed Appendix I conducted by the Atomic Energy

Co= mission. Continuits review of the environ = ental factors involved in
f the design and operatien of light-water-cooled nuclear reactors, coupled

with the need for co=prehensive standards for the entire uranium-based
a

fuel cycle, as well as specific standreds for each ce=ponent within the

cycle, has led us to conclude that nu=erical standards for reactors
! should be included in this rule =aking.
t

j As a result of our current analysis, we have concluded that nuclear

j power reactors can be designed and operated under most conditions at the
'l

design levels proposed by the AEC in Appendix I to 10 CFR 50.

Accordingly, the Agency has specified a proposed annual dose limit for
|

,;

individuals in the general public of 5 milliress to the whole body and1

i

15 millirems to the thyroid due to nor=al operations at a reactor site.

The standard for discharges to the general aquatic environment is 5i
<

!
curies per year and tritium entering,the general environ =ent is limited

j
to 600 curies per year, for each 1000 megcwatts of electrical generating

3
9 capacity at the site.
I

~
'

i With respect to light-water-cooled nuclear power reactors it is
i important: 1) to set standards which will result in radiation doses to
a
'

the public which are at the lowest levels consistent with technical and
i

economic feasibility, and 2) to matrtain the benefit of a continuous;

uninterrupted supply of electric power to society during power energy
l

crises, even though standards for nor=al situations might be exceeded.,

Such a two-fold objective raises the question whether to i= pose strict

standards at the expense of possible shutdowns which are not justified

on a risk-benefit basis during power shortages or to establish liberal

, _ _. -. - - _ _
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standards which would minimize the possibility of such shutdowns. The

Agency has attempted to strike a balance between these two goals in the

standards proposed by providing for operational variances which satisfy1

specified criteria in order to avoid closing down power reactors during
{ periods of e=ergency power demand.

The approach of granting operational,

j

variances depends to a large degree upon judgments concerning necessary
power reserves, overall plant safety, and public health. EPA

'

anticipates that its proposal in this area will be explored in datail
during public hearings on these proposed standards.

;

The variance proposed is in order to allow orderly delivery of power

during power-shortage conditions when operation of a given power reactor
i ~

- at emissicas greater than normal is critical to the ability to meet an
1

extraordinary power de=and condition. The Atomic Energy Commission has
;

effective regulatory mechanisms for controlling the daily operation of|

|
nuclear power plants, and the Agency believes the Commission will

I

effectively carry out these proposed variance conditions in such a:
'

canner as to achieve good public health protection.;

An increase to4

&

three times the annual dose limit for normal operations is proposed

provided a specified emergency demand situation exists and the reactor
,

is otherwise safe to operate. De=and conditions satisfying these
i

variance conditions are expected to occur only rarely, and then only fori

short periods once or twice annually. The variance is available only
,

'

when the utility is unable to satisfy demand conditions through the
i
, purchase of other power and when normal AEC safety and occupational
i
j regulations are met, and then only to the extent that a demonstrable

need for excessive emissions exists. When the variance is used a report
,

.I
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is required through nor=al public channels to the Federal agency which
i regulates the utility.

These reports should document the rate and cause1

of the abnormal emissions, the power demand and reserve conditions which
f

justified the operation, and the actions taken to minimize any increased
j

doses to individuals in the general environment.
'

_ CONSIDERATIONS FOR FUEL REPROCESSING PLBTS.Although most radioactive

products produced during fission are retained within reactor fuel)

elements, the processing of fuel elements destroys these barriers anda

variety of radionuclides become available for release in potentially
large amounts at fuel reprocessing sites.

Krypton-85, tritium,

plutonium, iodine-129, and possibly other long-lived radionuclides are

of particular significance in that they have the potential to enter th
j e

general atmospheric and hydrological environments and expose large
I populations over long periods of time.

Exposure due to releases of
krypton-85 and tritium can be worldwide.

Even though all of these

radionuclides are amenable to control at plant sites so that individ
ual

exposures are small, the total population exposure in person-recscan be

large because of their persistence in environmental pathways, for many
decades in the case of krypton-85 and tritium, and possibly for hundreds

of thousands of years for plutonium and the actinides, and millions
,

ofyears for iodine-129.

Generally applicable environmental standards are proposed f
or fuel

reprocessing plants because several are expected to be in operation
during the next several years.

However, in view of th2 environmental

risks involved, the Agency is currently evaluating whether future fuel

reprocessing ought to be limited until a viable plutonium-based power

- -
-

- - -
,
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industry exists. Important factors in this evaluation are: '1) i

uncertainties in the schedule on which reprocccsing to supply plutonium
t

recycled fuels and the plutonium-based fuel cycle are required and

justified, 2) the true market value of plutonium, 3) the capability to

supply sufficient virgin uranium economically, and 4) the degree to

which the costs of dealing with remaining environmental aspects of the

inductry will affect the desirability of reprocessing fuel to recover

uranium.

The Agency has perfor=ed a technical analysis of the environmental

effects of normal effluents from fuel reprocessing, the efficiency of

control technology available for effluent reduction, and the costs of

such reduction. Four significant areas in which fuel reprocessing

presents a significant environmental threat were identified. First,

there will be worldwide exposure due to the gradual environmental

buildup of krypton-85 from the U.S. fuel reprocessing industry. The

worldwide i= pact of this radionuclide is considerable larger than the

regional or national impact from this industry. Second, large doses to

individuals uay occur as a consequence of failure to apply currently

available controls and reasonable fuel-cooling times, as a rer. ult of

discharges of iodine-131 and other short-lived radionuclides. Third,
~

unless current 1y available controls are rigorously applied, the

environmental buildup from long-lived iodine-129, plutonium-239, and

several other alpha-emitting transuranic isotopes could become

substantial. And finallf, there is no control currently available for

tritium, the largest potential producer of health effects after krypton-

85. The current design practice of eliminating liquid discharges from

~ ~
- -
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the main process stream results .:ium being discharged to the
_

atmosphere, rather than to the vc .thway. Even though this may
avoid release of other radioacti- :erials, the impact of tritium
releases to the atmosphere can, certain circu= stances, result in,

considerably larger impact than u the liquid discharge route.
The Agency has proposed envir

.:al radiation standards for fuel
reprocessing plants to control er.

the'four areas identified above.
Because of their toxicity and per- nee, discharges of plutonium and

'other particulate alpha-emitting . . ides to the general environment
should be as low as possible. For e.tely, highly efficient means for
the removal of plutonium and othez

r.inides are available at low cost
and are well developed. Standarde limit the number of curies of
these nuclides released to the ge: .m1 environment per year are proposed
to limit the long-term buildup of me materials which should provide
protection against potential healt- 'fects over many generations.

Recently developed control tei.
! ,ues offer effielent methods of
! cost-effective supplementary contr:

fer the removal of radiciodines.|

At the levels of control achievab3. ; sing these techniques it is
possible to maintain annual doses infant thyroids below 15 millire=s.
Additional measures available for .rol of iodine include fuel cooling
prior to processing, site selectic. . :d access control, careful.

environmental monitoring, and actf.: control of exposures via milk. On

the basis of the availability of ti era and other control techniques and

measures, therefore, it is propose? :] li=it the maximum annual dose to

the whole body or any organ of any r.dividual from fuel reprocessing

activities to 15 millirems from a.'._ c,.dionuclides, including iodine-131.
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The removal of krypton-85 from spent fuel reprocessing streams must
:

be considered of high priority in terms of its potential for long-term
'

public health impact over the entire world. A variety of highly

efficient techniques are available to accomplish this, although no

facility has yet installed such control. The Agency proposes that thei

amount of krypton-85 entering the general environment from fuel
,

reprocessing be limited to less than one percent of the total inventory

! of krypton-85 in fuel received for processing. In order to allow the
j

industry time to implement this standard, its effective date has been

specified as 48 months after the effective date of this rulemaking. In;
;

view of the fact that syste=s have been offered by co=mercial vendors at

perfor=ance levels sufficient to limit discharges to a fraction of a,

,

percent of the krypton-85 inventory in fuel received, the Agency will
:

!

continue to examine the performance of this technology to determine how
!

f
far below the proposed standard future required levels might be4

.

reasonably set. An exclusion from this standard for krypton-85 is
i

proposed for the single operating plant in existence prior to this;
<

rulemaking, since it is of small capacity (1 metric ton of fuel per day
i

. . ied!. and retrofitting would constitute an unreasonable economic
pv

,

r ards tc. If, however, anat facility adds to or changes its processing

capacity be more than 50 percent of its present capacity, it would be)

required to satisfy the proposed standard for krypton-85 after such
i

modification.<

No limit is proposed now for tritium entering the general
,

environment from fuel reprocessing, since the availability of technology

for controlling this discharge and its costs are uncertain at the|

|

t
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present time. Since tritium levels in the general environment are

j expected to beceme significant by the late 1980's, and tritium will
i

{ present the largest potential population impact from the uranium fuel
<

cycle after release of krypton-85 has been controlled, the Agency

believes that final development and installation of controls to minimize

the environmental buildup of tritium due to releases from uranium fuel
,

; reprocessing will then becoma essential. A future rulemaking is

contemplated dealing with tritium releases from reprocessing plants
<

1 built after 1978.
t

Current designs for new reprocessing plants propose no liquid:

effluents as a result of normal operations. This practice will usually
,

j result in minimus population impact from all radionuclides except, in
8
* some circumstances, tritium.
|

This mode of operation is preferred,
| except in those instances where it can be demonstrated that radionuclide
i

i
{ discharges in liquid effluents will result in lower total discharges or
j radiation doses to surrounding populations than would result if

equivalent quantities were discharged via airborne effluents. This",

consideration is especially important for tritium discharges, since its,

'.

-

population impact is governed primarily by the characteristics of sites
9

! with respect to population distribution and water use. For example,!

; ; tritium discharges to the ocean from seacoast sites are expected to
I I
| result in a lower total impact than atmospheric discharges at such! I

sites.

c
j Pursuant to the Atomic Energy Act of 1954, as amended, notice is

hereby given that adoption of the following addition to 40 CFR Part --i

.
-

is conte = plated. All interested persons who wish to submit comments or
,'

| |
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suggestions in connection with this ; oposed rule =aking are invited to

send them to the Cffice of Radiation hegrams, Environmental Protection
Agency, Washington, D.C. 20460, with r. 50 days after publication of

this notice in the Federal Re21 ster. *ithin this sa=e time period,

interested parties are also invited : indicate their desire to

participate in a public hearing' on the :roposed rulemaking to be

conducted approximately 10 days af ter :he ec= ment period ends. Com=ents

end suggestions received after the 60-day co= ment period will be

. considered if it is practical to do so, but such assurance can only be

given for comments filed within the period specified. Co==ents and all

technical support documents for thic rule =aking may be examined in the

Agency's Public Affairs Office, 4th a-d M Streets, S. W., Washington,
D.C. 20460. Single copies of the Statement of Considerations and the

technical report entitled ~" Environ =entcl Analysis of the Uranium Fuel

Cycle" are also available upon rhquest at this same address.
_.

,

-.

John R.'Quarles ''" ~ ~^ ^ ~ -- - -, ,,

Acting Administrator
-
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PART

ENVIROMENTAL RADIATION PROTECTION STANDARDS FOR
NORMAL OPERATIONS OF ACTIVITIES IN THE URANIDI FUEL CYCLE

A new Part is proposed to be added to Chapter , Title 40,

Code of Federal Regulations as follows:

Subpart A - General Provisions

Sec.

.01 Applicability

.02 Definitions

.03 Address

04 Availability of Information

Subpart B - General Standards for Normal Uranium Fuel Cvele Operations

.10 Applicability

.11 Environmental Standards

.12 Effective date

l 'Subpart C - Specific Standards for Planned Controlled Discharges
From Light-Water-Cooled Power Reactors

j .2C Applicability

.2] Environmental Standards

.22 Variances

.23 Effective date

Subpart D - Specific Standards for Planned Controlled Discharges
From Uranium Fuel Reprocessing

.30 Applicability

.31 Environmental Standards

.32 Effective Date

|
1
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SUBPART A - GCERAL PROVISIONS

.01 Applicability

The provisions of this Part apply to persons owning or

operating facilities which are part of the Uranium Fuel Cycle.
.02 Definitions

a)
" Uranium fuel cycle" includes the operations of milling of

uranium ore, conversion of uranium, enrichment of uranium,

fabrication of enriched uranium, generation of electricity

by a light-water-cooled nuclear power plant, reprocessing

of spent reactor fuel, and transportation of any

radioactive caterial in support of these operations, but

excludes the reuse of recovered non-uranium fissile
products produced in the cycle.

b)
" General environment" means the total terresterial,

atmospheric and aquatic environments outside the boundaries

of locations under the control of persons processing or
using radioactive material.

c) " Radiation" means any or all of the following:i alpha rays,
i

beta rays, gan=a rays, X-rays, neutrons, high-speed
;

electrons, high-speed protons, and other atomic particles;
1

but not sound or radio waves, or visible, infrared, or
ultraviolet light.

d)
" Radioactive material" includes any such material which emits
radiation.

e) " Uranium ore" is any ore which contains by weight one-|

\
twentieth of one percent (0.05%) or more of uranium.

1
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f) " Curie (Ci) of Radioactive material" is equal to that

amount of material that produces 37 billion nuclear

transformations per second. One "millicurie" of

radioactive material produces 37 million nuclear

transformations per second.

g) " Dose" means the quantity of radiation absorbed, per unit

of mass, by the body or by any designated portion of the

body. When the regulations in'this part specify a dose
,

during a period of time, the dose means the total quantity

of radiation absorbed, per unit of mass, by the body or by

any designated portion of the body during such a period of

time.

h) " Rem" is a measure of the dose of any ionizing radiation to

the body tissue in terms of its estimated biological effect

relative to a dose of one roentgen (r) of X-rays. (One

millirem (crem) = 0.001 rem.)

1) " Year" means any calendar year,

j) " Person" means (1) any individual, corporation, partnership,

firm, association, trust, estate, public or private

institution, group, Government agency, any State, any

foreign government, any political subdivision of any such

| government or nations, or other entity and (ii) any legal
!

l successor, representative, agent, or agency of the
I

( foregoing.

k) " Individual" means any human being.

|

|
.
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1) ' Member of the public" = cans any individual that
|,

j potentially could receive a radiation dose in the general

)t environ =ent whether he may or may not be also exposed to
; radiation in an occupation associate; wi ss CNe uranium fuel

cycle.

j m) " Facility" =eans any structure or combination of structures

in which any operation as defined in paragraph .02 a) as
; part of the ura7tum fuel cycle is conducted.

n) " Site" means any location under the exclusive control of a

person wherein one or more operations or activities within
4

, the uraniu: fuel cycle are conducted.
,

o) " Site boundary" means the line inside of which the ingress
'

i

or egress of me=bers of the general public is controlled by
i

| the person conducting activities on the site.

j p) " Power energency" shall mean the occurrence or imminent

occurrence as determined by the responsible power

dispatcher of a power system in any part of the,.

;

<

j interconnected systems of a utility or utilities of
j abnormally low voltage, abnormally high or low frequency,
,

d or overload of ticlines or generating equipment (i) of such
! magnitude as seriously to threaten the continuity of
1 ,

1 <
,

operations or the safety of equipment of electric utility,

I i

] systems or their customers, and (ii) which requires the
| '

taking of remedial measures within a time so short as
|

reasonably to preclude effective consultation as to such;

I l
) j measures among operators of the affected systems.

I

i
i
'

t

i
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q) " Responsible power dispatcher" means the employee of the

electric utility owner, (or of the Power Pool in which the

electric utility is a participant) on duty at any given

time at the Power Control Center of the electric utility

(or of the Power Pool) then having immediate operating

responsibility for analysis of operations and the security

of the electric utility power system (or of the integrated

power systems of the Pool participants).

.03 Address

All requests, reports, submittals, and other communications to

the Environmental Protection Agency should be addressed to the

Director, Criteria and Standards Division, Office of Radiation

Programs', Environmental Protection Agency, 4th & M Streets,

S.W., Washington, D.C. 20460.

.04 Availability of Information

Emmission data provided to',"or*oth'errise*obtained.4w,.-the~ w.m._ . . .

'

Administrator in accordance with the provisions of this part

shall be available to the public.
1

| Any records, reports, or information, other than emission data,

provided to, or otherwise obtained by, the Administrator in

I accordance with the provisions of this part shall be available

to the public, except that upon a showing satisfactory to the

Administrator by any person that such recorus, reports, or

information, or particular part thereof (other than emission

data), if made public, would divulge methods or processes

1

_
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entitled to protection as trade secrets of such person, the I

Ad=inistrator will consider such records, reports, or

) information, or particular part thereof, confidential in
i.

j accordance with the purposes of section 1905 of title 18 of the

United States Code, encept that such records, reports, or
4 |
1 information or particular part thereof, may be disclosed to
1.

j other officers, employees, or authorized representatives of the
i
j United States concerned with carrying out the provisions of the
i
i standards or when relevant in any proceeding pursuant to the
;

d

standards.d

J SUBPART B - GENERAL STANDARDS FOR NORMAL URANIUM FUEL CYCLE OPERATIONS
I

i .10 Applicability
J

1

The provisions of this Subpart apply to all planned controlled
J discharges of radioactive material to the general environ =ent
!

j and radiation doses to members of the public from any site

containing any facility or operation whic). is part of the

uranium fuel cycle.

;

j .11 Environmental Standards
a

i a) For any site covered by this Subpart, the total quantity of
!

q uranium and its daughter products, except radon-222,
i
1 entering the general environment shall be less than one
<

curie per year for each 32parate facility, other than;

light-water-cooled reactors and fuel reprocessing plants,

at the site.

b) For any site covered by this Subpart, regardless of the<

t

number of facilities located thereon, the annual dose to

i
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the whole body or any organ of any exposed individual who

is a member of the public shal.1 be less than 15 millirem,

or, if one or more light-water-cooled nuclear power

reactors are located on the site, the limits allowed under

SUBPART C, or, if one or more fuel reprocessing plants are

located on the site, the limits allowed under SUBPART D,
whichever is higher.

.12 Effective Date

The standards for all activities covered by this Subpart shall

take effect 12 months from the effective date of this
rulemaking.

SUBPART C - SPECIFIC STANDARDS FOR PLANNED CONTROLLED DISCHARGES FROM
LIGHT-WATER-COOLED NUCLEAR POWER REACTORS

.20 Applicability

The provisions of this Subpart apply to planned, controlled

discharges of radioactivity to the general environment and

radiation doses to members of the public from single sites

containinn; solely light-water-cooled nuclear power plants.

.21 Environmental Standards

For any site covered by this Subpart regardless of the number

of facilities located thereon:
a) The annual dose to the total body or any organ,

excepting the thyroid, of any exposed individual who is

a member of the public from all radionuclides released

from the site, except radioiodine, shall be less than 5
millirems.

.

_.__
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b) The annual dose to the thyroid of any exposed
l individual who is a =e=ber~of the public shall be less

than 15 millire=s.

I c) The total quantity of all radionuclides, excepting
i

tritic=, discharged to the general aquatic environ =ent
i from a site shall be less than 5 curies per year for

!.
!

4
I:

each 1000 megawatts of nuclear electrical generating [
; capacity at the site.

!-
d) The total quantity of tritius discharged from a light- i

1

!water-reactor site shall be less than 600 curies per3

:

| year for each 1000 megawatts of nuclear electrical
*

'

generating capacity at the site.
,

! .22 Variances
: '

; When persons subject to this Subpart (or Subpart B) cannot =eet

the standards for light-water-cooled reactors and any portion
<

of the power which could be generated by such a reactor is

required to prevent a power e=ergency, a variance =ay be used

subject to the following conditions:

a) Releases of radioactive saterials are kept as low as
t

1

possible. ~

b) The site to which the variance is applied utilizes it only

so long as is necessary to meet the power emergency,

c) All power available from inside or outside the system has

been utili:ed and/or purchased and appropriate load

shedding has occurred,

_ _
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d) The organ and whole body dose rate limits specified in

Section .21 a) and b) for individuals who are =e=bers of

the public do not exceed an annual dose of 15 millire=s for

all radionuclides, excepting radioactive iodine, and an

annual dose of 45 millirems to the thyroid from radioactive

iodine.

e) Information upon which the variance is based be made a

matter of publi:: record concurrent with the use of the

variance.

.23 Effective Date

The standards for all sites containing activities covered by

this Subpart shall take effect within 12 months of the

effective date of this rulemaking.

SUBPART D - SPECIFIC STANDARDS FOR PLANNED CONTROLLED DISCHARGES FROM
URANIUM iutL REPROCESSING PLANTS

i

I
; .30 Applicability

The provisions of this Subpart apply to planned controlled

discharges of radioactivity to the general environment and

radiation doses to members of the public from single sites
l containing solely fuel reprocessing plants.

.31 Environmental Standards

For any site covered by this Subpart

a) The total discharge to the general environment of

radioactive material for each 1,500 =etric tons of

uranium fuel processed shall be less than one

i

~_ -
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millicurie of plutonium-239, one curie of other

transuranic isotopes and 0.1 curies of iodine-129.

I b) The total quantity of krypton-85 discharged to the
| general environment shall be less than one percent of
1

the total inventory of kryp.on-85 in the fuel received
-1 for reprocessing.

c) The annual dose to the whole body or any organ of any
.

exposed individual who is a member of the public shall,

}
j be less than 15 millirens.
!

: .32 Effective Date
,

a) The effective date of the standards for all activities
; covered by this Subpart, excepting those for krypton-85,
J

shall be 24 months from the effective date of this
i

j rulemaking.
i

b) The effective date for removal of 99 percent of the
,

j krypton-85 in the inventory received for reprocessing shall
1

be 48 months from the effective date of this rulemaking for

all plants exclusive of those of 300 tons per year capacity
| I

or less which co=menced operation prior to January 1, 1970.
<

) If such plants are modified to increase the processing;

| j capacity to more than 450 tons per year, the standard of 99
|

percent removal of krypton-85 shall apply when the

modification is complete.

i l

i

l

I
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O O 00004'.'. UNITED STATES?%
ATOMIC ENERGY COMMISSION* Ci*.b 'l

'

wass:Noron. o.c. nw$ ,|

Oc.tober 19, 1973

MEMORAMDUM FOR: THE PRESIDENT

FROM: Dixy Lee. Ray

SUBJECT: AEC Position on Division of Responsibilities and
Authorities Between the Atomic Energy Cotr:aission
and the Environmental Protection Agency

Summary of AEC Position

AEC and EPA have certain related statutory responsibilities and authorities
from the standpoint of radiation control. AEC's basic position with re-
spect to the interface between those responsibilities and authorities isas follows:

AEC's and EPA's responsibilities and authorities should bea.

coordinated in the overall public interest 'and in accordance
with the President's direction to: ." reduce excessive regulatory
and administrative impediments vthich have delayed or prevented
construction of energy-producing facilities; and streamline our
governmental procedures for licensing and inspections, reduce
overlapping jurisdictions and eliminate confusion generated by
the government." Thus, these responsibilities and authorities
should be complementary rather than duplicative.

b. EPA, rather than AEC, should establish generally applicable
radiation standards for the protection of the general environ-
ment outside the boundaries of nuclear facilities or other
activities licensed by the AEC under the Atomic Energy Act.
Such generally applicable standards should be developed on the
basis of a comparative-risk analysis and a general review of
technology, should be based on nomal conditions of operation
rather than accidents, and should be'in the nature of ambient
standards rather than effluent or discharge limitations which
are directly related to " hardware" and which are imposed by AEC
as an integral part of its statutorily required and long-
established licensing process,

AEC, rather than EPA, should specify the legal controls con-c.
cerning radiation safety aspects of siting and design of nuclear
facilities (such as nuclear electric power plants), operating
procedures, and the limits on the small amounts of radioactive
materials that may be emitted from nuclear facilities (and other

. . ~ .
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activities licensed by AEC) as a result of normal operations.*

I In imposing such emission limits, AEC will implement and
I enforce, through its comprehensive program of licensing,

standard-setting, inspection and enforcement, such generallyi

applicable standards as are established by EPA in accordan:e1

with paragraph b. above.

AEC's position is based upon: (a) the text of Reorganization Plan No. 3;
<

i
(b) the " legislative history" associated with the Plan; .(c) the fact that
AEC has already established a comprehensive program of licensing, standard-I

setting, inspection, and enforcement over nuclear facilities and activitiesk (and must continue to carry out such a program in the exercise of its
{ responsibilities under the Atomic Energy Act); (d) the fact that underi

that program the safety record of the nuclear industry has been outstanding;
(e) AEC's demonstrated scientific competence and existing staff capabilities
in the areas in question; and (f) the sound public policy that needless and
wasteful duplication of effort should be avoided. The legal and policysupport for the AEC position is set out in Attachment "A".

EPA's Proposed Fuel Cycle Standards

For the reasons stated below, the proposed EPA uranium fuel cycle standards
(an analysis of which is contained in Attachment "B") are not in accord
with the division of responsibilities and authorities described above.
Moreover, they are not technically supportable in several respects and
represent a wasteful, conflicting and unnecessary duplication of an AECrulemakin
pletion. g proceeding which was initiated in 1971 and is now nearing com-

This AEC proceeding (which is described in greater detail in
, Attachment "C") involves a new Appendix I to 10 CFR Part 50 that would seti

forth design objectives and limiting conditions of operation to keep levels
of radioactivity in effluents from light-water-cooled nuclear power reactorsas low as practicable. A three-volume NEPA environmental impact statement
was issued by AEC in connection with Appendix I. EPA participated in publichearings conducted by AEC on the Appendix. A copy of the testimony of
Mr. David Dominick of EPA, supporting the AEC ap~proach, is attached (Attach-
ment "D").

i

Subpart C of the proposed EPA standards sets forth specific rather than
generally applicable standards for planned controlled discharges from light-water-cooled nuclear power reactors. They would impose radionuclide release!

limits, dose limits and requirements for implementing such limits - matters
that are specifically addressed in the AEC licensing and regulatory process.

.

The proposed EPA standards conflict and are inconsistent with the implementa-f tion approach in the AEC's Appendix I. EPA, since February 1972, was on,

! record as supporting this AEC approach. The new standards proposed by EPA'
constitute a reversal of EPA's prior position. Further, the EPA standards
include operating requirements related to power emergencies that are un-
realistic and probably unworkable.

Enforcement of such standards could

"
, - - _ _ _
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result in frequent shutdowns of nuclear power reactors without any sig :ifi-
cant contribution to the public health and safety or environmental protec-tion.

EPA does not propose to issue an environmental impact statement inconnection with its proposed standards.

The requirements, in Subpart D of the EPA standards relating to the rcaval
of krypton-85 from uranium fuel reprocessing plant:, are beyond the stcte ofthe proven, practicable technology and.

even if implemented, would reduce
millirem by the Ye&r 1980 and by 0.04 millirem by the Year 2000.the average annual whole body exposure,to the U.S. population by only 0.003
be compared with the average annual exposure of the U.S. population fromThis may
natural background radiation of about 125 millirems per year. It woulu be
necessary for the industry 'to mount a heavily accelerated program to attempt
to achieve the objectives proposed in the EPA standards within the time periodpermitted.

We do not believe the requirements on krypton-85 removal can be
justified on cost-effectiveness and health and safety bases at this time.

Implications of Proceeding with EPA's Proposed Standards

If the proposed EPA standards were adopted, AEC would be required by Re-
organization Plan No. 3 to implement and enforce them.*

with its current rulemaking proceeding which, of course, would be disruptedwith AEC's Appendix I, the AEC would need to assess the utility of continuing
Since they conflict

by such a course of events.
This proceeding has thus far involved several

man-years of effort and the environmental impact statement alone is estimatedto have cost $325,000.

lowest practicable release of radioactive materials through a combinationIn addition, there would be an impairment of AEC's ability to achieve the
This would be due to the fact that the proposed EPA standards are set atof appropriate siting factors, design requirements and operating procedures.
*

Appendix I on June 9,1971, AEC included the following statement at theIn the Federal Register notice which accompanied publication of proposed
request of EPA:

vironmental standards for these types of power reactors." EPA has under consideration generally applicable en-
sulted EPA in the development of the guides on design objectives andAEC has con-

limiting conditions for operation set forth below to control radio-activity in effluent releases.
limits established herein should prove to be incompatible with anyIf the design objectives and operating
generally applicable environmental standard hereafter established b
EPA, the AEC will modify these objectives and limits as necesnry."y
This statement continu?s to reflect AEC policy. The disagreement with
EPA relates to the type of renerally acclicable environmental standards
bility to implement such standards.that are appropriate for promulgation by EPA - not to AEC's responsi-

.
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such a level that implementation by AEC which gives credit to specific site
,

j
characteristics and takes into account the need for reasonable operating
flexibility, because of uncertainties in fuel element performance and rad-

g

;
waste treatment performance, is not possible.

t

Implementation of the proposed EPA standards would have a significant impact
t

i on the nuclear industry.
The AEC 1972 data on releases of radioactive

'

material from 25 light-water-cooled operating power reactors indicate that
11 of the reactors, while meeting the AEC's Appendix I with its operating

,

|
flexibility, would not have met EPA's curie limits for liquid releases which'

give no credit for site characteristics with respect to exposures.1

that all of these reactors would have to make some modifications in theirIt appears'

waste treatment systems within 12 months after the effective date of the
regulation without any meaningful reduction in population doses. Some of
these modifications would involve rc.a.ior changes in design of waste treatment

'

'

systems and interruption of power reactor operation.j In five cases thequantity limit on tritium could require replacing the fuel elements in thecore of the reactor.j

h Implications of Not Proceedina with EPA's Procosed Standards
;

If EPA does not issue standards of the type proposed for the nuclear fuel;
cycle, AEC will complete its rulemaking proceeding on proposed Appendix I and,' continue to implement it in order to keep radiation exposures to the publicas low as practicable.
implemented Appendix I guides in evaluating nuclear power plants.)(As a practical matter, AEC has, since 1971, alreadyj

AEC has under.vay extensive studies on the remaining types of plants in theFurther,
1

nuclear fuel cycle to develop data on technology, control measures and costs.;
This will provide a firm basis for rulemaking to assure that exposures from] effluents from all plants in the fuel cycle are maintained at levels whichi are as low as practicable.

In connection with such rulemaking, AEC wouldI prepare NEPA environmental statements. EPA would have full opportunity to
review such proposed regulations and environmental statements and to provide

_

coments and recomendations to AEC.,

!
We believe that from the standpoint of the nuclear industry - and, morej
importantly, from the overall public interest - a single Federal standard
addressed to the matters dealt with above would avoid confusion and duplica-

,

j
tion of effort and would achieve the paramount ob.iective of protection of| j the public health and safety.

!

From the standpoint of assuring adequate protection of public health and
.

safety and the environment with respect to the operation of nuclear facilities,i d

I we do not believe that issuance of the EPA standards will make any significantcontribution.
AEC has estimated that by the Year 2000 the average whole bodyj

be about 0.2 millirem per year. exposure to the U.S. population from commercial nuclear power facilities will! j
Similarly the Advisory Committee on the1

Biological Effects of Ionizing Radiation of the National Academy of Sciencesj estimated in the BEIR Report issued in November 1972 that the average whole
;

i

|

|
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body dose to the U.S. population from normal operation of nuclear power
reactors in the Year 2000 would be about 0.17 millirem. We are confident
that by applying AEC's as low as practicable requirement in the licensing
process to all nuclear facilities, the total exposure from such facilities
in the Year 2000 will be a small fraction of the exposure from natural
background radiation.

AEC Recommendation

EPA would develop generally applicable standards that would specify the
annual radiation doses that could be received by a member of the public
and the total population as a result of releases of radiation and radio-
active materials to the environment from all sources of exposure or frca
classes of activities such as the entire light-water-cooled nuclear
electric power plant fuel cycle, including uranium milling, conversion
of uranium, fuel fabrication, generation of electricity, and fuel re-
processing. AEC would, in turn, implement such standards by establish-
ing emission limits for individual activities in the fuel cycle, including
operation of nuclear electric power plants. Further explanation of this
recommendation is contained in Attachment "E".

,

.

A
Chairm

Attachments:

A - Basis for AEC Position Concerning Division of Responsibilities
and Authorities between EPA and AEC|

|

B - September 5,1973 letter fm Commissioner Doub to Quarles w/
Technical Comments, w/Oct. 12, 1973 letter Rogers to Mills

C - Status of AEC Requirements for Control of Radioactive Materials
in Power Reactor Effluents

D - Cy of Transcript of Statement of David D. Dcminick, Asst. Admin.
Office of Categorical Programs on Behalf of the EPA

E - Summary of AEC Position on Relative Responsibilities of EPA and
AEC on Standards to Control Radioactivity in Effluents for
Normal Operations w/ Annex 1 - AEC Proposed Compromise EPA
Generally applicable standard for the Protection of the General
Environment for the Uranium Fuel Cycle
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ATTACHMENT "A"

i

BASIS FOR AEC POT' " CONCERNI"G DIVISION OF
RESPONSIBILITIES AND i. ;RITIES BETUEEN EPA AND AEC

,

4

The Atomic Energy Commission (AEC), created by the Atomic Energy Act of
!

1946 (amended in its entirety by the Atomic Energy Act of 1954), and the
j

Environmental Protection Agency (EPA), created by Reorganization Plan.

No. 3 of 1970, have certain related statutory responsibilities and
t

authorities under the Act and Plan from the standpoint of radiation
control. In addition, both agencies have certain responsibilities and

authorities concerning environmental matters under the National Environ-

mental Policy Act of 1969 (NEPA), and EPA is vested with specific

responsibilities concerning discharges into the waters of the United

, States under the Federal Water Pollution Control Act (FWFCA).

.

Authority over Radioactive Emissions from fluclear Facilities
a.

The peaceful use of atomic energy was the first technology to be subject
to Federal control from its inception. Under the Atomic Energy Act, no

person may construct or operate a nuclear facility (a facility which

utilizes radioactive materials such as a ruelear electric power plant) or

possess or use most radioactive materials except pursuant to an AEC permit
or license.

In addition, the Atomic Energy Act authorized AEC to promulgate

regulations specifying design and siting requirements for nuclear facilities

. to protect against possible radiation hazards, including measures to pro-

tect against accidental releases of radioactive materials, and limits on

the amounts of radioactive materials that may be released from nuclear

-, . -
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facilities, and other activities involving nuclear materials, as a result1

of normal operations.
2

k
1

Under the Act, the AEC established a comprehensive program of licensing of1j
nuclear f:cilities and activities, standard-setting, regular inspections
of licensed activities, and enforcement.,

Detailed regulations concerning1
3

siting, design, and other aspects of nuclear facilities and activities have
been published in 10 CFR Chapter 1.

b
i

The Atomic Energy Act also established the Federal Radiativn Council (FRC)n

1

whose function was to advise the President on radiation matters affectingi

' health, and to provide recommendations to Federal agencies (including AEC)4

- regarding the formulation of radiation standards.
However FRC had no

i licensing or regulatory authority
.

5

Reorganization Plan No. 3 of 1970 grew out of recomendations of the
:
J

j
President's Advisory Committee on Executive Reorganization, chaired by

'

} Mr. Roy L. Ash.
The philosophy underlying the Plan was that it was noti

!

po,ssible to bring together into one Federal agency all executive branch
.

(
. functions dealing with environmental protection and thereby create an1

I

environmental " czar". Rather, the central and guiding concept was toI
;

,

consolidate the general standard-setting functions of Federal agencies
.in the environmental protection field.

t

This underlying concept was reflected in the division of responsibilities
in the radiation protection field.t

Under the Plan the following functions

|
L_ a .. - 5
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with respect to radiation standards were transferred to the new EPA:
.

"The functions of the Atomic Energy Connission under the Atomic
Energy Act of 1954, as amended, acministered through its Divi-
sion of Radiation Protection Standards, to the extent that such

applicable environmental standards for the protection of thefunctions of the Commission consist-of establishing generally
general environment from radioactive material
standards mean limits on radiation exposures o. As used herein,

r levels, or
concentrations or quantities of radioactive material, in the
general environment outside the boundaries of locations under
the control of persons possessing or using radioactive material "

.

"All functions of the Federal Radiation Council...."

At the same time, the President's message transmitting the Plan to the

Congress stated that "AEC would retain responsibility for the implementa-

tion and enforcement of radiation standards [ promulgated by EPA] through
its licensing authority". .

I

" Since the FRC had no licensing or regulatory authority, the only possible
|

source for EPA responsibility and authority over radioactive materials
under, the Plan is the single function transferred from AEC.

However as the
,

Plan, itself and the accompanying statement by the President make clear|*
, th'e

fur $ction transferred from AEC was confined to establishing cenerally
applicable standards regarding limits on radiation exposures or levels or

concentrations or quantities of radioactive materials in the ceneral
- _

environment outside the boundaries of locations under the control of oe s' r ons

possessing or using radioactive material [such as persons licensed by AEC
to operate nuclear electric power plants].

Clearly standards which are only

applicable to areas beyond the control of persons possessing or using the
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radioactive materials, are in the nature of ambient standards, and are not.1
4 emission standards which would be directly applicable to the persons actually

possessing or using the materials and areas within their control. It was
; specifically contemplated that implementing action would have to be taken
3

to relate the general standards for the general environment to the persons
I-

actually operating nuclear facilities and possessing or using radioactive
5 materials. As the President's message makes clear, this was to be the role1

j of AEC.s
i
:

There was substantial discussion during the House and Senate hearings on;

she Reorganization Plan regarding the respective functions of AEC and EPA.:

b
.This " legislative history" confirms what common sense would indicate -- that

y
,

emissicn limits on radioactive materials applicable to specific persans
.,

h~ possessing or using the materials were regarded as an essential element of
'$
j AEC's implementing role and not as an element of EPA's general environmentalt
; standard-setting function.

Indeed establishment of such emission limits isJ

i an integral part of the safety review of the overall plant design and siting
2

cond'ucted by AEC. In the words of Mr. Ink of OMB, a principal Administration
;

; witness during the hearings, it is AEC which has "the competence and the
i

know-how to see how a reactor is put together, and how it is designed,3

which, as you can appreciate, is a tremendously complex type of engineering
and scientific undertaking. We have not tried to put into [ EPA] that kind

4

) of scientific competence. .. ."
.

<
'

Following enactment of the Federal Water Pollution Control Act Amendments
.

:
1
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of 1972, EPA initially took the position that this legislation vested it
| with regulatory authority over discharges into United States waters of
;

radioactive materials otherwise subject to Ngulation by the AEC. Subse-

quently, however, EPA adopted the position urged by the AEC that the term

" pollutant", as used in that legislation, does not include radioactive

materials subject to AEC regulation under the Atomic Energy Act.

However, despite the above, EPA proposes to establish specific limits for

radioactive materials applicable to certain persons licensed by AEC, in-

cluding persons licensed to operate nuclear electric power plants.*

AEC believes this would go beyond the authority vested in EPA under the

Reorganization Plan, and place EPA in an area where AEC rather than EPA_

has the scientific expertise and where AEC rather than EPA nas established.

a comprehensive licensing and regulatory program.

In the past two years AEC has been conducting extensive rulemaking hearings,
seeking in effect to establish more stringent and definitive limitations on

the amounts of radioactive materials that may be released as a result of

normal operation of individual nuclear electric power plants.
..

The parties

to this hearing were accorded full rights to present testimony and to cross-

examine AEC expert witnesses and officials as to the basis for AEC's pro-
'

posal.
EPA made a statement at this hearing. EPA's proposal seeks to

.

duplicate this AEC effort and, in the last analysis, supersede it by
-_

*

Proposed " Environmental Radiation Protection Requirements for f!omal
Operations of Activities in the Uranium Fuel Cycle", transmitted byEPA to AEC for cortment on August 16, 1973.

__ ._
, __

_
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I 1
initiating another rulemaking proceeding on the same subject under EPA

5 auspices.
.1 Even apart from jurisdictional limitations discussed above,

,

t

'

] AEC believes that such an effort -- wastefully duplicative at best and,d

at worst, resulting in conflicting regulatory requirements by two Federal

agencies -- would not be in the public , interest.

j Procosed Resolution
?
g

AEC proposes that EPA adopt generally applicable environmental radiation;

standards that would specify the annual radiation doses that could be
.

; received by a member of the public and the total population as a result

of releases of radiation and radioactive materials to the environment
j

from all sources of exposure or from classes of activities such as the
.

entire light-water-cooled nuclear electric power plant fuel cycle, includ-,

; .ing uranium milling, conversion of uranium, fuel fabrication, generation
<

j
of electricity, and fuel reprocessing. AEC would, in turn, implement such

i
:

standards by establishing emission limits for individual activities in the1

( fuel cycle, including operation of nuclear electric power plants.
<

.,

b. Authority over Accident Prevention
4

i

In the past EPA has attempted to assert a kind of oversight authority over
4

? AEC accident protection functions. This position on the part of EPA is;

reflected, for example, in its insistence on direct participation in the;

i

Reactor Safety Study of accident probabilities and consequences currently
.

i
't

being conducted by Professor Rasmussen of MIT under the Commission's auspices.

1
;

i

=_
,
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As indicated above, under the Atomic Energy Act' AEC has been vested with

broad authority over the design and siting of nuclear facilities to pro-

tect against accidental releases of radioactive materials. AEC's existing,

comprehensive program for the licensing and regulation of such facilities

is, of course, directed in large part to the prevention and control of,

nuclear accidents. At the time Reorganization Plan No. 3 of 1970 entered

into effect, AEC's standard-setting functions in this regard were exercised
primarily by its Division of Reactor Standards.

The Division of Radia-ion

Protection Standards, cited in the Plan in describing the functions trans-

ferred to EPA, exercised no functions in this area. The other entity cited

in the Plan, the FRC, had no licensing or regulatory authority regarding

protection against accidental releases of radioactive materials.
.

While AEC and EPA have been unable to agree as to the limits of their

respective responsibilities and authorities in this area under Reorganiza-

tion Plan No. 3, AEC and EPA have agreed upon the text of the radiation

accident risk discussion to be included in environmental impact statements

prepared by AEC, pursuant to NEPA, for nuclear electric power plants. A

copy of this text is attached (Annex 1).

j Procosed Resolution
|

AEC will continue to include the agreed upon discussion of radiation

accident risk in its environmental impact statements.| However, EPA should

recognize that under the Reorganization Plan it has no legal authority con-

cerning design and siting of nuclear facilities to protect against
:

J -- ~
_

_, _ _ -
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accidental releases of radioactive materials.

Inspection of AEC Licensed Facilitiesc.
,

As indicated above, AEC has established a canprehensive program of regular
.

i

inspections of persons licensed to possess and use radioactive materials
and operate nuclear facilities.

! In the past there had been some disagree-

ment between AEC and EPA regarding EPA's authority to inspect such licensed
j facilities. This has now been resolved by execution of a memorandum of
| understanding between the two agencies. A copy of this memorandum of

understanding is attached (Annex 2). This memorandum of understanding

recognizes that EPA has no independent legal authority to inspect AEC
. licensed facilities.

.

a

b
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SU WRY OF AEC POSITIO:10 : RELATIVE RESP 0::SIBILITIES OF
EPA Af;D AEC Gil STA:;05i05 TO CO:.T!f0L RADI0 ACTIVITY If;

EE7LTEiITS TTilUkf nL OlTR7JfD;iS
-

EPA generally applicable standards for the protection of the general

environment should be ambient standards that establish acceptable urcer

limit environmental risks due to man-made radiation from all sources of

exposure or from broad classes of sources of exposure. Such generally

applicable standards would normally be in the form of radiation dose

and dose commitment limits to individuals and populations. Such limits

would be based on an acceptable level of risk taking into account the

benefits derived from the nuclear power industry as compared with risks
~

from alternative means of generating electrical power. The limits might

also take into account a broad general consideration of the feasibility

of meeting the standards based on the availability and cost of technology,

uncertainties in the capability of performance of the technology and

the need for operating flexibility. This latter consideration would be

a geaerally applicable determination and would not represent a fine

tuned cost-effective analysis of the "as low as practicable" level of

radioactive materials in effluents from specific types of facilities

based on design and operating parameters. Annex 1 is a draft model of

a generally applicable standard for the fuel cycle.

The AEC under its authority to implement and enforce generally

applicable environmental standards should maintain the authority to

assure that generally applicable standards are met and to further achieve

the lowest practicable releases of radioactive materials through a

. . . - - . - . .. - . - . _- - -
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combination of appropriate siting factors, design requirements for

facilities and equipment, and operating procedures to assure operation
I

in the public interest and to protect public health and safety. The

implementation of the "as low as practicable" concept involves all
I

of the same considerations of evaluation of specific designs of facilities -

to limit releases of radioactivity that are inherent in the licensing

In the licensing process the AEC must, in addition to assuring
process.

j
that all plants operate within the generally applicable standards in the:n

H
Ccamission's regulation, part 20, establish "as low as practicable"

i effluent release limits on new types of facilities on a case-by-case:;-

basis.
These limits are detemined by examining in detail the design

of the plant and operating procedures to achieve the objectives of
"as low as practicable".

This is the procedure that is presently followed

for fuel reprocessing plants, fuel fabrication plants and other plants
in the fuel cycle.

As adequate experience is developed on a case-by-case

basis numerical guides such as the AEC proposed Appendix I on design

objectives and limiting conditions of operation for light-water-cooled

power reactors are developed and issued on a generic basis. The AEC

has underway a detailed study being conducted with the assistance of

Oak Ridge ?!ational Laboratory to develop information on operating

experience, the state of technology, cost of technology, and other

information that will provide a solid basis for developing guides on

"as low as practicable" levels of radioactivity in effluents for

fuel cycle plants other than nuclear power reactors that are now

covered by the proposed Appendix.I.

, M
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V Annex 1 to Attachment "E"
r

AEC PROPOSED COMPROMISE EPA
GEllERALLY APPLICABLE STA?IDARD

FOR THE PROTECTIO?! 0F THE GEtiERAL EllVIR0tiMEf!T
FOR THE URAilIUM FUEL CYCLE

A.
The annual dose or dose commitment to a member of the public from

radiation or radioactive materials released to the environment
froE the entire light-water-cooled nuclear power reactor fuel cycle

should not exceed X_ millirems per year to the whole body, X_ millirems

per year to the whole body, X millirems per year to the thyroid,

X_ millirems to the skin, and X millirems to any other organ. (This

would represent a dose limit not a design objective.)

B.
The total annual population dose or dose commitment from radiation

or radioactive materials released to the environment from the entire
light-water-cooled nuclear power reactor fuel cycle should not

exceed X_ person rems per year to the whole body. (The purpose of

the person rem limit would be to deal with EPA's concern for;

population dose from both short-and long-lived radionuclides.)

The numerical values finally decided upon in the standards in (a) and

(b) would be based on two considerations:

An acceptable level of risk taking into account thea.

benefits derived from the nuclear power industry and

in comparison with risk from alternative means of

generating electrical power; and

|
|

!

{

L
- _ - _ _ _ . _ ' '-

_-_
_ _ . _ _

.



--

.

..

.'. .
, ,

2-

b' A general consideration of the feasibility of meeting the.

numbers based on the technology and cost of technology

available.
.

This latter consideration would be a broad determination and would not
.

represent a fine tune cost-effectiveness analysis of what is "as low

as practicable" for individual types of facilities. This would be

reserved to AEC in implementing the generally applicable environmental

standards. EPA standards would not include requirements on individual

sites or facilities or any implementing requirements.

.

.
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UM: TED S TATC", ENVIRONMENTAL :'ROTi'ClION AGENCY
s . :;- .e -.

+,<. n. #
WAS'ilNGTON. D C. 20:00

October 19, LC/3
m:MOMl:DUt roR: THE PRESIDr :T ,.

..

PRO:t: s' M ,/,*a ?Ruusell E. Train''*
f h. l.d 'M / ' f. { ['' ', '

.

cmcr o mr'
SU3.1CCT: " ' * * * '

AEC Opposition to LPA Radiation Standards
ISSl'E:

fron tha nucicar power industry, based upon the authority transfEPA has preposed standards for environmental relcases of rrdi.

oactivity
to EPA by Rwrganization Plau s3.

(TAB A) erred from AECbalancing of health risks against These standards are based on a
fuel reprocessing).nology, and therefore are related to classes of activity (e gthe capabilitics and costs of control tech-
issuing such standark and ccatends that EPA should setAEC objects to EPA's exercising its jurisdiction by

reactors and. .,

that apply to the entire nuclear fuel cycle. n=hient standards4

.AUTHOtITY:
"...cstablich gencvally apReorgani:ntion Plan 03 of 1970 transferred to EPA the functi

s

the AEC to
protection of the gencral enviraw:un;plicable enviromen:al :: nd:rd: fcr tha *

,

cns of
,

from radioactive m::crial."
'

defined those standards to mean ". . . linita on .r:diation c:pocure :The Plan

r:mant out:Ma th: kr.d:rica of locaticna w:dar chs control of por:or concentrations or pantitica cf radio :: ivc m=terial, in the gencr:l envi
or Leucts,.

;

.poa. gassing or using r:Cicactiva interict. "
-

.
ns

the EPA-AEC division of responsibilitic inar messnge on the flan established )
'

s as follows:
en':ironmant ft:~1 r=di2::tiva mCc ::ission 's av.thori:y to cet Diand rd: for the protcetion of the g". . .The 40cmic 2ncegy

.

i

Mri
L could ha tranc[ctrad to th:

ener:
T~otcotisn Agincy. . . AEC vould retain ra pansibilitLi for tha irpla-Dmir:cnntal
enforcement of radia: ion atandards hv ugh i:= licensing cuth:ritto

,

antation and
"

i
' .

There are no critcria for or constraints on "gancr Zly applicable f

at:ndards" set forth in Reorganization Plan #3 or in its legislative hienviron: ental |
;

story. 8
, Tf:E PROPOSED STr*DARDS:

power industry has been to implement your directive to develop our_ EPA's goal in developing standards for the nucleat
l E

;

sources as rapidly as possible co censurate uith a clean enviro
.

energy re-|

balanced tha short and long-term effects of planned releas s n= cat. EPA has
the costs of control and through these standards can on haalth agcinste
that

nuclear power is an environmentally acceptable means for athievifor these relcaces,
assure,

energy goals.

and quantities of Icag-lived radioactive uaterials in the enviroThe EPA standards are proposed for public radiation expo
ng national

sures
. ACC-licensed facilitics.

The standards vere determined to be reasonable by conThese kinds of litaits ate c::plicitly provided for by
nnent outsidetha above authority.

, sidering, both the cost *

and technical feasibility of control technolog,I -

cannot and should not set' standards without
*

CPA
*

1) both agencies agree that such consideration for two reasons:
,.

it in prudent
1cvel for radiation effects in set ting standardsto assume that therc is no~ threshold

,

to dou .all the uny do.in to w ra do:r.
Sin.e there is no safe 17.~1 ..f r m ..ien,

that is, risk is proportion.1,

tharc is no 10:.ical va/
.

to set rani.ition niaadt:cds otMr than to 1.a!ance ci i.
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ans ir.0 t. co.tn of control; and 2) thu' nuc im inet ntr'y in ton impnrtant tn t t. -
'

,

,,/

nation's futute pc Or supd y t.o i,nore cc.:t and technology considerations .1 t

|
Since ef flucats, controir., and their cost.s differ for different clansenj activity, Ei'/Jn prope ed stan.fard., necessarij of

y vcry Ior di f f erent cla a-n ing the fuel cycle. !!ouever ,
the standards do not rer:uire the use of cpecific3 control rcebani =s,

types of equipe?nt or siting conditior'c as is arrued byi- AEC. EPA cc,rees th t
these cre properly functions associated with it plerenta-| tien of standard:..

particular f r!litic.sThe ir.plenentction and enforcement of these ctandards etI

"f the recpensiellity of AEC.(c.c., design, operatin~, nnd conitoring requirc=ents) are
Therefore, EPA does not b21icve thatconflict in any cay with AEC's responsibilitics these utendards

and dual regulation of thej industry 10 avoiced, ,

i
i Nevertheless, APC crgues that

the establish acnt of standards for dif feren:.} clas cs of acti'.ity con titutca an "i pl.ementation cni anforcc=cnn" functionj th.n cul;. A7.C c.. parform. !kr. ver, if the 1.LC catablishes standards of th:,a

'} type proposed by EPA, instead of EPt., it is nt-- clear junt what the /dC vould
he "f> ;dcyn iny ::r.i cnforcing. " Apparently, to avoid this objection and the|
proble:s that would bc cesociated uith EPA not c::ercising the cuthority tren:-/
ferred in ?.corsnization F1sn :!3, tha AEC recon = ands that EPA should set :=51cntj
s:crdards applicabic to the entire uraniun fuel cycle. It is, theref or e, /J.C; rather

then EPA uhich is su ;csting du:1 standi:rds for the nuclear pcuctc.! The /.EC, nct EPA, is ;gesting that
try. indu:-

: |, the nuclear fuel cycle should h:ve
both scurce end cr.bient stand:rds estchliched by tro different egencies

to =cc:
, !!

.p .,r_.m, Cn. , 7. ., r. u. . . i m'". o" C"-a .- .2..
.

c ~ ~. s"".T. ".m" c". , 'r u n' C e"._0: 1_ loth egenci<:n apparen Jy
. .m

cyrce that s ten:: rd.s c gein rhculd be cet for cach clus.s of activity.
singic CPA rule 2. king uceld bring six nnjer operations in ti.e nucicer pactThir
cycle,

includin; rc ctors, to cont-effective levcic of control comparabic tofuel
there for reacters.

AEC cculd then r. void its leanthy ruletding procedures cnd
'icas duplic:. tion of work alr eady done by EPA for the balsuce of the inel cycl

nc

e.
The AEC crgues that EPA chould not set
guides for lisht-v:ter reactors. these standcrds sinca AEC is devalcping,

EPA's standards arc compatible with =0st of; these guides.
The conflict between EPA standards and ACC guides concerne thedegre2 of epcratf ag f 2 ?nibility availn'ile to J.i.C.

,

EPA has already previd-d a
vcrian:e above the standard to assure delivery of power during penh dere:n)'

perftds.
AEC sheuld provide infor:.ation te justify the need for additien1:

op:rcti:.g fic:ib'1ity for oldo" picnts and to provide e mrgin in the nim nce| c; er .rc ti:.;; e.c,.-rience for Iarr.e nc.: pinnts. It chould be ntitcd that 4; r m i
e

!

l was 1.ropered io AEC cf rer -' crv.ui: tion Pir.e f 3 := ; centr.a cy tr> the ad. e-

-

of T?f.. At
the tire 2eorrnnf ration Phn #3 vac signed, AEC h:.d no standacdc,

...

s er ri.ee; t ic c.3...:,cu of activity.
.

Other irplicaricar. ot proceeding as proposed are: 1) control costs to induntrycre n.'gligible but
the bene [it of having and necting IU'A standards,

public acceptability, coul'd be larc. , 2) 1;PA vonld carry ' cat itu chart.c und"r
in tes - ru

Paarpeiratien Plan M for r.:distion aa it
.

doe:. for other pollutantn and i.; d.wir 3) m ' '. ' :. . : :.J :rd .:.se1J c:ttr;: t b. direct!v4- of yor r recent rue.
4

. .

::ec nac t .,. to c..:;a.M to the suc; ly of en t;;y whil. prn.ervier. a cican envirs..
l .m.

s. ~
e
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PP'sWICAI. I::Pi.TCATU":S Or ::GT l'ECCF.EDl :~. AS Pnr:,T,:.f.:;: If the :, :nda r.:

not i> :m ;d ar. pro;mred; i) the ns:le :r ir.h;st ry sou:d be msje s.t. d
.

t o t h.uncerti!nty of not knauing u ien or win; n,t andard: !..G rinht :.i.'<.nq u(.n t 1 y :- .neand .vuid also have to wait for completic:a of the lew thy AF.C 1 tr. c r:s e a t. .issuing ftv.: .

separate new regulatory ,c.uides for thc b.; lance of the f uel s.y . c;
2) EPA cnn anticipate increased pressure to cutab]i.:b citu le.r standard: e:rother ic::s saticiactory aut horitics. CPA has already b.'en challenged it.on its

f ailure to control rm !.cactive ef fluents un.ier the 19/2 L'ater Act:
c.urt

3) 1.EC's proposal to set en-Lient standarde only in can,orhable and would j<.v-
. -

ardi:>e FPA's cm.ltr.:.=2ntal credibility. (T A B 1:)

ALT 1.R'!j.TIVES FOR 2ESO .UTIC:* G?' JURISDICT107:*.1. CO::FI.ICT:

A. *Ic.:u: ti:c at :hrd: ac i>r: paced, follouing nor:::i i>::cragney raccluti:~-
of to:Iu:ical icout; . '

i

This vaoid rcrolv: the is.c :e in f avor of "PA. In,1c .ntation r.t indiviA ~
1

I

facilit ics or sites; specifiention of operating procedurcs, nonitoring ant *

*reportiz,g rcquirencats; nad enforce cat of these st::ndards could be vectedin AEC. -

.

B. |!cdify the si:niari: to cynify variances to 123 c.~vraicci at tha disen-
tu'or: c.f A.:C in crict to facilitato i.q)lcr::ntatibn for opecia!. rc:: tor
opc.'abin; situation:, fcl5: iq n:. mal ra:Oi:; tion of tec::ni:al ic:::w .

This ent3 d ;;ive the AEC creater fic:cibility in ect:<51ichi: 3 aa3 enforcins 1. us
at particular facilitics. e

It vil) also pernit AEC to in:.v. N.e e.afficient i: c.:-
ibility in applyir.;; T.PA's standards to rcer6crs td:en, in AZC's judguant, t' i sis re:;uired to ascure that the AEC's conccrns about eprational fic::ibilit:' anfalleged conflicts vj th Appendh I be satisfied.; This alternettve does, bt .:;cr,
r.ake the EPA st:.nfard: less firn, although EPA would issue upper li:itc.

. RECO:'''T:DATIC:*: Alternative A. EPA belicves that its' proposed standards tr.t| be net trithout the need for additional operr. ting flexibility bey.nd the v:v.anc.c'

for pow.:r c ergcacies presently provided in EPA's standardc. The prepectd
standcrds are entirely uithin f.PA's au::hcrity, were dercicped uring the nn;tr:tional apprcach cynilable, can'b by industry eccr-eficctively, and1.ta t

would be bencficial to the rapid deveJ opacnt of nuclear purer.
.

!

Approve Dir::r;>reve h2 ::3
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UNITED STATES ENVIRONMENTAL PROTECTIO% ,,/

WASHINCTON D.C. N AGENCY/ 20404
.

d
| J
t
,

THE AD?4'ti!STRATCit

Dear Mr. Fairbanks:

last Monday, namely that both AEC and EPA shculd addIn accordance with the agree. Tent reached a' our me ti
_

to the Presidenc en the subject of AEC's objecti
e ng.,

ress ceroranda
ercisa,of its authority to set standards for the activition to EPA's ex-
in the uranium fuel cycle, I transmit herewith es cocorised

the raquired mecerandum.

issue first, and to resarve technical i' sues until thCcnsistent with the decision to address the juri di
issue is settled, we have avoided dealing with

s ctionals
e jurisdictional

numbers should be, exactly what sort of timetables arwhat the preciseand. sinflar technical issues.
notice of prcposed rule cakin e appropriate

with the " quality of life" ce:g 'that we prepose to publish, togetherHe have already provid::d you with the
You also have AEC's t orandua describing the proposal.
response to those cc=echnical corr ents on the proposal and curents.

'

by pursuing nt mal procedures, already establi h dI feel rhat technical issues can and should be resolvedreview.
s e , for interagency

Sincere V yours, '

! |
: I,

I.
Russel -E.)Ji e)in" Tra-

Administrator
Mr. Richard Fairbanks

i

Room 100

Executive Office Building
Washingtoa, D.C. 20500
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TAB "A'.'

Lanruare Relative to EPA Envirce=ent'al Radiction Standardn Authorftv
.. ..

--

.

1. Reorgani:ation Plan No. 3 of 1970

"There are hereby transferred to the Ad=inistrator:
...

6) The functions of the Ato ic Energy Co==ission under the Ato:ic
Energy Act o'f 1954, as a= ended, ad=inistered thrcugh its
Division of Radiation Protection Standards, to the extent that
such functicns of the Cc==issica consist of establishing
generally applicable environ =cntal standards for the protection
of the general enviren=ent frc= radioactive =aterial. As used
herein, standards =can li=its en radiation expecures or levcis, *

or concentrations or quantities of radioactive caterial, in the
general environ =ent outside the boundaries of locations under
the control of persons possessing or using radioactive caterial."

7) "All' functions of the Federal Radiation Council (42 U.S.C.
2021(h)) "

2. The Messace of the President Relative ~to Reorrani:stien Plan Nec. O
and 4 of 1970, Julv 9. 1970.

"Envircr:nent=l t= diction st:nd.: ds progr : s. -- The Ato:ic Energy
Cc==ission is new responsible for establishing enviren= ental radiation_____

standards and e=ission li=1ts for radioactivity. Those standards
have been based largely on broad guidelines recc== ended by the
Federal Radiation Council. The Atc=ic Energy Cc==ission's authority,

to set standards for the protection of the general environ =ent frc=
radioactive caterial would be transferred to the Environ = ental Pro-
tection Agency. The funct, ions of the Federal Radiation Council"

would also be transferred. AEC would retain responsibility for the '

i=ple=entation and enforce =ent of radiation standards through its
licensing authority."

.

3. AEC Federal Recister Notice Procesine Anpendix I Reacter Guidelines.

" EPA has under consideration generally applicable enviren=cntal
standards for these types of power reactors. AEC has consulted EPA
in the development of the guidec on design objectives and li=iting
conditions for operation set forth below to control radioactivity
in. effluent releases. If the design objectives .and operating limits
established herein should prove to be inco=patible with any generally
applicable environ =cntal standard hereafter established by EPA, the
AEC will modify these objcetives and 11=its as necessary."

.
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Furthercore, the AEC apparently conceden, a: EPA believes it must, that
|

5

cven aebtent standarda for the nuclcar fuel cycle should tche costs andachievability into account. '

In order to defend any a:bient standard EPA'/. developed, it would be necessary to show the releases esticated for each ,

p.tre of the f uel cycle.
These esticates would undoubtedly be used by

the public and the courts in evaluating AEC standards or guidcc for classes
.

|j

/ ci activity. Thus little is gained and duplication is increased if EPA
^/

-

sets general a=bient standards while the AEC scrs standards for differentclasecc of activity.
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TAB "C"
.M

I EPA RESPONSE TO ARGUMENTS STATED IN AEC DRAFT PAPER'
1. l'uc!c .r safety.

It is not at issue in the current controversy.*

The propesca stcndards relate entirely to what degree of control
shculd be exercised over chronic emissions.

' 2.
! EPA has less ccreetence than the AEC with respect to radioactiveett m ats. AEC's r ajor expertise is in areas of designing andI

enginesITng plants themselves, which EPA does not duplicate nor
does it need to for setting environmental standards. EPA has as!

tuch if not more expertise on effluent control technology which isI
usually separate (as it is in most industries) fror the plantsthemselves. This knowledge plus envircntemtal and health inpact
expertise ccmbine to give EPA sufficient expertise to set environ-
mental protection standards for radictica. Furthcr, AEC continues
to operate on a case-by-case basis which does not control the

-

8

overall long-term health connittents of total releases of long-termnuclides. In all events EPA would work closely with ACC and draw
L upon its areas of special competence in the setting of standards.

3.
} Needless and wasteful duolication of effort.on Appencix ! cnc cn the Cis The work and effort

stancarcs is already spent, and cannota be retrieved.
Both standards (EPA) and design and operating guides(AEC) are needed. Both steps should be carried forward. The workof both agencies should be made available for the benefit of the

other in carrying cut both of these tasks.
4.

The standards are not correct and are inflexible.
.

i
This memorandum

to the Pres 1 cent is not tr.e piace to ciscuss or try to resolve tech-nical issues concerning the standards. Following the President's
decision on this jurisdictional issue, the normal interagency review
proce'ss will provide a forum for the resolution of these technical1 issues.

EPA stands ready to discuss these with the AEC at any time
and is confident that technical differences can be satisfactorily

.:
: . resolved.

! 5. Impact statements:
AEC has been doina them and EPA has not nremisedto. Aitnougn EPA is not required to t.eet tne formal im::act state-

isnt recuirements of NEPA in its regulatory activities EPA plans to'

issue an appropriate stat, ment of envirtnmental considerations ini

connection with the publication of these proposed regulations, and]
-

will, of course, cceply with any other administrative or legalq

requirerents for preparing impact statements or similar documents,j
including full public notice and hearing.A

6.a- '

EPA has withdrawn supocrt that Mr. Dominick offered with resoectj
to Appenoix I. 6nd scoulc therefore not set stancards."

Mr. Dominick'sstate ~ent containec in tne AEC Draf t tabs rebuts this allegation.
.:
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/ EPA never premised not to set standards, in fact clearly indicated
that it was considering doing so.

f 7. EPA's necrosed standards are not "cencrally acclicable" environ ental
| standarc.s. This is not correct. EPA does no: prcpose to set sten-

dards facility by f;cility. It proposes to set them for categories1

! of facilities. Even the AEC ccepremise proposal suggests EPA can'

set standards for a " system," that is, a category ccrprised of
categorics, rather than being limited to setting thcm for all sources.

I If one, therefore, accepts the prcmise that it is not possible to set
a meaningful standard that applies across the board to all radiation
sources, then the basic logic of EPA's proposed standards seems in-3

escapable.;

8. If EPA cc: es out with a standard, that t:ill prevent AEC frca poing
ahead with i2peencix ! and setti".c cesian ano coera:ina cuicance
based vacn :ne "as ie.e c.s crac::c;;ie conc:st. L.cen r);ent.tx I
type guioance anc EPA ceiling limits are nceded. Since EPA'ss

4' numbers are upper limits,' there is no reason why AEC cannot continue
its "as low as practicable" concept if AEC wishes to do so. Thei
nuclear industry would clearly benefit from the certainty providedI by firmly established EPA standards.
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EXECUTIVE OFFICC OF THE PRESIDENT~

OFFICE OF MANAGEMENT AND DUoGET 00006WASHINGTON, O.C. 20503
.

gg g]] ~ DEC 7 1973

*

.

MEMORANDUM FOR ADMINISTRATOR TRAIN
CHAIRMAN RAY

'

SUBJECT;. Responsibility for setting radiation protection standards_

FROM : Roy L. Ash

Thank you for providing position papers which outline the back-
ground and the current difference of views between your two
agencies as to which should have the responsibility for issu-
ing standards to define permissible limits on radioactivity
that may be amitted from facilities in the nuclear power in-
dustry.

It is clear, as your paper indicates, that a decision is needed
on this matter so that the nuclear power industry and the general
public will know where the responsibility lies for developing
(including public participation in development) , promulgtting
and enforcing radiation protection. standards for various types
of facilities in the nuclear power industry. Me must, in the
national interest, avoid confusion in this area, particularly
since nuclear power is expected to supply a growing share of '

the Nation's energy requirements; and it must he clear that
i we are assuring continued full protection of the public health|, and the environment from radiation hazards.

It is also clear fru. che information which you provided that:

the area of responsibility now in controversy is intimately.

related to the direct regulatory responsibilities and capabili-
ties of the Atomic Energy Commission, responsibilities about!

I which there is no dispute.
, * '

EPA has construed too broadly its responsibilities, a's set.

forth in D_ rganization Plan No. 3 of 1970, to set " generallyapplicable environmental standards for the protection of the
general environment from radioactive material."

On behalf of the Pres.ident, this memorandum is to advise you
that the decision is that AEC should proceed with its plans
for issuing uranium tuel cycle standards, taking into account
the comments received from all sources, including EPA; that
EPA should discontinue its preparations for issuing, now or

.
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in the future, any standards for tyoc and Ithat EPA should cont:.nue, under EsD.s of facilities;rfiint' aT:thority ,:
to have responsibility for setting standards for the total
amount of radiction in the general environment from all ,

facilitics cc=bined in the uranium fuel. cycle, i . e . , ari 'd
d

ambient standard which wculd have to_rgflect AE_C's_ findings
.

- as to the practicability of e:..ission controls. *3
EPA can continue to have a maior impact uson standards _for

~ -

I Ifacilities set by 7.EC throuch EPX"s revieEi:if .croacwd
. e - % E'

. suacards , during wh:,.ch~ EPA can EElF.g75 tGar iEs~nowledge
and perspective derived from its responsibility' for set-
ting achient radiction standards.

The President expects that> v anLEPA continue to work
'

(3aogath m to carry out the responsibiilEi~e5~as'oVtlihed' '
above.
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;a jiTAFF REPORT
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iJ
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CONSIDERATIONS RELATIVE TO SETTING ENVIRO'OIENTAL;j
'A RADIATION STANDARDS A!!D CRITERIA
:I
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Criteria and Standards Division
'l OFFICE OF RADIATION PROGP&is
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ENVIRONMENTAL PROTECTION AG2NCY
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(Revised December 1, 1971)
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EASIC STA?OARDS STP. ATE _GY

1:e believe that the prit:ry ORT function is te insure that there is

!

j no unduc hazard to the environ = cat, the population, and occupational

3
1 workers as a result of the use of radioactive caterials or radiation-
1
4

4 producing devices. In ecunection with the radiation protection

criteria and standards aspect of this mission, EPA is operating under
1
1

d two authcri tics :

1 1. Establishing environmental radiation standards under the

authority transferred from the AEC, and
,

3 2. Providing radiation protection guidance for Federal agencies
i
! under the functions transferred frc2 the FRC.
1

1

() While certain authoritics have been transferred to EPA in regard to

1 cnvironmental standards and Federal guidance, uc believe that EPA hasj
}

a bropder y'r.tcr than a strict interpretatica of these authoritic:1
1
1
4

1 cay indicate. Any actual or potential risks to the environment from
1
1

radiation should be within the purview of EPA. State and Federal
}
4

1 agencies are both involved in the direct control of radioactive material,
4

1 and it should be the role of EPA to see that these activities are con-
3

sistent with a national program. The total actual and potential impact
)i

of radiatien on the environment depends upon the adequacy of all the
:

j controls in effect. EPA should determine what these inpacts are, what

3

| the sources of greatest exposures are, and use the appropriate tools to

l solve the specific problems. Medical exposures, for exampic, offer the
,

i
i \

i

k
4

i
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greatest potential for dose reduction. In cooperation with other

agencies, such as 110U, wc may find that the use of new equiptent or

procedures may cause a greater reduction in total exposure than any

environmental limits ue may set for the nuclear powcr industry. A

be aplan for long-term uaste managecent of radioactive material must

of EPA's overall concern with the environmental impact of thepart

nuclear industry. As a part of this activity, we will be workin;; rith

the Office of Solid Waste on the tuo-year study called for by the

Uaste Resources Act of 1970.

Other areas where EPA should be active is in regard to the potential

effect of accidents from power plants and the associated criteria used

in power plant siting.

h Amajorebrt during the coming years will be a continuation of the
^

Special Stedics activity initiated as a part of the two-year revicut

j

f of the basic radiation protection guidance. Information on all sources
1

j of exposure have been accumulated. We expect t' establish a program of1

s
more orderly accumulation of these data along with projections of

exposure in order to determine what areas should receive the greatestj
i
i attention.

|9

il The activir.ies described below relate specifically to those areas

) where effort will be opplied during the cc-ing morths on appropriate

stan.dards or Federal guidance.

!

,I
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, The everall strategy involves activities in three arcas:
-.

w

Activitv
.j

- 1: Environmental radiation standards fer seccifj: classes

,i of activitics
4

i

"1 The cajor specific classes of activitics for which we propose to

issue environmental radiation standards include:
1j The production of c1cetrical power by light-water-cooleda.
-4

) reactors,

I
4 b. The reprocessing of nuclear fuel,
.e

Residual radioactivity in natural gas, the production ofc.

which is stimulated by nuclear explosives, and
|

3 d. The breeder reactor.

1G
n

j In all of the above cases the approach will be to identify the
2

j total quantitics of important radionuclides Jikely to be released
,

i under normal operating conditions, variations in their concentra-
1

tions as a function of time and distance f om the point of relensc,
4
.

-

. and their movement through critical pathways. We vill then analyce

] the costs of reducing the releases of various radionuclides and
3
4
' relate these costs to reductions in human exposure. Standards
'J

will be quantitative in nature and expressed in terms of annual

limitations on exposure to individuals and to potentially exposed

populations. Tg se limits will be derived from balancing cost
,

I
a g_ains t reduction in risk. This procedure will consider thei

; .

I
j application of avalJabic technology and will define the lowest

1 0
1

<

4

i
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practicable levels of exposure. A specific example of our

/ proposed approach is applied to light-water-cooled reactors is

shown in Appendix A.1/
t- f

,

f
I
I Activity 2: Review of scientific basen for radiation protection
.

.

i One of EPA's important responsibilitics in the area of radiation
!
' protection standards is to coordinate the completion of the various
!

cviews (NAS, NCRP, and EPA Special Studius Group) of the basic

guidance issued by FRC in 1960. The components of this activity

are described in Appendix B. These revicus should be completed,

; by mid-1972.

*

The guidance previously recommended by the FRC is expressed in,

terms of the radiation dose to occupational vorhers, the general

public, and individuals in the general public. Other than

excluding exposure for medical purposes and from natural background

radiation, it is not related to classes of sources, but includes

exposure from all sources. Secondary standards for concentrations

of radioactive material in the environment have been derived by

the FRC as Radiation Concentration Ceides (RCC's) for selected

radionuclides, based on the basic FRJ guidance. Additioncl concen-

tration guides have been derived from the FRC basic guidance by the

AEC (10 CFR 20) and the PHS (Drinking Water Standards) . The AEC

() 1/ Appendix A is submitted as an exampic, not for approval at this time.

. _. . .

_
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standards (10 CFR 20) are applied to ef fluents, i.e., caissioni

standards. Resulting exposure normally
,

as been well belou the
FRC guides.

Our position uith respect to the standards and guidance pre-

viously recommended by the FRC and approved by the President is

that
these are binding on all Federal agencies until they are

revised by EPA. We anticipate that, at this time, exposure from

all sources, in the absence of a specific EPA source standard
,

will remain well below the FRC guides and therefore we can wait

until completion of the reviews to determine whether to adopt
(f) or revise the FRC guidance. In the review of FRC guidance ?.PA

is also considering standards for occupational exposures.

We expect that planned operations normally vill be conducted so

that annual radioactive material releases to the environment from
each operation, i.e., nuclear power plant, fuel reprocessing '

plant, or other specific activity, uill result in a total does

to the population that is less than resulting from variations in
the natural background.

This is estimated to be a maximum addi-

tional individual exposure in the range of 20 to 50 mrem per year

and a maximum additional average exposure to the population which

is in the range of 1/2 to 1/10 of the individual exposure. If
~ ~~~

csrimated total exposures to individuals from all operations
([) cxeced these values, quantitative surveillance will be undertaken

.. -

w
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with the objectiv.. of n. .n.i fying the major sources of the
-

1

I radionuclides present and conait.ering the need for the imposi-
1 tion of such additional contrcls as are required to assure that
j population cr.pesures .~ro:a all sources renain belou the standards

t

:sj selected from the results of the revicu.

Activity 3: Guidance for evclucting Environmental I:npact,

J

Statements

The Division of Technology Assessment needs policy guidance for
1

4 evaluating Environnental Impact Statements, uhich is a priority1

3"
obligation of ORP.

--

1O
r)cmentation of the Calvert Cliffs dechi:.n regard.

3
'

3 Irap
, t '. . e} t

application of the 'sticnal Environmental Protection Act (.'; EPA);
'

,

j'

I
,

has introduced a very major change in the information requiredi
; } in Environn.ntal 1m .bt Statements. In particular, the require-e
j

ments to evaluate the consequences of potential accidents leading i

to release of radioactive caterials and quantitative benefit-risk /

cost assessment on a facility-by-facility basis are inportant new
j . requirements. ( App.cG e _, d ),
; ('- -

In addition to the necessity for adequate evaluation of individual,g

1
:3 fac;ilities the issues involved in the reviews are related to.g the
'f basic controls over the nuclear industry, e.g., siting, potential

exposures from accidents.

a
4
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. dattsbuted as anqther
memt'ershtp servsce by the
Amertcan Muntng Congress

STATEMENT OF RCGER J. MATTSON

DIRECTOR, DIV:SION OF SITING, HEALTH & SAFE 3UARDS STANDARDS

U.S. NUCLEAR REGULATORY CCMMISS:0N

PRESENTED BY,

EPA HEARING ON PROPOSED 40 CFR PART 190

MARCH 8, 1975

Intrcducticn

I am appearing in this hearing to present a statement on benaif of the

Nuclear Regulatory Ccmmission. The Commission has fclicwed closely tne !

development of the proposed 40 CFR Part 190 and has identifiec two general

areas of interest. These are, first, the effectiveness of the proposec

standard as an adcition to the existing.NRC program for regulatory c n'.rci

of radicactive materials in effluents, and second, the practicacility of

implementation of the preposed standard.

This brief stateme : today will summari:e cur views # rom the cers:ect ie/

of the agency responsible for implementing and enforcing raciation ;rctect':r

standards apolicable to the nuclear pcwer industry. Attacament A to tn'

oral statement is a staff analysis which elaborates en :ne points anicn :

will be addressing and a copy of cur previous written ccrments on tne

proposed standard. We request that these attachments be incorocratec in

the record of this' proceeding.

.
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The Procosed Standard - An Overview

Our purpose today is to consider the advisability of imposing an

additional set of radiation standards on that segment of the nuclear

industry that processas and uses uranium for the production of electrical
.

ene rgy. It is important to realize that the nuclear power industry is

closely regulated, and has been since it came into being, to provide

assurance of the protection of people and the environment.

Under the Atomic Energy Act of 1954, the Atomic Energy Commission

developed regulations within which the industry has been required to

centrol its emissions of radioacwive materials to levels below the

radiation protection limits set on guidance from responsible government

agencies with advice from eminent scientific authorities. These regulations

contain tne criteria to maintain radiation exposures at as low as reasonably

acnievable (ALARA) levels. The regulations were augmented less than one

year ago when the NRC quantified the ALARA criteria contained in the

regulations it inherited from AEC so that effluents of radioactive materials

from uranium fueled power reactors are but a very small fraction of the

existing radiation protection limits. Thus, we are not dealing with a

source of pollution that has been allowed to defile the quality of the

environment. Rather, we are dealing with a potential source of pollution

that always has been required to be controlled before powar production

operations were allowed to begin. Furthermore, as this power production

.
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technology has matured, it has had increasingly stringent effluent

guicelines laid on because the responsible regulatory agency made public

determinations that lower guidelines practicably could be achieved.

The questions before us then are, "Will the uranium fuel cycla

standard proposed by the EPA improve the environmental protection now

provided, and, if so, is the improvement worth the acditional costs to

the consumer which the standard entails?"

.

I want to make it clear at the outset that the NRC endorses the use

of generally applicable environmental radiation standards which. we can
,

implement and enforce in the regulation of the nuclear pcwer incustry. AEC

supported the transfer of tha responsibility for such standards to EPA1

during the development of Reorganization Plan Number 3, and NRC staff nas

aiced technical development efforts in that regard.

While we support the work by EPA on standards for radiation in tne

general ambient environment, we find that the proposed 40 CFR Part 190

is not an acceptable standard for reasons which we detail below. We view

the proposed 40 CFR Part 190 as an unnecessary and costly overlay of the

existing NRC program for assuring protection of public health and safety

from exposure to low levels of radioactive material released in routine
|

.

operations of facilities comprising the uranium' fuel c;cle. In simplest

|

| terms, we believe that the public interest would not be servec by this

|

| proposed addition to the existing regulatory framework.
!

!

!
l

.
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As we show in this statemt.qt and in the attached staff analysis, we

believe tnere has been an incomplete analysis of the costs and benefits of

the proposed 40 CFR Part 190. The Draft Environmental Impact Statement is

deficient in imoortant areas which are not corrected by the Supplementary

Informaticn issuec on January 5, 1976. Even with these deficiencies, the

partial cost analyses which were perfor ed show that the benefits to be

cerivec frcm the standard do not justify the costs of its implementation.

:n this regard, we believe that there has been serious underestimation

of ne real costs of compliance with the standard and an overestimation

of potential benefits which would result. In addition, implementation

incident to demonstrating ccmpliance with the proposed 40 CFR Part 190

would require substantial modifications of the existing regulatory

system for control of the design, operation, and surveillance of all

f acilities in the uranium fuel cycle. In addition to the modification

of NRC rules, guides, standards and procedures which would ce required

to imolement 40 CFR Part 190, implementation of the standard would

potentially require re-examination of more than 120 nuclear facility
,

1

licensing actions.

The croposed standard would require an implementatica system which

! is counter to accepted and proven past practice for regulatory contro' of
1

radioactive material in effluents. To understand the long term impact

ar.d burden portended by this problem, it is useful to briafly anumerate

:ne principal features of the present NRC program for control of radicactive

material in effluents. This program gives emphasis to the design of

.
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effluent control systems and operational effluent monitorino anc recogni es

the extreme difficulty of environmental measurements. By these mecnanis.ms

a licensee is required to consider emission controls at an optimum time

in tne life of a facility, i.e., during its design, and to exercica

operational controls at the optimum location; i.e. , at the sources of

radioactive materials. In addition, our existing system takes maximum

advantage of a basic principle of engineering measurements by requiring

the measurement of radioactive material at its source or in effluent

streams where releases are controlled. At tnese locations the concentrations

of racioactive material are orders of magnitude larger tnan the concentrations

which occur after dilution in the general ambient environment. Further,

the low environmental concentrations of man-made radioactive material

are usually impossible to discern from the larger and variable radiation

levels naturally occurring in the environment.

! In contrast, the proposed approach 'in 40 CFR Part 190 emphasizes

environmental monitoring, which, for the extremely low radiation levels

of interest here, has been proven to be highly inaccurate even with tne

most sophisticated measurement devices. The inaccuracy of environmental

monitoring for extremely low levels of radioactive materials cannot be

remedied by costly development of instrumentation because the low levels

| of man-made radiation in the environment are small compared to levels of
l
| natural radiation. In addition, the inherent variability of climatic

anc other environmental conditions, inciucing backgrounc radiation,

|

|

t
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seriously detracts from the practicality of using enviror. mental

monitoring to demonstrate compliance with the proposed standard.

In addition to requiring substantially more environmental monitoring,
implementation of the proposed 40 CFR Part 190 would require shutdown of

f acilities for noncomoliance at emission levels very near those anticipated
for normal operating conditions.

Variances would be difficult if not
imoossible to apoly in the case of fuel cycle facilities other than

reactors and would require the demonstration of a public need for power.

This basis for variance ignores larger cost-benefit considerations such as

the costs to consumers of more than $250,000 ter day for a 1000 MWe nuclear

power plant for replacement fuels, such as coal or oil, or the incremental

public health effects arising from shutdown of a nuclear plant and

replacement with a nigh emission coal or oil fired plant. Furthermore,

the substantially increased environmental monitoring wou!d be required

and the economic risks of forced shutdown would be present throughout the
operating history of a facility. The long term costs and inefficiencies

of this form of regulation are not justified for the proposed standards

in view of the lack of any measurable increase in the protection of Dublic

health over that afforded by NRC's current regulatory framework.

.
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The Procosed Standard - Soecific Concerns

We have three kinds of specific concerns with the proposed stancard;

fir'st, we believe that the analysis has not correctly assessed radioactive

effluent contrcl technology and the practicability of compliance with the

proposed standard; second, we believe that the proposed standard would be

; impracticable to implement for technical and economic reasons for major

components of the uranium fuel cycle; and third, we believe that it will be

impossible to demonstrate, using environmental monitoring, either

ccmoliance or noncompliance at the low levels specified in the standard.

We wili enumerate these concerns. Supportive elaboration and technical datc

can be found in the attached staff analysis.

The cri', -ia contained in the proposed standard cannot be traced to the

technical analyses in the draft environmental impact statement or supporting

documents. The numercial values for the criteria apparently were cnosen as

arbitrary limits and the feasibility of compliance was rationalized by

comparison to effluent control values published by AEC and NRC in connection

with the Appendix I rulemaking, in environmental impact statements, and in

case-by-case licensing actions. There are two deficiencies in this appecacn.

First the draft EIS provides no cost-benefit basis for the proposed numerical

limits for doses to individuals. Thus, the EPA analysis is insufficient to

demonstrate the practicability of the proposed standard. Seconc, some of

the AEC and NRC environmental impact statements and licensing data used to

.
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rationalize the feasibility of compliance with the numerical limits are now

obsolete due to changes in design objectives to reflect issuance of

Appendix I, accumulation of more recent operating data, and changes in

our calculational models. The calculated doses to individuals as a

result of these changes are still small in comparison to the present

raciation limits in 10 CFR Part 20, but not small in comparison to the
proposed standard. As a result of these changes, it will be more

difficult to meet the proposed standard. Therefore, the data derived

frem AEC and NRC environmental statements are not sufficient to rationalize
the practicability of the proposed standard. In summary, there is no

.

basis in practicability for the proposed standard. Thus, there is an

inadequate basis for introducing the new and costly operating limits

that it contains.

The analysis underlying the proposed standard underestimates the

considerable importance of commercial scale operating data in setting

radiation limits very near the best expected performance capability of

radioactive waste control systems. In the development of Appendix I we

learned of the importance of such data in setting ALARA design objectives

for light water reactors, which is the only component of the uranium fuel

cycle for which adequate commercial operating data and experience exist for

setting generic ALARA guidance. Despite the demonstrated nature of LWR

effluent controls, our Appendix I numerical guidelines in:reased twice

in the course of the rulemaking to account for changes in practicability

assessments as more operating data became available.

s
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By contrast, tne proposea radiation limits, as they would apply to

reprocessing plants and to tailings piles at operating ursnium mills, nave

no basis in commercial scale operating data. There simply are insufficient

data from which to judge the feasibility of the proposed standard.

Since no cost / benefit basis has ceen provided for the sel:-ction of the

numerical values, we must conclude that there is a high risk that ccmpliance

with the standard also would be impracticable for uranium mills and

reprocessing plants. The Nuclear Regulatory Commi sion is, in fact,

currently considering a staff recommendation to postpone rulemaking for

generic ALARA numerical guidance for fuel cycle facilities other than

reactors, due to the lack of commercial scale data. Furt.ermore, since

the proposed standard does not allow for variance in the avent of

demonstrated impracticability on a case-by-case basis, imJlementation of

the standard would create a high financial risk in the allocation of

corporate resources to fuel cycle facilities because of tae uncertain

risk of shutdown of those facilities.

One of the important elements of the proposed standara - the limit

on quantities of certain long-lived materials entering the general

environment in proposed Section 190.10(b)--is not a generally applicable

; standard when considered along with the variance provisions of proposed

Section 190.11. Considered together, these sections cont 2mplate limits

on quantities of certain radioactive materials entering t e environment

wnicn are dependent on both the number and size of nuclear power reactors

1

I

.
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and the particular circumstances that may be applicable to individual
nuclear facilities.

We believe that such a case-specific ifmit is not

witnin the scope of EPA's authority under Reorganization Plan Number 3
.

Fuel reprocessing plants are the dominant source of these materials, soi

that the proposed standard will, in practice, be an effluent limit for
these facilities.

The EPA has not correctly interpreted the practicabiifty implications

o' NRC's final decision on Appendix I of 10 CFR Part 50 for light water
reactors.

We have elaborated on this point oreviously and we do so again
in the attached staff analysis.

Apparently the largest sot ce of continued

misuncerstanding lies in the need to recognize that Appendix I allows

designers of multi-unit LWR sites to select different racioactive waste
treatment equipment for each reactor unit.

For example, we would expect

a multiple unit LWR station to operation, on occasions, ct several times the
Appendix I design objective values for a single reactor unit. This concept

leads to doses to individuals which are small compared to current radiation

protection limits, but doses that could be in excess of the p-oposed 40
CFR Part 190.

Since Appendix I presents the considered practicability

judgments of the NRC, we continue to underscore tpe conclusion that the

proposed 40 CFR Part 190 is imoracticable for stations havino more tha.
7

two larce LWRs.

.
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In the staff analysis we have provided considerable elaboration on

other specific technical points. These include: 1) recent information

on PWR fuel leakage rates and primary to secondary leakage in steam

generators; 2) recent changes in NRC calculations of source terms for

licensing actions; 3) specific points in critical rsview of tne cost-

effectiveness analysis; 4) an analysis of the cost-effectiveness of

Kr-85 capture technology; 5) technical qualification of the ORNL reports

written for NRC to characterize fuel cycle facility effluent controi
,

tecnnology and cited in the EPA Supplementary Information; 6) an {
indication of tne presently unavailable information which is prerequisite .

I

to specific generic controls on tailings piles for operating uranium miiis;

7) a summary view of the technology for environmental monitoring and 8)

an examination of the need for changes in standards at this time. The

staff analysis also contains an elaboration of the procedural difficultics

associated with implementation of the proposed standard which we have

already summarized. Time does not allow for elaboration here of these

somewhat complex and detailed concerns. They are, however, important

parts of the basis for our judgment that, on balance, tne proposed standard

is not generally applicable, is not practicable, is costly, and is an

unnecessary overlay of the existing NRC program which regulates quantities

of radioactive material in effluents from uranium fuei cycle facilities

to extremely low levels.

.
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This hearing panel is familiar with the existing NRC program for
;

control of radioactive material in effluents, and we will not take valuable

time to discuss its principal features. A brief summary is provided as

Attacnment B to this testimony for completeness.

Recommendations
|

'

We have stated our support, in principle, for generally applicable

radiation standards for the ambient environment. We have also shown why

the NRC recommends that the proposed 40 CFR Part 190 not be issued in

effective form.

|

We have reexamined the statutory authorities and the expert

recommendations of the NCRP, NAS, and FRC which underlie IPA's

responsibilities. The material studied in this review is discussed in the

attached staff analysis. We concluded from this review that generally

applicable standards are desirable, and revisions of such standards
,

should be based on considerations of the following:

1) the axpenditure by society of large resources to reduce radiation
, risks further than the levels at which they are presently controlled|

at the expense of greater risks to society that may go unattended;
;

[For example, we need to know what resources should be required for

controlling risks from the uranium fuel cycle so that balanced health
-

.
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and safety protection is provided against all hazardcus pollutants

arising from the production of electrical energy. The BEIR Committee
,

of the National Academy of Sciences also has identified this need in

its 1972 report.]

2) justification of radiation limits, standards, or guidelines on

a cost / benefit basis tu ensure even-handedness and uniformity in

application of national resources to abatement of radioactive and

other environmental pollutants;

3) assessments of the broad questions of acceptability of risk;

[The SEIR Committee also has identified this need. 3ecause of

a lack of Feceral policy guidance from EPA in this area, tne .'GC!

i has proceeded to establish a precendent by ordering rulemaking
1

proceedings to formulate an acceptable monetary value for the

worth of population exposure reductions.]

4) development of broad methodology for cost / benefit analysis for all

pollutants so that radiation limits for the general copulation can

be based on balanced choices concerning acceptability of risks;

allocation of national resources; and the use of uncertain, potentially

highly conservative, health indicators such as the linear, nonthreshold

radiation dose-effects hypothesis;

.
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5)
more cefinitive operating data from commercial uranium fuel cycle

facilities to more completely characterize the interaction of these

very low levels of radioactive material with man and the environment

and to further improve and validate the realism of calculational

models for more efficient regulation of radioactive materials in

effluents; [The EPA has recently exercised needed leadership in

this regard by initiating, under its FRC authorities. a comprehensive

annual report on radiation control in the United States. The NRC is

cooperating fully in providing its input to this broad inter-
governmental effort. Also, EPA and NRC staffs jointly are giving

increasec attention to efficient use of monitoring data for model

verification.] and

6) the need for timely initiation of international discussions
on krypten control.

In closing, the NRC believes that the proposed standard should not be

issueo in effective form. That does not mean that the considerable effort
expended in its development has not been worthwhile. EPA's work has

forced critical re-evaluations of the existing NRC program, of industry's
performance, and of the nation's needs. It is only because of these

critical re-evaluations that we can recorrend today with conviction

that tne presently proposed standard is not needed. And we are able to

identify what more is needed, as explained above.

.
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The re-evaluations also have served to identify the need for

increased cooperative efforts by EPA, NRC, ERDA, and the power production

industry to obtain commercial scale operating data (1) to more realistically

characterize the environmental impact of nuclear operations at these very

low levels of radiation, (2) to develop and validate more realistic

predictive models, and (3) to provide t.%. data base necessary for 'urure

? consideration of generally applicable standards. The NRC is prepared

to renew its active support of the Environmental Protection Agency in

addressing the considerations outlined above.

We thank you for the opportunity of appetring in this hearing to

present the NRC's additional views on the proposed standards. If the

hearing panel has questions, we are prepared to respond.
i
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! back into the retention pond thus eliminating telease to the offsite

environment. In that situation where either an underlying imper-

meable geological formation is not existent or is not continuous,

vertical seepage may occur to the underlying ground water formation.

Wells may be drilled downstream of the retention system into the

and this watersubsurface formations where seepage Jill ColleCC,
Such a system requires

is pumped back to the retention syst 2m.
In both cases, these

specific favorable subsurface condit ions.

control costs are small compared to the cost of the clay core dam

retention syst:m (1) .
~

Impoundment of solids is being accomplished in older mills

merely by construction of a dike with natural materials and

filling the diked area with slurrieu tailings. When full, the

height of the dike is increased witi dried eailings to accommodate

even more waste material. Process Liquids which overflow the tailings

dike or seep through the dike are s imetimes rc ted through a treat-
The diking procedure

system and discharged to the etvironment.i
i ment

which is less costly initially, creates an above-ground pile of
While thetailings which is dif ficult and cos tly to stabilize.

mill is operating, this type of pil e is also subject to wind and water

erosion. Field studies at tailinge piles after mill shut-down have

shown high gamma radiation levels in the vicinity of such piles,

elevated radium-226 levels in water supplies, and high airborne levels

of thorium-230 and radium-226 due to wind blown tailings (li,M ,g ,g),

i For these reasons, new mills are nct likely to be built using this type

of solid waste control.

29
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i Stabiliza: .an of tailings piles requires grading of the tailings

:i
] area e- ssen side slopes, e :tablishing drainage diversion, covering
d

with nonradioactive material, and revegetating the area. In

d semiarid regions it may be ne essary to initially irrigate the pile

2
- to achieve vegetation growth. Other types of stabilization may also;

(
.] be feasible. One method invo ves the covering of the tailings
i

} wit h large aggregate gravel f om a river bottom. Silt fines which

accompany the river gravel vi l blow away in a short time leavingi

i

j what is affectively a wind-preof rip rap, thus significantly
1

!. reducing or eliminating migrar ion of the tailings outside the

O
q controlled area. The costs of such stabilization has recently been
,

a

estimated (6) at $350/ acre-ft for earth, and $2,000/ acre-ft for rock.

j The cost associated with stabilizing a diked surface pile is sig-

nificantly higher and probably less effective because of difficulties

.

faced in grading, covering, ani revegetating the potentially steep9

i.
;

side slopes.
3

{ Uranium mill tailings piles are long half-life, low-level

1
radioactive wastes. As such, they will require perpetual care. This;

j will include occasional inspection and maintenance to insure integrity

] of the stabilizing cover, fencing, and of the warning signs around

the pile. An annuity should be included as part of the cost of the

control technology to pay for th,is care. The maintenance associated with
!

i perpetual care of a stabilized dike system would pro'oably be higher
:
s

than t'.at for the depression fill system since there is tendency toward

collapse of side slopes and possibly inadequate drainage of precipition,

1

from the pile.
3

:
a

30
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for the Model Mill _Control Technology9.0 Effluent
Typical current effluent control systems were assumed for

the model mill. They were:

Ore Bin Dust - Orifice Scrubber,*

Ore Crusher ana.
Impingement

Dryer and Packaging Dust - Wet
b. Yellowcakt-

,

Scrubber.
Clay-core dam retention system'lquid and Solid Waste -c.

To be stabilized
(160 acres) with seepage return and e< posed beach.

with 2 feet of earth cover and 6 incFas of rock cover.
The radiological impact of total airborne ef fluent versus

i ill

successively more ef f ective control systems for . model uran um m
in control is the mostEach impi ovement

are listed in table 9.0-1.

cost-ef fective available at that level of control.
The output of the model plant u:.ing base case controIs is 1,140

t

3 8 of which approximately 1% is recovered by the wet impingemenMT U 0 (6). The
collector system during drying and packaging operatiens

dust
llowcake more than

value of 11.00 kilograms (24,000 lbs) of recovered ye
The low energy venturi

the ost of this control system.compensates ic
impingement scrubber andthe wet

scrubber is 1.6% more efficient that
,

(440 lbs)
will recover an estimated additional 200 kilograms

The value of this additional recovered yellow-,

of yellowcake per year.
i sts of

cake is approximately equal to the increased annual operat ng co
h t impinger. The

the low energy venturi scrubber as compared to t e we
included as a control

present worth of these systems are, therefore, not

f for the model mill.cost
!

31

,



. _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ _

.
,

c m . m _,_. m .- a .u ,uu . x. ~ - - - '-- --~<*^---"*"~""---**ia''""""'-""^'"''''"''"" " " ^ ^ * " ^ ' " "-

Tabic 9.0-1

Radiological Impact of Airborne
Effluents versus Control Costs for a Model Uranium Mill

._ _- _ _ _ _ _ _ _ _ _ _ . . _ __ _ _ _ _ _ _ _

Maximum I,ung
Dose to auControls Source Term (a) Individual (b) Present Worth

(Table 8.1) (mci /yr) (mrem /yr) (1974 S/ facility)
-

_ _

None
_.

>20,000 >20,000 0
Al; Bl(c)(d) 205 200 172,000
Al; B2(d)

75 "

,,,,oou

g A1; B3 35 34 262,000
,

A2; B3 25 24 290,000
A2; B3; C2 15 15 432,000

A2; B4; C2 6 6 561,000
A3; B4; C2 1.5 1.5 701,000

.

A4; B4; C2 0.3 0.3 867,000

C1 ('I O O 2,750,000
~

) Alpha emitting radionuclides as
. .

insoluble, respirable particulate matter.
For the assumed worst case of aa individual permanently occupying a
a x/Q of 6 x 10-6 s/m3 location exhibiting - -

('IAssumed current level of controls for new nil!. .s

__

(d )c.n s % g,, , , , , , , , , , , . ,, ,
__
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to Operating Uranium MillRetrofitting Control Technology10.0

The cost and practicality of retrofitting control technology

systems to an operating uranium mill was not included in Reference

The cost is judged to be approximately the same order of(6).
to install the same control system in a newmagnitude as the cost

mill.

The cost and practicality of retrofitting control measures
d

to operational tailings piles that do not use clay core das Lapoun -

ment technologies must be considered on an individual basis.

[

!

i
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Honorabic Runsell C. Train
Ad=inistrator
U. S. Environcental Proccetion Agency
liashington, D.C. 20460

,,*

| Dear !!r. Train:
! This is in reply to the notice in the Federal Registe.., Volu=m 40

Nu=ber 104, .Iay 29, 1975, therein the 'invironecnt al Protection Agency
"nvirontental Protection Standards for the litanium Fuel Cyclepreposed 1975)190), cnd ,to the letter (houc to riuller, June 2,(40 CFR P:rt

requesting co= cent s on rac Draf t Environmecral Impact State = cut for
the rotecaking action.

-

j

The HiG strongly supports EFA's nission to develop cencrally cpplicable1

cnviror.= ental radiction standards. We believe rac nerienal interest and!

enpress.on ci sr.fe
{ our regulatory progrr.a uculo benefit by a nuncricciuitnin which r: die-environ =ent

limits en raaicact.ivity in tac achientin the uraniua fuel cycle coald ce
active cziesions frca ene fccilitiesSuci r.rendards snould be developee with full consideration *
regulated. expend i t .irc e for i:e:lth pretectiongiven to the balancing of resource, .

for the uranium fuel cycle vernus si=ilar exper.dirurcs for contrcl cf' 4

f
other activities 5.nica affect the pualic nealen aspeern of the enviro:--,

8 ment.
* .

terulatory practices provide
Existing Federal regulations and currentfor normal operation tne uranina fuel cycle feellities willi

assurance that
be designea and operarec in : canner un ica limits to as low as reesoc. ably:

{ achievanle the icvels of release of radioactive carcri:1 and exposures
In vicu of the d:nonstrct cc ef f cet iveness of the exist ing

i I to radiation. we do not believe t here is a need for further
f reguicrory program,
l | restrict ions for rhese facilitics at rnis t i=e .

Futhercore, any s=a'.1*

changes in r: diction exposure unics cirnt oc effected by cae proposed
EPA stcadards ao not justify rac considerable ecsts csnociated with tac
standards. The apparent lach of cost effectiveness saould be exacined
in perspective to reductions unica cigat be af forced by expendirures fo r

.

cont rol of nore sis;nificent environcent al uroblean. Uc believe thcr EPA's
broad responsibilir.ics for po l l u t ion e ba r e_,ent sua tne diverse experrh..

j reprenented by the LPA staf f would pe reir examinat ion of these trod:-of f s.
! '

[ We find that the EPA proposed standerdn are in reality a " fine tunine" of
existing effluent rer.u l at ion s . To deeonstrat e why rnis is objectionabic,| e

consider tne relationship between the CPA proposed standard and the ;GCi
|
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Honorable P.ucsell E. Train -2-

10 CiR Part 50, Appendix I. The numerical ru ide linen
verc derived frem a thorouch consiocration of tne cor.tsin Appendix I

~ and envirenre tr al
effectc of radioactive effluents which ucre presentcd during a put licru l e=ch ing h ea r ing . EPA's proposed atendards specify enviremmentalradiatica IcVels for cerivities ~ f nc uranium fuel cycle. Yet, vhenapplied to only one 1:ind of f.- ,try virhin the fuel cycle, l i r..i t vater
pcwer reactars, rae l evela s ieci fied by CPA cre in the same rante an rne
the guidelir.cs of Arlendix I. Furrhen-ore, one EPA proposed standardt
differ in spacific derails cad are not consistent uith Appendix L.
EPA Notice of Propoced culec *ing states that Appencix I "will travie an

.c

oppropriate ano sat isfactory it.plementation'* of thcsc standards int
lir.h t-wa t e r-c oo led nuc l ea r p..uc t reactors. The NRC staff does not cr ecethat cc:pliance uith appendi.. I accccaarily would provide c ;pliance eithrne EPA propo:cd ston'ards. For inntcnce, for a nuit iple reactor sit e
it would ba poacible for the enicsions to be within the Appendix I levelc
cnd in execsn of ene LFA pro;.osed stencards. The ';I A proposed st endat as
aleo would rer.uire the senedt led applicction of technologies which h: va not
been deconstrcted on a connercial secle for removin; cr.d retaining renio-
active iodine and krypton for long tern decay and for stabilicion cilt
t:(ling pilen.

Iepicmentation of the EPA preponed arcndards uculd requirc a substant .vc.f'ertf to codify the i!iC'c rr;ulations in erder to receve thecc dicer-[an-
cies, and it uould not change sirnificar:rly the ove'rall environnentalimpact. Althcugn rue proposed standard uould recuire a syste= for in Ic-~

eentatica chich ucu nd be similar in concept to the existing linC syste-
for regulating effluentc, there uculd be significant differences in r e
detailo of inplementation wnica would inpose a si nificantt administra iveburden on the r;KC. It uould oc particulcrly difficult to devcicy a
mechanism to demonstrcte confornance witn tne emission limits staredcuries per ur.it of energy generated. n

Thun, we believe that the proposed standard requires further vork. TiaNRC staff believes that EPA's p.cncrally applicable envirorcental radiction
standards should provide an upper limit for radiation exposures, prec cated
upon restricting the potential healta icpect froc all sources of radiction

j exposure. The duclear degulatory Commission vould require its licensees| to operate within cuch
limita and further restrict effluent releases

'

and radiation exponurcs in a cost-effcetive canner to be as lov asreasonably achievable. Several alternative cpproachen appear available toth: EPA. The linits coulc be raised to reflect the concerns cxpressed,

! above and in the t.:'.C staf f co:centa whica crc at tached. Another possi.lc
approach would be that the Federal Radiation Council (it'.C) rad iat ionI
pret ect ion guiocs l'or doses to individuals oc'supplerented to limit dotes'

frem the nuclear tuel cycle f acilitics
i to a larger fract ion of the pre .cntF2C limit s than the f actor of tuenty reduct ion unich is re flect ed in tsc
'

EP) rre
c 'i " m e rn . _Ihe fracrional f i- i t s snould be ehn3cn on_the.n n

.
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0 $Honorable Russell E. Train -3-
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.

of a broad and balanced approach to resource expenditures for health
protect ion. The . 60 oraf f is prepared to init inte furtner work with your
staf f to develcp cn appropriate and balanced standard whien vould allow
flexibility vi rnin wich ef fluent o could be re..ulated without uncuca

cnd with consideration of theinternspt ions of cicetric pouct sourcer,
proper distribution of allouaule discharges cm.ong the various types of '

facilities in the fuel cycle.

Sincerely,
.

.

3 .

G!gend)Lesy,Gessff

Lee V. Gossich
Executi.vc Director for Oper tions

Enclosure: Staff Co==ents
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C0it?.E:iTS OF TP2 N'JCLEAR REGULATORY CO:tIISSIO:: STAFF .
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. .

EPA PROPOSED RULE.".AKI:iG 0:i E!i'.'IRO .?ISTAL PROTECTIO:; STA::DARD
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toSuitability of the EPA Proposed Standards with Respect1.

Statutory Authority
with respect

Under Reorganization Plan No. 3 the following functions,
.-

. to radiat ion standards, were transferred to EPA:

"The funct ions of the Ato=ic Energy Co==ission under the Acc=ic Energ;
.1

of 1954, as a ended, to the extent that such function
of the Co=a;:

...

consist of establishing generally applicabic environ = ental stand:rd:

from radioactive esteri:1:for the protection of the general environ =ent
=ean li=its on radiation exposures or level:,As used herein, stand _ard:-

in the enviren-or concentrations or quantities of radioactiva =aterial,
e.

l 2~ wrov+-c:f - c
.. . - , - . outside the boundaries of locations under the contro .-,.-n.:=,,-

-

or using radioactive =sterial."'

to the Adnic.i :-In addition, a 1973 =c=.2randum fro = the Direct.,r, CM3,!

/ \ ified the responsibilitics of Rt

.of the EPA and the Chair =an of the AEC clar

- two Federal agencies by stating that:
6

" EPA should continue, under its current authority , to have respons ibili .

for setti=g standards for the total amount of radiation in the general
i.eall facilities co=bined in the uraniu= fuel cycle,envirec=ent fro: ,

an a=bient standard which would have to reflect AEC's findingt as t o O.

pract icability of.' c=iss ion controls ."

The regulatory respensibilitice of the AEC vere transferred to the Nucl.:ar
of 1974.Regulatory Co==ission (NRC) by the Energy Reorganization Act

l
. .
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It in the view of the NRC staff that the portion of the EPA proposed
,

standard which defines the annual dose equivalent for any =e:bar of the

public ia an appropriate " generally applicable standard" and within the

2.'A area o# responaibility. The.attual values proposed in the EPA standard

do not adequately reficct NRC's findings as to practicability expressed
.-

in Appendii I which was published in the Federal Register on .May 5,1975,
as discu: sed in Section 2, below. '

The portien of the preposed standard which specifies limits on cuantities
,. ..

ef lang-lived =aterials entering tha environ =ent is not, in our opinion,

s 3-nerally applicabic environ = ental standard. These li=its which are

expre: sed in curies per gigavatt-year of electric energy generation are
,

a - =-v'=

n .-'jY.:tr:s1'g.rsosco, dischert.e li=itations for spent fuel reprocess i.ig
-

. . . . . .
__ -- - a..

-

plants and, in our cpinion, represent release li=its for a specific type of

fac il ity. .The proposed apprcach provides no real li=it on the concentrations
.

these radionuclides in the environt.!nt. The use of environ = ental

entrations would provide a " generally applicable standard" for suchegne

lor. -lived radionuclides.

2. Cc=parison of the EPA Pronosed "raniu= Fuel Cycle Standard (40 CIA Part: 190)
>ith Aependi.x I, 10 CFR Part 50

i .

i

.'sppendix .* of 10 CFR Part 50, wh ich provides nu=erical guidelines for

cesi~n objectives and li=iting conditions for operation to =eet the criterica

"as low as reasonably achievable" for radioact ive caterial in light-vater-ccoled
nuct

ear power reactur effluents, was issued as an NRC regulation on April 3C,

1975. vich not ice in the federal Perister on :!ay 5, 1975.
.

.
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In addition to satisfying the design objective guidelines, additional

radioactive waste treat =ent components are required by the regulation if the

annual costs of those components are justified by reductions of the dose te

valuss ofpopulation within 50 miles of the reactor using the interithe

$1,000 per . person-rem or $1000 per person-chyroid-res as th? b sis for j: / ;in;-
.

cost effectiveness. ,

of considerations published in the Federal ?.etister with ,The state =ent,

the EPA proposed sta.1dard 40 CFR Part 190 staccs in part:
.

"It is the view of the Agency (EPA) that this guidae:2 for reactors-)

(Appendix 1,10 CFR Part 50) vil1 provide an appropriate and satisfsetory

implementation of these (40 CFR Part 190) proposed e: viro = ental

for the uranius fuel cycle with respect to light-.

_ . _ radiation standards .
m . . .

~~'' ' *

water-coo t ea nuclear 'rVa~cFors utilizing uranium fuel."Ta - --

The NRC staff does not agree that the provisions of Appendix I would
s

necessarily " provide an appropriate and satisfactory L:plementation" of th:
i

! preposed 40 CFR Part 190 for LWR power stations. The reasons arei

seseral:

1. The design objective quantities of Appendix I and attenden: doses for
,

the three release modes under so=e circumscances could be

additive.

2.. The design objectives apply to each reactor on a site (not to tht

entire site) and can be cultiplied by the nu=Ser of rec: tors on r..e sit e
'

for est imating the equivalent values for the site.

3. The flexibility provided in Appendix 1 for the li= iring condition

for operation (in recognitica of the'uncertaint ics in th: sourc:

o

, c
.
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ter= estica:es and in anticipated " operational occurrences) veuld
i

p e r=i t the des ign objective quant i:ies to be exceeded under
.

certain cenditiens. ,

.

4. Appendix ! applies only to effluents fren LVR power stations and-

. ..

does not apply to other radiation sources such as F-16 fro = the

~

turbines, s:orage of radioactive =steriti, or interac: ion of radia-ica
.

fra , cther nearby sites and radiation fro other than LWRs on the
~

. . .

sn=e stre.
.* *

For these reasons, a nuclear power station with caly three LWR units

de;igned and operated in accordance with Appendix I eculd result in the

dezes presented in Table I.
. .

,

733LE I. F0 TEN!!AL AN::UAL DCSE RATES TO AN IND;VIDUAL NEAR A TF.EEE-UNIT
| LWR STATION OPE?.ATING WITHIN APPENDIX 1, 10 CFR FART 50

\

7.21 ease Mede Whole Bodv (=re=) Organ (cren},

j Liquid Effluents 9 30

Gesseus E.~fluen:s 15 15

( Iodine end Particulates 45--

i

'
_

|

i Dess: a: " des ign edject ive" level 24 90
i

,

I

P:: pose Stondard (40 CFR Part 190) 15 75 (thyroid;

| 25 (other orcans)
:
.

I

i

9

.

}i .a-
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I
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rJA'S Mir IN THE CC!r POL CT AIR-BCF3.E ErrI,;E*:T,c,
FMM TL'EL CYCLE PIANTS

,

4

Allan C. B. Richardsoni

,

Assistant to the Director for Standards Cevelepecnt
Criteria & Standards Divisic.
Office of Radiation Programs

'

O.S. Environmental Protection Agency

tsis paper will seek to accorplish two suLin objectives. .First,,it will provide an overview cf,

revirerrwatal Protection Agency (EPA) authorities that affect the regulation of radioactive
seterials, and, in particular, air-borne radicactive effluents. Second, it will discuss the,

I ta:1grou .d, content, and rationale for the develop =ent of EPA's proposed new envircr ental radiation
'

standards for, the ruclear power industry.
.

. EPA AUTHORITIES FOR RADIATION AND RADICACTIVE PATERIAI.S
f

i

; DA's principle authorities affecting air-borne radioactive effluents were inherited frem other
syncies under Reorganization Plan No. 3 of 1970, the plan which created EPA (1). Additional
setherities sere created later by statute that hava cnly an indirect i:;act en air-borne effluents.'

O.e first authority inherited was that cf the Atomic Energy C-- 'ssion (AEC) to establish generally' a;;11 cable environ = ental radiation standards under the Atc=ic Energy Act. Reorganication Plan No. 3
speifically transferred to EPA:

. The functions of the Atomic Energy Ccr..issica...to the extent that such
functices of the Cer.issien consist of establishing generally applicable
envirereental standards for the protection of the general envircreent fres

; radioactive raterial. As used herein, standards rean limits en radiation
'

exposures or levels, or concentrations or quantities of radioactive raterial,
in the general envircreent outside the boundaries of Iccations under tne

i control of persons possessing or using radicactive r.aterial.

The President's =essage transmitting Reorganizat' ion Plan No. 3 to Congress made it clear that
EC had the enforcement responsibility with respect to the:e standards.

I
! Keither Reorgani:'ation Plan No. 3 and its legislative history no-* the Atomic Energy Act specify
; the basis or the criteria EPA shculd use fer establishing these standards. Eevever, it has been and

rerains EPA policy that because of the presumed ncnthreshold nature of the doss-effect relaticn: hip
sith respect to radiation exposure, any such standards should take into account the costs assceinted
with cchieving the IcVel of protection attained. Since these costs will vary according to the
scurces the Agency believes that it is essential to relate any radiation scandards to the source of
the radiation. EPA's standards for the uranium fuel cycle are prc;osed under this authority and are
discussed in greater detail below.

.

Through Peorganization Plan No. 3, EPA also inherited the functions of the former redcral
Fadiation Council (TRC) . Under this authority (2) :

The Administrator shall advise the President with respect to radiation ratters,
directly or indirectly affecting health, including guidance for all rederal
agencies in the fo:rulation of radiation standards and in the estallishrent and
execution of programs of cooperation with States.

EPA has not yet taken any action under this authority to provide overall Federal cuidance for
nu:1scr power operations for the reaconc noted above regarding EPA's approach to setting scac Mily
ap;11 cable environ: ental radiation standards. That is, IFA is not presently planning to rece .n nd,

,

Eder this authority, a general " acceptable" level of radiation dose to the public unrelated to
source, such as revised Federal Radiatica Protection Guidec. Because EFA has proposed standards forthe utenius fuel cfele under the authority of the Ato=le Energy Act, we do not believe it is

12-1

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ . . _



,.
- - e

.

., + oe cet ten uMer re.*eral cuidance cuthcrity with recpect t@
,

.........

. . . ...c' .* ave:crir rm P.en!ations in connection with the fuel cyc1c' n.

redien1 ussa of r *
.. e. e.;< earso (4). clean-up criterio for plutonien

(5), tnd protectiv3 cetion g i. . . ..u,.. . . . . .

... ;;y < ;e stions arise eenecrning how EPA's authority to. ,.

rM tcal radiation relates to the regulatory aut'Eriti, . . ..*
* IOY

Ier czarple, the Muclear reculatory Cornis ion (f C
a'' 'w

, .. ......
, ,..?*. a/.-in i s t ra tio n (COKA) have respencibilites yggi. * 3Ire;artrent of I!calth, Eduer.tien, and tclfare h res

='t.. . .. *. C W18tir7 CCeupatter.C;)
n ;;ca: uses of radiation. IPA dce2 tot intend to in.. .

rven i ) ***i*h
t?cse agencies have in these respective arcas..,e at.. .

Wha + *w " T=18tCT7.....,. :s to provide uni'ctn breadguidanceforallgovernehntae **.. . . c f c . co urc s. We anticipate that we will be drawin u m .w .y act to nesee
t y age .cies with specific responsibilities in t[.e occu.. , . . ;. ; , :

tionu .ese:c;tng
broad guidance, and that the general guidance *ha* EPA 2 ***

such *ar c .*

as to interfere with the proper exercise of other agencies'e...rtetsve
* **e=:.;d te

noted that the Federal Radiation Council, from which EPA inh
level tody ecepcsed of the heads of several different

*. e .' D e t
oy , was aP", the AEC, ar.d the Departments of Defense cc- '' c ng the

ccernestingandgeneralguidanceroleintheseareasrer$1 .7 *a ir rtta y rc.-ide on behalf of the Federal government as a whole. .~ ' # * ^9'UCY

1rA also has several specific authcrities for the regulatien of radioactive rateri letch, since
they only indirectly irpact air-bor .e effluents, will be only briefly a s in water,

these include the rederal Water Pollutien Centr (1 Act of 1972 (WPCA) rentioned here.and the ccean Durping Act. the Safe Crinking Water Act,,

he extent
the contested issue was whether or not EPA would be required toof EPA's responsibility under the WPCA (G) was recently detemined by the Supre ec=:rt p).

perr.it pregran .

recuired by n PCA, regulate, through the

Poth EPA and the NEC tock the positi0n that Congress did not intend for EPAthose radicactive caterials that are already regulated through
!! censes by the ERC.

-

reenlate such raterials under WPCA
and that such regulation sculd con: 11tute an unnecessary

to
du;11 cation. The Court upheld this view.

The issue arose because
things, "radicactive catorials," without any qualificatien in the Actthe WPCA defines pollutants as specifically incluc ing, among otherlanguage in itself. Ecuever, there is
WTCA indicating clearly that the tern " radioactive rateriale" was notthe House Report acec=panying the Ecut e version of the bill that eventually became thera crials regulated by the AEC. intended to include thoseBased on the Ecuse Report,
the national pernit discharge elleinatica systes EPA stated in its regulatiens se Sting up
intended to include AIC-regulated ratorials. that the tem radioactive caterials" was not

Ecwever, this interpretation was challenged by anenvircreents.1 grcup, the Colorado Public
.te District Court judge ruled in favor of the covernment's position andFesearch Interest Group, in the U.S. District Court in

Colcrado.

did not have authority to regulato such eaterials. held that EPA
unani:cusly Ecwever, the U.S. Court of Appeals for the TenthCircuit

the Act were plain and unqualified, that is, that pollutants included " reversed the District Court decision, primarily on the basis that the words ofthat legislative history was radioactive raterials," and
The Court of Appeals a..o felt that the legislativenot important because there was no artiguity in the statute itself.
reviewed the Tenth history was not clear. '"h e Supreme Court

Circuit opinion last fall and on June 1 of this year ruled S-0 in favor of thegoverre.ent's position.
It should be noted that the controversy with respect to WPCA inw1vedthose raterials sub-}ect to the Atomic Energy Act. only

as radium and accelerator-produced isotopes, remains clearly within EPA's authorityRegulation of other radicactive materials, such
.

In contrast to the FPCA, EPA is authorized under the"Ms Safe Drinking Water Act (8) to set
In June of this year, the EPAcontaminant levels for all kinds of rr.dicactive caterials, including these regulated by theW.

issued interin prieary drinking water regulations settinggrcposed e ximum
contaminant levels for radioactivity. As stated in the prear;ble to these interis

*

re uiations, the r.ajor inpact will be -
EPA does not believe tr.at these standards will result in a reed to rem vewater cupplies centaining naturally-eccurring radioisotepes

such as radiun.
radicactivity frem public water systers, because arbient mn-made''CC' din 91y Erall. levelc of rAn-nade radioactivity are
le nurlear pcwer industry.These safe drinking water standards sh"cid therefore have negligible irpact upon

%e Marine Protection, Resea -h and Sanctuaries ActDTPing (9), ecre- cormnly kncwn as the Ceean'
. ct, prohibits the

ocean du ping of any raterials without an EPA permit. h:rping of any

b'D JD , u[i C [[1 d3.J
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radioactive wastes, includng those regulated by the !&C, is included. Corg:,ms also trecifically
prohibited the du: ping of radiolegical warfare agents and hich level radicactive mtes under anyl

| circumstances. Effluent releases into the ceean from an outfall fron a nuclear facility are not

| considered ccean durping for purposes of the Ocean Du ping Act.

E!NIPCMETA1, MDIATION STANDARDS FCR TIC URAN!U t TUEL CYC1.E

EPA's proposed standards will be discussed from three points of view. hese are: 1) vhat is
i the historical perspective cut of which these standards were c%vele;ed: 21 vnat is the rationale

! upon which the standards are based and, finally, 3) what specifically do the s:andards provide, and
| what is their antici;ated irpact on publi: health and on the industry.

1. RISWRICAI, PEPSPECTIVE

The 1960's, you will recall, were years of tu=ultuous change in general, and in the field of

I radiation protection, as in r.any otMr areas, the decade was marked by rajor public centroversy. Zy
i 1960 public apprehension about radiation exposure had led President Eisenhower to create the Federal

P.diatien Ceuncil (10) . The Council's first rajor task was to respond to public concern cur
fallout frem atenic weapons testing. Their solution was to pre;cse the rederal Padiation Guida nc e
(11) we still cperate under today - a series of nt=erical individual dose pides that represented
thair judg=ent of a negligible (or at least an acceptable) radiatien risk to individuals,
ind: pendent of the cause of the exposure. These numerical guides were coupled to two i=portant
additicnal pieces cf guidance first, that any exposure shculd be the result of a beneficial
activity, cnd second, that it should be as far below the nu=erical guidos "as practicable." his

| was rest reasonable guidance, and, in retrospect, it is hard to conceive of a rore a;;repriate set
of recc :endatiens fcr thst time. Shortly after this guidance was prcrulgated, ra:er releases to i

the at=csphere resulting frcm the U.S. weapons terting pregram ceased.

Since 1960, however, three events have cccurred which have had in;ortet != plicatic is fer

j radiation standards for nuclear power. First, the nuclear ;cwer industry, which was then in its
electrical pcwerearly infancy, has now ccee of age and is beccming a significant fac ~ 4- "-

i ,

secac=y. Second, at the end of the decade the :aticnal Inviren ental Tclicy A : (12) vas enacted by'

Cengress. That Act requires, as you knew, detailed assessments of envir: rental :: pact - both
'

i =ediate and long-term. These assessments can now be made with some degree of ccrprehensiveness
for nuclear pc.er, and the Act has previded =uch of the impetus fcr the rcre detailed and precise

( r.nalyses of the sources, control, and envirorrental pathways of ef fluents now routinely carried cut
for all new nuclear facilities. These two develepnents have ec: tined to produce an understanding,
;crhaps unparalleled in any other cajer industry, of the capabilities and costs of centrols fer
radioactive effluents and of the envircreental transport of these effluents.

The third facter has been our continuing progress in reducing the results of our extensive
program of scientific research into the effects.of radiation en health to a viable basis for public
decision-making. By* the end of the siytics, a new public centrovcesy ever radiaticn had crerced.
Critics such as Cofman and Tamplin, and Sternglass, had called the old gaidance into questien. At

the request of Senatcrs Muskie and Cravel, the TEC cc issioned the :stional Acadcry of Sciences to
rc2xemine the scientific basis for existing rederal P.adiatien Guides, and to provide, in additicn,
the basis for nu=erical estimates of health risk, where possible. The Acade=y's report (13) was
issued to EPA in late 1972, and while it did not support the extreme claims of the cost vocal
critics, it reaffir=ed the use of the linear conthreshold hypothesis in interpolating the deso-
effset relationship as a prudent reasure for the purpcse of standards-setting, and it provided

.

epecific numerical esticates of radiation risk. In deriving its conclusiens, the Academy fully
ractgnized the =any uncertainties that exist in our kncwledge of the biological effects of radiationi

en populatiens at icw dose. Finally, it recorrended the establish..cnt of guidance or standards f0r
the nuclear power industry which include consideration of the cost-effcetiveness of reducing public

, ,

' health risks.

In the reantice, the TEC had been abolished and its funethns eransferred to the newly created
Envircreental Protection Agency. And at the same tine, the function of the for .cr Atc=ic Energy

,

|
Cce=ission to establish envircreental radiation standards under the Atemic Energy Act was also
transferred to EPA. As described above, those standards were defined to ine;ude linits on dore, as
wil as concentration and cuantity of radionaclides in the enviren ent outside the boundar*cs of

,
licensees. Not transferred, hewever, was the authority to implement these standards thrcuch license
requirenents, inspection, and enforcement. That responsibility rc ained with the AEC (14), and now

. resides in the UFr (15) .
,

em Mee|nt
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Mving Icid cn . thic bit of hictory, let us new csk %?at are the existing rc414 tit'n ct dtrds
str nuclear ;cwcr operntieno in 1976?" And the word "ste.ndards" rcens, in ?!,1o contant, rn&c r e;
with ccm direct force of law, not recererndations or guidance. We/ are ret ero rederol Rodlatier
Protection Guides. Those Guides are intended cnly as "... quide.co to Tederal agencies in th,
for ulation of radiation standards." (See the above definitice of the fureticr.s of the FPC.) The;

are alsJ not such levels as those set cut in Appendix I to Title 10, hrt it, of the Code of Tedera*
Fmgulations (CTR) fcr light-water-ecolod reacters. Those are reculstory cuide, enly, and do nc*
carry the force of law until translated into the technical specificatic-s centained in c ac'
individual license to operate a facility. Further, these technical vecific" tons enly specif-
effluent .cvels at which corrective action rust be initiated and repcrts rade. ..cy do net specif-
limiting levels for eperation. They, also, are not true envircreental rsdiation standardt.

The only real envircrrental standards in existence are those enacted by the Arc in the 19GO'-
under Sectica 161b of the Atenic Energy Act, and set forth in Appendix S, Tatle II, of 10 CrP. 20
These standards are rest sicply charactericed as a codificatien of the radienuclido concentration:
in air and water directly corresponding (at standard intake levels) to the guidance provided by the
1960 rederal Fadiatien Protection Guides (e . g. , 503 rre-/yr whcle-bcdy dese) . these 10'CTR 21
limits thus do not reflect the 1960 Federal radiation guidance that ex.cosures should be as f ar belc',
the numerical guides "as practicable." Indeed, that Federal guidance did not becero part of Tit'
10 of the Code of Federal Regulations until the day af ter EPA case into existenco en esece=ber 2
1970 (16). This is not to say that AIAP was not practiced befcre then, just that it was not .

codified requirement, and is not yet reflected by envircreental stardards.

It as perhaps useful to reflect fer a recent en the origin of the rederal Radiatica Guide
themselves, which paralleled the reco = endstiens cf the International Cer..insien on Padiatie-
Protection (ICFp) and the National Cc=1ttee on Padiation Protectien and Peasure ents (! CFP), an
forn the legal basis fer the 10 CTR 20 linits. Historically, the starting point for all of thes~

reco: endaticns has been the centrol of (oses to cecupationally exused radiation wrkers, so tha
"the risks of scratic effects (cancer) are ccrparable with or less than those' of the rajority e
other trades and professicns and would, therefore, be censidered as not unacceptable" (17). Not
that the consideratien of risk acceptability was limited to occupational hazards. The ICE
recc= ended that occupational dose linits be arbitrarily reduced by a facter of ten when applied t
individual certers of the general pcpulation. The rece:- endatiens of the UCPP and the redere
Padiation Guides for individual rerters of the public were based en the sere a; preach (1C) . "he

also contain a further reduction of a f acecr of three when a suitably largo sa ple of the pcpulatic
is expcsed. This radiation control philoscphy is quite different from that cf the Envircreenta
Protection Agency, where public health prctecticn of the general pcpulation, not wrker
cecupationally exposed, is the starting pc.nt for its deliberations.

EPA's proposed new standards fer the uranium fuel cycle (40 CTR 190) are preposed under tF
same authority used to establish the 10 CTR 20 standards. -hey will, when pre ulgated in fine
form, therefere, supercede these standards for the nuclear power industry. They are, in sur=ar.

true standards, not Federal guides, and also not regulatory guides.

2. FATICUALE FOR ThE DEVELCP.tMT CF E!NIPO!ZIM"'AL FADIATICN STANOAP",5

A prerequisite for any standards-setting rationale is an assured relationship between cause ar
Scre of treffect--in this case for the effects of exposure of hu-an beings to icnicing radiation.

|
rare basic for=s this relatienship could take in the low dose region of interest to us i
establishing standards for protection of the general population include: 1) the linear, conthreshe:
relationship, 2) a threshold assumption for radiation effects, 3) a concave upwards relatienshi

| (that could result if repair ecchanisms are impcrtant at low dose rates), and finally 4) a eenvc
,

|
upwards relatienship (which could result for thu average response of a pcpulation if particular:
radiation-sensitive individuals exist that arn preferentially singled out by low doses uniferr!

I
applied to a population). Although there appear to be data available to support each of theo

nonthreshold dose-effetviewpoints, we continue to base our judgecnts for standardo en the linear
relationship (19). This decision stems from the need for reasonable prudence in ratters af fectio
public health protection, especially in the absence of de finit *.ve scientific in f o r- ation, a?

reflects, as well, a consensus of the collective value judg=cnts of experts in the field,
| %
r

The rejecticn of a threshold relationship has basic significance for standards-setting,"1

' of heelcand that is that there is no acceptable non-cero doce level based on clininationcourse,
! risk alone. Thus, at any Icvel of exposure ve nest exa-ine the tenefits assceiated with an activi-

producing public radiation exposure and the cost-effectiveness of risk-reduction thrcugh efflue
In carrying forward the process of devcicping ctandards based en this exanination. .e u

- control.
proceed to make a series of decisiens on judrp ental issueo. These include such r.stters as t'

|

p .
/
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/cc;riste liniting level of erending for reasures to reduce exposure, the equity cf teth the
p.

'

the triplications of

icciute and relative distributions over the pe;ulation of risks and finally,The consideration cf ti c is required because rany tecs cf
he distribution in tiec of these risks. incurring lcng-tern risks in order to
adicactive raterials involve, in at least ecse degree, _ . ,

equire shcrt-term tenefits.
'a

Eefore discussing each of these f actors and develeping a perspective en their various roles
it rust be erchasited *ha 5

-

of a framewcrk for setting envirenrental standards, used' fo* see . .he develepecnt a Nethedoloiv * te
of the ;otentia$ ,0tr;a d en ;ubli heal s-ef everriding 1:-eertance in ChCC81r?

yejtivessherldhaThe first is that as corplete an assessment kacbdetting. ecnsensus cf available ike zu.e as ;cssible, an assessrent that reflects an up-tc-date
, a-'' is that, in addition to e # i-itiv us.sst.e rublic health irpact, the cost

r..ec..veness o retsures avaGable to rad"a= er elirinate radioagtive ei.figents rust.5"e ~ care'"' *irpose unnecessary healt :1sks e
reascNa51e!rs-aned. It would be irresponsible to set standards that trail er

sublic (unnecessary in the sense that exposures permitted can be avoided at aset standards that ircose unreasonable costs
:o st) , and it would equally be irresponsible to standards previde 'little or no health

(unreasonable in the sense that centrol costs imposed byThus, the necessity to examine the econc=ics tf ef fluent control preceeds
directly from the nature of the relationship assuced to exist between radiation dese and its effects
benefit to the public).

migh* " en
As pointed cut above, it is true that if a threshold level were to exist itHowever,suchathreskbid| en hsalth.

be possible to establish i level so as to avoid any public health i=;act.be assu ed for the vast =ajority of radiaticn ef fects, and a standard set at any level other
''

benefits, and that
than Eero =ust be justified on the basis that the activity provides offsettingdue to radioactive effluents are required by the
cannot '

all reascnable ceasures to minimire the risk
,
,

standards. standards depart

The health risk assessrents made by EPA for deriving envirc = ental radiaticnThe first of these is the use of the concept of
f |respects frem practice ec=cn in the past.in assessing the impact c.f an envirceental release. We have

in two
total ;c;ulaticn dose ce miteent fer this total population dose etrsitrent due to a.
defined the tera "envire mental dose cen=it=ent" which is, in

It differs frcm the tm3CEAR definition cf dose ccrritrent,
the limiting potential individual dose frc= an envirc= ental icvel ofenviro = ental release (20).

envire = ental release (21 ;a sense, a calculation of
radicactivity, and is not the total pcpulation dose due to a specificthe irract of radioactive effluents frcs specific facilities have urually4- m W al,M ~ -5 -icsi criticalFrevious assessrents of 'e *ka

focused upon the calculation of radiation dere cc-ni*-a"fcund in the lerJal ac.pulation and shose exposure is usually incurred ir. cdiately
<

'

_
For e-rt-lived radionuclid_es this_ ray _suffica. to limites is gen _e_r_ ally -

--

fol ~icwing the release of an effluent. involved this ;.actice can lead to gross'
;c;ulatien irpact, but when long-lived caterials are Instead of jus: iccal annual dese,
underestirates of the total impact of an envirceental release.all ;cpulatiens over the lifetire of the radienuclide in the biospherethe practice of assessing enly thethe totality of doses toSe underlying assumptien justifying

dose to local pcpulatiens z.-ound nuclear f acilities has usually been that raximur. individualconcern and that doses to other than local pcpulatiens and at times after the
>

shculd be censidered. i,

! annual
be indistinguishable from those due to natural idoses are of pararcu . i"first pass" of an effluent are so scall,as to This point of view is not acceptable for use in

background radiation and are, therefore, ignorable.it not only neglects the implications of a nonthreshold {
ideriving envire= ental standards because involved are

hypothesis for radiatica effects, but also the consideratica that the radiatica dosesdue to avoidable ear.-eade releases of raterials and are not doses due to natural phenc=ena.
i

i

' frem usual practice is our use of ex, licit estiestes of health effects, j
The second departure It is perhaps obvicus, in

rather than the use of dose as the endpoint to be minimiced by standards.appropriate level for a standard to|

that the preper focus for deternination of the has often served

protect public health is its impact on health, but in the past minimization of doseuseful surrogate for this irpact because of uncertainties about or a reluctance to acce
retrospect, pt the

dose and effect.
consequences of assurptions concerning the form of the relatienship tetween
as a

ik reduction,
Before discussing in detail econemic aspects such as the cost-effectiveness of r s

it is useful to consider the various perepcetives in which consideration of standards forAt least the following are
radioactive effluents from the nuclear power industry can be placed.
possibics f

The public health impact of each effluent stream of radioactive raterials frem each type o1.
facility in the fuel cycles ,

on the various cc: ponents of the fuel cycle required to support the
2. ne combined irpact

production of a given quantity of electrical powers and,
.
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indu;try thrcugh sene future year, for exarpleintagrated irpret of tha entire fuel cycle due to the projected f t
.

u ure growth of the, the year 2000.

The first of these perspectives is
particular effluent streans frem specific typesrequired for assessing the effectiveness of control ofregulatory of facilities. It is
as practicable" design and cperation of facilities. purposes, such as the developnent of technical guides and regulations spparticularly useful for

ecifying "as low

The second viewpoint, which can be expressed as anindustry for assessment of the total irpact of theeach unit of the beneficial end-product

benefit to the related environ = ental cost - in this case the potential publiof effluent centrol, prevides the perspective required for an assessment of the
(electrical power)

as a function of the level
relationship of this

c health impact.
Finally, although each of these perspectives can assist the for dng

prc;er level cf control and the acceptable irpact of typical facilities or for a unitof judgnents as to thethe entire fuel
impact of the entire industry. cycle, cnly the third perspective provides an assessment of the potential overallof output from

The magnitude of this- i= pact can be either considerablerelatively

This third viewpoint will be ecs:r=all, depending u;cn the level of effluent contrci required by environrental sta dor

useful at the political level, where decisions nust he raden ards.
concerning the social acceptability of major

the overall potential radiological i= pact is only one c:all part ofalternative national courses of action for future
cnergy supply. Cf course,
consideration. The third perspective can also be useful to us thatcatablist=ent of prierities. as standards setters in the

The nuclear industry provides a useful example for .

thecxaminatien of the axplicit
risk reduction in deriving standards.use of ecst-effectiveness ofFigure 1 displays the , , , ,

g:neral fer= that the cost-effectiveness of risk reductionfunction for a cerplex activity such as the entire uranium
.

. . -fuel cycle will take. Each point en the curve representsthe addition
of a new centrol over envirennental releases.These are arranged in decreasing order of effectiveness.

the case of a large industry involving many different In .

facilities, each types E,of
eptions fer degree of with enny types cf effluents and many {centrol, this curve will actually ;apprcach the idealized stecth curve shown. The hericental jcxis represents accumulated costs. These costs must be ecxpressed as the present worth of all costs over the life 5

'

ixpectancy of the centrols, including both capital and E
operating expenses, and =ust also be norralized to a unit ofbenefit (in this case, a gigawatt year of electricity), ,

cince different types of facilities have different ~

quantitative relatienships to the end product. The verticalcxis is cost-effectiveness, expressed as the nu-ber of
projected effects prevented per unit of present worth of mu
sxpenditure. This nu=ber of projected effects must be ""*"cnrefully estimated - ideally it should include all of thepotential irpact of each release over its entire projected
time of residence in the biosphere, and also include all Figure 1. Idealized form of a
cnticipated releases over the assu=ed lifeti=e of the typical cost-effectiveness of
control syste= concerned.

.
risk reduction function.

''
.

This sort of display (and its integral, which yields the total nu=ber of health effectsprKvented by any particular level of expenditure)
potential radiological i= pact of enviren= ental releases feca angives a rather cceplete assessment of the totalcra: 1) a activity. Its main deficiencies

a failure to relate the total impact of the activity to its benefits. failure to display the distribution of that impact across the pcpulation and over ticeand 2)
,

What does a display such as
There are two si. ple cases. that in Figure 1 tell us about the choices for standards setting?

These are no control, represented by the extreme upper left-hand end oftha curve, and no
risk, represented by the entrere icwer right-hand end.thsee are reasonable possibilities. In general, neither of

is given (from other consideratices) There are at least three tore realistic choices. First, if one
an acceptabic level cf irpact, one can require the irpositionof controls ctarting at the lef t of the curve,

ena sirply irposes all controls to the lef t of that arount on the horizontal axis.eccend alternative arises if the amount of expenditure available for control is predetermineduntil the inpact is reduced to the desired level.
A

Then.

Usually neither
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td these valuo judg: ents are availcble (or avsn appropriate) and a third alternative rust be ussd
: -

[ gher explicitly or irplicitly. his is to detemine a raxir.u= acceptable rate of t pending for
rate en the vertical axis.

f risk avoidance and require the imposition of all controls above that
distasteful, in actual practice it usually turns out to be thegeheugh this precedure ray seemI

so of the choices available. We have also found that in real situatiens a dircrete break-asst
' mint often cecurs within the range of acecptable rates of expenditure that factlitates suchBased on recent U.S. experience this acceptable range arrears to lie in the
[erisien-naking.,iportecd of a few hundred thousand to abcut half a rillien dollars per health effect averted.
r

It is perhaps worth noting in passing that the preposed standards have not been based upon a
to other technologies for the productien ofcost-benefit evaluation of nuclear power relative

electricity, as has sc=etimes been suggested should be done. Even if such an evaluatica wreit would not provide an
pcssible, and we do =ct believe that it can yet be successfully carried cut,
a prepriate basis fer standards setting. The Agency believes that, first, all sources of enercy

be envircr entally acceptable. In additicn to a basic judg=ent on acceptability, the ecstshould irpact on publicirportant criterion for effluent centrol is that each source should minimize its After
health and the environ =ent independently through the use of cost-effective levels of control.

such envircreental acceptability and internali=ing the costs associated with =ini=izationattaining
of';tblic health and envirersental i= pact, the marketplace is the proper place for determinatica of
the extent of the use of each of the various energy sources, rather than to use irposed
envircemental clean-up costs as an arbitrary =eans of equalizing cost /henefit balances, or to use

str;dards to arbitrarily equalize envirereental inpact. The Agency has rejected such methodolegins
as illogical and unsound.

3. TEE P MPCSED STA:0AES
Act and wouldThese standards (22) are proposed under general authority of the Atenic Energy

everride the existing envircreental standards containe:i in Title 10, Part 20, of the Code of Federal
In general they are lower than these existing standards

Fqalations for the nuclear power industry.also provide additional protection against long-tern exposures of hu=anby a factor of 20, and
;cpulations by icng-lived materials. The preposed standards do not, how ver, alter existing Federal
Pafiation protection Guides or Guidance--they are =cre properly regarded as i=plementing and
s;;plementing the everall radiation protecticn proviced for by that guidance.

The proposed standards are sumarized in Figure 2. They apply to cperations defined to be part
cf the co m ercial uranium fuel cycle. This includec =illing of uranium cre, :hemical conversion of
uraniu=, isotopic enrichment of .raniu=, f abrication cf uran 1= fuel, generatien of electricity by afuel, and
light-water-ccoled nuciaar pcwer plant using uranium fuel, reprocessing of spent uraniu=

of any radicactive material in support of these operatiens (to the extent that thesetr ansportation but it excludes mining
s;; pert ec=ercial electrical pcwer production utilizing nuclear energy) ,
crerations (since these are not covered under the Atc=ic Energy Act) .

tw types of limits. The first, which is expressed in ter .s of raximu= dose to anyThere are
real individual, is designed to provide , protection of the individual and at the same time to assure

the exposure of nearby populatiens to chort-lived =aterials will not exceed levels that can bethat The proposed raxire= deseachieved through the use of cost-effective levels of effluent control.
the whole body or any organ except the thyroid, which is linited to 7525 =rer/yr tolimits are not just

Incidently, the dose to any crgan reans the total dose delivered to that organ,neer/yr.
that fro = any single pathway or effluent. The preposed limit for the thyroid is larger than the

the greater difficulty (and therefore cost) of reducing iedine emissicasothers for tw reasons:
(the principle source of thyroid exposure); and the lower level of severity of health effects due to
thyrcid exposure, corpared to the other organs involved.

is designed to prevent the accumulation of long-lived radicactive
*he second type of limit

raterials in the envirorment. It is expressed in terms of the =axieu= total cuantity of specific
enter the general envircr ent frc= the entire fuel cycle for each unit ofradicisotepes which =ay that present krowledgeThe proposed standards are based, to the extentelectric power production. of the =igration of these radicactive effluents through the biosphere andTerrits, on projections

esti=stes of the su= of potential doses to present and future populations during that migration,
that is, the envircracntal dose cc :.iteent. "'he Agency believes that it is particularly irpcrtant
that release of such =aterials he properly limited, since they ;>present the largest scurce of
Ictential exposure of hu=an pcpulations from fuel cycle epcrations.

De calculation of environ = ental dose corritrents was teminated 100 years follcwing. release to
the environ =ent of each effluent considered. This was done because we do not believe that knowledees suf ficient to peruit credible ascerseents for rero extended periode,of envircreental pathways i

,

.
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and because cf the difficulty in raking value judgnents concerning doses received at nore distant
times. This inherently unsatisfactory situation is anelicrated, we believe, by the observation that
fer the two cases where this is of possible significance, iedine-129 and the transuranics, the
centrols required by the standards ray be chars:teri:ed as "best available techno1cgy" and the level
ef residual annual irpact is extreecly low. Concern has also been evpressed that the consideration
of envirenrental dese cceritrents, which generally involves large populatiens, srall doses, and leng
periods of tire, will lead to a never-ending series cf increased centrol re uirements. Cur analysis
convin:es us that this is n:t the case--the nort significant radienuclides have already been
identified, and the indicated levels of ecst-efftetive c:ntrol are nct cnly bounded, but appear to
be readily achievable and reascnable in cost. Increases in pcpulation si:es would not change these
conclusiens significantly.

The quantity li=1ts for long-lived m.aterials are not specified en an annual basis, since they
are norrali:ed to total pcwer prcductien, which does not necessarily ec ur in the same year as fuel
reprecessing, the operation principally affected by the quantity limits now being proposed.
Standards are proposed for krypten-85, iodine-129, and alpha-emitting transuranics having half-lives
greater than ene year. Ecwever, as is pointed out in the draft environrental statenent accerpanying
these preposed standards (23), two :=portant radionuclides are =issing frem those included under
these limits. These are tritium and carbcn-14 These radienuclides are not unique to the
reprecessing operatien. Cf the three that are included two have effective dates over six years
hence. With the exceptica cf plutonium and other transuranics, leng-lived radienuclides have net
received the attentien we think they should get, and censequently contrel nothods are not yet as
well devel: ped as they should be. It is principally for this reason that krypten-85 and iodine-129
requirements are postpened until 1932, and cerben-14 and tritium are not in:luded. Althcugh tritic=
centrol is under develernent, it is net yet at all clear whether or net it will be ecenenics and
carbon-14 has just recently been recogni:ed as an effluent of censequence. Although there is a
paucity cf data, it appears that carben-14 effluents could centribute enre pcpulaticn dose than all
other effluents c =bined. Fortunatel), the future control of carbcn-14 appears to be a
straightforward and inexpensive ratter. Finally, the catter of raden-222 and its daughters re=ains
unresc1ved by these prcpesed standards. An extensive evaluation of impact and costs of remedial
=easures at inactive tailings piles to control raden emanatien is new being carried cut jointly by
the Energy Easearch and revelep=ent pd daistratien and EPA under EPA funding.

The p cpesed standard contains a variance previsien. This ray be exercised by the URC under
conditiens cf "tc=perary and unusual" cperation when c:ntinued Operati:n is neesssary to protect the
overall sccietal interest with respect to the crderly delivery of electrical power. The
cc respendence of some cf this language with that of part IV cf Appendix ! to 10 CTR 50 is
intentienal, since EPA does net believe it wculd be appr:priate to establish criteria which differ
frc= these of NEC regarding "terperary and unusual" cperating condit;cns. Paperting of the nature
and basis of the variance is also required. This reporting suuld go beiend that new required by
Appendix I, in that the extent cf and reason for excess exposures and releases, as well as the basis
and duration of the variance shculd be included, whereas Appec. dix I new requires only identificatica
of the cause and creposed corrective action when Technical Specificatiens are exceeded. It shculd
be noted in passing that exceeding Technical Specifications by s=all ancunts need not necessarily

situation . requiring a variance to permit centinued operation, since in most instances| result in a
' Appendix design criteria will be =cre restrictive than these generally applicable environmental

standards.
| , -~~~

I In a few instances the standards wculd require the ' < a of centrols that are not cost-effective,
'

| based on consideratien of total pcpulation exposure alone. This is because even thcugh adequatd,
prctectien cf pcpulations, censidered as a whcle, may be assured by standards based upon thq

. balancing cf total health risk and centrol costs, it nay not always be the case that an equitable,
I degree of prctection is assured en this basis to individuals in those pcpulations who reside closd
to the site boundaries of nuclear facilities, because of the distribution characteristics of certain|

effluents. Such situatiens are possible in the case of thyrcid doses due to releases of
radiciedines from reacters and lung doses due to particulates frem mil's. Althcugh the absolute
risk fren such doses to nearby individuals is quite snall- the Agency believes that it is|

1
- inequitable to pernit doses to a few specific individuals that may be substantially higher than

those to all ether members cf the population from other radionuclides. Additional protection for
such individuals shculd be provided when this can be done at a reasenable ecst. The standards
propo sed to linit doses to individuals reflect this additional judgrental consideratien where it is
censidered appropriate to do so. 1

| (_ -

A few brief cenrente concerning irplerentation ray be useful. First, it is not EPA's intent

that the rc gula to ry irpicrentation of these standards involve an apportinnrent f the dose Ibnits
among the various fuel cycle cperations. Although the standards for raxirum d:se anply to the total
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.U cdntributien to any individual frem the entire fuel cycle, in practice this will uzusilyF rean thatk each cceponent of the fuel cycle rust catisfy the sare linits, since the vast rajority of situatiens
-f of all possible contributiens from all sources other than the ir.ediate site will te cr allg3, sun

cer pared to these standards. and should he igncred in assessing ccepliance (as it new is regarding
ccepliance with 10 CTR 20). It sculd not be reasenable to atterpt to inccrporate into cenpliance
essessnents doses wnich are small fracticns of the uncertainties associated with doses frem the
prir.ary source of expcsure,

with regard to reacter sites, the Agency has reviewed ;qpendix I in its finsi fern (which
i applies to single reactor units), and concluded that confor ance to ;.ppendix I by a planned reactor

en a site containing up to five such facilities should censtitute de f acto dc ionostratica to the ::C
that a reasonable expectation exists that these standards can be satisfied in actual cperation,

(unless a specific finding is made by EPA or !!RC that extre=ely unusual corbinations of liquid and
*

air pathways of exposure are actually present and are expected to be si- ultanecusly interce;ted by,

real in,lividuals). Additienal guidance cay be required in the future fren 2:.: C , as noted by the.

; ccmission in its opinion filed with 10 CTR 50, Appendix I, for sites containing larger nu-ters of
I f acilities. In this regard, however, the IIRC's very recently coepleted ? uclear Energy Center Site
I survey (24) concluded that at least 20, and probably 40 reactor units would be expected to deliver

gaxN-~ doses within the limits specified by these proposed standards using types of control,

{ currently required to meet Appendix I.
:
i rinally, I sculd like to briefly cor:.ent on what we believe the implications of establishing

these preposed standards will be. Perhaps I shculd start by raking clear what these standards sculd
ret do. They do not c=nstitute an Agency pcsition on nuclear power-that wuld imply judgments on

|

E adequacy cf safeguards, ulti= ate disposal of radioactive wastes, decernissioning, and safety, i,n '
afdition to planned envircreental releases of radicactivity during nortal cperations. This '
ruleraking is li=ited to censideratien of the last of these cencerns cnly.

In this area the proposed standards veuld achieve sc=e irportant objectives. They sculd insure
that the maxieus radiation impact on any individual due to all operations required to support the
; reduction of U.S. nuclear pcVer is extreccly small. Ecyond this, they veuld, for the first time,

| establish standards to insure that this generatien does not leave an unnecessary heritage of
| radiation expcsure for indeterminate nu-ters of future generatiens. ' hey sculd achieve this by

requiring that releases of long-lived =aterials be controlled to the raximun practical extent, andi

r.o t just to leva:s required to satisfy annual limits cn individual exposure. It is recogniced that
these standards de not address all such caterials, and the Agency will prepose additional standards
in this area when and if it appears re senable to do so.

|

These proposed' standards are important to the industry, as well as the public. "' hey sculd
[ establish, on the basis of a determination by the Federal agency responsible for the environ ent,
!

e..vironmentally acceptable levels for future operations of the uranium-based fuel cycle. Moreever,
attainment of these p cposed standards is based, with few exceptions, on the use of cost-effective
icvels of control. Thus, it is highly unlikely that future review of these standards will result in
chany s not unless there are s"ce recarkable breakthroughs in reducing the costs of centrols, whicht

| currently appears highly utiikely. *The !:ation can, therefore, anticipate with ressonable
cen!!dence, I believe, a stah*.112ation in meeting environmental requirements, at least as far as E7A
la concerned.
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PUULIC HEARING ON PRCPCSED EWIROWE?.TAL PADIATION
STNG\RDS FOR M!CLPAR PO!ER

t

INTRODUCTORY P& Ai'KS

UILLIMt D. RCiE, Pfl.D.
DEPUrY ASSIST.OT AP1IINISTRATOR FOR PADIATION PRCGRXtSs

U.S. ENVIRO 0IEhTAL PParECTION AGENCY

Good noming. It is a. great pleasure to welcc=c all of you to these

public hearings. On May 29 of last year EPA proposed standards which
t

wculd specify acceptable upper limits on nomal releases of radioactive Il
I

'

,
caterials and public radiation exposures associated with operations of '{
the nuclear power industry. Today, follcwing a period of ever nine

1

I
' '

mcnths of public examinaticn of this proposal, during which time we have
'

i

received nany written cc=cnts, we begin public hearings. Pefore turning
,

these hearings over to our Presiding Officer, Mr. Denney, I would like to

touch briefly on three aspects of this preposed rulcraking. First, what

is the background frcn which these proposed standards have been

developed? Second, what do we hope to achieve through these hearings and<

what do we anticipate to be the future steps leading to the final

prc=ulgation of these proposed standards? And finally, I will co m ent

briefly on what we see at this point in ti=e as the implications, both

I for the public and for the industry, of these preposed radiation

.

standards for the nuclear production of electrical power.

i I will begin by taking a brief step bac1ceard in time to the 19f10's

so that we can gain some perspective on where we stand today regardin.c

environmental radiation standards for nuclear rcaer and, hcpefully, thy

| we are there.

|

|

|

o
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ne 1950's, ycu vill recall, were a time of tt=ultucus change and in

the fic1d of radiaticn protection, as in cany other areas, the decade tras

marked by nafor public controversy. Isy 1960 public apprehensica abcut

radiatica exposure had led President Eisenhower to create the Federal

P2diation Ccuncil. He Council's first major task was to respond to

public concern ever fallout from atenic weapcns testing. Reir solution

was to prcpose the Federal Radiatica Guidance we still operate under

today - a series of nu erical individual dose guides that represented

their judgnent of a negligible (or at least an acceptable) radiation risk

to individuals, independent of the cause of the exposure. These -

n=.erical guides were coupled to two irportant additional pieces of

guidance: first, that any exposure should be the result of a beneficial

activity, and second, that it should be as far below the nunerical guides

"as practicable." This was nest reasonable guidance, and, in retrospect,

it is hard to ccnceive of a more apprcpriate set of recc=endations for

that time. Shcrtly after this guidance was prcnulgated, rajor releases

to the at osphere resulting frca the U.S. weapons testing program ceased.

Since 1960, however, three events have occurred which have important

irplicaticns for radiation standards for nuclear power. First, the
-

. . . . .nuclear pcwer incustry, which was t.u.en in its early in.,ancy, has now come

c; age and is becc=ing a significant factor in our electrical power,

i

|

ecencry. Second, at the end of the decade the National Environmental

| Policy Act was enacted by Congress. E at Act requires, as you kncu,
.

| detailed assessrents of environmental inpact I both irrediate and lcng-
,

| tet=. These assesstents can nou be nade with sc .e degree of
i
|

I

I

l ?
'

l

|
| 6
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comprehensiveness for nuclear power, and the Act has provided r.uch cf the

inpetus for the more ,dctailed and precise analyses of the sources,

control, and environmental pathways of effluents now carried out. Tnese

two developments have combined to prcduce an understanding, perhaps

unparalleled in any other major industry, of the capabilities and costs

eC controls for radioactive effluents and of the environmental trsnsport
,

of these effluents.

The third factor has been our continuing progress in reduting the
)

results of our extensive program of scientific research into the effects ;
*

of radiation on health to a viable basis for public decision-naking. Ey
t "

the end of the decade of the sixties, a neu pablic controversy over !I
f .

radiation had energed. Critics such as Cofran and Tanplin, and |

Sternglass, had called the old guidance into question. At the request of'

Senators Maskie and Gravel, the FRC comissioned the :ational Academy of

Sciences to reexrr.ine the scientific basis for existin;; Federal Padiatier

Guides, and to provide, in addition, the basis for nir:erical estinates of

health risk, where possible. The Academy's report was issued to EPA in

! late 1972, and while it did not support the extreme clains of the rost
|

vocal critics, it reaffirmed as a pradent measure the use of the linear

nonthreshold hypothesis in interpolating the dosc-effect relationship for

standards-setting, and provided specific nicerical estinates of radiation

risk. In deriving its concluf.cns, the Acadeny fully recogni:cd the many

uncertainties that ni" n our knowledge of the biological effects of

radiation on populations at lou dose. Finally, it recc= ended the

establishment of guidance or standards for the nuclear pcwer industrf

|

!

o

{
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which include consideration of the cost-effectiveness of reducing public :

4

,

health risks. -

.

In the neanti e, the Federal Radiatica Cot =cil had been abolished

and its functicas transferred to the newly created Envirc = ental

Protectica Agency. And at the sane ti .e, the functica of the fomer

Atenic Energy Cc=ission to establish enviro = ental radiation standards

t= der the Atenic Energy'Act was also transferred to EPA. Tnose standards

were defined to include linits en dose, as icell as concentratica and *

cuantity of radienuclides in the envirement outside the boundaries of

licensees. !;ct transferred, however, was the authority.to inplenent -
'

these standards thrcu;h license requirenents, inspection, and

enforcenent. Tnat respcasibility renained with the AEC, and now resides

in the 22C.
%

Having laid cut this bit of history, let us now ask '\. hat are the i

existing radiation standards for nuclear power in 1976." And by standards
,,

I nean nt=bers with sc e force of law, not reco=endaticns or guidance.
i

'

B ey are not the Federal Padiktion Pretecrion Guides. nose are intended
,

caly as "... guidance to Federal agencies in the faculation of radiation
.

standards." (Tne quote is fron Titic 42 of the U.S. Code (Section 2021h) I

I which lays cut the charter of the fomer FRC.) Tney are also not the
ilevels set cut in Appendix I to 10 CFR 50. As you are aware, these are

regulatory guides only, and do not carry the force of law until !

i

translated into the technical sper.ificaticns contained in each individual i

i

license to cperate a facility. Further, these technical specificatiens
'

,

i

!,

i

f

6
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only specify effluent levels at which corrective action r.ust be initiated

and reports made. Thcy, also, are not enviro =cntal radiatica standards.
,

The only real enviro = ental standards in existence are those enccted

by the AEC in the 1960's under Secticn 161b of the Atcaic Energy Act, and

set forth in Appendix B, Table II, of 10 CFR 20. These standards are

most simply characterized as a ccdification of the radionuclide

concentratiens in air and water directly ccrresponding (at standard

intake levels) to the guidance provided by the 1960 Federal Radiation k
:.

! Protection Guides (e.g., 500 mrea/yr whole bcdy dose) . These 10 CFR 20 I
>

limits thus do not reflect the 1960 Federal radiatica guidance that j-
exposures should be as far belcw the n=erical guides "as practicabic." i

,

Indeed, that Federal guidance did not become part of Title 10 until the

day after EPA ccme into existence on I'ecember 2,1970. I an, of ccurse,
,

not saying that AIAP was not practiced before then, just that it was not
.

a codified requirement, and is not yet reficcted by enviro = ental
,

standards.

It is perhaps useful to reficct for a coment on the origin of the

Federal Radiaticn Guides themselves, which paralleled the recc=cndations

of the ICRP and the 1:CRP. Historically, the starting point for all of

these recomendations has been the control of doses to occupationally

exposed radiation workers, so that "the risks of sematic effects (cancer)

are comparabic with or less than those of the majority of other trades
|

and professiens and would, therefore, be considered as not unacceptabic"
|

| (ICRP Publication #6). Note that the consideration of risk acceptability

was linited to occupational hazards. The ICRP recc= ended that

D**D "
D

'

%
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occurational dose limits be arbitrarily reduced by a factor of ten when

applied to individual =cnbers of the general pcpulation. Tne

recomendations of the NCRP and t..a FRC for individual members of the

public were based cn the same philoscphy. They also recc nended a

further reduction of a factor of 3 t/nen a suitably large sample of the

pcpulatica was exposed. This radiation control philosophy is different
'

frca that of the Envircnmental Protection Agency 1/nere public health

protection of the general population, not workers occupationally exposed,

is the starting point for its deliberations. In this case, a damage

n=cticn (expressed in tems of health effects, not dose) tust he -

balanced first against the public benefits of the activity causing the
.

damage, and secondly, against the cost of reducing the damage for the

sa.c benefit. EPA has developed what it considers to be a prudent policy

en dose-effect conversion which was published and distributed for co=:nent
f

a year ago. In the a'csence of scientific data to the contraty, EPA has
.

adopted the linear dose-effect relaticnship as a pmdent measure, in most *

4

cases, of the damage ft=ction. Use of this asstcption does not,

,

acknowledge that such effects will actually occur, but it provides, we !
l

I
,

'

believe, a best estimate for regulatory purposes. If there is a bias, it
'

I cust be to err on the side of public health protection. Furthemore, any
'policy so based must be imifomly and consistently applied, including to

1

I

the case of doses at low levels acting in addition to background. "Ihis
#

| policy will, of course, continue to be reviewed as new scientific facts !
t <

become available. '

:
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In st:naary, then, EPA's proposed new standards for the uraniun fuel

cycle will, when promulgated in final fom, supercede current 10 CFR 20

standards for the nuc1' ear pcuer industry, and are prcposed under the s:.re
,

authority. Tney are true standards, not Federal guides, and also not

regulatory guides.

Well, so cuch for history. Since publicly proposing these standards

'early last st=mer, 'folicwing internal review within relevant segnents of
i

the Federal government, we have received many thoughtful cc cents and |
t

suggestions fron both industry and the public. A n=ber of substantive |

issues appear to be energing. ?nese range fron consideration of such
'

-

,

i

practical matters as details of irplccentation to technical issues

bearing on the absence of standards for scme long-lived effluents and the
,

costs of controls for some others (particularly for kz7 ten-S5), a .d to '

;

judgmental issues bearing on the cost appropriate use of scientific |

information on the health risks of radiaticn. It is ny hope that these

hearings will be helpful in clarifying these and any other issues that

emerge through the introduction of substantive new infomation to the

record. 'Ihe objective of these hearings is to help insure that the

Agency will have the most complete and factual record available to assist

it in reaching a reasonable final judgment.
.

I would like to e=phasize that we are open to reconsideration of cy
,

part of the proposal based upon substantive infomation. .To thit end, I

have requested that the Pearing Officer and the tenbers of the panel ba

vigilant to clarify, through their questions to participants, the scurces

! and bases of the infomation presented at this hearing =d to separate

.
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fact fren jud ~:nt ari opinicn. thile opinions are useful and often of6
.

great interest, the Agency's chn final judgment ":ust, in the last
'

analysis, be based first upon the facts, when they are availabic, and

only upcn scientific value judgnents and societal judgments in their

absence. Re panel vill serve, t ., to insure that as cca lete andt

factual a record as possible results frc: this hearing. It will not draw
.

conclusions nor nake reccamendations. 7 hat responsibility rests with the
: -

Agency, which has, as you may be aware, an extensive formal internal

review process for its mleraking acticas.

Fc11cwing these hearings we will resolve any remaining issues, based -

upon the record of these hearings, cn all infomation gathered prior to

these hearings, and upon any additicnal inputs that are necessary and

appropriate, and put this prcpesed rule into its final fom. At the same

time, a final envircrc. ental statement will be prepared. This statenent

will address all of the substantive cc ments raised during public review
,

of these preposed standards. ife have not yet determined what period of
_

time will elapse.between release of the FES and subsequent publication of

the final rule. Tnis will depend, to some extent, upon the remaining
! issues and the Agency's. view of the definitiveness of their resolution.

{ It is ny hope that this entire prccess will be cc=pleted before fall..

Finally, I wculd like to briefly ccament on what we believe the

inplications of establishing these proposed standards will be. Perhaps I

should start by making cicar what these stcndards would not do. 'Ihey do
i

not constitute an Agency positica on nuclear pcwer - that would imply

judg ents on the adequacy of safeguards, ultinate disposal cf radioactive
.

o
I'
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' wastes, deco =issioning, and safety, in addition to planned envirennental

rc1 cases of radioactivity during notrial operations. This rulem:d:al, i:-

linited to consideration of the last of these concerns only.

In this area I believe the proposed standards would achieve scre

important public objectives. They t:ould insure that the maxin=

radistica impact on any individual due to all operations rec,uired to

svpport the production of U.S. nuclear power is extremely small. Feyend .

this, they would, for the first time, establish standards to insure that

we do not leave an unnecessarf heritage of radiation exposure for f
1

indete=inate nt-ters of future generaticns. They wculd achieve this by }

requiring that releases of long-lived caterials be controlled to the

maxi = practical extent, and not just to IcVels required to satisfy

annual limits on individual exposure. I recognize that these standards

do not address all such riatorials, and the Agency will propose additicnsi

standards in this area when and if it appears reasonabic to do so.

j These proposed sta. cards are important to the industry, as well as.

the public. They wculd establish, on the basis of a detemination by the

Federal agency respcnsible for the environment, envircnmentally

acceptable levels for all future operations of the entire uranitet-based

j fuel cycle. Moreover, attainment of these proposed standards is based,
!

| with few exceptions, en the use of cost-effective levels of control.

Thus it is highly tmlikely that future review of these standards will

| result in changes - not unless there are sone remarkable breakthroughs in

| reducing the costs of controls, which currently appears highly unlikely.
|

| h'c can, therefore, anticipate with reasonable confidence, I believe, a

;

.
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stabilizatica in recting envirc= ental requirements, at least as far as
'

EPA is concerned. I believe this would he a major step fontardc

Wehcpe,therefche,thatsinceallstandtegain-thepublic,as

well as the industg - we can work together thrcugh these hearings to

insure the establishnent of protective and fair enviremental radiation
standards for nuclear pcwer. I an reminded of the closing statement in

Ab.inistrator Train's cessage to the Agency on the cccasion of its recent
fifth a.niversa y. I'c 'said:

" Finally, I nust express ny ccncern over the continuing

tendency toward polari:atien of envircrr.cntal issues. Perhaps .
.

. . ..xin a society unic.. relics as heavily as curs en the adversary

process, this ray be inevitable. Cn the other hcnd, shrill.

attacks frca either side & ittle to centribute to real,

!
2

i pregress. I believe '' v. we in EPA mst curselves do nore to
m

'cring oppcsing vie.goints together in the course of progrr.
.

development. Envircrr. ental protection should be a purpose

which unites cur society rather than divides it. The centro'1
'

of pollution is scretir.es viewed as an tedesirable interference,

with the free narket system. On the contrary, it should be
.

seen as an essential self-discipline without which high 1cvels
; of ecencaic activity would be impossible."
|

I hope these thoughts can offer us sc=e guidance as we undertake these

hearings. Tnank you.

.
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PREFACE

As a result of the revivw of comments received on these proposed

environmental radiation protection standards for normal operations of

activities in the uranium fuel cycle, the Agency has identified a number

of areas in which ' additional information would be desirable in order to

provide a reasonable basis for discussion and comment on this proposed
!

*

rulemaking at the public hearint scheduled for February 17, 1976. This j

material has been developed to supplement that contained in the notice I
:*

proposing these standards (40 FR 23420), as well as the draft environ- f
Ii

mental statement and technical reports made available at that time. It I i
I.

I r

does not constitute a complete response to comments, since the public ;,

$record is still open. Modifications of the original proposal made as 3

the result of comments received and a complete response to comments will
.

be contained in the final environmental statment and notice of final

rulemaking, which will reflect all the.information received, including

that developed at public hearings.

Three categories of additional information are contained in this

Supplement. The first includes an extended discussion of the Agency's

intent regarding implementation of these proposed standards, and further

elucidation of the basis used by the Agency for assessing the potential

health impact of exposure to ionizing radiation. The second consists of

technical discussions of several areas not covered or addressed only

briefly by the original material. This includes consideration of

i multiple reactors on a single site, the nuclear energy center concept,

transuranic effluents resulting from recycled uranium, and nitroger.-16

skyshine doses and control at BWR's. Finally, in two areas, fuel

.
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reprocessing and milling, considerable additional technical material has

become available concerning control methods since the original docu-
=entation was prepared. Although the proposed standards Teflected this -

information, the technical documents accompanying the proposal did not. -

1

Surveys based on this new infor=ation complete this collection of;

!
additional materials.

I
!
i

!
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IMPLEMENTATION OF AND VERIFICATION OF COMPLIANCE WITH THE
PROPOSED STANDARDS

Introduction .

i

As pointed out in the notica proposing these standards, the primary

responsibility for implementing and assuring compliance with EPA . ,

I \
neandards for environmental radiation from nuclear power rests with the t ,

,

( Nuclear Regulatory Commission (NRC) and, in certain cases, " Agreement |
|

States" operating within NRC regulations. Thus, although EPA must .

iconsider the practicality of implementing its standards, it would clearly ,

be inappropriate for the Agency to specify the detailed procedures to be
;

! followed. On the other hand, it is important that the Agency clearly.

( spell out what it would consider to be an appropriate implementation, as

well as ones which are overly restrictive or inadequate, so as to provide

guidance to the NRC for its development of the detailed regulations (and

modifications of existing regulations) required. The following comments

are intended in the sense of such guidance, as to the the Agency's

intent, therefore, and should not be interpreted as literal dictates of

the regulations required to implement these standards. That

responsibility rests with the NRC, and will have to be worked out by the

NRC through detailed interaction with the affected components of

industry, with timely consultation by NRC with EPA as to the

appropriateness of any proposed implementing regulations, particularly in

the event that difficulties develop.

.
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A gi=tlar situst'. n obtains it
*

h espect it ve:ification c:

co pifance. Enferce-<a. authorities reside in NRC, ne: E?A. EPA expects

:ha: the NRC will Idequa:ely assure ce pitance, s.nd EPA's evn

"conpliance" a.:f v' :es vill censia:s pr:ncipally of the review of the

per'ernance, as :eperted by SRC, of tuel cycle f act *!:'es and of any ~

varfanees per=irred 'r NRC. As required, EPA vill in :he future provide

NRC with guidance en :he adequacy cf its cenpliance and variance post.sre

vi:S respect to these erviron= ental standards,

eterati nal ve. Pre-Oeerational Acelicatien of the Standards

An important considera::cn relative :: these standards is ne FRC's

centir.uing develepren: of design and crerating guidanc'e, ecdified in

10CFR50, which i=plenents :he Federal Radiation Guidance : hat *

exposures
.

of t he public be =ai.ita'.ned as lev "as practicable" (25 FR 1402). rhe

Comnission has already issued such ruidance for single light-veter-cooled

pever resc:crs and has underway sinilar guidance for fuel reprecessing,

eilling, and fuel fabrication facilities. The Agency has determined tha:

:he guidance issued :hus far for ligh -vater-cceled. resc:cra provides

adequate assurance of ec=pliance (unless the NRC finds that extre=e

extenuating circumstances exist for a specific site) 'or sites centaining

up to a: least five such power reae:crs. Additienal guidance =ay be

required in the future, as noted by the Ce==1ssien in its cpinica filed

with 10 CFR 50, Appendix I, for sites centaining larger nunbers of

facilities.

. .
O
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These standards will supercede, for the nuclear power industry, the
'

Federal Radiation Guides codified in 10 CFR 20 as limiting contentrations

in air and water at unrestricted locations.
Just as the development of

the guidance expressed by Appendix I to IG CFR 50 took pisce within the

limitations specified by those standards, the'd'velopment of future 10e

,'
CFR 50 guidance will now take place within the limits specified by these

t

standards. However , it is not anticipated that the disparit/ between I

standards and guidance will, in general (but not always), be nearly so !

great as formerly. For example, at fuel reprocessing sites, a 1arre .

,

ii

iportion of the thyroid individual dose standard could be taken up by new
i

10 CFR 50 guidance (whereas zero dose may be postulated through liquid ,|i

I

It is thus not '.pathways due to the absence of any liquid discharges).
I| ;

'

the intent of the Agency that the standards for dose be " apportioned" to

various operations of the fuel cycle. They apply equally and in full to

doses from any operation or combination of operations in the cycle, rad
'

is not anticipated that doses from multiple sites will be either'

it

1
! common or significant. In the few instances where overlap of

| significance could occur this should be dealt with on a site-specific

basis -- not generically throuEh apportionment.

It is particularly important to recognize that the standards apply

only to doses received by individuals and quantities of radioactive

materials released to the environment from operating facilities. This

situation is in contrast to design guidance set forth, for example, by

Appendix I to 10 CFR 50 for light-water-cooled power reactors, which

applies to pre-operational considerations, such as licensing for

3

*
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:onstruction cf nuclear facilities. While such guidance is useful fer

providing the basis for cencluding that such f acili:ies can be expec:ed

eenfer= to stand:rds hich apply :o actual opera:fons, it is net a::

substitute for such s:ancards.
.

Consideratica cf :he adequacy of centrcl =easures at facill:1es

during pre-cpera:icnal a: ages with respect :: these standards should be

li=1:ed :c a finding, either for specific sites, er en a generic basis,

as apprcpria:e, that the facili:y has provided er has available :: it

adequate =eans :c provide reasonable assurance that :hese standards can

be satisfied durin; accual cperations. Such =eans nay include the

prevision of cleanup cen::cis en discharge s:rea=s, the ability ::

=cdify, if necessary, its =cde of opera:1cn :: =i:igate enviren= ental,

discharges, er retheds which in:errup expcsure pathways in the

enviren=ent. The i=per: ant pein is :ha: :he standards specify naxi=u=

doses : real individuals and =axi=u= quantities of certain naterials

actually delivered or discharged :: the enviren=ent, no: the specific
;

| design para =mters of individual facili:1cs. Thus, for exa=ple, it is the
1

Agency's viev :ha: cenfer=ance te Appendix I by a planned reactor er a
: -

| site centaining up to five .such facilities (unless ex:re=ely unusual

ec=binaricas of 1:qu'd a .d air pathways of exposure are actually present

| and are expected :: be si=ultanecusly intercepted by real individuals) !
-

F
i

I sneuld censtituto de, facto de=enstratica :c the NRC that a reasonable
!

expectation exists :ha: :hese standards can be satisfied in actual,

!

cperatien. The Agenry vill, in the course of its centinuing review of

i Envirenrental Statenents, iden:ify any situa:1cns fer which it believes
,

i

I
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that such an expectation has noe been adequately inst'ri i. A more

detailed exposition of some areas meriting. in-depth dis cu'sion of the

Agency's view of an adequate demonstration of reesonabl; expectation ofi

,

compliance, such ac for adjacent sites, minor releaset of specifically
I '

limited radionuclides from fuel cycle facilities, dose = from vindblown
l'
*

material originating from mill sites, and transportseit s -related doses.
!j

;

|
1s provided below. ,.

i:i
'

.

'.

Models_ for Operational Application of,the Standards ;
i

-

1

a) Limits on doses to individuals.
I
IConformance to the standards should he =easured using the most
i

reasonable and, as required, realistic means available. Thor, in the t

case of dose to the thyroid, measurement of the radioindine content of

farm, ceupled with a determination of *be milkmilk at the nearest
tcasonable basisconsumption habits of the residents, would constitute a

for a final determination of noncompliance. Converselv, calculations

i
based on observed releases and meteorology should generally provide t.e

basis for a routine finding of compliance. SJted failing this test unuld

to the above-eerit progressively more detailed study, leading rins]1y

dencribed (or a comparable) determination of noncompliarce (or

compliance).

In the case of potential doses to the whole-body and otner orgens a
Th<similar sequence of compliance veritication methods is avafiaSle.

j

Agency believes that it may be presumed that existing e.edels forl

t

! )
!

.
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calculation of exponure ficids 2ue te gaseous and liqofd releasce, using

=easured data on cuant i ies retcased, local ceteorology, and stream-flow
chare _61stics, are adequately conservative to serve as the basis for

verification of co=ptiance with these standards. If reason exists to

believe, based on use o' ettch source term measurements and models,
.

that
i
; noncompliance na: exist at a particular site, than more detailed fielu
,

| measurenents may he e= ployed (or, of course, the facility could reduce

its emissions to asc i eve. model-based compliance).
'

In a very fev rpecial situations when two or = ore sites are 1. clesc
;
$

proxf=1ty, it ea: he necessary for the regulatory agency to make
-

; allowance for contributiens from several sites in order to assure
i
; compliance with the standards at locations intermediate between sue,
i
! .

sites. For site; as close as a few miles fro = each other overlapping
,

centributions of as much as 10 to 207. may r'e possible. The NRC secule

make the necessary adjust =ents in the individual technical specificatienn

of facilities at such sites to provide reasonable assurance of

compliance. However, in the vast majority of situations the sum of a'.1

reasonably possible contributions from all sources other than the

inmediately adjacent site will be small compared to these s'tandards, ano

should be ignored in apsessing compliance. It would not be reasorelle to

attempt to incorporare into compliance assessment doses which are san.:

fractions of the uncertainties associated with determination of dose s
! f rom the primary source of expceure.

.

A number of potential difficulties exist regarding icolementation of

the standards at mill sites. Canna surveys in the vicinity of some

f! "

_
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existing =111 tailings piles show ve.lu.!s ranging up 1a c.cvceal hundred

t t hese elevatedmrem /yr in situations where it is logical to assume t.at
, '

Although:

gamma radiation levels are the result of windblown tailings.
|

the measurement of 25 mrem /yr increments in such dose ratc3 is possible, ;

i
,

techniques would be required to identify locations -

rigorous measurement
,

i !
where new depositions of windblown particulates elevate pre-existingJ

|

!
local levels by 25 mrem /yr. Furthermore, because of the },rojected 20- f'

:
,

f
'

i
'

|year operational lifetime of a typical mill and the suut ed additive|

! 1

i fimpact of new depositions,1/20 of 25 mres/yr, or approximately one i i
!

|crem/yr, would have to be measured if the standard were to be implemented
!
I

by a regulation based on verification on an annual, inctemental basis.
.

I
This would be unreasonable, since one inrem/yr is small compared to |

uncertainties in netural gamma-ray background levels. ,

A recent engineering survey report developed fo; cue ihclear

Regulatory Commission (ORNL-TM-4903, Volume 1) provideu an estimation of'

the relative ratio of the respirable particles (<10u) to larger particles

(10-80u) blown of f the tailings beach of a well-managed ceilings
j

This ratio averages about one ano varies from 0.4 toi=poundment system.
|

i 1.4 depending on specifics of the milling process aad other variables.
j

It can be estimated, therefore, that one millicucie/yr of insoluble 0-10u

particles removed from a typical pile by wind could deliver a dose

equivalent of approximately one mrem /yr to the lungs of a person living

one kilometer downwind of the pile. At the same time, uni millicurie/yr

of 10-80u particles might be deposited in a ring ena-half to one

kilometer from a pile, yielding a surface contamination level of about 3

7*
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nC1/=2 This would result in a ,'s=ra-ray exposut e level uf soout 10.

I
prem/yr. After 20 vecrs of opecat ons, each contributing to surface.

contamination at such a rate, this exposure might increase to as much as
i approximately 0.2 .nrer/yr.

Accordingly, the critical exposure pathway for windblown tailings f

likely to be to the I'mgs through the direct inhalation ofmoet

radioactive esilings; and if this source of exposure is controlled, direct
|

whole-body gae=a exposure from vindblown tailings will also be controlled

to a considerably greater degree.

It does not appear at this time to be practical to measure the

! annual release of radionuclides from operational tailings piles to the

air pathway. However, it is practical and reasonable to reduce these
*

i

| releases to very small values (<1 mci /yr) by application of control

f r.essures that 911'. insure that maxi =um doses to individuals in the
!

f vicinity of tallings p*les are well within the standards. These meacures

include back-filling of exposed tailings, keeping tailings under water,

j and spraying any tailings " beaches" that develop with chemical binders to>

prevert bleving. In practical terms, the standards should be implemente''

with regard to operational tailings piles by requiring proper an4
i

'
reasonable dust control measures and by permanent stabilizatio.t following

'

termination of active milling operations.

It should be noted that the standards apply only to annual dor,es.

delivered as the reault of discharges of radioactive materials begiining

two years follcuir.g the pro =ulgation date. They do not apply to dosen

reeulting from discharges before this c.ste. Decontamination of arcss

?
.
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I

f tailings piles!

contaminated by'vindblown tailings from and management o|

d are therefore
on previously abandoned mill sites are not covered by an f

not required by this standard.
f

At a fuel reprocessing or a multi-unit . reactor site the number o
f the site could

shipments of radioactive materials per year in and out o !*

However, even for this large of number of \.
! reach several thousand. ' E

t of

shipments, doses to nearby individuals under present Departmen
f

l : .

'

Transportation regulations would not reach one mrem /yr, if they,are
|
t

hipping j,
located, on the average, more than a few tens of meters from the s| J

h
,

route, and if the vehicles involved remain in motion while in t e ,

.

| f!| Implementation of the standard does not require, Ivicinity of the site. !hielding recuirements.
therefore, modification of existing packaging and s !

-

Ip

It probably will be necessary, however, to reguire guaranteed 'non-sto
h

shipments (a service which is presently obtainable from t e
to bystanders at

transportation industry) to avoid buildup of doses
for

habitual stopping places, or to provide restricted access arean|

It should be noted that the standards do not apply to
layovers.

in handling shipments;
transportation personnel while they are engaged ,

i l

such exposure is considered to fall in the category of occupat ona

exposure.
,

Limits on quantities of specific radionuclides released.
b)

Implementation of the nuclide-specific likits on releases of long-
i

lived materials will require a determination by the NRC of the operat ng
locations that are the

decontamination factors that must be achieved at

9
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principle potential scucces or env!.rrn= ental relca.cs of these caterials.

In order to nake such a deterninativ:- it wil2 he necessary to

chs-acteri:e befote l'/Si except in tre case of transuranics, the maximu=

aversge values of envircrsental releases of these materials from =inor

claases of sources o be per=itted essentially unrestricted release

(a . i . , krypton-85, io,!!re-129, nn.! trsnnuranic releases fro = power

reactors or fuel farrication facilities). Following this, co=pliance

should consist of verificatien that the appropriate decontamination

factors are 1eing realized threugh frequent inplant =casure=ents at the

princirje petearfri rturces reported on a routine kasis.

Monf roring of the DF's achieved by inplant control systems for the

three types of rah.ionuclides specifically limited by the standards
.

app.lars to be readil/ cchieval:lc using cen"entional monitoring techniques

and analytical procedures, and such =casurements appear to be rrovided

for at :he cue f acility approaching operational status. Flow-through

ioni:ation cha=rers are cape.ble of measurreents of krypton-85 at

concentratons cf less t,an ! ;Ci/c=', a cencentration 1000 times lower

than that corresponding to th2 standard for a typical stack effluent

volu=e. Si=ilarly, x-ray spettro=ctry is capable of sensitivities of the.

order of 1 pCi for iodine-129; at 10% of the propose.d limit a charcoal

sa ple of stack efflueet would accu =ulate, for a 10 =inute sample of 0. 25

of the strea=, 1000 pC1. FinalJy, gas-flow proportional counters, using

44-hour filter sa=ples (collected en 0.1% of the gas strea=) would

exhibit detection limits at least 1000 times smaller than activi ties

10
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' corresponding to the standard. . Periodic confircation of the isotopic

distribution of transuranics would also be necessary.

It should not be necessary to routinely monitor minor releases af
I

these materials from minor classes of sources, once these have been

properly characterized as such, unless normal monitoring'of generali
,

releases discloses that ah unusual situe. tion exiets which indicates that

! |
normal "de mini =us" releases of these materials may be being exceeded. ;

.

'

Such an occurrence would, presumably, not constitute a " normal" release'

'

and investigation and correction would be narranted in any case.i

'

1

!

c) The variance provision.
'

It is not anticipated that utilization of the variance provision of e

the standards is likely to be either required or appropriate for any * !

"

facility other than a power reactor in the foreseeable future. That is

to say that it would be inappropriate to use the variance provisionnot

if circumstances warranted, but that such circu=scances appear unlikely.

On the other hand, it is quite possible that a power emergency, either

local, regional, or national, could occur, and that continued production

of power by a reactor experiencing higher than normal releases would be

I in the public interest.

In proposing these standards the Agency purposely did not specify
-

detailed procedures to be followed to obtain a variance, since these

should be developed by the NRC with opportunity provided for the views of

the interested public and the industry to be heard. The Agency does,

however, have some general views on the implementation of this provision.

11
,
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First, the use of the variance al.o,uld be predicated upon a

de=onstrable public need tor power, and not on the needs of a utility,

as, for exa=ple, the inconvenience of scheduling a repair to a control or

a fuel reloading. Second, the granting of a variance should ba publicly

announced, with prior notification of the Agency, and incJ.ude a brief

preliminary aseessment of the extent of the excess exposure and releases

anticipated, the anticipated duration of the variance, the reason for the

excess release, and the reason for granting the variance. Finally, nrrer

the variance has terminated, a final assessment of each of the above

factora should be issued pro =ptly.

| in general it is anticipated, based upon pau experie..c.e, that when
i
i

f
a facility is approaching a condition in which excess releases are

I

possible that normal ronitoring and reporting of facility releases wil)

provide more than adequate forewarning to permit rimely consideration by

NRC of the need for a variance. However, in order to provide for q f.ek

response in the case of a sudden power emergency, it me, be desirable fori

I

| the NRC to establish some basic criteria for semi-automatic invocation of

a temporary variance under such circumstances. Such criteria would have

to be limited, at a minimum, by considerations such as conformance with,

NRC's safety requirements and FRC occupational exposura limits,
i

limitations which are not affected by these standards.

,

a

12
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Implementing Reculattens
affected by theseA number of regulations or regulatory actions ate

These
standards, as the above discussion of implementation indicatee.

incJ ude:

10CFR20 - !!odify, to reilect, by reference, that 40CFR1901)
f'

supercedes for normal releases from uranium fuel cycle operations,*

10CFR50, Appendix I - Modify to indicate that additional ,

2)
.; , i ~e

requirements r.ay be required f or sites containing more than five light-

water-cooled reactors, or, if the NRC so deter =ines, in other special

cases.
iReview Itcense conditions f,or fuel cycle facilities, other3) i

chan light-water-cooled reactors conforming to Appendix !, for
,

I*

conformance to 40CFR190,

Determine whether any sites exist which are close enough to4)
i

otber sites to receive substantial contributions to dose from such sites,
i

I
'

and make any necessary modifications of technical specifications in such

cases (the Point Beach and Kewaunee sites appear to be the only such

| potential case presently in existence).
to be made for unrestricted

5) Determine the apportionment

release (relative to 40CFR190) of krypton-85, fodine-129, and alpha-

emitting transuranieb of hs3 f-if fe greater than ene year at fuel cycle

facilities not major sources of emissions of these nuclides, and

determine the decontamination factors required at major sources.
.

1.1
.
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6) Establish criteria, as recutred. for grant ug of variancesi

under power emergency conditions, and for establishing pinblic need for

orderly delivery of electrical power.

7) Establish, where necessary, requirements on transportation of

nuclear wastes and spent fuel to prevent layovers in areas to which

.public access is possible.

Several regulatory activities already required by existing NRC

regulations or underway sre also relevant to impler.entation of these

standards. These include:

3) Continuing development of ALAP guidance for fuel cycle

acti"ities other than Itght-water-cooled reactors.

9) Definition of regulatory ridels for doses to Lndividuals near

fuel cycle operations. ,

10) Definition of "te=porary and unusual operating conditions" fer

imple=entation of limiting conditions for operation under Appendix I to

10 CFR 50.

The most significant efforts required, of these that are not already

required or committed, are itens 3), 5), 6), and 7). These concerr.

directly the impic=entation of the standards, the balance are either

minor codifications of the standards into existing regulations, at

represert reflection of the existance of these standards into existing

ongoing efforts.

la
.
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EPA Verification of Compliang
.

The Agency wfil assess coepit$rce with these standards through its

review of NRC i=plementing regulations, review or op. rating data supplied

to the NRC by licensees, and revica nt any varfsuces issued by NRC.

Supporting activities vill include the Agency's continuitg review of

draft and final environmental statements for all fuel cycle facilities,

field studies at selected fuel cycle facilfries, and assistance to the
\

NRC, when necessary, through field measuremente in cases of possible ,

;noncompliance.
i

l Under general MEPA and FRC authorities, the Agency routinely reviews

and comments on all NRC regulatians, including 10 CFR $U guidance and )
I

'

regulatory guides, pertaining to enytronmental releases and exposures of ,

.

the public due to nuclear fuel cycle operations. In the future, this
~

~

review will also include considaration of the implementation of these

standards. This revfew will encompass, among others. the appropriateness

of design basis assumptions, environmental transport codela, dose

conversion assumptions, environmental monitoring and reporting

Therequirements, and, finally, operating compliance requirements.

Agency will not, however, routinely review technical specifications or

other license requirements pertainirg to individual licensees.

The Agency also maintains a continuing review of the state of the
|

environment with respect to contamina*. ton by rad!.onuclides and doses .

the public, including, contributions from fuel cycle sources. Beginnino

this year, the results of this review will be published annually. This

report will deoend, for fuel cycle sources, primarily upen data collected
i

1
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by the NRC. The Agency has requested that the NRC supply this

infor=ation in sufficient detail to pcruit reasonably detailed annual

assessments of the exposures of members of the public and releases to the

environment at fue cycLt f acilj ef es. Unfortunately, it will apparently

be some time before data for all fuel cycle facilities can be made

available in a suitable form.

EPA's review of draf t and final impact statements for individual

fuel cycle f acilities will serve to allow EPA to identify to NRC

situations in which it believes future compliance, when the facility is

ce=pleted, =ay be questionable. However, such findings will remain

advisory, as in the past, since responsibility for compliance with these

standards during actual operations rests with the facility and the NRC.
.

EPA has for some years conducted special field studies in order to

characterize the environmental releases, transport, and impact of

radienuclides from fuel cycle facilities. These have included detailed

general studies at pressurized and boiling water reactors, a fuel

reprocessing facility, sed at mill tailings piles. In addition,

specialized studies of iodine pathways and of nitrogen-16 radiation at

reactors have recently been carried out. These studies will continue in

the future. They are of invaluable assistance in providing soundly based

knowledge for assessing the behavior of environmental releases of

radioactive materiale, and in judging the adequacy of environmental

models used for assessing compliance. The measurement capabilities

developed for these studies may also prove useful and will be available

,
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for situations in which the NRC needs assistance in tield verification of

compliancc.
I

Timing of Implementatien of the_ Standards

it is proposed that thest standerde bet.ome effective'two years from

the date of premulgar. ion, with the extaption of those for krypton-85 and
i
(

iodine'-J 29, which are proposed to become ef f ective in 1983.
,,

,

i P
I'In j

-All. existiny, reactors are nos or will shortly be in compliance. t i
,

,

-

any case, it is considered reasonnble to expect that any reactor
.

,; ;c
three ,

facilities not now in conpliance with Appendix I will he by 1978, I|.
years atter its issuance and the earliest possib3. implementation date [!

!

'I
for these standards. The question on. timing of i=plen.entation of the

I
*

standards is not significant, therefore, as it applies to reactors.
.

Only one fuel reprocessing facility is now likely to become operable

by 1978. and, on the basis of its envitonmental statement and EPA's

assessment of its projected centrol capabilities, this facility should be
|

tfee. Futureable to achieve compliance with the standards at that

compitance with re$uirements for krypton and iodine releases will depend
1t this regard, iton the installatten of additional concrcis by 1983.

the effective date of 1983 for this portion of theshould be noted ebat

standard applies to any release of these nuclides after that date, not to

nuclides produced in fuel irradiated after 1983.

Implementation of these standards at milling f acilities will in ciany

cases require the 'nstallet. ion of updated dust collection equipment, and
|

institution or dust control =ethods at tailings piles. This equipment is

(
l
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comenly available in comerce. The standards do not apply retroactively

to offsite windblown tailings, nor to tailings piles at sites no longer
licensed. In a few inst.ances large instabilized tailings piles may exist

at sites with active licenses. The Agency has these special situations
,

under study.

.

|
*

.

|

|

|
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DOSF-EFFECT ASSUMPTIONS USED AS THE BASIS OF THE
'

. ,

PROPOSED ENVIRONMENTAL KADIATION STANDARDS FOR THE URANIUM FUEL CYCLEq',-g f.;,
N,h
g > ~;.y

1:

.R$!
Many comments were received concerning the Agency's use of the -? t!?.

[i m'sef h{linear nonthreshold dose response model for estimating the potential
.

'.'4i

While a few commentors believed |3consequences of doses to populations.
h, the majority 2 ~ p'g"

,

this modci was insufficiently protective of public healt l . ! 4,e
,

, .

of comments questioned the Agency's health effects estimates in the .

:,;

~Y
These comments were confinedbelief that they were overly conservative. ;f,,!

threshold i!
to e.4timatos of cancer risk; the Agency's use of a linear non

'
<.
'

il
model to estimate genetic risks, perhaps the largest class of potent a

.
i

health affects, was not questioned.
The Agency agrees that in'certain

i

-cases a linear nonthreshold model could over- or under-estimate somat c
health effects, and has adopted a policy of utilizing other dose-effect

| be
models where clinical data clearly indicate better risk estimates can

'

itFor examole, the Agency has stated that! made using other assumptions.
-.

.

'

is highly probable that a threshold dos is required for the , induction
,

idera-
of skin cancer, and therefore such ca*, cars were excluded from cons

tion in developing these standards (1) .
,

- ', .
e

i
" ~

No specific dcta was presented by commentors to indicate that any '.-. ,

non-linear dose response moael is applicable to exposures from the
-j

uranium f uel ' cycle. k.ither, f'requen t reference was made to a statement 4

i

extrapolatton from the rising portion of dose-by the NCRP(2) that s.
,

: i.
4

Y
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incider.ce curves derived f rom data obt'ained at high doses and dose rates

be expected to provide realistic esti=ates of the actual ri.sk ofcannot

cancer from low level doses of low LET radiation. The Agency agrees

that dose incidence curves must be interpreted with care, but believes

much hu=an data, auch an that discribed in the NAS-BEIR Report (3), is

.isef ul for estimating radiation risks.

Three factor.: have been identified by the NCRP as influencing the

validit" of interpolation between zero dose and effects and existing

data '.-aced on the 1(near nonthreshold hypothesis: dose, dose rate and

the LET (linear energy transfer) of the radiation in question (2). For

high LET radiations, such as alpha particle irradiation due tc effluents

from the Uranium Fuel Cycle, NCRP seems to accept the use of linear

nonthreshold hypothesis. In the case of low LET radiation, such as from

effluents emitting beta particles and gamma rays, the Agency accepts the

fact that the epidemological basis for risk estimates is less straight-

forward and indeed discussed the uncertainties in its technical documents
off ered in support of these standards (1). The Agency is aware that for

low LET radiations in-vitro cell killing experiments generally show .

'

reduced effects at low dose rates, indicating that repair of call-

killing damage may be taking place. The case for repair of precar-

cinogenic injury, however, is not nearly as clear-cut. Demonstrations

of decreasing cancer induction at low dose rates have been confined to n

few studies utilizing laboratory animals, most often mice. These

.

2
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studies provide conflicting results depending on the species, pattern of
The decreases in effec.ts

irradiation and even the sex of the animals.

observed are in any case relatively small; about a factor of 2-5, but
It is

several orders of magnitude as suggested by some commentors.not
'zhto note that the effect of dose rate on radiocarcinogensis in

>

~

', '?:}?dJmportant

likely tc provide an adequate predictor f or human risk,animals is not -b , .

since both the' life span and the pattern of cancer induction following sji . ,
'

.s
irradiation are different in man and animals. Nor is it necessary to f3 -

. p

There is some |{ .limit consideration of thi.s question to animal data. ~

' it
cancer incidence data on the effect of dose rate on Jumans, unfortunately t cI

I-
not cited in NCRP 43, which indicates that low dose rates may be equally 1.

.f . .
or more carcinogenic, particularly for protracted exposures (3,4). Until t

'

unequivocal contradictory data en radiocarcinogenesis in humans is
;

protracted low dose rate exposures are lessavailable char indicates ,

carcinogenic than acute exposure at high dose rates, the Agency

considers allowance for reduced injury due to low dose rates too specu-|

l

of the basis f or standards developed to protectlative to be made part
While the Agency does not overrule the possiblity thatpublic health.

such data may become available in the future, it does not believe

sufficient data exists now to warrant a revision in its somatic health

ef fect estimates based on dose races.
,

A separable question from dose rate effects is the question of
>

interpolation from high doses to low doses. The point is often made
;

interpolation f rom high doses over-estimates risk if made from athat

3

.
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portion of the dose response curve where the number of cancer- is in

proportion to the square of the dose. However, as pointed cut in the

Agency's technical documents (l), interpolations from ef fects observed

f ollowing high doses may also under-estimate the number of cancers

induced because cell killing at high doses substantially reduces the
.

number of cells at risk for radiocarcinogenic transformations.

There is growing evidence, as suggested in NCRP 43(2), that the

Kellerer-Rossi model for initial radiation injury (not radiocarcinogenesis

per se), which predicts a su=mation of linear and dose squared response,

is useful for interpreting at least some radiation effects data.

However, the available data in support of this model indicate that at

doses less than about 100 rem the linear, not the dose squared, term

dominates the predicted response. Most. but not all, of the health

ef f ect estimates given in the BEIR Report are based on data that include

at least cne point for doses less than 100 rems. Therefore, it is not
.

considered likely that Agency estimates of radiation-induced cancer are

greatly overestimated by the use of BEIR results. In a few cases it is

possible to test for this effect directly by comparing the results of
,

human experience at high and low doses (4). Such studies show little

difference in effects per rem and may, in fact, indicate an increased

offect at low doses, particularly in cases where the radiation exposure

is protracted over relativelv long periods of time. Again the linear

nor. threshold hypothesis cannot be characterized as being overly con-

servattve. The Agency recognizes that the interpolation of risk estimates

4

.
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for humans from nigh to low doses is uncertain (5), but believes this is

a more prudent public health policy than extrapolating laboratory data

on short' life span animals to man. None of the comments received

indicated why the latter procedure would be pref erable.

A number of comments were received expressing the view that the

"... governmentalAgency had not recognized the NCRP comment cautioning.

policy-making agencies of the unreasonableness of in;erpreting or,

assuming ' upper limit' estimates of carcinogenic risks at low radiation

levels, derived by linear extrapolation from data obtained at high doses

and dose rates, as actual risks, and of basing unduly restrictive

policies on such an interpretation or assumption"(2). The Agency agrees

with the NCRP that only reasonable interpolations are warranted, and

believes the proposed Uranium Fuel Cycle Standards are both prudent and

reasonable. If there is any disagreenent it is in the Agency's adoption
|

of the NAS recommendation that linear interpolation be used as a "best"
|

estimate (3) of risk, and not as an estimate on the " upper limit of
i
i The Agencyrisk," which seems to be the current philosophy of the NCRP.;

| has based its health ef fects estimates on a continuing review of current
|

scientific information, and it believes these estimates represent the

reasonable interpretation of the available data. It will, of
most

course, review new scientific findings as soon as they become available.

Some commentors expressed the view that numerical estimates of

radiation-related risks are of little use if they sra not compared with

5
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the risk from other enviror. mental pollutants. While the Agency accepts

that such comparisons, including a comparison with " natural background

radiation," may place the radiation risk from man's activities in a

perspective useful to the public, the Agency does not accept such

comparisons as the primary basis for establishing radiation protection

standards, since at best it coulu only result in equity between

pollutants - not between costs and benefits. Having made an assessment

of potential health risks the Agency believes it is more appropriate to

select appropriate limits by means of a cost-effectiveness of health

risk rediaction nethodology, rather than via comparative risk assessment.

A number of commentors noted that the reduction of very small risks

even turther is either not worthwhile or is not cost-effective. The

Agency agrees that the risk to an individual from certain radioactive.

ef fluents may of ten be small. However, unless a threshold for radio-

carcinogenesis can be demonstrated, the total risk is noc necessarily

small, but depends on the number of persons exposed. In developing the

proposed standards caref ul consideration was given to the cost-effectiveness

of various levels of risk reduction for the entire exposed populatian,

not just for specified individuals. The standards proposed were chosen

as to avoid the imposition of any unreasonable costs for control . It
so

is the Agency's conclusion that all of the costs incurred will be

justified by the concomitant reduction of a potential risk to public
health.

6
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SUPPLEMENT H

ENVIRONMENTAL ANALYSIS OF THE URANIUM FUEL CYCLE,

PART I (FUEL SUPPLY): URANIUM MILLING - REVISED
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1.0 Introduction

The EPA recently completed a technical review (1) of the

uranium milling industry as part of an overall analysis of the
This review included a description ofuranium fuel cycle (2) (3).

releases,
the milling process, estimations of radioactive ef fluent

radiological impact , health effects impact, and the costs and
An analysis of

effectiveness of control technologies for mills.
This

the tailings plies .issociated with mills was also included.

review was prepared in support of EPA's proposed standards for the

nucicar fuel cycle, 40 CFR part 190 (4,).,

Since publication in 1973, considerable new information on the
in particular,

uranium milling indestry has become available (5,6,1,8);

(6)," Correlation of Radioactive Wastethe engineering survey report

Coats and the Environmental Impact of Waste Ef fluents inTreatment
'

the Nuclear Fuel Cycle for Use in Establishing 'as Low as Practicable

Guides - Milling of Uranium Ores," has been prepared by Oak Ridge National
This report con-

Laboratory for the Nuclear Regulatory Commission (NRC).

tains an extensive review of the costs and the ef fectiveness of various;

control technolony systems for uranium mills and mill callings piles.
to be worthwhile to revise its previousThe EPA helieves it

thesetechnical review of the milling industry, taking into account

Because radoa-222 releases from fuelnew sources of information.
facilities hsve been specifically excluded f rom EPA's proposedcycle

stanuard, analysis of radon-222 releases f rom uranium mills and

uranium mill tailings piles has been omitted from this document.
i

|

Radon-222 will be the subject of separate regulatory actions at a

1. ster date.
1

.
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2.0 Ceneral Descriotion of the Milling Process

A uranium mill extracts uranium from ore. The product is a

semi-refined uranium compound (U 0 ) called "yellowcake" which is3g

the feed material for the production of uranium hexafluoride (UF )*6

As of March 1975, seventeen mills (7) were operating in the United

States (table 2.0-1) with nominal capacities ranging from 250 to

7,000 tons of ore per day. These mills are characteristically

located in arid, isolated regions of the west. Areas with significant

high grade ore reserves are (6): Wyominz, 55 million tons: New Mexico,

50 million cons; Texas, 11 million cons; Colorado - Utah, 6 million, ,

cons; all other areas combined, 7 million tons.

Eighty percent of yellowcake is currently produced by a process

that uses sulfuric acid to leach the uranium out of the ore; the remainder

is produced by a sodium carbonste, alkali leach process. Exact details

vary from mill to mill, but, as an example, the principal stros in an

acid leach process mill are as follows:

Ore is blended and crushed to pass through a 2.5 cm (1 inch)a.

screen. The crushed are is then wet genund in a rod or ball mill
.

and is transferred as a slurry to leaching tanks.
; b. The ore is contacted with sulfuric acid solution and an

oxidizing reagent to leach uranium from the ore. The product liquor

is pumped to the solvent-extraction circuit while the washed residues

(tailings) are sent to the tailings pond or pile.
c. Solvent extraction or ion exchange is used to purify and

concentrate the uranium.

2
|

| .
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lable 2.0-1 (7) -

URANIUM MILLS IN OPERATION AS OF MARCil 1975

--
_

_

NOMINAL CAPACITYYEAR OPERATIONS (Tons of Ore / Day)INITIATED
LOCATION

COMPANY
-

- - _
- - _ . _ _ . . _ _

' 3000-

1953Grants, New Mexicoanaconda Company
800-15001956

Atlas Corporatica Moab, Urah
220-17501961

Falls City, TexasConoco & Pioneer
Nuclear Inc.

150-4501958Canon City, ColoradoCotter Corporation*
0-400

1957
- Dawn Mining Company Ford, Washington *

2000
1971,

Powder River Basin, Wyoming
Exxon, U.S.A.

500-9501959Gas Hills, WyomingFederal-American
Partners

3600-70001958
Kerr-McGee Nuclear Grants New Mexico

525-15001962,

Shirley Basin, Wyomingl'etrotomics Company
500

1972
Rio Algos Cofp. , La Sal, Utah.

0-1300
' 1950

Union Carbide Corp. Uravan, Colorado
1000

1960Natrona County, WyomingUnion Carbide Corp.



-_ . _ _ _ _ _ _ _ _ - _ - . . _ _ _ _ _ _ . . _ - - - . - .- .- .
.

i
t

v

Table 2.0-1 (Continued) ,

,

__

YEAR OPERATIONS NOMINAL CAPACITY
COMPANY LOCATION INITIATED (Tons of Ore / Day)

United Nuclear- Grants New Mexico 1958 1650-3500
llomestake Partners

Utah. International, Gas liills, Wyoming 1958 750-1200
Inc.

,

Utah International, Shirley Basin, Wyoming 1971 1200
Inc.

Western Nuclear, Inc. Jeffrey City, Wyoming 1957 400-1200''

c.
TVA (Hines Develop- Edgemont, South Dakota 1956 250-500
ment, Inc.)

.

e

.

-
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.

d. The uranu.m La precipitated with ammonia and transferred

as a slurry.

Thickening and centifuging are used to separate thec.

uranium concentrate f rom residual liquids.

f. The cuneentrate is dried at 400*F and is so.acttu.e>

calcinated at 750 to 950*F.
The concentrate or yellowcake is packaged in 208 literg.

(55 gallon) drums for shipment.

Large amounts of solid waste tailings remain f ollowlag the

removal of the uranium from the ore.
A typical mill may generate

1.800 metric tons per day of tailings solids slurrice in 2,500
Over the j iietime of themetric cons of waste milling solutions.

mill, 100 to 200 acres may permanently be committed to store this

These " tailings piles" will have a radiological impactmaterial.
through the air pathway by continuous dischargeon the environment

of radon-222 gas (a daughter of radium-226), through gamma rays given

of f by radium-226, cadon-222 and daughters as they undergo radioactive

decay, and finally through air and water pathways jf radium-226 and

thorium-230 are blown off the pile by wind or are teached from the pile

into surface waters.

5

' - ' - - ~ - - - _.
_ ,

_



|-

.

|

|

3.0 Releases of Radioactive Effluent from Uranium Mills
i

The radioactivity associated with urauium mill ef fluents comes

f rem the natural uranium and its daught er products present in the

ore. During the milling process, the bulk of the natural uranium

is separated and concentraced, whi'e most of the radioactive daughter

products of uranium remain in the uranium-depleted solid residues that .

1

are pumped to the tailings retention system. Liquid and solid wastes |,

from the milling operation will contain low level concentrations of

these radioactive materials, and airborne radioactive releases include

,

; radon gas and particles of the ore and the product uranium oxide.
t External gamma radiation levels associated with uranium milling |

processes are low, rarely exceeding a few mrem /hr even at surfaces

of process vessels.

, 3.1 Airborne Releases

Airborne releases from uranium milling operations include bor,h |

|

particulate =atter and gases. Dusts containing uranium and uranium

daughter products (thorium-230 and radium-226) are released from ore ,

1
|

i
piled outside the mill. Dusts containing uranium and uranium daughter |'

|

products are released from the ore crushing and grinding ventilation

system, while a dust containing mostly uranium without daughters is
1

released f rom the yellowcake drying and packaging operations. These |

dusts are discharged to the atmosphere by means of low stacks.

Because uranium is discharged to the air pathway as ure dust |

and as calcinated yellowcake, it will be considered as an insoluble i

!

aero ;ol . Radium-226 and thorium-230 di:scharged as ore dust will also
.

|-

<> |

.
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be considered insoluble aerosols. .

The air flow through a typical crushing and grinding ventilation

system is about 27,000 cfm, that through the yellowcake drying and
Because of thepackaging ventilation system is about 6,000 cfm.

dif f erent air flows, dust characteristics, and locations within the .

separate air cleaning equipnent systems are usually required;plant,

a mill is therefore usually considered to have two separate airborne

effluent release streams, each with its own control systems, costs,

and source terms.

Radon gas is released from the leach tank vents, ot s piles,

tailings retention system, and the ore crushing and grinding ventila-

There is no practical method presently identifiabletion system.

the release of radon gas from uranium mills.that will prevent

As an example, table 3.1-1 gives the estimated maximum release
.

rates and conservative estimates of site boundary concentrations

tumes and mistsconsidering all potential sources of airborne dust
Theas predicted for the Highland Uranium Mill in Wyoming (9,10).I

capacity of the Highland Mill is about 1,200 MT/yr ot' yeLlowcake.I

Toward the end of the operating lifetime at a tailings retention

some of the tailings will no longer be under wat er and will
I system,
!

dry out to form i beach (6). Wind erosion can then carry off tailings
| material as airborne particulate matter unless control measures are

taken to prevent such erosion.
I

1

! 7

| *
|

.
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Table 3.1-1 ( 9_,10) /

Predicted airborne releases cf radioactive materials from the Highland Uranium. Mill

m Release rate Site boundary A 8 Sitc boundary BRadionuclidd (Ci/yr) Airconcentgation Airconcentgation(pCi/m ) (pCi/m ),
i

Uranium-natural 0.1 0.003 0.0004
Thorium-230 .06 .001 .000)(insoluble) i

Radium-226
(insoluble) .06 .001 .0001,

.

' Distance to site boundary A assumed to be 800 m (2,600 ft) west of mill.
D

Distance to site boundary B assumed to be 5,200 m (12,700 f t) east of mill.
.

9
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3. 2 Waterborne Release _s
of current proceduresThe followtug discussion refers to the best

of handling mill liquid wastes,in which t hese wastes plus tailings

railings retention pond system which uses anare stored in a

impervious clay-cored earth dam combined with local topographic features

or the area to form an impoundment.

from an acid-leach process mill consistsThe liquid effluent

of waste solutions from the leaching, grinding, extraction and washing

These solutions, which have an initial pH ofcircuits of the mill.
2, enntain the unreacted portinn of the sulfuric acid used1, 5 t..

in the mill process, sulfates, and someas the 1e.*ching agent

silica as the primary dissolved solids,along with trace quantitles of

solul.le metatu and organic solvents. This liquid is discharged with

the solids into the tailings pond.
in the 2,500Co..centrations of radioactive materials predicted
are shown inKr/ day of waste liquor from the Highland milling plant

Radioactive products of radon decay may also betable 3.2-1 (9,10).

Since the concentrations of radium-226present in small concentrations.

and thorium-230 are about an order of magnitude above the specified:

limira to 10 CFR 20, considerable ef f ort must be exerted to prevent any

release of this material from the site. The waste liquor is, therefore,
j

i stored in the tailings retention pond which is constructed to preventl

f
discharge into the surf ace water system and to minimize- percolation

i This is a continuing potential problem requiring
: into the ground.

monitoring programs to insure that there is no signifitaa: movement

of contaminated liquids into the environment.

|
.

9
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Table 3.2-1'

| Concentrations of radioactive effluents in

waste licuor from the Hiohland uranium mill (9,10)

Concentration *

Radionuclide (pCi/1)

Uranium-natural 800 8i

Radium-226 350
'

incrium-230 22,000
,

. .

a
About 0.001 g/ml.

.

9
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If an earth-fill, clay-cored dam retention system serves as

a collection and storage system for the liquid and solid process

wastes generated in the mill, it will permit the evaporation of most

of the contained waste Liquids and serve as a permanent receptacle

for the residual solid tailings. However, after the initial

construction of the retention system, it is to be expected that

there will be some seepage of radionuclides through and around the

(9,10) and downward into the soil beneath the impoundment area.dam

It has been estimated that this seepage will diminish over a period

of about 2 years because of the sealing effect from accumulation
-

On the other hand,of finer particles between the sandstone grains.

Examples of the total quantities of radionuclide.sealing may not occur.

are estimated to be released through and around the dam are shownthat

in table 1.2-2. Radium-226 is a radionuclide of concern in this case.

Radium-226 levels as high as 32 pC1/1 (11) have been found in seepage

from current operating mills. Assuming a seepage rate of 300 liters

per minute, the concentration of radium-226 seeping into a stream of

140 liters per second (5 cubic feet per second) is approximately 1 pC1/1

which is 1/5 of EPA's proposed interim Primary Drinking Water Regulation

for radium-226 (12). In the applicant's environmental report for the

Ili3hland Uranium Mill (9,10), a seepage concentration of 350 pCi/l

radium-226 was assume 4 bringing the concentration of radium in such an
I

offsite stream up to 12 pCi/1. The dighland Uranium Mill is also esti-

mated to release to the tailings pond 22,000 pC1/1 chorium-230 and trace

quantities of short-lived radon daughter products.

t

11

|
,
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Table 3.2-2

Estimates of quantities of radionuclides seeping through the

impoundment dam of a uranium mill initially and at 2-1/4 years (9,10)

Initial seepage Seepage per day (a)
Radionuclide per day after 2-1/4 years

Uranium 350 uCi 35 uCi to 3.5 uCi

Thorium-230 9,600 uCi 960 uCi to 96 uCi

-

Radium-226 150 uCi 15 uCi to 1.5 uCi

(a) Seepage assumed to be inhibited due to sealings effect from
accumulation of fines between sandstone grains.

.

12 .
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As an additional example, the analysis of plant tailings

effluents _for the Humeca Uranium Mill, which uses an alkaline lead

is given in table 3.2-3 (13) .process,

The radiological significance of seepage from tailings ponds

will depend on the location of the pond. In arid regions, the

seepage may evaporate before leaving the site, leaving the radio-

activity entrained and absorbed on soil. Should the tailings pond

be located near a river, minor leakage might be diluted sufficiently
relevant drinking water standards.by the additional river water to meet

Discharge of pond seepage into streams providing insufficient dilution
Inunder the control of the licensee would not be acceptable.and not

such cases, a secondary dam may be built below the primary dam to

catch the seepage which may then be pumped back into the tailings ponds.

|

|
'

.

|
|

13
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Table 3.2-3(],3_)3
i

Analysis of plant tailings effluents

from the Humeca Uranium Mill

(alkaline leach process)

Radionuclide pCi/l
I

Radium-226 10 to 2,000

' Thorium-230
,

0.1

Uranium-238 4,000

.
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4.0 The Model Uranium Mil 1

A =odel plant has been assumed in order to achieve a common

base for the comparison of radiation doses, committed health effects,

and radioactive effluent control technology.

The model mill is defined in terms of contribution to the

nuclear fuel cycle that is consistent with current designing and
However, it is notprojected commercial industry practice (6).*

necessarily representative of presently operating facilities.

f
Characteristics of the model mill are assumed to be:

a. 600,000 MT ore milled per year,

b. 1,140 MT U 03 8 as yellowcake produced per year,

use of the acid leach process,c.

a tailings retention pond system which uses a clay-core earthd.

dam and local topographic features of the area to form the impoundment,
{ collection and return of any seepage through the dam to the
I e,

tailings pond, and

location in a vestern State in an arid, low-populated densityf.
i

region.

While Reference 1 considered the radiological impact of seepage

is now believed to bethrough a model clay core impoundment dam, it

standard practice (6) to collect and return any such seepage to the

there are no routine liquid discharges of radio-tailings pond so that
;

| nuclides to water pathways from mills. The cost of a seepage control
t
t

i

|

i
i
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i

system is nominal compared to the cost of the tailings impoundment
i
4

system itself.
I

Radiation dose rates and health effects that might result from*

1 I
i .

the discharges of airborne radioactive effluents from the model mill

were calculated using standard X/Q values, dose conversion factors,

model athways, and health effect conversion factors that are similar.,

t .

! to those for other facilities in the previous discussion of the fuel

l
f supply cycle. These factors and assumptions are discussed in Appendix

! l

| j' A of Reference 1.
| i

The operating lifetime of a uranium mill is commonly from 12.

| to 15 years, depending upon the local ore supply and the demand for
,,

1 4

j uranium. In a few instances, the operating lifetime may be longer,

! I
| i and allowances are sometimes made for that possibility if it appears

i

f feasible. For the model mill, an operating l'ifetime of 20 years has
4

! been selected.
<
<

.

: |
1

1
*

4
i =

1

i
1

|
1
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5.0 Radioactive Ef fluents i om a Model Uranium Mill

Because regulations have not required uranium mills to report

the total amounts of each radionuclide discharged per year, the
limited

source terms chosen for model mills are based on somewhat

operational information (6). Source terms listed in table 5.0-1

for model mills are believed, however, to be reasonably accurate

estimates of the quantities of radioactive materials discharged to

air pathways with base case controls. The controls assumed as the

base case cot.sist of an orifice scrubber on the crusher and fine ore
scrubber in the yellowcake drying andbins, and a wet impingement

The milling procedures are so similar for acid andpackaging areas.

alkaline leach processes that source terms for the two types of mills
I

are considered identical, except that the alkaline leach process does

remove thorium from the ore so that, in this case, there is verynot
.

little thorium-230 as an impurity in the yellowcake dust,
|
f The model mill is also assumed to use clay-core dam impoundment

technology for tailings with a catch basin if required to contain

seepage through the dam. Unless the impoundment area is lined with an

impervious material, considerabic quantities (as much as 10 percent)

of the liquid effluent from the mill will leak out through the bottom|
!

of the pond. However, because of the ion-exchange properties of most

soils, radionuclides dissolved in this ef fluent will attach to soil
Theparticles and will not reach of f site locations or ground water.

1 model mill is considered, therefore, to deliver no radiation exposure
i

to members of the general population through liquid pathways.

L7

,
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Table 5.0-1

Discharge of Radionuclides to the Air from Model Uranium Millsi ) and Tailings Piles (6)
- .

With Base Case Controls

4

Acid I.each Hill Alkaline Leacli Mill
Chemical or Source Term Source Term

Radionuclide Physical State (mci /yr) (mci /yr)

Uranium-238 and 234 ore dust (oxides) 9.0 9.0

Rad ium-226 ore dust 4.5 4.5

;; Thorium-230 ore dust 4.5 4.5
,

Uranium-238 and .234 yellow cake (oxides) 170. 170. -

Rad ium-226 yellow cake 0.2 1.7

Thorium-230 yellow cake 4.7 ---

Uranium- 238 and 234 tailings san,d (0-10 p) O.2 - 0.8 0.3 - 2.2
'

.

Radium -226 tailings sand (0-10 p) 1.3 - 4.2 2.3 - 1.5

Thorium,230 tailings sand (0-10 p) 1.4 - 4.5 2.4 - 1.5

.

___

(a)6% moisture ore, radon-222 releases excluded

. .
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Each site must be evaluated individually. If the ground

water table is high and the soil is low in ion exchange capacity

so that it becomes likely that radium-226 and thorium-230 will escape

from the tailings impoundment into onderground waters, then the pond

area could be lined with an impervious membrane of asphalt to minimize

Acid wastes would have to be neutralized beforehand toseepage.
,

l

prevent damage to this type of liner.!

I The amount of radicactive particulate material removed from the
-

f tailings beach by wind erosion is believed to depend on the area of the'

beach, the wind velocity, and particle size distribution of the tailings
Par-

Estimates of this source term are included in table 5.0-1.(6).
considered to be respirableticles greater than 10a in diameter are not

included in the inhalation source term pathway.particles and are not

Historically, vindblown tailings have caused elevated gamma exposure

levels around piles, however, the inhalation pathway has been determined

Levels of control suf ficient to limit radi-to be the critical pathway.
to a

ation exposure through the inhalation pathway will also prevent,

significantly greater degree, exposures through the ground deposition,

l whole body exposure pathway.
.

l
|

|
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6.0 Radioloeical Impact of a Model Mill
.

Estimates of the radiation doses to individuals through the air

pathway in the vicinity of an acid leach model mill using base case
I
'

contrais from routine emissi..ns are shown in table 6.0-1. The esti-

mated collective lung doses s o the population in the vicinity of an

acid leach mill are given in table 6.0-2. The collective lung' dose

is determined by summing the average individual radiation dose equiva-

lent to individuals living within 80 kilometers of the mill over the

total population within 80 kilometers of the mill. The models for thei

dispersion and dose calculations are discussed in detail in Appendix A

of Reference (1).
,

.
Based on the information available at the time that

analysis was performed, an et fective half-life of 1,000 days was used for

insoluble class Y compounds in the pulmonary region of the lung in cal-

culating the lung doses from mill emissions. In accordance with what

is now becoming accepted practice, in this report all dose conversion

factors are calculated using a 500-day effective half-life (;18), and

are, therefore, reduced by a factor of two from the previously used

.

values.
!

| The dose conversion factor used to calculate the lung dose is

believed to be an order of magnitude more conservative than the dose

conversion factor used in Reference (6). heo_sns for this difference

'

which relate to assumptions regarding lung model parameters, are dis-

cussed elsewhere. It is also assumed that food consumed by individuals

living near the mill is not produced locally so that exposure through

20
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Table 6.0-1

Radiation Doses to Individuals due to Inhalation
in the Vicinity of a Model Hill with Base Case Controls!

t

.

.

Dose Equivalent to Critical Organ

Source Individual at Plant Average Individual
j
: Term Critical Boundary Within 80 kms

Rad ionuclide (mci /yr) Organ (arem/yr) (arem/yr)i

Uranium-234 180 Lung 170 3.9 x 10-2
y and 238

3.4 x 10-3Thorium-230 15 Lung 15

2.2 x 10-3Radium-226 10 Lung 15

4.5 x 10-2Total 205 200
,

!
-

e

; -

;
,
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Table 6.0-2

,

Collective Dose to th General Population in the
Vicinity of a Model M.ll with Base Case Controls

a
"### Critical Collective Critical Organ Dose

Radionuclide Term Pathwa-
O r r,a n

(mci /yr) (person rem /vr)

Uranium-23; and 238 180 Air I.un g 2.2

Tho r i um-2 3 0 15 Air Lung 0.2

4

Radi um -2 2 6 10 Air Lung 0.1

Total 2.5

.

aReleases to water pathways assumed qual to zero, and doses from raden-222 are
not included.

I

!

|
|

|

l

|

|
|

|

|

22



.

.

food chains is not significant compared to lung exposures resulting
Theinhallation of radioactive particulate matter.from the direct

radon exposure pathway was excluded from this report.

Because there are no liquid releases from the model mill, there

is no projected radiological impact through water pathways.

i

Health Ef fects Impact of a Model Mill7.0

Potential health effects to members of the general population

in the vicinity of a model mill using base case controls are esti-

mated to be 0.0002 lung cancers per year of operation, or 0.005

The models used for the cal-such effects for 30 years of operation.

culation of health ef f ects are given in Appendix A of reference (1).

!

.

.
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i 8.0 Control Technology for U ranium Milling
;_ .

F
f 3.1 Airborne Effluent Contro- Technology
t
y

i; Hazardous airborne gaseo is and particulate wastes are generated

in the milling operation frcm a number of different scurtes. The
1
I

; major areas of the milling op trations in which gaseous and particulate
,

| matter effluents must he controlled are the ore crushing area, the,

t

h fine ore bins, and the yellos;ake drying and packaging areas. Mills
?

p often prefer to use multiple lust collection systems rather than design
r
! a single, = ore elaborate syst c. There will usually be two or mere ore
i
i

i dust collectors and separate systems for the yellowcake dryer and for
f
I

[ the yellowcake packaging rooms.
i

Dust collector systems that are currently used or that can be

t_ adapted for use by isranium mills are discussed in reference (6).,

| They are for the most part ccatroL technologies that havu been proven

!

| and are standard indust rial < quipment.5

: Y

j Briefly, these treatment methods are:
.i

[ a. Orifice Scrubbers - The dusty air flows through a stationary

I\

| ; baffle system coated with a heet of water. The dust partic1cs
,

h penetrate the water film and are captured.

(
! b. Wet Impingement Scrt.bber - The dusty air carrying water
r
Z

| j droplets added by preconditioning sprays passes through perforated
:

; plates to atomize the water and tu wet the dust. Particies are then|

1
; -

| t collected by impingement on baffle plates and a vaned demister.
r
<

c. Venturi Scrubber - The dusty air is passed through a venturi,
|

l ( increasing its velueity. Water is added which atomizes in the gas
'

t

St ream and allet ts the dust by i mp i n g..me n t . The wetted dust is
-

| *
~

1 ?
!$

I
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removed by demisters. Raising the pressure drop across the

venturi increases the collection efficiency, but this requires

higher energy levels and raises the costs.

d. Bag Filters - These filters are made of woven or felted

fabric and have high collection efficiencies provided the air

being filtered is cool and dry.

e. HEPA Filters - These filters are made of fiber glass.

They have very high efficiencies but have a number of limitations;

in particular, they can only be used in conjunction with a

prefilter and on dry air streams.

Current practice involves the use of wet dust control systems,

although several mills use bag filters for air flows from ore

handling and from the yellowcake paciaging area. The costs and

percent effluent reduction for the v.trious control system's suitable

for effluent streams of the model mi 1 are given in table 8.1-1.

Particulate material can be pre"ented from being windblown off
|

! the tailings pile beach by back filling with overburden and, as an

interim measure, by chemical stabilization by spraying with

petroleum derivatives. Chemical stabilization lasts about a year and
,

must be repeated on a regular schedu:e.

Other sources of gas and dust which can be controlled are the

open pit mine haul roads and the ore storage and blending piles. In

some instances, the liquid content of the ore as mined may be

sufficiently high to eliminate most dust formation in the ore

storage and blending area; due to insuf ficient inf o rma t ion , this case
i

I

.
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Table 8.1-1

Cost and Efficiencies of Control Technology for Mills (d' '

. _ _ _ .
. _ _ _ _

Percent
Annual Effluent

Capital Cost Operating Costs Present Wor t h(b) ,

Control Method (dollars) (dollars) (dollars) (7,)
--

_

A. Gaseous (Crusher and Fine Ore Bins)
1. Orifice Scrubber 101,000 7,200 172,000 93.6
2. Wet Impingement Scrubber 116,000 8,600 200,000 97.9
3. Low Energy Venturi Scrubber 173,000 17,000 340,000 99.5
4. Bag Filters 300,000 21,000 506,000 99.9

H. Gaseous (Yellowcake Drying and Packagir.g)
1. Wet Impingement Scrubber (c) (35,000) (3,500) (69,000) 97.9
2. Low Energy Venturi Scrubber (c) (35,000) (6,900) (103,000) 99.5
3. High Energy Venturi Scrubber 46,000 15,000 193,000 99.9
4. liigh Energy Venturi Scrubber + llEPA 106,000 22,000 3 22, L'10 >99.99

Filters

C. Liquids, Solids, and Windblown Particulate
Matter

1. Clay Core Dam Retention System with 2,250,000 50,000(d) 2,750,00C
Seepage Return and 0.6 Meters (2 feet)
of Earth Cover Plus Rock Stabil,1zation(*)

2. Chemical control of Windblown Dust from 63,00,0 8,000 142,000 100.00
Tailings Pond Beach

3. Asphalt Liner for Tallings Pond (*) 800,000 0 800,000 100.00

(a)1974 dollars, radon-222 emissions not included.
(b)Present Worth = Capital Cost + (Annual Cost x 9.818); 87. Discount Rate, 20 yr. Plant Lifetime.
IC) Costs for all vellowcake effluent contro! are shown for completeness. In actual practice, the value of

recoveren prodo..t more than compensated the cost of controt options B1 and h2. * *

(d ) lac lud e s investment to provide for perpetual care.([el u n __ o. .
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will not be considered at present beyond stating that the problem ,

appears potentially significant and, that it can be controlled in
Dust genera-principle through sprinkling and by use of wind breaks.

tion on ore haul roads can also be controlled by sprinkling.
i

?

.

.
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8.2 Waterborne Effluent Con.rol Technology and Solid Waste Control
Technology *

New mills in the Rocky M ,untains area are using impoundment

technology in order to approa h zero 11guia discharge levels. Recent

practice for treatment of sol.d and liquid wastes is to select a

natural ravine which has thre basic qualifications for waste

storage: (a) limited runoff, (b) dammable downstream openings,

and (c) an underlying imperme ble geologic formation. Diversion

systems (dams and canals) are used to limit the runoff area

emptying into the storage bas n to prevent flooding of the ravine

during a postulated 50-100 yetr maximum rainfall occurrence. The

tailings dam, which should be clay-cored, is keyed into the underlying

impermeable formation, which, in one example, is a low porosity

shale. Tailings solids slurried in vaste process liquids are

pumped to the impoundment res>rvoir for storage and liquid reduction.

Liquid reduction is accomplis,ed primarily by evaporation, but

also by seepage through the dim, the reservoir walls and floor.'

|
Sy filling a dam =ed natural depression with tailings, a relatively

flat, stable contour is achieved.

Two methods for seepage collection and return are being

considered for new mills. Seepage has been estimated to occur from

| a clay-core retention dam at a rate of 300 liters per minute. In

I
! that situation when an impermeable geological formation underlies

the retention system, seepage can be collected in a catch basin

located at the foot of the dam. The collected seepage can be pumped

I

i
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frem effluents is almost equal, to the EPA whole-body dosc
The total dose

The total dose could be higher
and could exceed the organ dose limits.

if consideration
than that which could occur from exposure to effluents ..

turbine of a BWR station, frem.
,

is given to radiation from N-16 in the
from transportation of radioactive

storage of radioactive materials onsite,
l

material, from nuclear facilities other than LWR, or from other nuc ear

sites in the near vicinity of the station site. *=..?*

Conceptual Differences Between Appendix I and the EPA Proposed Standards3.

' There are substantial conceptual dif ferences between the " design
C

-
objective" and " limiting conditions for operations" features of the NR

s * 50. Appendix I and the standards ' presented in the EPA proposed
: 10 CFR Part
I, The design objectives of Appendix I are values which NRC
' 40 CFR Part 190.
e has selected with due consideration of technical feasibility and costI
'

Design objectives are values which the designers and the
ef f ect ivenes s.

operators of the facility are to use in selecting station featurcs and
|

A substantial technical ef fort was undertaken by,

operating procedures.

NRC in order to provide a data base for defining design objective values.

Representative values were selected for each of the numerous parameters
ities of

which are required to be considered in order to estimata the quant

each radionuclide which might be released and the exposures and doses

which might occur as a result of the release.

.
.

.

.

.

.
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NRC recogni:ed that each para eter could have a range of values a:d
.

the selec:cd value was believed to be " realist ica11y',' cc:servative but a:y
.

part icular fac ili ty, depending on actual experience, =ight have greater

or icsser releases or i= pact s than predicted by analytical =adels used by
'

the NRC s:sf f. NRC also recogni:ed that any particular facility could '

experience cperating difficulties _ ore severe than those assc=ed in develop-
ing the staff analy:ical codels. In recognition of these difficulties in

predicting i= pac:, :he NRC Appendix I of 10 CFR Par: 50 prevides for
.

operating flexibility between the " design objectives" and :he'"li=itid;

conditions" whien are reficcted in the " technical specifica: ions which

define plan: opera:ing li=its. If the li=:ing conditic:s are exceeded.
-=-r =cmr r i;,rr pe rscnnel =ust report the =atter to the NRC, deter =i=e them _. -_ -- . . . . . . . . ,

for :he higher releases, and dete r=ine a course of ac:ica which villreasons

reduce the releases to the design objec:ive levels. This =27 be viewed
as a graded scale of action rather then a li=it.

In contrast, the values proposed by the EPA in 40 CFR Far: 190 are
s

li=its rather than design objec:ives, and if they are enceeded the facili:y

presu:sbly vculd have to cease operations unless the NRC =ade a " variance"

finding that the release was unusual, of a te=porary nature, and the

societal interests veuld be served best by continued opera:ica.
4. Direc: Radia:iln Excosure frcn Casi:e Saurces

The proposed EPA dose li=its include dose contributions fr o= di re c t

and sentrered radiation arising fron radicactive =arerials which are con-

fined within ensite structures. Appendix I de fines as lov as reasonably

achievabl e des ign ob ject ivas for radioactivs =aterials in efflue::s and
,

e

u maa =.

, __ ._ , _. n -



|
t .

to .

7-.
*

.

'

does not address direct ra diat ion.
Dose contributions from this source

Neither the Draft
vould be additive to the doses arising from ef fluents..

nor the referenced technical documents provide
F.nviron= ental Stat e=ent

radiation and
adequate bases for limiting the coabined dose due to direct* ,e

-

radionuclide discharges to the proposed limits. '

1-5
show that

dose due to N-16 in BWR turbinesStudies of the direct
:he dose rate falls of f rapidly with distance from the turbine building

and, therefore, does not represent major source of population.cxposure.

Individuals residing near the site bound.2ry could receive whole-body dose
The magnitude of this exposure is very

:entributions fras this source.
.

dependent upon plant design conditions (power level, turbine design and .

equipment orientation, etc.), upon the geometric relationship *shielding,

of the receptor to the source (distance, direction, and orientation to
s i l such as

the turbine axis), and upon the habits cf the exposed indiv dua
i

the type of residence (which determines shielding) and the amount of t me

at that location (occupancy). Because of the multitude of factors
spent

which can af fect the exposure, it is difficult to specify the cagnitude
:

for
of the individual dose contributed from this exposure pathway except

Appendix A provides calculations which indi-specific sites and plants.
'

Although parametric studiescare the potential magnitude of these dcses.'
6,7

the costs of backfitting
of turbine shielding have been performer ,

individual plant
shielding installations would be highly dependent upon

'

design characteristic,s. Because of the dif ficulty in formulating a genera

model for estimating turbine shine, this source of exposure is addressed,

its licensing actions.by NRC on a case-by-case basis in
.

- -- * g
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5. Fuel Reprocessint Plants - Tr.yroid Dose Rates

In 1973 the AEC (now the NRC) staff initiated co=prehensive engineering,

environmental, and cost studies to provide part of the data base
- ..

for establishing '"as low as rea: onably achievable" levels of radioactiv
8.

=aterial in effluents frc= fuel reprocessing plants.

The initial step in (he studies, which" were perfor=ed at the Holifie d
.

Natiensi Laboratory (for=erly the ORNL), was to develop a model fuel
_. .. .

reprocessing plant typical of current design and operation using presen:

licensing limitations on the release of radioactive esterials. The cos:/
~

benefit of decreasing the releane of radioactive vastes through the use of
. ..u- = _ _

~

s*-= - - - .s se ;-.gI /--e f f ect ive .radwaste"syst e=s was analyzed. Deconta=inatio:
,

factors and source ter=s were evaluated for each radwaste systa=. The

radwaste' syst e=s ranged frc= present practice to the foreseeable li=its of

available ecchnology and were analyzed with respect to nor=al operatient.

The technology of several of the radwaste syst e=s cons idered has not be en

de=onstrated on a production basis, and those syste=s, therefore, are not

available for i==ediate application. Thus, so=e of the radwaste systa=3

that were considered for purposes of a cost-benefit assess =ent =ight not

achieve projected re= oval efficiencies with de=onstrated practicability.

Radiological i= pact on the environment depends upon effluent and site

characteristics, population distribution, and land and water uses. Two

s it e regi=e s, similar to sites previously approved by the AIC, were sele:ted
.

for the study in order to assess the range of impacts frc= s it e-relat ed

characteristics: a site on a plain in a rural southeastern coastal area
,

*
, _ _ _ _ -
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hich c=ptics into an estuary;

to a continuously flowing stresa wral midwestern environment adjacen-.id j acent

and a site located on a plain in a ru ties into a lar ge river. Hu=an ..

a continuously flowit.g stream which emp were hypothes' d

for each site regimeto

activities and land and water uses l radiation exposure pathways.Doses from

and analyzed to determine potentia d for individuals in the vicinity
..

r
I

identified exposure pathways were calculateion wi hin 55 miles of the ,. plants,Hype-

of the plants and for the populatto the p pulation, and to organ smi s near.

thetical doses to individuals, interaction of radioactive
i
'

.

fuel reprocessing plants were evaluated for and irradiation of
ith food and water

material in effluents from the plants wDose models cad pathways used in the stu y
*

d to

!

persons in the environs. i h t!ose used in the licensing of1

asses,s exposures are consistent w t frem proposed activities.icpact
-

facilities to evaluate the environment t1
i

and southeastern;

tive midwestern'

Average meteorologic data from represe.itaat=ospheric dispersion fas^of
|

were used to calculate average The desscoastal regions d to the population.

for use in calculating doses.co individuals anbe significantly higher than
,

might

commitments calculat ed for these siter ervatism introduced
i"

are actually experienced oving to the cons
i ive data from operating experience.those that

the calcu1&rion in lieu of defin t the maximum annual doce
[ The results of these studies indi: ate that a

f a child located at
via the milk pathway to the thyroid o dur'

commitment could approach 500 mrecs per year

distance of 0.5 mile from the plantth.-c reprocessed fuel cooled for160 des

equilibrium operations of a plant,

o .

|

|

%
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is due to the
fraction of this esticated dose co==it:2nt*A significant -.

60 daysenviation in cooling ti=e beyor.d 1
release of I-129

Therefore,

The ALAP studies,n est i=sted dose rates.
vould hav,e very lit tle ef f cet

190 =res per year at a
the' dose could be reduced to about

**

8indicate that (about S3.80 perof approxi=ately S35,000
total annual operating cost

icular resin rad-
person-thyroid-re= on a popul tion basis) using =acroret

vaste treat =ent equip =ent.
It should be noted that only preli=inary

.

st iculs'

laboratory studies have been t:ade of the perfor=ance of these =acror
i f

work would be needed to confir= the practicabil ty o
resins. Development

tional ion exchange
the process, which is similar otherwise to conven

.

i d
_ and to establish saltable =echods for resin regenerat on an

%------r._., - . _ . . .
~ .

'"'C' -'-- pre-5,,__, The elapsed tidi to
'

regenerant.
handling of the resins and the spent

i d to ae

demonstrate the practicability of this process has been est = ate
8

frc= project init iation.
-

three years

rhis dose rate could be reduced to less than
The staff believes that iodine during disolut

l

=re= per year by =odifying the processing to evo ve
equiptent. This process is not comples

and providing additional treat =ent ial reprocessir;
and conventional equipment would be used in a ec==erc

The process has been successfully de=onstrated on a laboratcry
plant.

and a de=onstration of the prock
llowever , engineering develop =entscale,

ired. It is

with irradiated LWR fuel and dissolver solution are reeu
and design engineering, equipment procure:the development

esti=ated that
up and testing, and integration into the overalland installation, start

5 years fre= pr$
could reasonably be accomplished in aboutplant circuit

'

a .

=

.

t
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d the use of'
'

'

initiation in view of the simplicity of the pr'ocess an
could require an

Operation of this equipment
convent ional equipment . 8

.' ($130 per person-thyroid-
of approximately $275,000!

,' annual operating cost .,

~,

tem on a population basis).

Recent public hearings have been ccaducted on the environmental
to the National Environ-pursuant

of the Barnwell Nuclear Fuel Plontimpact nor=al
The staff has estimated that.

mental Protection Act of 1969 (NEPA).
-

.-

could yield maxi =um iodine
operations of the Barnwell Nuclear Fuel Plant>

Infant via the = ilk and inhalation|

thyroid dose rates to the thyroid of at.'

9
This ..ose rate has been estimated for a

-

pathways of 88 mrems per year.
l t

location at a distance of 1.5 miles frm the facility (i.e., the c oses
,

uncontrolled distance from the plant).
and d::pending on the locatien of tac

Oh the basis of the above studies,~

coupliance with the proposed EPA stand.n
I

nearest "real" cow, it appears that
be achievabir .

,

f of 75 millirems per year to an in:iividual's thyroid may not'

| 2 years as required by
with practicability a consideration. sithin the next

which is stated to provide,

We note that the EPA report,[- the EPA standard.
k l d es that the

the technical backup for the proposed standard, ac now e g
from spent feel,

technology required to control iodine and krypton releases
,

(EPA-520/9-73-003-D, Table B2, page B15|
reprocessing plants is " unproven."

plants designed and approved after 1980 could
I

However, it is likely that
but

comply with the level of exposure proposed for 1980 in the standard,
require additional time to modify (backfit!i

the plants then operating might
.

e3uipment.
.
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6. Fuel Reproce sing plants - Caantities of I-129 Released
'

.

-EPA proposes a standard of f :Ci per gigawatt-year electrical for the

release of I-129, with an ef fect ive imple=entation date of Janeary 1,1953.
the Holifield National Laboratory in:1ude considera-'

Studies carried out at
''I-129 (half life =tion of the control of the long-lived radioiodine,

7 8

1.6 x 10 years). The studies indicate that the use of trear:ent systrus

incorporating cacroreticular re . ins, could contain I-129 releases to
an annual operating cost of62 =Ci per gigawatt-year elect r . cal at . . .

Further NRC staff analysis indicatesabout $35,000 for a =odel plant.
can be reduced to practice in about 3 years fronthat this i= prove =ent

to the
..

he addition of todtne evolution equip =ent. ..

%e.. .. . . .

nroiect inrttation. t

" -~

--reprocessing system is believed to be capable of reducing I-129, releases
. , , , _ ~ . .--

1.6 =Ci per gigawatt year cicctrical for a =odel plant 'and isto about
in annual operating costs.s

esti=ated to require approxi=ately S275,000

Reduction of this advanced equip =ent to practice is expected to require

about 5 years from project init iat ion. Therefore i=ple=entation of the

li=It for iodine-129 appears to be
proposed 5 cCi per GWe-year ef;1uent

achievable by 1983.

listed abov have been discussed in relation to thyroid
.

The i=provements

. doses of individuals frco radi.> iodine.
The EPA proposed standards also

address 1-129 releases per gigawatt-year elect rical. We expect that the

installation of radwaste trearcent systems to satisfy the proposed inc iv ide.

thyroid dose rate tandards also would satisfy the propos ed standards

related to 1-129 release quantity.

,

.

.
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Uranium Mills - Orean Do'se Rates

,

f 7 d

The function of uranium mills is to extract uranium in concentrate'

form from naturally occurring ore deposits Lhich generally contain three
'

!

In additien to
per ton of ore (0.15 to 0.30*,; U 0 )..

to six lbs. of U 0 38
38

the ores contain other radioactive constituents, such as .-

uranium,
i h are radiocctive

thorium-230, radium-226, radon-222, lead-210, etc. , wh c
-

decay products of uranium. .

At the beginning of 1974, there were 15 operating mi11s in the. ..
_.

Information regarding
United States, plus one mill on a staadby basis.

The nominal capacities of the
-

these mills is provided in Table II. 10

mills range from 400 to 7000 tons of are per day.
..

URANIUM. MILLS IN THE U'iITED STATES IN 1974'__TABLE II.*

"Hominal" Capacity
Short Tons of Ore Fer Day

Status of Mill No. of Mills
-_

State
5

13,500_

3Active'New Mexico * 9,050
7ActiveWyoming 1,750t

2 .

t AcciveColorado * 400
1ActiveWashingron*

1,750
1ActiveTexas *

500
iActiveUtah

-

26,950,

li
TOTAL

1,500-

1InactiveUtah
.

__
-

< Agreement states

o e

.

4
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After ore is received at : mill, it is first crushed and thea
Af ter the ore has reached a fire sand-finely, ground into a wet slurty.

is contas red with chemicals which selectively c

like consistency, it
The barren

dissolve or teach the uranium frem the finely ground solids.
solution and

solids (tailings) are then separated from the pregnant
The pregnant solution

pumped to vaste storage areas (tailings ponds).
and purify the uraniu=. The stripp

is then che=ically treated te extractj

I solution is then used as the pu=pinp, fluid to convey the solid vaste
i

tailings to the tailings pone.
t,o,,chara teri:e the locale of uranic = = ills and the

% -=u o m .,
< - - - - - - . . .
"

|
- ;. is- i=po r t a nt, . ~ ~ ' ' - -'*

. are released. Two pri=ary ' sources
type of radioactive material that,

| These
contribute radioactive =ater;als to the at=ospheric environ =ent.

f

f
(1) the release of effluents containing raden and particulates.

are:
it-plas

carrying radioactive materi:1 frc= the discharge stacks following
,

!
I

and (2) the escape of radon gastrearaent;
dust collection and effluent9

frcof p reiculat es carrying radioactive =ateria.and the wind transport!

i

I the tailings area.
*

frc= radon are sp:cifically excluded fro = the stacdards
.

Doses|

'

proposed by EPA.
Practicable =eans are not presently available to onti

releases of radon frem either =ill discharge stacks or tailing areas.
collection technicues vill control'The application of existing dast

releases of airborne particulates froc sill dischargedoses frc= the .

, cracks to within the standards proposed by epa.
.

I

n
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from wind
The major dose contribution frem uranium milling is-

The tailings,

' tion systems.
transported particulates from tailings reten -

h
uranium mills are constructed similarly to t ose

Ilretention systems at In the usual ,,

of other ore dressing and hydrometallurgical plants.
.

i ils or mine
case an initial earth dam is constructed using nat ve so

d s of .

Tailings slurries are then discharged along the inner e ge
.

*
.

vastes.

the embank =ents. to hundreds
Tailings retention syste=s range in size frca a few acres

During the const ruction
i

of acres containing millions of cons of tail ngs. tial areas of tailings
and operation of tailings retention systems, substan

seepage, and drairage of the liquid,

, vill form beaches due to evaporation, within the
fraction of the vaste' slurry by gravity to lower elevations

Thus, as tailings become exposed by
overall waste retention system. finely ground
beach for=ation within these vaste retention syste=s, the '

of uranium, becoced
solid tailings, containing the radioactive descen ants

This erosion, along with the dif fusion of radon
to vind erosion.subject i ls

from tailings syste=s, results in the dispersal of radioactive mater a'

into the surroundings of uranium mills.
in the environs of uranium mills have beenEnvironmental surveys d by mill

' based on the collection and analyses of airborne sampics collecte
airborne concentrations of radio-

licensees, an AEC program to determin: 12
closed mills, an AEC-PHS

active materials around callings piles at
13 concentrations around such systems,

to determine radoTsponsored program.
ilized inactive

and an HEW evaluation of the potential ef fects of unstab

o

. .
,

. , , - . . - -

. , .
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piles on ene Color:do River Basin. In addition, limited calculations

have been utde pursuant to the National Environ = ental Policy Act to

esti=ste potential exposures to individuals by inhalaticn ord y 'from milli ng
15

activities at three new mills cen=encing operations since 1970.

Engineering, cost, and environ = ental studies have also been initiated at
16 ,

the Holifield National Laboratory under the direction of the NRC for the

purpose of providing infor=ation on "as low as reasonably achievable"

effluent releases from uranium mills.

12
The AIC ceasure=:nts of airborne concentrations of radioactive

caterials around tailings piles at inactive mills indicate that airborne

concentrations of thorium-230 at 1500 feet from a tailings pile, which
4

. . . had only been inactive a few =onths and uhich. contained significant cois-
.

. .___:,-----
, ,

_

. - .- -- . _ _

ture, averaged 53% of applicable 10 CFR Part 20 limitsv--This,cor.respc.c f __ m

to a lung dose rate of about 825 = rem per year from inhalacion of thoriu:.-
s

230 alone to an individual continuously present in such an environ =ent.

It is recogui:ed that tailings at inactive mills are = ore prone to wind

crosion than those at active mills. The question of ALARA releases fro =

treniun = ills is under active set.dy by the NRC staf f.
,

The "as low as reasonably achievable" studies performed by ENL esti= ate

the total caxi=u= annual bone dose rate to a hypothetical individual at 0.5

miles frc: a theoretical =odel operating uraniu= =ill and tailings area

in '*'yesing to be 1060 c' em per year, assuming total occupancy at thatr

location and that l'00% of the food consumed is produced locally. It is

'

recognised that this dose rate overestimates reality because of the sparse
.

. w O

.
.
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d the unlikely assumption that.

population in the vicinity of most mills anlly.' However, the subject of real
an individual obtains all his food loca be, fore f.irm conclusions
doses to real people will require further studyhe confor=ance to generallyi
can be reached with regard to establish ng t

~

i il ls .
app'.icable limits as they af fect uran um m

-

ills
of environ = ental impacts from uranium m15

Recent evaluations ace equivalents presented

to NEPA resulted in the calculated dose rpursuant .

I in Table III.'

15

NE EFFLUENTS
.

ESTIF.ATED OFFSITE DOSES FRCM Jh.ANIUM MILL AIRBORI

ABLE III.
Dose (mrem / year)

Lung
Bone

Location
Hill

'2*

3838.6.

outside Fence.

Petrotemics
-

2342
Ranch

Humeea 13.4-12\ Ranch
\ Highland 1.0
| 0.4

RanchShirley Basin*-

These arefrom inhalacion only.
These calculated dose rates result lung limits of Part 20.

a small fraction of the 3 rem bone and 1.5 remindividual resides at
The boundary dose rates are hypothetical, since no ill and

The dose rates include radionuclides from the m
ti.e site boundaries.

include radionuclides that have becc e
mEne ventilation system,s, but do not

Again, additional studies would
airborne owing to wind erosion of railings.

individual.
be required to identify the dose to a real ,

.

>

| .e
, . ., ,

I
. . , - , ,

4
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8. Re oval of Noble Cases from Tuct Reprocessing Plant Effluents

The principzl concern arising from the release of noble gases from

reprocessi:; plants (particularly Kr-85) is the doce commitment (man-rem)

delivered to populations. Over the period 1980-2000, the United States

veuld contribute approximately 25; of the Kr-85 dose ce=mit=ent to the

world pop:14t ien. Thus, if the 'Jnited States were the sole nation to ~

require noble gas renoval frem reprocessing plant effluents, the desired

conseque::es of control would be largely negated. Similarly, the costs
,

, associated with reductions in dose cc=mitments may be related to both the

United Stat es population and that of the world. Estimates of these costs

::: provided in Table IV.
.

T.uLE IV. CCSI ESTD!ATES PER Midi-REM REDCCTION OF ER-85 DOSE COMMINENT
FRG{ U.S. LWR REPROCESSING PLANTS

. . . . .
. _ _ . . . . . . _ -

, , , _ _
,, --__e

-. -...-...ue---

1 Cost in Dollars Per Man-Rem Reduction
Year No. of Plants U.S. Population World Population

~

~ ~ ~

3 3.

Holdup P.oldup and 3F Holdup Holduo and BF

1975 . 0

1980 0

'

1985 2 29,800 36.500 352 - 393

1990 4 19,900 26,500 228 277

1995 8 20,400 25,000 224 249.

2000 11 19,700 L3,500 204 222

.

.

1. In addition to NFS, AGNS, and MFRD plants.
2. In dollars of 1973.
3. Plant s bu ilt prior to.1983 backfitted (BF) to recover 99% of the krypton

in the fuel received.

D d

1 _
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As may be seen in Table IV, the costs per man-rem reduction in dose
a factor of 90 greater rean

to the population of the United States is about

that to the worldwide populat ion. An interim value of'$1,000 per man-re:

and $1,000 per man-thyroid-ren are specified in Appendia I for judging the
Kr-85 re= ovaleffectiveness of ef forts to reduce populat. ion doses.cost a-

equipcent insta11at. ion and operation would not be cost-effective when con-

sidering the U.S. population dose from Kr-85. Only in ter=s of world popula-
*

tien can the installation of Kr-85 removal systems be argued as justifiable

in terms of cost effectiveness. Unilateral action on the part of the United

Stttes to re=ove Kr-85 would have little effect on the dose delivered to*

the entire world population. Foreign fuel processing vill contri,bute about

.
3 times the Kr-85 dose contributed by processing in the United States if

Kr-85 is not collected by any country. Given these considerations, it is *
e

the view of the staf f that the self-imposit ion by 1983 of Kr-85 re= oval

systems upon United States fuel reprocessir; plants should be deferred pendic;
,

resolution of developing standards now in progress under auspices of the
.-. ..

International Atomic Energy Agency.

A delay in i= posing standards for Kr-25 release for the purpose of

establishing p'olicy will impose virtually no added risk to any individual.

Estimated dose rates as a result of assumed releases from all worldwide

facilities of Kr-85 through the year 2000 are about 0.03 mrem whole body
17.

per year or about 1/2500 that of natural background radiation. Skin dose
.

"

rates for such conditions are calculated to be about 3 mrem per year.
.

..

.

$
* e

t

e

. %



.

__

.

- 2C -.

.

Prior to che i= position of release standards for Kr-85 with the ,

conscquent invest:ents in equipment and operations, the staff believes that

these costs should be exa=ined in te r=. of societal risks and alternative

beneficial invest =ents of the nation's resources. Thi.p view.is in consonance
- 18

vich a conclusion 3 ven in the BEIR report that states "... it is becoming
i

increasingly i= port ant that society net expend enor=ously large resources to

reduce very s=all risks st ill further, at the expense of greater risks that ..

go unattended; such unbalances may paa.s unnoticed unless a cost-benefit analy-

r. i s is att e=pr ed . If these catters ate not explored, the decisions vill
,

still be =ade and the cc=picx I::ues resolved either arbitrarily or by
suchdefault since the setting and i=ple=e station of standards represent

a resolution."
While the above considerations a, pear to be overriding, the developcent

of krypton re= oval e c,= i p =e n t to pract ice in fuel reprocessing plants should -

'

- . . _ . . - - - - - -
._ _

be fostered and continued, particula:ly in view of the possibility._ar.,,4pt,eg; __ ]

national agree =ents to li=it release: of Kr-85. The staff also notes that t! e

unilateral require =ent of restricted Kr-85 release by the U.S. could also

advers'c'ly af f ect the ce=petitive pos : tion of the U.S. in processing fuel

co= pared to that of foreign c;untries which do not have'such a requirement.

It is expected that noble gas c:= oval systems appropriate to the fuel

reprocessing industry could be operational in 1933 if appropriate research
8

and devel op=ent efforts were to be initiated now. This date, when com-

pliance with the EPA Kr-85 release standards is proposed, may be cptimistic

j

.. .
.

a.
4

9
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However, the EPA proposes that.the developgent program on noble gas removal

be reviewed in the future to establish the practicability of removal
two noble gas .remaval syst ems appear to

syst ems prior to 1983. At present,

These systems may be described as the selectivehave the greatest promise.
Description of thess

absorption and the cryogenic distillation systems. .-

systems and estimated schedules for their proof of practice certifications
.

|

are provided in References 17 through 26.
-

>

9 Utility of the EPA Proposed Standard

In 1971, the AEC amended 10 CFR Parts 2D and 50 to include the following

cri eria:
.

10 CFR Part 20.1(c)
|

". .. persons engaged in act ivities under licenses . . . should, in addi-
1

tion to complying with the requirements set forth in fTO CFR Part 2$7-..

make every reasonable effort to maintain radiation exposures and releases

of radioactive material in effluents to unrestricted areas as
\

far below the limita specified in /10 C1'R Part 207 as practicable."

~ 10 CFR Part<50.34a(a)
-

"... The applicant fJor a permit to construct a nuclear power reactor /

shall ... identify the design objectives, and the means to be employed,

for keeping levcis of radioactive material in ef fluents to unrestricted1
'

.

areas as low as practicable."
in 10 CFR Parts 20 andThe terminology "as low as practicable" is define;t

.

50 to be: .

the state"... as low as is practicably achievabla taking into account

| of technology and the economics of improvements in relation to the

1

*
s

=
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bene!its tc the health and .;afety and in relation to tLe utilizatio: |
;

of ato:ic energy in the pub'ic interest." -

In 1971 th'e AIC proposed nucerical guidelines for radioactive cater al

in Lk3 effluents to =cet the cr:terion "as low'as practicable." An ,,.

evidentiary public hearing was !. eld on the rule =a, king action. About 4,200

pages of testi:ony, a three-voluce environmental i= pact statement, and

thousands of pages of written testimony and exhibits were produced in this

rule =aking action. The public 1. earing was completed on December 6, 197",

and the NRC published Appendix 3 as an amendment to 10 CFR Part 50 on

..ay 5, 19 75. k~ nile the rule =aking action was tice consuming and extensive,w

,,
it per=itted parti:ipation by all interested parties and was responsible

. for the develop ent of a substantial data base upon which"a strund'rtfie= --~

could be drawn. Further, the criterion "as low as practicable ' which
s -

exists in 10 CTR Parts 20 and 5C was applied in the licensing of reactois

iq ,an effective canner during tt e four year period that was required to

:

complete the rule =aking process.

Upon completics of the public hearing on Appendix I, an effort was

initiated to develop the generic technical and economic data base for

selection rf nu=arical guides to =eet the "as low as practicabl,e"

criterion for uranius fuel cycle facilities other than LWR power stations.

k'hile a subs tantial amount of data has been produced from this effort , the

generic effort has not been compiered and the numerical guidelines for all
,

uraniu= fuel cy~cle facilities are specified on a case-by-case basis in the

licensing review. -

r
a.

G
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In view of thi effective ef fort de=onstrated by the NRC to restrict expo-

sures and releases of radioactive material fro =- licen' sed nuclear f acilit ies te
- as low as reasonably achievable levels, it appears that the proposed epi-

40 CFR Part 190 would not significantly reduce the population exposure frc=

reactcr and fuel cycle ef fluents, but it does have significant ad'=inis; . at iv
*

impacts in other areas as described below. ,

.

.0. Imple=entation of the EPA Proposed St andard

Among the alternatives to 40 CFR Part 190 considered by EPA was one"

uhich would set lower values for the standard.
This alternative was rejected

*

"... it would impose a largty EPA because, as stated in the EPA DES,>

.
tdministrative burden on NRC in order tv insure co=pliance."

3hould the proposed 40 CFR Part 190 becone an effective rule, i=pleme nt at ion
.

of that rule would impose a substantial administrative burden. The

following technically substantive adminit.crative problems are representative

of those which would be presented to NRC if 40 CFR Part 190 were to beco=e
;..

a rule.

a. Revise 10 CFR Part 20 and the recently amended Part 50 (Appendix I)

to implement 40 CFR Part 190.
'

b. Revise Technical Specifications for all licensed L' R power stations4

to reflect the requiremen'., of 40 CFR Part 190.
.

Review all licensing actions to identify facilities which will requirec.

additional radwaste treatment or other features which will per=it con-

pliancewith40dFRPart 190 and identify methods by which compliane:

could be accomplished and de=onstrated. .

,

.

-

.

$
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!'
d. Decide, as a =ct:cr of polic . , whe:hcr :he facilit ies should be

designed for curren: land an! varer usage by persons in the near
.

vicinity of the station and : quire backfit or restrictions should

u-tge change, or design for *otential land and water usage to avoid
4

the = ore costly bc kfitting, operating restrictions, and extensive
: .

surveillance require =ents..

- Deter =ine whe:her :he quanti les of Kr-35 and I-129 which would bec.
.

f

per=itted by 40 CFR Part 190 af ter January 1,1983, refer to all uraniu-;

. .

fuci processed after that da e or only to tha: fuel which' was used to
i

; generate electricci power af er that date. A finding on this issue
s

'

could influence decisions on =atter; such as :he schedule for proces tin;
,

i spent fuel and si=ilar issue dealing virh fuel and vaste =anage:ent
f. Pr: vide guidelines on what cinstitutes "a te=porary and unusual oper.:lei

s

j con'dition" for a nuclear fae . lity for which the ::RC =ay grant a " var' ant
.

| , Guidelic.cs also would have tc be pr ivided for judging the " necessity

to protect the overall societ al in: : rest vich respect to the orderly-

1

'

delivery of electrical pover' shoul ! the need for a variance by NRCI~
! be required for a uraniu= fut i cyc! facility.
1

; g. Reviev the analytical models curren-ly used by- NRC staf f to est i= atei
t
4

.

potential doses and consider possib e =cdifications or adjus =ents for
I

doses to "real people" as stated by the epa in the DES.s
- It is

6

actually i=possible to deter =ine ac urately the actual doses
.
t

to specifie.(

; I

individuals owing to the nulviple e po:ure = odes, the levels wh ich are!

,

;
too lov to =ec;ure, tha cobility of individuals, unique characteristics

~

a

! of individuals, and other factors.
-

- A
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h. Perfor studies to deter =ine the relationships bet ten releases of

radioactive =aterial and the doses which might be received by indivi-

duals in a region where interactions of dispersion patterns from

multiple nuclear f acilitles overlap.
..

i. Deter =ine what odifications on siting criteria for uraniu= fuel cyr..e .

facilities =ight be required to co= ply with 40 CFR Part 190. In view

of the low dose limits specif'ied in the EPA proposed standard, distance -

require =ests required to assure compliance for nor=al operations of

the facilities =ight be = ore restrictEve than those required in con-

sideration of serious accident situat: ens.
.

j. Devise a syste= for relating release quantities of Kr-85, I-129, and

long-lived transuranic ele =ents to' th power generated _by L'.lR powe _. _ _ _ . _.
_

..
- .

; ---. . , .: _- . ._ e .___. m.

. . . . .stations anc allocating per=tssible r : lease quantit tes among urantum

fuel cycle facilities. Allocation of release quantities among never
..,

. and older facilities would be couplic ited by factors such as possibic

. .. competitive advantages which =ight be realized by older stations,

which =ight not have features which will be included in new facilities,

should they be granted release allot =:nts based on considerations

other than fuel burnup quantities. O n the other hand, backficting of
j

older facilities can be extreccly expansive and place these facilities

a co=petitive disadvantage if the Sackfitting is required.at
.

If the contributions of the iodine-129 an! c1pha-cmitting transuranics from

light-water-cooled nuclear reactors would have to be assessed in order to

comply with the proposed standards, then i considerabic. expenditure of effort
.

e

-

4

.

%
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and cency would be required to =casure radionuclides which, in them-
celves, centribute

insignificantly to the radiation dose from nuclear
,

4

power reactors.
If the reactor contribution could be omitted, then

the standards vould represcat effluent limitations solely for spent1

fuel reprocessing plants. .

Even if the contributions from the reactor facilit.ies were e=itted,i

deter =ination of a priori e f fluent limitations (such as the technical

specifications in NR'C licensing conditions) would prove almost i=po, sib:

- Because these proposed li=i* s are tied to energy production knowledge.
,

of the fuel burnup and the ther=al efficiency of the reactor (to converti
)
I

4,
-

thermal energy to electricai energy) would be required for each batch of|
.

fuel reprocessed.
Because of the variation in individual reactor desig

,

<

|- '

power level, and fuel canage=ent practices, it would be nearly i=pessibli

.

,

;

i to specify,
| '' ' beforehand, the total equivalent energy generated by the'

annual reprocessing plant throughput of spent fuel., .

The reprocessir.g
facil,ity would have to keep a running account

- -

;
. e.

of the total activity
released to the environeent

and the total energy which had been generated
by thu fuel.

The rat io of t hese quantities would have to be computed
prior to

initiation of processing for each batch of fuel in order to
deter =ine whether that batch could be processed without exceeding the
epa standard.

Even if a given reprocessing plant were to recain 'n
compliance,

the ratio of the total activity discharged and the tot a.
equivalent

energy production for all reprocessing facilities would i ave
.

,

_. to be calculated ay NRC for every batch of fuel reprocesse ! t
, __

o insu: 2r

that the overall tota ls were in compliance.
-

.,

r
-
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11. Perspective of the Impact of the EPA Proposed Standard

The EPA Draf t Environ = ental Impact Statement (DES)* states that i=ple-

cantation of the proposed 40 CFR Part 190 would avert an est i=at ed 1030

" potential health effects" which would occur if current NRC regulatory
..

for the potentialpractices were to continue. ,The DES presents values+

health ef fects attributable to operation af the nuclear fuel cycle through .

i various environmental radiation protection levels.tae year 2000 at

12ble 10 on page 82 of the DES contains colu=ns which contain esti=ated

salues based on existing " Federal Radiatian Cuides," " Current AEC Practice,"
.

and " EPA Cenerally Applicable Standards." According to this table, there
at,

would be a substantial difference between the values projected under FRC .

guidance and AEC practice only for short sived materials where Appendix I ,

has been recognized to restrict releases in effluents to levels below the
j

FRC guides. The values projected under F(C guidance and AEC practice are
,

1

ide,ntical.for all other sources. The DE! does not present sufficient
.

details to determine the bases for the estimates presented, but apparentlyI

the estimates do not recognize that the r2 clear facilities have not been

operated in a manner which would result in doses to individuals at levels

as high as those permitted by the FRC st.'adards nor does it recognize the

existence of the "as low as reasonably achievable" criterion which the NRC

applies to all uranium fuel cycle facili t ies snd which assures that the

dose levels are well below the FRC guider.
. . . . . .. .*

.

* Table 10, page 82, DES

*
.

=

n
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b , In addit ion, tne potential health effects are esti=ated assu=ing a
1

h linear nonthrssaold relat ionship of so=atic and' genetic ef fects to radiat ic
"

dose at levels which approach zero and which are delivered at a very
4 ~

s low dose rate. Tne bulk' of the health effects. are postulated to occur as
I
% a result of irtegrating the extre=ely low doses frc= long-lived =aterials
1
i to the world's population over several decades.**

5

h Withcut a perspective, the esti=ated 1030 health effects postulated to
e

{} occur over abcut 150 years =ight appear to be substantive. Placed in
a
y perspective, the esti=ated 1030 health effects are scall, a s=all nu=ber in
a
51

3 a statistical sense when co= pared to the billions of such health
e
d

; effects which can be esti=ated to occur fre= other causes during the sa:e
+ .. .

7 ti=e period. Table V presents an esti= ate of the nor=al i cidenec,. ,I
.

W

( cancer and sericus genetic diseases of the types referred to as " health
w
v
6 effects."
1
1
,j Ne=erical est i=ates of " health effects" presented in the Draf t

. .,

g Environ = ental != pact State =ent for the Uraniu= Fuel Cycle standard are

] based upon the hypothesis of a linear, non-threshold, dose rate
hh independent relationship between biological effects and doses applied
N
j at levels which approach natural backgsound. This is consistent with
.

f the reco= end:tions of scientific authorities in =atters of radiation
.

9

j protection. F.ove ve r , experi= ental data are inadequate to verify or to
2 -

?,
a
3 **Iable 3, page 12, Environmental Analysis of the Uranium Fuci Cycle,ij Part III, Nu: lear Fuel Reprocessing, EPA-520/9-73-003D, Oct. 1973
4
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deny this hypothesis. An alternate hypothesis is that the probability
' low

of biological ef f ects a:e reduced when the doses are delivered at

dose rates and that an effective threshold exists.
If this alternate

the probability of biological ef fects at very Icw ,,

hypothesis is correct,
Mere than 937. of the total-body dose co=mitment,dose levels could be zero.

essentially all of the calculated Fealth effects, arewhich represe=t .

of su==ing doses far less than one mrem per year to the entiretse re ult

Thus, a fair statementp3pulatior. of the world over several decades.i

would be that the expected i= pact is likely to be within the range from

zaro to 1030 health effects.

.. $. . . ,- w
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T ELE V. ESTD:ATED NOFJ!AL INCII ENCE OF " HEALTH EFFECTS" IN THE U.S.
ANI, IN THE WORLD

,

Period Population Cancer Genetic
1/ 2/ 7 3/

~ ~

1970-2020- U.S. 1.8x10 deaths '',--
, ,

7 ~4/
--

3.7x10 cases .

5/ 7 6/
-

1970-2120- U.S. 5.0x10 ca<es--

7/ 8 8/
1970-2020 Wor'id 5.9x10 deaths"

~

--

*

9

1.2x10 cases --

9 9/-

~

1970-2120 World 3.0x10 cases--

Total health effects (cancer + 3enetic) cases.

7
*

U.S. 8.6x10 cases
9

World 4.2x10 cases

I/ A 50 year period was selected for evaluating cancer incidence to ec=:are
~

with the EPA postulated nu=ber of somatic effects resulting frc= doses
from exposures to radiation c riginating in U-fuel cycle f acilities d . ing

.the several decades.
2/ The population of the U.S. was based on Fig. D.1, p. D-9 of EPA-520/9-73-003:

-3
3/ A cancer death rate of 1.29x10 per person year fre= the U.S. was selected
~

from World Health Statistics Annual 1966-67.
*

4/ The number of new cancer cases was assumed to be twice the number of :ancer~

deaths per the NAS/NRC BEIR Report.
5/ A 150 year period was' selected for evaluating genetic disease incider.:e to
~

correspand to the time period for the EPA genet ic e.st icat e s.
6/ A value of 6% was selected for genetic disease incidence based on esti=ates
~

in the BEIR Report.
9

7/ The world population was assumed to be 3.5x10 in 1970 and to increase by~

1.9% per year to be consistent with p D-15 of EPA-520/9-73-003D.
-3

8/ A calcer death rate of 1.22x10 per person year for the world was er:i=ated~

from data in the World Health Statistics Annual 1966-67.
9,/ The U.S. genetic disease incidence (6*4) was assumed to apply che wor'id

population.
.

o
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t
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Further, the 1,'nited States will contribute only about one-quarter of

the 2.r-55 vorldwide inventory fro = uraniu= fuel cycle operations stich will
Neither national nor .-

be the source of these worldwide low-level doses.

internatic:a1 authorities in radiation protection have specifically addressed

the significance of worldwide low-level doses and the need for international ,

control of Kr-85 and si=ilar radioa:t ive : surces.
* ile the values for nor=al incidenet presented in Table VII are gross

.

*n

esticates, it is clear that the esti=ated 1030 health effects stich EPA
190, even

postulcres to be averted by i=ple=enting he proposed 40 CFR Part

if correct , vould cost about $100,C 00,000 to the United S.ta.te_s and woul d- --s _

. . . . _

. . . . .
*

. . , - , , , , , . .. _. ' .. ..
.

* * ~ ~ . ~
an increase of less than 0.0003" in th e no r'=r.f. . .-. ,d e ne t

.

inci or enese
represent

health effects.
\
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APPENDIX A .
, ,

.

16
CALCULATED N TURBINE DOSES

. a.
e

1-5
Measure =ents at several boiling water reactors have*shown that the

dose rate fro: direct radiation falls off exponentially with distance -

avcordir.g to the fo r=ula $

-br
D(r) = Ae

where D(r) is the dose rate at distance r in = rem / year, r is the distance

from the turbina in =eters, and A and b are parameters which are determined
'

-- -- 6
. .. ..

.

by fitting the =odel to experimental data. Th e s e c ons t an t h are,, highly,-._. ._=r=,

dependent upon the turbine building desig- and the reactor power level as

shown in Table A-1. At present, these va'istions are not well understood.
.

, The pareceters generally represent the de andance of the dose rate upon

distance in the direction of the highest tasured dose. The dose rate is

also related to the direction with respect to the turbine axis so that the

doses calculated using those parameters ripresent upper bound esti=ates.

*fhe expocential cature of the =odel indic.:es that the dose rates fall off

rapidly with distance.
.

.

.

e
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TABLE A-1

*-

EXTERNAL DOSE PARA 12TERS DET :R:!I iEt FRO.4 EXPERI!2NTAL F.EASURE:CNTS
13

Reactor Power Level- '.

A bL'e -

.

Code
.

s.

1 600
.

1250 0.0132
2 1840

716 0.0088
.

3 1555
~

543 0.0091
4 1000 (nor=alized) .

108 0'011
5 1000 (nor=alized)

. 125 0.0066
6 .

1000 (normali:cd) 858 0.0099
.

7 1000 (norma 1i:ed) 2470 0.0161 I\
-

.

.

f

e en e".

.

|

|
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e
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typical reactor sites,In order to esticate the doses which may exist at
,

the site boundary (exclusion radius) distance and tne distance to the
randos.

residence were examined for 13 B'a'R reactors selected at
.

nesrest

the turh* c 'These distances were =casured from t he reac tor building and not

axis, but they give approxitsate estimates e,f the distances which could

represent actual site conditions foi real eactor installations. The range
,

of values is represented in Tabic A 2.

.

TAB 1E A-2
- .

REPRESENIATIVE BtR SITE PARAMETERS
.

.

*
Average

-
,

' Minimim Maxi =us I S. E., , , ,

.

Site Boundary (=eters) 21 1340 650 3 110

Fearest Residence (meters) 43- 1560 925 + 115
.

?

j .*..

These distances were used with the nodels n Table A-1 to determine the

range of doses which might be expected to ccur at real sites and distances.
t

| The results of these calculations are show in Table A-3. As can be
|

seen, the majority of the calculations yie d doses which are considerably'

below 1 mrem / year. However, for smaller s ces the contributions to the

external dose rate could be appreciable fr etions of the proposed EPA

standard. The site boundary doses ..ssume ontinuous occupancy which would-

9

not actually occur, but even with a 10* oc upancy ( 880 hours per year)

!
'

*
i

~
.

I .
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j the site boundarf doses at the s:*allest site might be 7 - 10 citem/ year.
.
' '

. These doses could be additive to the dos e contr'Ibution fro = radioactive

=4terials in ene f acility effluer es and could, thereby, res"It in total
!

doses in excess of the proposed : tandard of 25 cres/ year. Because the
1

a
1 .

| turbine doses are hignly depender t upon individual site and reactor

) design paraneters, the NP.C staff believes that they can be core properly
;

i addressed in individual ,licensint actions on a case-by-case basis, rather
.

than by a genersi standard.
1

4

i

.

*

,
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TABLE A-3.

CALCULATED DIRECT RADIATION DOSES FROM B'.7R TURBINES
.

,,
.

I
. .. ,,

' -

-

!
-

.

',
-

.
,

*

;
.

Calculated Dose Rate (mrem / year)2 -

f -Location Distance Model 1 2 3 4 5 6 7 AveragG'

(m)
'

.
,

Site Boundary 215 minimum 73* 108* 76* 10* 30* 102* 78* 68*~
''

'

1340 maximum 4 0.0001 0.0056 0.0026 <0.0001 0.018 0.0015 <0.0301 0.003r-"

! 650 average 0.23 2.4. 1.4 0.085 1.7 1.4 0.07 1. '
~

.

Res1J n'c.a 433 minimum 4.0 16 10 0.92 7.2 12 2.3 7.Neare.*r

. c:=0
% 1560 maximum <0.0001 0.0008 0.0003 <0.0001 0.004 0.0002 p0.0001 0.000

925 average 0.006 0.21 0.12 0.0041 0.28 0.090 0.0008 '0 .1UE3$
' -

D -

c==-
M
&
O

IM;

@ .

*F3 *
4 hypothetical doses based upon continuous occupancy

.

h

t

r
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INTRODUCTION

The Nuclear Regulatory Commission (NRC) staff submitted written

co=ments on the proposed EPA regulation 40 CFR Part 190 en September 15,

1975. A copy of these previous comments is attached. In our comments we

identified several technical and administrative issues which should be

resolved. We have reviewed the Supplementary Information dated January 5,

1976 in which EPA addressed some of the same issues raised in our previous

written co=ments. This supplemental information has not altered our view

that the proposed EPA standard (1) would provide little, if any, additional

benefit beyond that provided by current regulatory practices, (2) would

impose substantial additional regulatory burden, and (3) could prove to be

i= practicable in compliance by major components of the uranium fuel cycle.

We note in the Supplementary Information it is concluded that Appendix I

to 10 CFR Part 50 provides " adequate assurance," prior ec operation, that a

light water cooled nuclear power reactor (LWR) facility is capable of

compliance with the proposed standards for sites containing as many as five

reactors but a substantial number of rules, guides, and other licensing

procedures would have to be altered to be consistent with the proposed

standard. We will address these and other aspects of the practicability

!

; and feasibility of implementing and demonstrating compliance with the

proposed standard,
i
t

.
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I.
LICHT k'ATER COOLED NUCLEAR PO'4ER REACTORS

A. Experience Gained from 10 CFR Part 50, Appendix I Rulemaking.

In the Appendix I rulemaking proceeding, some important regulatory

experience was gained which we believe can be helpful in the present

standard setting effort.

Appendix I of 10 CFR Part 50 establishes numerical guidelines for

meeting the "as low as reasonably e-hievable" (ALARA) criterion for levels

of radioactive material in effluents of light water cooled nuclear power

Appendix I was promulgated af ter an extensive rulemaking pro-reactors.

ceeding extending over a period of about four years, including an evidentiary
public hearing.

The AEC, in initiating the rulemaking effort to specify numerical

guidelines which would satisfy the "as lov as reasonably achievable" (ALARA)

criteria in 10 CFR Parts 20 and 50, faced a situation similar to the one

EPA now faces. Light water cooled nuclear power reactors were selected for
i

the initial effort at quantifying the ALARA criteria, not because the

reactors were identified as a dominant source of exposures, but rather
! because commercial-scale power reactors had been operating for more than

a deccde and a substantial amount of experience and data were available.

; These data were thought to be adequate to provide a sound technical base
|

for selecting practicable numerical guidelines which would be generally

applicable to commercial-scale power reactors.

_2_
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The data from effluent measurements by licensees prior to 1971 and

other sources were reviewed to select representative values for the

" source ter=s" (quantity and identity of radionuclides in effluents). The

source ter=s were used in analytical models to estimate potential doses to

individuals and to populations in the vicinity of nuclear power reactor

sites. The numerical guidelines which were derived in this manner in 1971

were thought to represent " good demonstrated engineering practice." Sub-

sequently, in 1973, in developing information for the Environmental Impact

Statement for the Appendix I rulemaking proceedings (particularly for the

cost-benefit analysis), it was necessary to relate source terms to specific

station design features and operating modes. In doing this, it was realized

that the existing data on source terms were adequate to demonstrate compliance

with the Federal Radiation Councils' radiation protection guides (RPGs)*

embodied in 10 CFR Part 20, but inadequate to provide a basis for selecting

numerical guidelines substantially below the radiation protection guides.

Indeed, =inor pathways for release of radioactive material from the LWR

stations were identified which previously had not been monitored at all.
*

Radiation Protection Guides for individuals and for suitable samples of
exposed grcups in the general population were presented by the Federal
Radiation Council in Report No.1 (May 1960) and Report No. 2 (September
1961). The RPG values are:

Pooulation:

Individuals 0.5 rem /yr to whole body
1.5 rem /yr to thyroid gland
0.003 microgram Ra-223 in skelton

Average for population 5 rem /30 years to gonads

Average for suitable
sa=ple of exposed 0.5 rem /yr to thyroid gland
group in general

0.001 micrograms Ra-226 in skelton,g 9

3--
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While these pathways yielded small f ractions of dose relatice to the

higher levels of radiation protection guides, they were substantial contri-

butors relative to the lower ALARA levels.

In su= mary, as we gained experience in our study of LWR source terms

and equipment capability in operation, we concluded that some features of

the numerical guidelines proposed in 1971 could not practicably be achieved.

In recognition of this finding, the proposed guidelines were revised

to higher valu.'s. More i=portantly, we then first recognized that rather

than simply reflecting contemporary " good engineering practices," the values

were in part, based on the use of extensive and untested station design

features. That is, these unproven features would have to perform as designed

in order for LWR stations to achieve compliance with the higher numerical

guideline values proposed in 1974. The regulation (Appendix I of 10 CFR

Part 50), which became effective on June 4, 1975, is an even further relax-

ation of the numerical guidelines that were proposed in 1974, partially

because it reflects the recognized uncertainties in source terms owing to

the Lack of data from operating commercial power stations with advanced

design features.

We believe it is important that recognition be given to the fact that

an adequate technical data base is required for selecting the limit values in

40 CFR Part 190, if the limits practicably are to be cchievable. The lessons

learned in developing Appendix I concerning the practicability and feasibil-

_itv of effluent controls imply that the proposed 40 CFR Part 190 is imprac-

ticable for those portions of the uranium fuel cycle in which undemonstrated

effluent controls must be used to meet the proposed standard.

-4-
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B. Graded Scale of Action (design objective values) vs. Limits.

" Design objective quantities" and " limiting conditions of operation,"

which are specified in Appendix I, represent a graded scale of action
.

rather than a limit. The design objective quantities may be thought of as

goals which NRC believes can and should be attained in the design and

operation of LWR stations. This regulatory concept recognizes that there

are many variable factors which affect the ability of a licensee to meet

the goals and that there will be occasions when the design objective

quantities may be exceeded even though every reasonable measure is being

taken to keep effluent levels as low as reasonably achievable.

In contrast, the values presented in the EPA proposed standard are

limits.* The proposed standard, in EPA's view, if promulgated, would

supersede for uranium fuel cycle facilities the current Standards for

Protection Against Radiation, 10 CFR Part 20, which derive from RPGs pro-

mulgated by the Federal Radiation Council under Presidential authority

(Supplementary Information, Part A, p. 3]. Historically, compliance with

RPGs has been demonstrated by restricting potential exposures to levels

well below the limiting values and by requiring only sufficient monitoring

to verify that potential exposures were well below the limits. This has
I

been done as a practical matter because if the operation of a :.uclear

f acility were such that potential doses could be very near the limits,

additional and costly monitoring and surveillance programs would be required
!

to assure that the limits are not exceeded. If the limit is lowered to
.-

.

about 1/20 of the current RPGs, as proposed by EPA, it be impractical to

*

The standard does provide that a " variance" can be granted by NRC for
unusual and temporary conditions if it is the public interest to do so.
We will discuss this feature of the proposed standard in several sections1

! below.

.s. .
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demonstrate compliance by restricting releases to a small fraction of the

lowered limits and it will be necessary to require substantially expanded

monitoring and surveillance programs. We further discuss the demonstration

of compliance with the proposed standard in Section V.

C. Reactor vs. Site Limits.

In the Supplementary Information dated January 5, 1976, it is stated

that the NRC has issued guidance for single LWRs [ Supplementary Information,

Part A, p. 2] and concludes that it is unlikely that doses from each of

several reactors sharing a common site would be additive. (Supplementary

Infor=ation, Part C, p.15] This conclusion is wrong.

Appendix I of 10 CFR Part 50 presents numerical guidelines for each

light water cooled nuclear reactor. When multiple reactors are placed on

one site, the calculated potential doses at a location beyond the site

boundary could be only slightly greater than the calculated dose for a

single reactor on the site, but there is no such regulatory requirement.

Rather, for substantial periods of time the potential doses at that

location is expected to be several times greater than the potential dose

value for a single reactor on the site. The practicability conclusions

of Appendix I are very specific in permitting this. It is important to

recognize that if several reactors are located on a site, the 1ndividual
,

reactors can (and probably will) have specific design features which

differ from the others sharing the site. They may have been designed and

built at different times, or reactors which are located more distant than

others from a limiting dose receptor offsite may need less radwaste

-6-
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processing equip =ent in order to meet the criteria of Appendix I. Further,

it is co= mon practice for two reactors to share com=on radwaste systems

and effluent release locations. Thus, isodose lines for each of the

reactors on the site could intersect or overlap and the potential doses

can and probably will be additive. If each of the several reactors

sharing a single site had iden_ical design features, it would be less

likelv that the potential doses from the several reactors would add in a

manner to be substantially greater than the potential dose from a single

reactor, but even then it could occur, and it is not prohibited by
Appendix I.

We stated in our previous written comments that three reactors oper-

ating within the design objective values of Appendix I on a single site

could exceed the limits of the proposed standard. That is, they would be

designed to meet Appendix I which is equivalent to design criteria which

would permit violation of 40 CFR Part 190 as proposed. Since limiting

conditions of operations are twice the design objective values, two reac-

tore on a single site also could exceed the proposed standard. Thus, we

cannot agree with the conclusion that Appendix I would provide de facto

assurance that as =any as five reactors on a single site would comply

with the proposed standard. [ Supplementary Information, Part A, p. 4]

While we agree philosoyhically that it would require combinations of

liquid and air pathways cf exposure which could be simultaneously

intercepted by real individuals for the proposed standards to be exceeded

at a site containing several reactors, we believe that the potential for

this combination could arise whenever two or more reactors are evaluated

-7-
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for a single site and NRC would be required to demonstrate that the com-

bination will not occur. It is reasonable to expect that new procedures

would be required for Ua'Rs to demonstrate, at the licensing review stage,

reasonable assurance of compliance in operation with 40 CFR Part 190.

Appendix I numerical guidelines are applied by calculating the potential

doses which might be received by individuals at various locations. They

also are applied to potential land and water usage and food pathways which

could exist near the site. EPA has stressed that the dose limits in its

proposed standard are actual doses to real people. While we believe that

it is proper for the standard to be so qualified, it also must be recognized

that it is not practical to accurately determine actual doses to real

pecple when there are many variable factors which can affect the doses

actually received. Many of these varia?'es cannot be controlled or deter-

mined, and there is no practical way to directly measure the doses to an

individual from all pathways of exposure.

Thus, dose estimate must be based on analytical models and a consider-

able range of uncertainty always will be inherent in establishing a relation-

ship between the estimated potential doses to individuals and " actual"

doses they receive. As we develop more " realistic" models, the calculated

doses will sometimes underestimate the actual doses owing to the variable

nature of the parametric values.

Generally, anticipated potential land and water uses are taken into

consideration in selecting station design features. While the consideration

of potential land and water use in licensing procedures tends to introduce

an element of conservatism, this is not necessarily the case over the

lifetime of the station.

8--
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EPA places considerable reliance on the Commission's statement in its

Statement of Considerations for Appendix I that several LWRs on a single

site can operate with doses to individuals less than 5% of the present
10 CFR Part 20 limit; i. e., presumably 25 mrem /yr to the whole body as

5% of the 500 mre=/yr limit [ Supplementary Information, Part'C, p. 3].

It should be noted that the quoted statement of the NRC is not part of the

regulation, Appendix I to 10 CFR Part 50. While the values so quoted may be

appropriate for multi-LWR sites on the average, the limiting conditions for

operation in the regulation permit operation at twice the design objective

values and radiation sources other than effluents are not included in

Appendix I (e.g., N-16, storage sources, etc.). The sum of all dose contri-

butions at a multiple reactor site can, and probably will, exceed 5% of the

current RPGs.

This misunderstanding of the way Appendix I works in practice is

amplified when one realizes the added difference between yearly average

performance and short term field measurements required by EPA to demonstrate

noncompliance with the proposed 40 CFR Part 190 (see Section V, below.)

D. Prospective vs. Retrospective Dese Esti=ates.,

| EPA suggests that NRC licensing actions for LWR stations "...should be

11=ited to a finding, either for specific sites or on a generic basis, as
|

appropriate, that the facility has been provided or has available to it.

adequate means to provide reasonable assurance that these standards can be,

I

satisfied during actual operations" [ Supplementary Information, Part A, p.4}.

EPA suggests that compliance with Appendix I should provide the reasonable

| assurance of compliance. But nowhere on the record of this proceeding has
!

that conclusion been supported. It is arbitrary. We find substantial
|

-9_
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dif ferences between Appendix I and the proposed standard and we cannot agree

that there now exists a technical basis for concluding that meeting the

criteria of Appendix I would necessarily provide reasonable assurance of

conpliance with the proposed standard.

SRC licensing of nuclear facilities requires a finding that the facility

can be operated in a manner such that it can co= ply with all applicable laws

and regulations. As the licensing yrocess procedes from early stages of

site selection through construction permit, and to full operating license,

the station design develops f rom general concepts, to general design features,

to specific design features, to actual equipment and layout. At each

licensing stage, evaluations by NRC are required before proceeding to the

next stage. The bases for these evaluations must be made known, and the

decisions defended. If the proposed standard is pro =ulgated, NRC also will

be required to make findings cencerning the capability of the facility to

conply with 40 CFR Part 190, before any operating data are available, and to

defend these findings. In lieu of specific operating data, it is difficult

to defend other than conservative extrapolations of the available data.

Faced with uncertainty in projected station operating characteristics, it is

likely that the licensee would be faced with either including additional

design features (e.g., aug=ented radwaste systems) in the original station

design c: to add these features subsequent to reartup (at substantial cost

per.alties) if necessary to co= ply with 40 CFR P.tre 190.

Should NRC adopt the EPA suggestion that compliance with Appendix I is

reasonable assurance that the facility can comply with 40 CFR Part 190

(given so=e as yet undeveloped basis for such assurance), the licensee

still would be required to either gar.ble that augmented systems vill not

- 10 -
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have to be added at a later date (backfit) or add these features as part of

the original station construction simply because the EPA standard provided

limits for operation and not a graded scale of action as provided in Appen-

dix I. Experience has shown that "backfitting" costs frequently range up to

several times the cost of original installation. Further, costly "down

time" could be required for backfitting. Given replacement power costs for

fossil fired plants which range from $250,000 to $2,000,000 per day

(depending on local air quality standards and availability of fuels), there

are substantial financial uncertainties for the ccnsumers associated with

this aspect of the proposed standard.

E. Practicability of Compliance.

Compliance with the proposed standard is impracticable. We have

identified several technical deficiencies in the development of information

on the practicability of the proposed standard which partially account for

this. With respect to LWR stations, EPA cites (1) the report EPA 52019-73-

003C, Environmental Analysis of the Uranium Fuel Cycle, Part II-Nuclear

| Powtr Reactors, (2) AEC and NRC Environmental Impact Statements for various

LWR stations, (3) the Concluding Statement of Position of the AEC staff on

Appendix I, and (4) " Conservative" evaluations by NRC staff in licensing

proceedings as demonstrating the practicability of compliance. These are

insufficient bases for a finding of practicability for compliance with the

proposed standard for the following reasons.

1. EPA Report on Reactors

The EPA report 52019-73-003C (Reactors) contains calculated potential
!

l dose values based on source terms similar to those used by AEC in 1972
I

I
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but different frc= those experienced by licensees in practice and used

by NRC in licensing today. Using our current source ter: estimates, the

potential doses calculsted by EFA generally would be higher.

It is instructive to review so=e of the principal changes which NRC

has =ade in the analytical procedures for estimating source terms and

doses since February 1974 These principal changes are:

(a) Added procedures for calculating releases of particulates,

carbon-14, argon-41, and gasecus tritiu= releases;

.

(b) Revised procedures for calculating the liquid effluent releases

| due to anticipated operational occurrences;

(c) Revised calculational =odels for containment purge to account

for plant operating experience;

(d) Revised calculation of the I-131 releases frc= BWR ventilation

syste= exhausts as shown below; and

Source of 1-131 Old Rate (Ci/yr) New Rate (Ci/yr)

Turbine 31dg. 0.34 0.19
Reactor 31dg. 0.01 0.17
Auxiliary Bldg. none 0.17
Radwaste 31dg. negligible 0.046 ,

Mechanical Vacuu:
Pu=ps negligible 0.03

Total 0.35 0.61

(e) In addition to the source ter= changes, dose calculations for

inter =ittent releases are based on short ter: =eteorologic

dispersion rather than annual average dispersion factors.

- 12 -
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Further, organ doses from radioactivb material in gaseous effluents are now

summed for all pathways of exposure.

Generally, the revisions have resulted in increased calculated releases

and, in some cases, in increased calculated dose values. Item (d) is of

special interest in that the total release has been increased and the

source is from several buildings rather than essentially from one building.

This requires more radwaste equipment for the several buildings to reach

the same level of control of releases and potentially reduces the overall

cost-effectiveness of the augmented treatment systems. This affect is not

accounted for in the cost-effectiveness analysis for the proposed 40 CFR

Part 190.

2. NRC Environmental Impact State =ents

NRC Environmental Impact State =ents (EIS) are intended te realistically

The EISportray the anticipated effects of nuclear facility operations.
the timeprojections are based on the best design information available at

they are written, which is in advance of plant operation. Therefore, the

calculated dose information is not the definitive operating data necessary

to judge compliance with a standard set at levels very near the anticipated

operating levels. Some of the EIS written a year or more ago contain informa-

tion which differs from the information which would be contained in an EIS

written today. And on the basis of this obsolete information, EPA finds

evidence that it will be feasible and practicable to implement limits at or

below the level of practicability. The EPA, in fact, does not rely on EIS

data for determining compliance. Rather, it is required that actual

environmental measurements be used for verification of noncompliance.

13 --
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Tabic 1, Part C. p.
5 of the Supplementary Information, is cited as

evidence supporting the conclusion that "as many as five LWRs would result

in individual exposures that are appreciably less than 25 mrem /yr to the

whole body and 75 mrem /yr to the thyroid."
Table 1 contains selected infor-

mation from EIS for three and four unit LWR stations for which EIS were
written between 1972 and 1975.

(The table should be corrected to indicate
that WPPS is not a four unit site, but two units each on two different
sites.)

The table is an incorrect basis for this conclusion because:

When these EIS were written, it generally was assumed that
a.

the station design features would be those required to satisfy the

AEC staff's proposed numerical guidelines for effluents, i.e., 15

mrem annual thyroid dose at the site boundary for the combined
operations on the site. (Recall that AEC staff had proposed

numerical guidelines in 1971 and 1974). The NRC promulgated

Appendix I on May 5, 1975, and it contains numerical guidelines

which differ from the previously proposed guidelines in the

magnitude of the values selected and in the sense that they apply

to each reactor on the site rather than all reactors on the
site. Consequently, licenses for multi-unit LWR stations which|

!

had committed to provide augmented radwaste features have the

option of reconsidering those commitments in view of the present

- 14 -
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numerical guidelines which generally require less radvaste

features than previously proposed guidelines; i.e., utilities

may omit those features not required to satisfy Appendix I. Thus

the dose values presented in EPA's Table 1 likely would be higher

if evaluated today owing to differences between the proposed

Appendix I numerical guidelines and the final Appendix I guidelines

which were higher for practicability reasons,

b. The doses shown in EPA's Table 1 are based on calculational

models that will not be capable of verification for several

years when reactors of this size with these design features are

operating. For PWRs, in particular, there is little operating

data to support the realism of the source term calculational

models. Further, the provisions of Appendix I require the use of

analytical models which will not substantially underestimate

exposure of an individual. In the future, as uncertainties in

operating performance decrease, data vill feedback on calculational

models ar.d the calculated and actual doses to individuals are

expected to become equal. Said another way, NRC fully expects

future stations to operate very near the design objective

release rates specified in Appendix I. EPA's Supplementary

Information shows convincingly that EPA has misunderstood this

190.aspect of the practicability of the proposed 40 CFR Part

In actuality, the analytical models and the selected parametric

values which are used to estimate source terms and to calculate
s

- 15 -
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doses have been undergoing frequent review and =odification

since they were presented in the Appendix I Environmental Impact

State.ent (1973). The net effect of these changes in some cases

has been to increase the calculated dose values for individuals

near the site boundary. The dose values have not been recalcu-

laced for those stations listed in EPA's Table i because generally

these stations are between the construction permit and operating

license stages. However, the calculated dose values for other

statiens, for which EISs were issued a year ago, have now been
'

recalculated. Some of the dose values increase, others decrease.

For the cases where doses have been recalculated, thyroid dose

values have increased over a range of 2 to 20. Thus, the dose

values presented in EPA's Table 1 likely would be higher if

evaluated today owing to differenets in analytical models used

to cuantify dose calculations based or. nas reactor operating data,

c. Reactor operations are not controlled by the estimated dose

values presented in the EIS. Rather, reactors are opereced in

accordance with the technical specifications which are a condition

of, and contained in, the statica operating license. The '.initing

conditions of operations are expressed in terms of two release rates:

(1) the instantaneous release which, if continued for a year, would.

result in 10 CFR Part 20 Appendix B limiting concentration values

or limiting annual doses offsite and (2) the release which averaged

over one calendar quarter would result in calculated doses equal to

- 16 -
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half the (annual) design objective dose values of Appendix I to

10 CFR Part 50. The dose values presented in the EIS for the

station are calculated based on the assumed full time operation of

radwaste equipment. Redundancy generally is not required and,

if the equipment is not operable for any reason, higher dose

values than those presented in the EIS can be anticipated. Again,

because of these factors doses higher than those presented in

EPA's Table 1 can be anticipated but the magnitude of the doses

from operating stations is now known only from calculations; only

a few of these calculations have been completed subsequent'to the

promulgation of Appendix I; and all such calculations have yet to

be verified by operational effluent monitoring.

3. Appendix I Concluding Statement
!
! The AEC Staff Concluding Statement * in the Appendix I rulemaking

contained a table which indicated that most of the reactors licensed at

that time either could comply with the proposed (1974) numerical guidelines

or had commited to augment existing systems to comply. However, recent
|
| revisions of analytical models used to estimate source terms have

invalidated those conclusions. Further, the difference between the
1

___

Concluding Statement of Position of the Regulatory staff. Public Rule-
making Hearing on: Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet the Criterion "As Low As Practicable" for
Radioactive Material in Effluents of Light Water Cooled Nuclear Power
Reactors. February 20, 1974 Docket No. RM-50-2.

I
- 17 -
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propesec (197e)
numert al guidelines and the final version of Appendix I is

ancther e eplicating fae:cr. It is n:V required :: reach a deter =ination

of ces:-effectiveness and to establish design objective values for each

Further. as stated in See:ica E.1.a. above, licensees =ay c=1:
reactor.

these raduaste features ne: required to sa:isfy A pendix 1. Ccnsequently,

the 1974 AIC S:aff's Ccn:luding S: ate =ent is no: ncv a valid basis for
.

conclus ens concerning capabili:1es of s:stiens to =ce: the proposed 40 CFR
.

.70.

'. Conser.g:is:

"Conservatis:" in NRC licensing a .41yses have been cited by EPA La
several references. E?A uses its conclusions in this regard to sub-
stantiate the clai: tha: real deses to real peeple vill likely be les.
than 40 CFR Far:

190 11:1:s for s:a:icas licensed under curren: NRC

practice.
This cenclusion is in error. Our ce==ents on the specific

f a::crs identified as con:ributors to the conservatis: are giver

belev.

Predicted Discersien and Deposition vs . Measured Values.a.

Several NRC/ EPA coepera:ive efforts have been =ade :c characterire

the dispersion and deposition of radio: "fve =a:erial in the

envirens around nuclear facilities. 'ihile these studies have' been
instrue:ive, and have provided the =est ce=prehensive data available

today, they have been li=ited in secpe and duration and the analyses

have not provided definitive infor=atica which would per=it sub-

stan:ial : difications of current analytical =edels. EPA cites
these reasurerents as shoving conservatis: in curren =odels but

the results are variable - se=eti=es indicating values higher ej;
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Iower than the predict'ed values. These results are not suprising,

given the uncertainties inherent in the selection of parametric

values, in-put data, sampling and analytical procedures, limitations

of analytical models, and our attempts to provide realistic estimates.

Consider the information presented in the table on page 7 in

Section C of the Supplementa y Information. The stations at
.

which the measurements were made are not reprer,antative of new

stations, and the data are not representative and would not be

generally applicable because:

(1) Dresden 1 is a unique reactor featuring an indirect cycle

BWR and a call stack for diluting and dispersing effluents;

(2) Yankee Rowe and Haddam Neck reactors employ stainless

steel fuel rods which, experience has shown, have lower fuel

defect levels than Zircaloy clad fuel. Zircaloy is used in all

large LWR s:ations in the U.S.; and

(3) all three of the nuclear power reactors cited by EPA are

small units (ranging from 600 to 1825 MWt) relative to contemporary

3800 MWt reactors.
l

! Further, NRC reviews of EPA reports on the field studies have
!

identified specific technical problems which characterize our

concern that the results of specific measurements have been
|
' incorrectly generalized from atypical facilities. For example,

we sent the following letter to one of the authors of the EPA

report on the Haddam Neck field measurements. (The letter is

retyped here for convenience of presentation.)

- 19 -
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Mr. Bernd Kahn, Director December 17, 1975
Enviren= ental Resources Center
Georgia Institute of Technology
205 Old Civil Engineering Building
Atlanta, Georgia 30332

Dear Bernd:

Thank you for the opportunity to comment on the report of the EPA
radiological surveillance study at Haddam Neck. The report con-
tains cuch useful information that we will consider in future
revisions to our source term calculational models. We believe
that ceasurements of the type you have made, when performed at a
nu=ber of plants under a variety of operating conditions, pro-
vide the most valuable type of data for improving our models.
Care must be taken, however, in comparing measurements made at
a single plant over a period of a few conths, with a calculational
=edel that represents the 30-year operating life of the plant.
Also, the measurements need to be related to the plant operating
conditions and to plant activities, such as maintenance and
operation of certain pieces of equipment, during, and for the
period prior to, each set of measurements. In view of the many
variables involved, we consider that the measured releases, which
in many instances are within a factor of two of the calculated
source ter=s in the staff's Environmental Statenent, show excellent
agree =ent with our calculational models.

In regard to your specific question about the apparent inconsis-
tency in the applicant's reported primary to secondary leak rate
and the measured releases from the main condenser air ejector, we
note that your ceasured release rate (Table 3.5) is approximately
a f actor of 2.5 times higher than that reported by the licensee
during the same period. The applicant's reported releases imply a
primary to secondary leakage rate of approxi=ately 300 kg/hr,
which is consistent with the value you report in Appendix C.3
for measure =ents made on March 16, 1971. We also note that,
although both the primary coolant concentration and the primary
to secondary leakage rate were steadily increasing during the
sa=pling period, your measured release rates at the air ejector
were constant to within +25%. These facts lead us to conclude
that the gas saeples taken from the main condenser air ejector
exhaust by the EPA may not be representative of true system
steady state operation. Such a situation might occur due to the
relatively small volume of the samples (1.8 litars) and due to
the fact that sa=ples were taken during or shortly following
changes in power level, e.g., the July 24, 1970 sample was taken
shortly after refueling, the September 16, 1970 sample was taken
just af ter a startup, and the four sa=ples in March and April
1971 were taken while the plant power level was decreasing just
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prior to refueling. It als'o appears that the applicant's estimate
of the primary to secondary leakage rate of 75 to 150 kg/ day is low
by a factor of two to four.

We have reviewed only the portions of the report having to do with
source terms. If you desire comments on the measurements in the
environ =ent, you should contact Enrico Conti of the Radiological
Assessment Branch, whose Section is responsible for environmental
radiological surveillance. We have received the draft of the
report on the surveillance studies at Oyster Creek from
Dr. Blanchard and will attempt to provide comments on the measure-
ments as they relate to our source term calculations.

Sincerely,

John T. Collins, Chief
Effluent Trcatment Systems Branch
Division of Technical Review
Office of Nuclear Reactor Regulation

EPA has cited data from field studies as revealing "significantly

lower iodine concentrations in milk than projected by models for

the pathway currently used for environmental analysis" [ Supplementary

Information, Part C, p. 6]. This conclusion is premature. The

data from the Quad Cities station have not been fully evaluated.

However, there are extended periods during which the iodine con-

centrations were considerably higher than would have been predicted

| using current analytical models. The reasons for this are not fully

understood at this time. We do not believe that the data from

field studies fully demonstrate the conservatism of NRC analytical

models. Rather, the data demonstrate that much more information is
i

! needed to obtain a full understanding of the complex relationships

between the release of radioiodine in various forms and the low

level radiation doses that may be received in the environment.

- 21 ~

.

,. . , - - - ,



m

~ .
_

To demonstrate the extent to which the results of the field

measurements have been misapplied to rationalize that the NRC

=odels are conservative and that compliance is practicable, con-

sider the " Maximum Individual Dose" table in the Supplementary

Information, Part C, p. 7. The values are presented as annual

doses, yet examination of the EPA reports on these studies, e.g.,

Radiological Surveillance Study at the Haddom Neck PWR Nuclear Power

Station [ EPA-520/3-74-007], shows that the data were inadequate to

determine potential annual doses. The annual dose values prese'nted

for the thyroid, bone, and G1 (LLI) were not based on measurements

in the environment, but were based on calculations using detailed

effluent data. Further, the reported annual whole-body dose values

were based on measurements of external dose rates (in terms of

uR/hr on discrete days which were tsed to de' ermine the annual dose

rates) made inside the site boundary and extrapolated by calcula-

tion beyond the boundary. To this was added the calculated wholel

body dose contributions f rom effluent data [See p.117, EPA-520/3-

74-C}. Thus, it is inaccurate to characterize f.hese dose rate

values as originating from " field studies." Further, EPA con-

clusions from these studies, such as the paragraph quoted on p. 7,

Part C of the Supplementary Infor=ation, are not warranted or

justified,

b. LVR Source Terms.

The EPA " Supplementary Information" contains, among other things, a

discussion of LWR source terms which concludes that the NRC source

term characterization for PWR stations are unduly conservative (h1 ).

- 22 -
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We believe that this issue is exemplary of the failure to correctly

interpre t the practicability aspects of the proposed 40 CFR

Part 190. That is, the proposed standard is based on an incorrect

assessment of effluent control technology. We will further discuss

source ter=s for that reason. ,

EPA makes the following statements concerning source terms.
t

(1) "In addition to conservative environmental dose pathway
models, radionuclide source term models have generally been
conservative. For example, fuel experience for PWRs has been
much better than the 0.25% fuel leakage rate new used as a '

design basis for calculating environmental releases."
[ Supplementary Information, Part C, p. 10]

,

Comment The NRC source term models were developed to provide a
'

realistic assessment of releases of radioactive materials contained

in liquid and gaseous effluents from nuclear power reactors,

averaged over the life of the station. The parameters used in the

staff's models are based on data obtained from operating reactors

to the greatest extent possible. Where operating data were |

unavailable or inconclusive, we relied on laboratory data, test

data, and j udgement. The " fuel leakage" value of 0.25% referenced

above has not been used in our model since the spring of 1975. We

| presently use a value of 0.12% which is based on data provided by

Westinghouse. We consider the value presa cly in ust (0.12%) ta be

representative of zircaloy clad fuel experience to date for PWRs.

This change is important. Future PWR radwaste equipment vill be

selected by using this realistic source term. Thus, " realism" as
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mandated by Appendix I will make it more likely that multi-reactor

stations designed and operated within the requirements of Appendix I

will exceed the limits of the proposed 40 CFR Part 190.

(2) "A second important consideration with respect to conservatism
in source term-models is the fact that, especially for PWRs,
effluents are postulated for inplant pathways which require
simultaneous levels of degradation of several parameters in
order to lead to a postulated release to the environment. For
exa=ple, effluents from the PRR secondary system (e.g., steam
generator blowdown vent or condenser air-ejector exhaust)
require the simultaneous existence of a " design basis" fuel
leakage and a " design basis" assumed steam generator leakage
rate of primary coolant into the secondary coolant. Since the
probability of each " standard" assumption is generally signif-
icantly less than one, the probability of both occurring at
the same time must be smaller than either of the individual
probabilities. Thus, if the annual probability of having the
" design basis" number of fuel failures is five percent and the
probability of having a " design basis" primary to secondary
leak is twenty percent, the probability of operating a FWR
with " design basis" fuel leakage and primary to secondary
leakage is of the order of one percent. In spite of this,
light-water-cooled reactors have been evaluated as if these
" design basis" conditions occur simultaneously, for periods of
time comparable to a year (17)." [ Supplementary Information,
Part C, p. 11]

Co==ent As with our parameter for fission product leakage from the

fuel, our parameter for primary sye*en to secondary system leakage

within the steam generator is based on leakage rates measured at
i

operating reactors. Our current parameter is based on 15 reactor-

years of experience and includes periods of essentially "zero"

leakage as well as periods of significant leakage. In both cases,;

fuel leakage and steam t .erator leakage, the arithmetic average of

the available data was used, not " design basis" upper limits as

i= plied by EPA. Again, EPA has not accounted for the practicability

and realism considerations =andated by Appendix I.
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"Even though the most recent environmental statements employ(3) models specified by regulatory guides which are more realistic
than those used in the past, these models are still conser-

Again, in the opinion of the Nuclear Regulatoryvative.
Comnission on Appendix I on 10 CFR 50 (4):

"It must be understood in discussing the matters of calcula-
tions1 conservatism and realism that Appendix I means,
i=plicitly, that any facility that confor=s to the numerical
and other conditions thereof is acceptable without further
question with respect to section 50.34a... The numerical

ments and are indeed based upon conservative evaluations." guidelines are, in this sensa, a conservative set of require-
[ Supplementary Information, Part C, pp. 5, 6}

This conclusion is in error, possibly because of aComment
The

misreading of the Appendix I Statement of Considerations.

Co==ission's opinion referenced above does not say that the models
Rather,

are conservative, as suggested by the EPA interpretation.

the Co= mission has stated that Appendix I sets forth conservative

design objectives which were arrived at by conservative techniques

(e.g., linear extrapolation of radiation effects to low levels) and

that the degree of conservatism inherent in the selection of

Appendix I design objectives negates the need for further con-

servatism in the form of licensing evaluations or more restrictive

This quoted paragraph is in direct contradiction todose limits.
l

the proposed 40 CFR Part 190 since the paragraph states a forma

conclusion by NRC, based on practicability considerations, that

limits more restrictive than those imposed by Appendix I are
!

not warranted for nuclear power reactors (e.g., site limits in

addition to reactor limits).
|

- 25 -

.

l
._ - -



_ . _

,

.

,

|-
- ..

.)
'

,

As a general co= ment, the NRC and reactor licensees have instituted i

I

measure =ent programa to determine the sources, magnitudes, and
!

species of radionuclides released in power plant effluents. On the

basis of infor=ation received to date from these programs, we have

made substantial revisions to our source term model for BWRs. The

data obtained from recent1Y initiated PWR measurement programa

vill be used to update the PWR model in coming months, in keeping
{

with the NRC's commitment to keep the source term models consistent

with operating data. It should be noted that data obtained to date

have not shown the source term models to be " generally conservative,"

as indicated by the EPA [ Supplementary Information, Part C, p.10),

but have sheen in several cases that model revisions were needed to

keep from underestimating radioactive releases. It should be

rese=bered that the NRC's models are designed to predict radiological

effects over the projected 30-year operating life of the plant, and

that disparity between predicted average releases and short-term

measurements may be indicative only of having chosen a sampling

time or location that was not representative of "30 year average"

conditions.

1

II. C':'riER FACILITIES IN THE URANIUM FUEL CYCI.E

A. Tecnnical Data Base

The numerical dose and release quantity limits specified in the proposed
.

regulation reportedly cre based upon the information contained in the EPA

Draft Environmental Impact Statement (DES) and the three volume report
|
| Environmental Analysis of the Uranium Fuel Cycle. Additional information
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was presented in the report " Supplementary Information" but this report was

issued well after the limiting values were selected.

We have related some of the difficulties which AEC encountered in the !

Appendix I rule =aking due to an inadequate data base for LWR reactors,

several of which had been in operation for more than a decade. Even less

applicable data are available for most other facilities in the uranium fuel

cycle.
|

The AEC had planned that similar guidance for other fuel cycle facilities

would be developed after completion of the rulemaking action to provide

numerical guidance for LWR effluents. A Federal Register notice of intent

for rule =aking to this effect was published by AEC in 1974. Recognizing that

a scund technical data base is required for selecting such values, the AEC

contracted ORNL in 1973 to initiate a comprehensive technical study of fuel

cycle facilities, including uranium mills, UF refineries, mixed oxide fuel
6

fabrication facilities, and fuel reprocessing plants. In reports of these

studies, ORNL provided evaluations of radiation source terms, evaluction

of process equip =ent capabilities, estimated process equipment costs, and

calculated potential doses to individuals and to pcpulations in the region

of a site. Basically, this is the type of information we found to be abso-

lutely necessary in our Appendix I rulemaking. The ORNL studies were performed

under the direction of AEC and continued under NRC. Four reports on these

studies were issued by ORNL* in May 1975.

.

ORNL-TM-4901 Nuclear Fuel Reprocessing
ORNL-TM-4902 Fabrication of LWR Fuel from Enriched UO
ORNL-TM-4903 vol. 1 - Milling of Uranium Ores

Vol. 2 Preparation of Cost Estimates for Vol. 1
ORNL-TM-4904 Fabrication of LWR Fuels Containing Pu.
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After reviewing the information in these reports and evaluating the

nature of the data and other information the NRC staff has concluded that the

technical data and information for all types of uranium fuel cycle facilities,

except reactors, are inadequate to provide technical bases for selecting generic

ALARA numerical guidelines at this time. We arrived at this conclusion for

three principal reasons.

(1) Effluent data now available are adequate to provide reasonable

assurance of conpliance with RPGs but inadequate to demonstrate the feasibility

of complying with generic ALARA numerical guideline values which are a small

fraction of the RPGs, particularly for facilities with design features which

have not been operated in co=mercial-scale plants of the design type being

considered.

(2) An interin value for the monetary worth of incremental reductions

in population doses ($1,000/ person-rem) was selected for Appendix I cost-

benefit evaluations but rulemaking proceedings on thia issue may result in a

change in this value; consequently, it would be untimely to apply the

interim value to other than reactor facilities at this time.
(3) The NRC is considering a staff recommendation to issue its own

technical status reports utilizing the ORNL effort, inter alia, rather than

using the information for NRC ALARA rulemaking actions, as originally intended.

We caution that these ORNL reports provide theoretical, not empirical,

analyses relative to the conclusion that implementation of the proposed

standard is practicable and feasible. We do not agree the conclusion that

these reports support a finding of practicability or feasibility of compliance
with the proposed 40 CFR Part 190.
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We also caution that ORNL-TM-4901 (Reprocessing) is currently being

revised to reflect current licensing practices and evaluations. The revisions

could be substantial, particularly with respect to equipment effectiveness

for control of iodine releases and the associated cost-benefit analyses.

Furthermore, the current baseline analyses for fuel reprocessing plants in

the NRC Generic Environmental Statement for Mixed Oxide fuels show potential

maximum annual thyroid doses of a few hundred arem for typical FRP sites.

These are far in excess of the 75 mrem annual limit in the proposed standard.

B. Fuel Reprocessing Plants

One commercial fuel reprocessing plant (FRP) has been operated in the

United States. This FRP had a small capacity and most of the fuel processed

had relatively low burnup. This plant is currently shutdown for extensive

modification to increase processing capacity, to incorporate a new process

(not yet selected) to solidify liquid wastes, to add equipment (not yet

selected) to convert plutonium compounds to oxide forms and to modify other

station features. Another FRP (Barnwell) is in the licensing process and

construction is nearly completed. Design features of this new FRP differ

substantially from those of the first FRP; consequently, data obtained from

previous operation of the first FRP will not necessarily be applicable to

the second. The Barnwell FRP will include advanced design features for which

no commercial operating data are available. However, testimony presented

during the licensing process for the second FRP indicates that potential

release quantities of long lived material from this FRP and potential thyroid

doses could exceed the proposed standard.
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The practicability of installing krypton recovery equipment in the

Barnwell FRP was evaluated by NRC staff in the course of licensing action for <

that facility. We estimated that the Kr-85 could cause an annual dose of 17

man-rem among the 657,000 persons living within 50 miles of the plant. We

also esti=ated that C-14 could cause an annual dose of 59 man-rem to the same

population. The cost of krypton recovery equipment estimated by ORNL, by

Allied General Nuclear Services, and by Allied Chemical Corporation ranged

from at least $5 million to about $40 million. An annual cost of $2.0 million
'

was esti=ated for a $5.6 million capital cost system, which includes minor

additions to be capable of recovering C-14. If the system with the lowest

esti=ated cost were to capture 100% of the Kr-85 and C-14, the calculated

annual dose to the population within 50 miles might be reduced by 76 man-rem

at an annual cost of $2.0 million, or about $27,000 per man-rem reduction. We

do not now consider this practicable from a cost-benefit consideration.

Practically, it is not possible to recover or to retain 100% of either

the Kr-85 or the C-14 and it is conceivable that the $40 million capital cost

estimate is more accurate than the $5.6 million cost estimate; thus the cost-

benefit value could be even less acceptable. A larger valta for the

reduction of the population annual dose (commitment) can be calculated by

sr--4ng the infinitesimal annual doses to the entire population of the Earth

over several decades, as advocated by EPA. We do not believe that such a

value is significant at this time, considering the number of FRPs. if viewed

with any perspective such as comparisons to variations in natural background -

radiation with location, or other similar source comparisons.
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We recognize that
the cumulative inventory of Kr-85 (and other long-

lived radionuclides) in the atmosphere could attain undesirably high levels

by the year 2000 or later owing to the contributions from all FRPs on Earth

if Kr-85 releases are not restricted by that time. We are confident that

such restrictions will be provided by FRPs in the U.S. long before this

potential problem becomes a real problem. Our principal differences with

EPA on this issue are (1) the specific time at which it is proposed to

require the restictions on releases, (2) the unilateral nature of the action,
(3) the administrative problems created by stating the limits in terms of

.

electrical energy produced, and (4) the specific nature of the proposed

standard (e.g., facility specific rather than a generally applicable environ-
mental standard).

Aside from the " practicability" issue, the proposed 40 CFR Part 190

|
would require application of krypton recovery equiptment in all commercialI

FRPs by 1983 and no effective variance provision is providri for FRPs which

enceed the standard [ Supplementary Information, Part A, p. .). A sub-s

1

scantial research and development effort is required before krypton recovery

equipment is available for commercial FRPs. If 10 years are required for

the R&D effort, as estimated by ORNL and others, compliance in 1983 would

not be possible. Presumably, the date for compliance could be changed if
1

this is the case. The lack of an effective variance provision for FRPs is a

more difficult matter. Without a variance, exceeding the Kr-85 limits

presumably would be cause for shutdown. In order to avoid costly shutdown
in the event the Kr recovery equipment is inoperative, it is likely that
redundant equipment would need to b'e provided. This redundant equipment
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would further increase the cost of equipment (recall that one cost estimate

for a system which included redundant equipment was $40 million) and would

decrease the cost-effectiveness of krypton removal.
,

In addition to these processine problems, additional oroblems must be

identified and resolved, including safety issues concerning the operation

of the equipment, and the handling, transportation, and long term storage or

ultimate disposal of the collected Kr and other long-lived =aterial. The costs
or i= pact of these items a'. o must be included in a realistic cost-benefit
analysis.

In this regard, the National Council on Radiation Protection and

Measurements, on July 1, 1975, issued NCRP Report No. 44 " KRYPTON-85 IN THE

ATMOSPHERE - Accumulation, Biological Significance, and Control Technology".

In the Su= mary, NCRP makes the following observation.

"The dose from 85-Kr for the next several years will be of such a low
order as to preclude the need for installation of recovery systems.
However, as such systems become available for full-scale application,
their installation in fuel reprocessing plants should be considered in
relation to the costs of such installations and the benefits, if any,that would result."

In the Discussion, NCRP recommends international collaboration on this

issue rather than the unilateral action required by the proposed standard.

"In this report the subject has been addressed from the point of view of
the United States atomic energy pro 8 ram. It is estimated that by the
year 2000, the United States installea nuclear electric power capacitywill be about 1000 GW compared to nearly 5000 CW for the world. Any
policy adopted by the United Sates would thus deal with about 20 percent
of the 85-Kr generated in the year 2000. This is clearly a general
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question that requires careful international collaboration and the NCRPurges that
the International Atomic Energy Agency and the Internatio

Commission on Radiological Protection give prompt attention t nal

for developing policies that will be acceptable on an internatio the need
scale." onal

This NCRP recoe=endation is in complete accord with our ore i
_reco==endations to EPA [see attached comments dated Sentember 15',v ous

1975].
C.

_Uraniu= Mills _

Uraniu= mills in the United States generally are located in arid
regions

a relatively sparse populations..

Tailings piles (i.e., solid waste from
the milling process released as a slurry and generally ret ia ned by earthen

dam syste=s) are recognized as an important source of airborne
radioactive=aterial offsite.

In most instances, the nearest inhabitated area is well

beyond the perimeter of the tailings and, owing to the arid natureof the
region, locally produced vegetables are not commonly found.Tailings piles
are subject to erosion by wind as the solid material dries.

Airborne radio-
active =aterial from these tallings is extremely variable and representative
samples obtained from monitoring programs are difficult

to evaluate with
respect

to estimating potential dose equivalents on a yearly average basis
for the lifetime of the facility. Furthermore, sufficient data on airborne
radioactive material from tailings to estimate potential doses from all
exposure pathways do not exist.

The source term characterization presented

in the ORNL studies * and cited by EPA [ Supplementary Information
;

, Part H,

p. l} are based primarily, on calculations which require the selection
of

parametric values, for which data are not available, and represent judgement
which has not been verified by measurements.

The estimated source terma and
*0RNL-TM-4903, Volumes 1 and 2.
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calculated potential doses do not contribute the needed data base required

to select the values in tae proposed standard or to judge the feasibility of

co= plying with the proposed standard.

EPA suggests that readily available techniques such as stabilizing

the tailings with "che=ical binders" or covering the tailings with soil

would eli=inate ce=pletely the erosion by wind and assure compliance with

the proposed standard. [ Supplementary Information, Part A, p. 8]. NRC

staff is not aware of any method which has been demonstrated to provide

stabilization of active tailings piles sufficient to assure compliance

with the proposed standard. Further, we are not aware of any cost

effectiveness evaluation provided by EPA for stabilization of mill tailings.

We are aware of an ongoing research project being jointly sponsored

by ERDA and EPA to study mill tailings. This project, which is projected

to be co=pleted in 1977 will have cost about $2.5 million and will provide

a substantial amount of information concerning:

1) Ca==a dose rates from windblown tailings;

j 2) Soil sample analysis to determine content of Ra-226 and other radio-

nuclides;

3) Background concentratiors of Ra-226;

4) Erosion of tailings by rainfall and streams;

5) Leaching of activity from tailings to aquifers; -

| 6) Migration of activity from tailings into subsurface soils;
1

7) Air concentrations of radon and daughters

- long ter= and short term

34 --
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- correlation with meteorologic conditions

" exhalation" rates for radon from tailings piles;
-

8) Population exposure estimates;

9) Analyses of tailings components;

10) Contamination levels of land and buildings near site;

11) Alternative milling processes to remove more radioactive material

from tailings before discharge;

12) Determine factors which affect " exhalation" rate from tailings, e.g.,

temperature, barometric pressure, moisture, compaction, thickness and

characteristics of cover materials, etc.;

13) Ef fectiveness of controls of sealants above and/or below the tailings;
and

14) Ef fectiveness of vegetation covering over the tailings piles.

It is precisely this kind of information which is now lacking and which we

believe is necessary to provide the basis for rulemaking or other generic

regulatory actions on mills. For reasons such as those described above,

the NRC is currently considering a staff recommandation to initiate a

generic Environmental Impact Statement and associated studies for uranium
mills.

D. Uranium Enrichment Facilities
.

NRC has never received an application for a commercial enrichment plant

license so our licensing experience in this area is nil. We note that
EPA has not provided a cost-benefit study for enrichment plant effluent
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controls. Consequently, we do not understand why these facilities have

been included in the proposed 40 CFR Part 190. Since NRC has not licensed

uranium enrich =ent facilities, we reco= mend that ERDA speak to the feasibility

and cost-effectiveness of these facilities complying with the proposed

standard.

E. UF Conversion Facilities and Enriched Uranium Fuel Fabrication
6

Plants

From our studies to date, we believe that it is likely that conversion

facilities and enriched uranium fuel fabrication pisnts practicably can

comply with the proposed standard.

F. Transportation of Radioactive Material

For sites which require substantial numbers of shipments of radio-

active =aterial, the proposed standard would require the apportionment

of dose limits, not only among the facilities on the site and nearby

facilities, but also adjusted to accommodate the contribution from trans-

portation. Additional radwaste equipment could be required to provide

the additional dose reduction from the facilities to accommodate the dose

contribution from transportation. This could require radwaste equipment

for control of radioactive material in effluents beyond that considered to

be " justifiable" by EPA when considering potential doses from effluants

alone.

k'e defer to the Department of Transportation, which is responsible for

regulation of the transportation of radioactive material by trucks, to

speak to the feasibility of compliance with the proposed standard and the
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practicability of cocpliance in terms of cost-effectiveness beyond the

site boundary. We note that EPA has not provided a cost-benefit justifica-

tien for inclusion of the transportation source term in the proposed

standard.

III. EPA TECHNICAL REPORTS

We have reviewed the Draft Environmental Statement; the Environmental

Analysis of the Uranium Fuel Cycle, Part I - Fuel Supply, Part II - Nuclear

Power Reactors, and Part III - Fuel Reprocessing, EPA - 520/9-73-003; the

report Environ = ental Dose Commitment: An Application to the Nuclear Power

Industry, EPA - 520/4-73-002; and the Policy Statement: Relationship

Between Dose and Effect, ORP. In order to make a complete evaluation of

these reports, it would be necessary to essentially duplicate the studies

independently and then to compare differences; we have not dene this.

However, our review disclosed a substantial number of items where we and

EPA differ in technical evaluations, economic considerations, judgments,

and conclusions. It is not worthwhile discussing the details of the

numerous technical differences which we have with these reports at this

ti=e, but there are some important issues which we will identify.

A. Source Terms

Essentially all of the postulated health effects (1020 of 1030) which

EPA believes will be averted by promulgation of the proposed 40 CFR Part 190

would be due to retention of long-lived material [ DES, p. 82, Table 10].

Fuel reprocessing plants are the dominant consideration in this regard.

Among the assumptions used in estimating the number of averted health
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effects is the assumption that the postulated effluent characteristics of

the typical FRP analysed by EPA vill be representative of the 50 FRPs to

be operated over the next 50 years [ Supplementary Information, Part F,

pp. 24].

While it is recognized that NRC has an effective ongoing generic effort

to assure that releases of radioactive material in effluents of LWR stations

are "as low as reasonably achievable" as part of the licensing process, the

EPA analysis does not recognize that the same licensing findirg is required

for FRPs on a case-by-case basis. With respect to krypton recovery, NRC

staff has taken the position that FRP licensees should provide adequate

space to permit installation of krypton removal equipment when it becomes

available and the FRP scheduled for operation in 1985 will include krypton

recovery equipment (the EXXON facility). Thus, even without the proposed

standard, of the three commercial FRPs which will operate in the U.S. by

1985, one will control krypton' release and the other two will be able to

accommodate the processing equipment when it becomes available. Assuming ,

that development of technology for krypton recovery equipment continues to

advance favorably, it is reasonable to assume that effective krypton control

vill be provided by FRPs in the U.S. within a decade. Similar changes in
I
'

the design features of the FRPs to provide further control of the release of

other long lived material also can be anticipated. This means that 1020 of

the 1030 averted health effects associated with the proposed 40 CFR Part 190

will in fact be averted even if 40 CFR Part 190 is withdrawn today. Thus,

the principal benefit claimed for the proposed standard is not real.
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B. Health Effects

We have reviewed the EPA Policy Statement, dated March 3,1975, con-

cerning the adoption of the theoretical linear, nonthreshcid, dose * tate

independent relationship of dose and biological effects extrapolated to zero

dese. We do not agree with the adoption of this theory (and we emphasize

that it is a theory rather than an established fact) without reservation and

proceeding to treat the resulting calculated risk values as though they were

actual risks. The data available today do not rule out a zero risk from low

doses delivered at low dose rates. Thus we believe that when integral

population doses are calculated from low doses at very low dose rates and

related to calculated health effects, a factually correct statement would be

that the number of health effects is likely to be within the range from zero

to N, where N is the value calculated using the linear theory. Since cost-

eff ectiveness is judged by EPA in considering the cost of averting potential

health effects, it is important to realize that if,the health effects are

indeed zero, any cost realized to reduce the value is not justified from a

health viewpoint.

The importance of the issue is apparent when considering the cost-

effectiveness of Kr-85 capture. The numerical integration of the very low

level doses delivered at very low dose rates for several decades to the

entire population of the Earth is necessary to justify Kr-85 empture on a

cost-effective basis. This rationale completely ignores that (1) the

number of health effects might be zero; (2) if not zero, the number is

statistically insignificant when any perspective is provided; and (3) the
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contribution to the world-wide Kr-85 inventory from sources outside the

U.S. will exceed substantially those originating within the U.S. The

National Acade=y of Science, on p. 17 of the 1972 BEIR Report, states

" Tritium and krypton-85 should be assessed on a basis of world-wide'

production because of their distribution patterns" (Emphasis added). In
_

our previous written co=ments to EPA, we pointed out that the control of

long lived radioactive =aterial which could be dispersed world-wide is an

international problem and unilateral actions on the part of the United

States would have only a modest effect on reducing the world-wide dose

co==itments. We continue to believe that international discussions on

this matter would be more appropriate than promulgation of a National

standard at this time.

Recognizing that EPA has applied the linear theory to all non-zero

doses, we do not understand why the 100-year time interval was arbitrarily

selected for integrating doses used to calculate health effects. A time

interval of thousands or millions of years would be equally rational and

equally arbitrary.

An additional area of concern is that the selection of thyroid dose

limits based on the " biological equivalent" of whole-body dose has not been

demonstrated (DES-pp. 65-66). Using the risk values selected by EPA, it can

be shown that the thyroid dose would have to be several times higher than

the factor of three ti=es the whole body dose to be " biologically equivalent."

C. Economic Considerations

The EPA reports do not present the detailed cost values needed to
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independently verify important elements of the costs. Further, solid waste

handling systems were not included in EPA radwaste costs.

EPA utilizes a discount rate procedure for radweste system costs but

does not employ a similar procedure to discount potential health effects in

the future. This costing procedure improves the apparent cost-effectiveness.

Perhaps a discounting procedure is applicable to both costs and postulated

health effects. It is clearly incorrect to discount one side of the cost-

benefit equation and not the other. In the absence of a method for translating

health effects into sconomic benefits, comparisons should be made on an

undiscounted basis. Certainly, it is a subject worthy of discussion among

economists and radiation protection experts.

EPA does not explain how the dose limits for individuals were justified

by ". .. weighing cost-effectiveness and cost of control relative to the total

capital cost..." [ DES, p. 24]. If the values selected for the annual dose

limits for individuals are justified only on the basis of the cost of controls

relative to the capital cost of the facility, the procedste would not preclude
i

arbitrary decisions to require controls which are not cost-effective.

The DES for the proposed EPA standard does not provide a detailed

description of the radwaste systems which would be required to meet the

proposed standard or provide the reasoning process by which the values in

the proposed standard were selected. However, the systems required can be

identified from the data included in Figure 12 of the DES. When this infor-

mation is used in conjunction with the cost-effectiveness data of Figure 4

of the DES it can be seen that use of some of these " required" systems would

result in spending substantially more than the $500,000 per potential

health effect averted, which the DES indicates is the least cost-effective

of the systems which should be required.
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The radwaste systems identified by this analysis cre described in the

three volume set on the Environmental Analysis of the Uranium Fuel Cycle

issued by EPA in 1973. The costs per averted potential health effect can

be derived from these data and are shown in Table A, below. The valuee

range fro a lew of $0.79 million to a high of $29 million per averted
potential health effect. It may be that EPA did not mean for all of

these syste=s to be required, the presence or absence of a given system in

Table A being determined by the absence or presence of the letter "P"

following the radwaste system description in Figure 12 of the DES. But it

does indicate the need for a far more detailed examination and description

of the reasoning process by which the values in the proposed standard were

derived. There are indications that at least some of the c.se models used

in the analysis may overestimate the doses and some of the costs may be

underestimated. If alternative values were used the costs per averted

potential health effect could be substantially higher.

!

|

|

.

|

{
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Table A

Required Radwaste Systems for Which the
Costs per Averted Potential Health Effect Exceed $500,000

$ Millions Reference
Radwaste System Health Effect Vol. Table # Page

HEPR drying system (Mill) 1.4 I 2-11 52

Bag (crushing) filter (Mill) 29(*) I 2-11 52

Seepage return (Mill) 6.7 I 2-12 53

2nd bag filter (Conv. WS) 0.79 I 3-10 93

2nd bag filter (Cony. HF) 5.3 I 3-10 93

Settling tanks (Fuel Fab) 1.2 I 5-12 135

Iodine Case (BGIE-2-BWR) 19. II 57 153

Liquid Case BWR-3 7.8 II 61 157

Iodine Case PGIE-3-PWR 3.8( } II 59 155

I")Value from Figure 4 is about 3.
(b)Value from Figure 4 is about 10.

IV. CURRENT NRC EFFORTS

Current NRC regulations require that exposures of persons to radiation

be maintained at as low as reasonably achievable levels below existing

Federal Radiation Council guidance. In this regard, Appendix I of 10 CFR

Part 50 provides numerical guidelines for light water reactor efflutnts.

For other f acilities, for which no generic numerical guidelines are

currently available. ALARA levels are determined on a case-by-case

.
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licensing hasis. When an adequate technical data base exists for these

other facilities, generic numerical guidelines likely will be proposed by

NRC. Having recogni:cd the inadequacy of the current data base, technical

progra s have been initiated to obtain the required additional data. We

are optimistic that this information will be available within the next

several years.

NRC and EPA staffs have been cooperating in programs to obtain data

which will per=1t better predictions of dispersion and deposition of radio-

active =aterial in the environs of nuclear facilities. Data collected by

this progra= to date are the best available, but much more extensive data

and analyses still are needed if the current analytical models are to be

i= proved. We believe that this cooperative effort not only should continue,

but should be expanded to provide the sound data base which both agencies

(and others) recognize as being required.

NRC has participated in joint meetings with General Electric and EPA
!
' to discuss technical issues concerning N-16 "thine" from BWR turbines. We

believe that these meetings can lead to the satisfactory resolution of this

problem area and this would be more desirable than the present case where

N-16 shine has been included in the proposed standard without a cost-benefit

determination.

V. IMPACT OF 40 CFR PART 190 ON NRC ACTIVITIES

We have previously cited several administrat[ve and technical problems

which would pose a substantial burden on the NRC if 40 CFR Part 190 is

promulgated (see letter to Russell E. Train from Lee V. Gossick dated

September 15, 1975 appended to this testimony). EPA acknowledges that a
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substantial nu=ber of revisions would be required in NRC regulations,

regulatory guides, and technical specifications [ Supplementary Information,

Part A, pp.13-14], but underestimates the effort required to make these

revisions. 'n'hile the administrative burden would be substantial indeed,

perhaps a greater burden would be the technical effort required by our

Office of Inspection and Enforcement which would be responsible for

verifying co=pliance by licensees of all uranium fuel cycle facilities.

A. Environmental Measurements

EPA has indicated that environmental measurements should be made to

confirm noncompliance with its standard when calculational values indicate

that such confirmation is necessary (Supplementary Information, Part A,

p. S]. However, EPA has not addressed any of the difficulties or uncer-

tainties that can be encountered in applying this approach or made any

esti= ate of the effort and cost that such a program would involve. Neither

l has any data been presented to support the conclusion that such an approach

can, in fact, be applied successfully in actual practice.

Environ = ental monitoring as a means of measuring dose and demonstrating

compliance with an exposure limit (RPG) has some of the same limitations
|

| and uncertainties as do calculational models based on effluent data. There-

i fore, simply making an environmental measurement does not mean that we have
!

accurately determined dose and demonstrated compliance. Estimations of
|
'

radiation exposures based on environmental data are subject to substantial

One of the greatest uncertainties is how closely the measurederror.

environmental level or concentration represents the actual exposure.
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These uncer:ain:ies in dese estimates based on environ = ental measurements

are a result of :he ic11oving censideratiens.

(1) Lov concen::atiens or dese rates are very difficult to measure

and even =cre dif ficul: := distinguish fre= already existing levels or

backg cund levels. This results in a net neasured value which has a large

uncer:ainty asscciated with it.

(2) Sa=ple distributien* resulting fre= variable or intermittent-

releases frc: stationary sources are not well understood and therefore the

rela:iceship between sa=ple =casurements and the data population fres which

:hese sa=ples have been ecliected is not well defined. Extrapolation of

da:a fre: individual sa=ples to the sa=ple populatien can therefore

pe:entially lead to considerable errer.

(3) The habits, intakes, and ages of individuals vary censiderably and

are subject :o constan: change. The variability and changeability of these

para =eters can introduce censiderable uncertainty into dose estimates.

Because of these large uncertainties, data frem present " state-of-the-

art" ==.itering progrs=.s can provide only rough estiza:es of the potential

radiatien exposure to an individual. Since the range of these expcsures

are still vell belev the presen: RPGs, these progra=s have been deemed to

be adequate fer the purposes for which the data are used. However, if

e-"L.en=en:a1 =enitoring progra=s were required to provide data to accu-

rately deter =ine ce=pliance with RPGs 1/20 of the present values, then the

presen: " state-of-the-arf unitoring programs would be totally inadequate.

Extensive and cestly monitoring pregrama vould have to be i=plemented to

assure ce=pliance with the proposed EPA standard. An environmental
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"co=pliance monitoring program" for demonstration of compliance with the

EPA standard would have to include the following:

(1)
frequent measurements taken over long periods of time would be

1

required to assure that the data closely represents the exposure pathway
censured;

j (2)
a large number of sampling locations would have to be utilized to

assure that the variability of dose rate or concentration with location
has been adequately considered;

(3) the sample distribution would have to be established in order to
assure that the samples collected can be interpreted with respect to the

population which they are meant to represent;

(4) extremely reproducible measurement techniques would have to be

employed in order to be able to distinguish between dose-rates resulting

from releases from a facility and those already existing or background
levels; and i

(5) to be able to distinguish this incremental dose above background

it would be necessary to continually maintain an extensive program for

measuring background dose-rates and concentrations so that this data basei

vill be available should " compliance monitoring" be required.

EPA refers to a number of special field studies which it has conducted

at various operational uranium fuel cycle facilities. It is informative
to recognize that even these costly studies, in most instances , would not

have provided an adequate data base for determining compliance with the

proposed EPA standard based on environmental monitoring data. The time

periods over which some of the environmental measurements were made were
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relatively sher:
and the f requency of sas; ling vas very li=ited with

colle :1 ens in sene cases being li=ited := a single sa=ple,
5. ??C Cuidante

Since I?A has s:a:ed :ha: :he preposed 40 CTR Par: 190 as a revisien of
the curren:

RPO values fer the suelear power industry [ Supplementary inferza-
:::n, Par: A. p. 3],1:

is ins:ructive to ecesider the existing TRO guidance
fer 1:;1e:en:ing R?Os because it

includes guidance for envire= mental

surveillance and centrol. The FRC, in 1:s Reper: No. I ef September 1961
"Eackground Material fer the Oevelep=ent

of Radia:ie Pro:ee:ic Standards."
presented guidas:e which i=cluded a graded scale of action to be taken to
assure :::plian:e vi:5 :he curren: EPGs.

The fclieving infer:ation is quoted fre the TEC Repor: No. 2.

"Centrol of Envire== ental Radieae:1vity

1.16 The objective of the centrol of populatica exposurefre radienuclides occurring in the envirc==ent is to assure: hat appropria:e RPG's are not exceeded. This centrol is
atee:plished in general ei:her by restrie:10:s ce the entry of
radica::ive saterials into the envircement er through measures
designed to 11:1: the intake of such sa:erials by members of
the pcpulatics. The most direct sea s of evaluating the
ef fectiveness of con:rol =casures is the deter =f n= ties of the
aneunt of radica::ive sa:erial in the bedies of the seabers of
exposed populatten groups. Although the de:ersitation of such

| body burdens =ay at ti=es be indicated in routine prat:1ce
po:encial expesures vill generally be assessed en the basis of ^

ei:her one or a ce=binatice of evo general approaches: (1)
calculations based upon known amounts of radicactive material
released to the envire=nent, and assumptions as to the fraction
of this caterial reaching exposed populations groups, or (2)
envirensental =casure=ents of the ancun of radioae:ive materialin various envirc== ental media.
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1.17 Both of these general approaches involve the calcula-
tion or determination of actual or potential concentrations of
radioactive material in air, water, or food. As stated above,
controls should be based upon an evaluation exposure with respectto the RPG. For this purpose, the average total daily intake of
radioactive materials by exposed population groups, averaged
over periods of the order of a year, constitutes an appropriate
criterion.

1.18 There is for any radioactive material a daily intake
which is calculated to result, under specified conditions, in
whole body or organ doses equal to a Radiation Protection Guide.
The resulting value represents either the continuous or the
average daily intake of radioactive material might fluctuate
very widely around the average and still result in an annual
dose which would not exceed the associated RPG.

1.19 The control of the intake of radioactive materials
from the environment can involve many different actions. The
character and import of these actions vary widely from those
which entail little interference with usual activities, such as
monitoring and surveillance, to those which involve a major
disruption, such as condemnation of food supplies. Some control
actions would require prolonged lead times before becoming
effective, e.g., major changes in water supplies. For these
reasons, control programs developed by the agencies should be
based upon appropriate actions taken at different levels of
inta.e. In order to provide nuid&nce to the agencies in devel-
oping appropriate programs, this report describes a graded
approach for the radionuclides considered, involving three
ranges of transient rates of daily intake applicable to dif-
ferent degrees or kinds of action.

,

1.20 The objective of the graded scale of actiona is to
limit intake of radioactive materials so that specified RPG's
will not be exceeded. Daily intakes varying within the total
extent of all three ranges of intake might result in annual
doses not exceeding a single RPG. However, in instances in
which the daily intake is fluctuating above the average which
would meet the RPG, it may not be possible to be assured that
this will be the case. The actions outlined below would be
appropriate, not only when intakes are fluctuating so as not to,

'

exceed a given RPG, but also in those situations in which valid

reasons exist for the responsible agency to permit the possibi-
lity of doses which would exceed the RPG.
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1.21
A suegested graded system of actions is outlined below.

For each of the ranges of transient rates of daily intake,
specific values for which are given in the sections devoted to
the specifje radionuclides, the general type of action appro-priate for the range is outlined.

RANGE I*

Intakes falling into this range would not under normal
conditions be exceeted to result in any appreciable number of

*

individuals in the population reaching a large fraction of thRPG. Therefore,
if calculations based upon a knowledge of the

e

sources of release of raoicactive materials to the environmentindicate that intakes of the population are in this range,
only action required is surveillance adequate _to provide reason-

the

able confirmation of calculations. _

RANGE II*

Intakes falling into this range;would be expected to result
in average exposures to population groues not exceeding the RPG.
Therefore such intakes call for active surveillance and routinecontrol.

Surveillance

Surveil.ance must be adequate to provide reasonable assurancethat efforts teing made to l_imit the release of radioactive
materials to the environment are effective. Surveillance must
be adequate to provide __ estimates of the probable variation inj averace daily

intake in time and location. Detection of sharply
'

ristne trends is very important.
i co=olexities of the environment, In some cases, because of the
' surveillance data may have to

be sufficiently reliable to be used as a rough check on whether
radioactive materials in the environment are behaving as expected._

Not only the radioactive material in question, but also theenviron =ent must be studied. Appropriate efforts might be made
_to obtain =easurements in man as well as to study physical.
chemical, and metabolic factors affecting intake. Appropriate

-

consideration should be given *: other independent sources ofexoosure to the body
(the same organs or different ones)avoid exceeding RPG's. to

!
!
! *

Further FRC guidance indicates that Ranges I, II, and III correspond
to O to 10%, 10% to 100%, and >100% of the RPG values
for suitable samples of the exposed population group., respectively,
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; Control

I Routine control of useful applications of radiation and
a_tomic energy should be such that expected average exposures,of'

suitable samples of an exposed population aroup will not exceen
th'e upper value of Range II. The sample should be taken with !

j due regard for the most sensitive population elements. Co-}tgol j
actions for intakes in Range II would nive primary emphasis to
three things: (1) assurina by actions primarily directed at ang

,

4

trend sharply upward that average levels do not rise above Range4

II, (2) assuring by actions primarily directed either at specific
causes of the environmental exposure levels encountered or at,

j the environment that a limit is placed on any tendencies of
) specific population serments to rise above the RPG, and (3)

reducing the levels of exposure to segments of the population
furthest above the average or tending to exceed Range II.

RANGE III*
<

i Intakes witnin this ranne would be cresumed to result in
exposures exceeding the RPG if continued for a suf ficient period
of time. However, transient rates of intake within this ranne

}: could occur without the population aroup exceeding the RPG if
'

the circumstances were such that the annual average intake fell
within Range II or lower. Therefore, any intake within this
range must be evaluated from the point of view of the RPG and if
necessary, appropriate positive control measures instituted. i

Surveillance

The surveillance described for intakes in Range II should
be adequate to define clearly with a minimum of delay the entent
of the exposure (level of intake, size of population aroup)
within Range III. Surveillance would need to provide adequate

{ data to Rive prompt and reliable information concerning the
i effectiveness of control actions.

Control

; Control actions would be designed to reduce the levels to
! Range II or lower and to provide stability at lower levels.

These actions can be directed toward further restriction of the
entry of radioactive materials after entry into the environment
in order to limit by humans. Sharply rising trend in Range III
would suggest strong and prompt action." (Emphasis added)

|

*
,

See footnote on previous page.

!
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The FRC guidance is practicable at current RPG 1evels but becomes

impracticabic (if not impossible) at the lower levels of the proposed
standard because at the lower levels the environmental monitoring and

radiochemical analyses will require use of techniques and procedures that

arecurrentlyassociatedwithresearchorspeciallaboratory[tudies.

Further, since the lower RPG values proposed by EPA are very near the

operational levels which we anticipate for the uranium fuel cycle facili-

ties, a substantial number of facilities can be anticipated to be in all

trree of the FRC " ranges" described above and will require extensive

adaitional surveillance and controls.

C. NRC Surveillance

In the existing NRC regulatory program for effluent controls there are

two levels which are of concern to our Office of Inspection and Enforcement.
The first is the 10 CFR Part 20 limit which corresponds to FRC guidance, and

the second is the design objective guidance which corresponds to essentially

one percent of the 10 CFR Part 20 limit for each LWR on a site. The level

at which a licensee must initiate some kind of action occurs at two

times the ALARA design objective guidelines. At this level, we can rely

heavily on modeling, even though imprecise, because for a single LWR we

are still a factor of fifty below the FRC limit. Consequently, environmental

monitoring is not used as the basis for determining the potential dose to

individuals--but rather as a backup to the effluent' monitoring program, as

a means of public assurance, and as an indicator of the general applicability
'

of the models. Reliance on modeling using effluent release data has been
!
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preferred for practical rather than philosophical reasons. At the present

state-of-the-art it would be i=possible for routine monitoring programs to

determine actual doses to real individuals.

In addition, we have always believed strongly that enforcement should

be immediate and not retrospective. Consequently, effluent release limits

back-calculated from dose models are a more reasonable means of regulating

the operation of a nuclear reactor or other facility than environmental

samples--the results of which generally require laboratory analyses which

involve a waiting period of several weeks. In that respect, the Commission

has indicated in the Statement of Considerations for Appendix I that measure-

ments of Appendix I levels in the environment would not be required and that

compliance with Appendix I would be based on dose modeling calculations.

Now, however, the proposed standard would eliminate the large gap between

design objective values and the applicable radiation limit. If NRC or the

licensee is required to verify compliance with the proposed standard it

would be reasonable that such verification procedures would not wait until

it is assumed that the standard has been exceeded but, rather, verification

would begin at some level below the 40 CFR Part 190 limit. This, of course,

would be contrary to the philosophy that the Commission has previously

stated and would require additional monitoring effort. If we follow the FRC

guidance for the ranges discussed above for the RPG values proposed by EPA,

NRC or the licensee will be required to initiate verification procedures

at 10* of the 40 CFR Part 190 values which would correspond to 50% of the

design objective quantities of Appendix I for a single reactor on a site.
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At the present time, we are not certain as to the frequency with which

environmental studies would have to be implemented to determine compliance

with the proposed EPA standard or if such studies could demonstrate non-

compliance. With the general philosophy expressed in the Commission's

opinion on Appendix I to use more realistic assumptions in determining

environmental impact, it is reasonable to assume that a substantial number

of LWRs, and probably most of the other facilities in fuel cycle, during

their lifetime, will require additional studies of some aspect of their
impact on the environ =ent. These would be useful in better describing the

uncertaincies mentioned above.

It should also be recognized at this point that, as stated above,

determining doses to individuals at these low levels is extremely difficult

and is in general beyond the capabilities of the h*RC licensees and beyond

the scope of the " field studies" performed by EPA to date. Sampling and

analytical procedures for many of the pathways must still be developed. At

the levels which EPA is proposing as limits for the uranium fuel cycle

f acilities, monitoring becomes very difficult and expensive. For example,

TLDs are currently used to measure exposure rates near the site boundaries

of reactors. Relative to other instruments, such as pressurized ionization

chambers, TLDs are very inexpensive. However, TLDs are not adequate to

measure exposure rates at the low levels of our ALARA eff.aant controls or
the proposed standard. If such measurements must be made, pressurized

ionization chambers will be required. We estimate that such systems would

cost more than $100,000 per site plus operating expenses. For this reason,

and also because in many instances verification of compliance would entail
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regional aspects (that is, the sum =ation of doses from two or more facilities),

the responsibility for these programs is likely to fall on the NRC rather

than on our licensees. This concept of divided responsibility for environ-

mental monitoring is distasteful since it runs counter to the practice of

placing responsibility for the operation of a facility on the licensee. If

NRC must conduct verification programs because of their complexity or expense,

or because of a perceived need for an official verification in the granting

of variances, then there is a considerable added administrative, technical,

anc economic burden to NRC.

At the present time, we have a limited arrangement with the Health

Services Laboratory in Idaho Falls, Idaho whereby periodic intercomparisons

are made with licensees to confirm specific measurements or to determine

the analytical capability of a licensee. This program could form a basis

for an extended program as outlined above. A more efficient approach would

be to establish an NRC laboratory. It is difficult to make estimates of

the man-years of effort required for individual studies. However, as a

first approximation, we believe that a laboratory with the capability and

size of the ERDA Health and Safety Laboratory, New York City, would be

required. Because of the peculiarities of a regulatory agency in this

situation we believe this laboratory (1) must have national recognition,

(2) must have experience with the type of activities NRC regulates, (3)

must not perform these services for the nuclear industry, (4) must have

proven expertise in a wide range of technical areas and (5) must have a

philosophy and mode of operation that will be responsive to the problems

which will be presented.
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In order to provide some perspective as to the costs of operating

such a laboratory, the Health and Safety Laboratory (HASL) currently

e=ployes 106 people, (60 professionals) and has an FY 76 total budget of

$4,500,000 plus $200,000 for equipment. The additional need for technical

and ad=inistrative manage =ent of the laboratory and the program it would

conduct would probably require about 10 more persons. Such a laboratory

would be required to do instrumentation, radiochemistry and sampling

procedure develop ent plus respond as needed to perform verification

analyses. We esti= ate that the capital cost of the equipment and auxiliary

features of a laboratory like HASL to be about $2 million. A building of

about 60,000 square feet also would be required.

VI. EXAMINING THE NEED FOR CHANGING RADIATION PROTECTION GUIDES

EPA on Page 13 of their DES, cites the National Academy of Sciences

(BEIR Report) as presenting an admonition to lower the current radiation

protection guidelines [ DES, p. 13]. The full text of the paragraph, from

page 2 of the BEIR Report follows.

"There is reason to expect that over the next few decades,
the cose commit =ents for all man-made sources of radiation
except cedical should not exceed more than a few millirems
average annual dose to the entire U.S. population. The present
guides of 170 mrem /vr grew out of an effort to balance societal
needs against genetic risks. It appears that these needs can
be met with far lower average exposures and lever genetic and
somatic risk than permitted by the current Radiation Protection
Guide. To this extent, the current guide is unnecessarily high."

We have underlined sections of the paragraph which were omitted in

the EPA paraphrase of the paragraph. The omissions are important.

We believe that NAS was not suggesting a need to change the RPGs
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generally, as stated by EPA. We believe that NAS was identifying a need

to aug=ent the current RPGs with population exposure guidelines (not

standards). What NAS finds to be unnecessarily high is the population

dose that would be per=1tted by the current limits of 500 mrem /yr for

an individual and 170 mrem /yr for critical population groups if it

were to be applied to every individual in the pooulation. We will show

how our interpretation is supported by the complete text in the BEIR

Report.

Preceding the paragraph quoted above, the BEIR Report states:

"Given the estimates for genetic and somatic risk, the question
arises as to how this information can be used as a basis for
radiation protection guidance. Logically the guidance or
standards should be related to risk. Whether we regard a
risk as acceptable or not depends on how avoidable it is, and,
to the extent not avoidable, how it compares with the risks of
alternative options and those normally accepted by society."

We have underlined what we believe is an important observation --

that in order to judge whether a risk is acceptable or not requires

consideration of those risks which are normally accepted by society.

We are not aware of any consideration given to this important factor

in the studies leading to the proposed standard.

In the paragraphs which follow the one cited by EPA, further

guidance is provided. Those paragraphs which are applicable to

i nuclear facilities are presented below.

"It is not within the scope of this Committee to propose
numerical limits of radiation exposure. It is apparent
that sound decisions require technical, economic and sociolo-
gical considerations of a complex nature. However, we can

i

|

l
1
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state some general priniciples, many cf which are well-recognized !
iand in use, and some of which may represent a departure from

present practice.

a) No exposure to ionizing radiation should be permitted without
the expectation of a co=mensurate benefit,

b) The public must be protected frem radiation but not to the
extent that the degree of protection provided results in
the substitution of a worse hazard for the radiation avoided.
Additionally there should not be atte=pted the reduction
of stall risks even further at the cost of large sums of
=eney that spent otherwise, would clearly produce greater
benefit.

c) There should be an upper limit of man-made non-medical exposure
for individuals in the general population such that the risk
of serious injury from somatic effects in such individuals
is very s=all relative to risks that are normally accepted.
Exceptions to this limit in specific cases should be allowable
only if it can be demonstrated that meeting it would cause
individuals to be exposed to other risks greater than those
frc= the radiation avoided.

d) There should be an upper limit of man-made non-medical
exposure for the general population. The average exposure
permitted for the population should be considerably lower than
the upper limit permitted for individuals.

f) Guidance for the nuclear power industry should be established
on the basis of cost-benefit analysis, particularly taking
into account the total biological and environmental risks of
the various options available and the cost-effectiveness of
reducing these risks. The quantifying of the "as low as
practicable" concept and consideration of the net effect on
the welfare of society should be encouraged."

"i) In regard to possible effects of radiation on the environment,
it is felt that if the guidelines and the standards are
accepted as adequate for man then it is highly unlikely that
populations of other living organisms would be perceptibly
harmed. Nevertheless, ecological studies should be improved
and strengthened and programs put in force to answer the
following questions about release of radioactivity to the
environment : (1) how much, where, and what type of radio-
activity is released; (2) how are thee materials moved through
the environment; (3) where are they concentrated in natural
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systems; (4) how long might it take for them to move through
these systems to a position of contact with man; (5) what is
their effect on the environment itself; (6) how can this
information be used as an early warning system to prevent
potential proble=s from developing?

j) Every ef fort should be made to assure accurate estimates and
predictions of radiation equivalent dosages fro = all existing
and planned sources. This requires use of present knowledge
on transport in the environment, on metabolism, and on
relative biological efficiencies of radiation as well as
further research on many aspects."

We strongly recommend these NAS principles and suggestions to EPA ,

for consideration in deciding if, when, and in what form to issue 40 CFR

Part 190. We believe that EPA has gone beyond these suggestions with the

proposed standard and, in doing so, may be in contradiction to the recom-

=endation in item (b) by attempting to reduce small risks even further at

the cost of large sums of money that spent otherwise clearly would produce

greater societal benefit.

Item (c) suggests that the upper limit of exposure for individuals

in the general population should be such that the risk of serious

injury from somatic effects in such individuals is very small relative

to risks that are normally accepted. It is our understanding that

this was a principal consideration in selecting the current RPGs and

sisilar guidelines reco= mended by the National Council on Radiation

Protection and Measurements (NCRP) and the International Commission

on Radiological Protection (ICRP). We are unable to determine how

| EPA selected the values for annual dose limits for individuals in the

proposed standard. We do not find a rationale in the EPA reports which

indicates that the somatic risks at current RPG values are unacceptably
|

|
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high or that EPA's proposed reduction in annual dose limits for

individuals is based on a finding of cost effectiveness. In fact,

relate the annual dose limits for individuals proposed inwe cannot

the standard to any technical base developed in the EPA reports.

Item (d) speaks to the need for an exposure limit for the general

population and suggests that the average exposure permitted for the

population should be considerably lower than the upper limit permitted

for individuals. On page 9 of the BEIR Report, the NAS expands on this

issue. In discussing the current PAGs, the following paragraphs are
presented.

"A major difficulty has been the misinterpretation of these
standards, particularly in the public mind. The intent as stated
is that no individual in the general population should receive
whole-body exposure of more than 0.5 rem / year and that the average
exposure of population groups should not exceed 0.17 rem / year.
'4 hat is of ten not realized is that one or the other limits may
be governing depending on the nature of exposure. For example,
if the exposure were to arise from specific locations such as
nuclear power plants or reprocessing plants and it were assured
that no individual at the boundaries of the installations
could be exposed to more than 0.5 rem / year. it would be physically
impossible for the U.S. population averages to approach anywhere
near the level of 0.17 rem / year from such sources. Accordingly,
we feel (disregarding nu=erical values) that both individual and
the average population guidelines should be maintained out that
clarification should be included as the integral part of the
regulatory statement."

"In addition to individual and average population guidelines,
we recom=end that an additional limitation be formulated (not
as a basic standard but for generating guidance) that takes
into account the product of the radiation exposure and the
number of persons exposed: this might be expressed in terns
of person-rems. This need arises from acceptance of non-threshold
approach in risk estimates which implies that absolute harm in
the population will be related to such a product. Operationally,
for example, there would be advantage in assessment of trade-offs
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in connection with the siting of nuclear installations as related
to the population of areas under consideration.

"The above recommendations could be implemented with present knoledge.
We now come to an important area that w-

requires neverapproaches. It

is suetested that numerical radiation standardsbe considered for each maior tyoe of radiation exoosure based
upon the results of cost-benefit analysis. As a start, consider-
ation should be given to exposure from medical practice because
of present relatively high levels of exposure and from nuclear
and the need for public understanding. power development because of future problems of energy production

"The difficulties in attaining a useful cost b- enefit analysis for
nuclear power are formidable and will require interdisciplinary
approaches well beyond those that have yet been attempted.that require evaluation include: Areas
(b) availability of fuel resources,(a) projection of energy demands,(c)
(clean combustion techniques, coal gasification, breeder reactotechnological developments
fusion processes, magnetohydrodynamics, etc.), rs,

(d) public health
and envrion= ental costs of electrical energy production from both
nuclear and fossil fuel including aspects of fuel extraction,
conversion to electrical energy, and transmission and distribution "

.

We have underlined statements which we believe are important in

characterizing the NAS concerns and suggestions.
We find the observationthat

if the near individual is limited to not more than 0.5 rem / year
,

it is physically impossible for the U.S. population averages to approach

the level of 0.17 rem / year. Clearly, NAS is stating that ,

item (d) is
satisfied for exposures arising from specific locations.

NAS recommends

limiting the population annual exposure in terms of person-rem /year,

_not as a basic standard but for guidance.
.

!The only feature of the

EPA proposed standard which relates to limiting the populati
on annual

exposure is the limit on the amount of long lived material released
In.

this case EPA has expressed the limits in teres of curies per MWe
quantities, but in effect this limits the population's annual exposure
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by an e=ission standard rather than a dose guideline -- contrary to

the NAS reco==endation on two counts.

NAS suggests that numerical radiation standards be considered for

each =ajor type of radiation exposure based upon the results of cost-

benefit analyses. In the discussion of the difficulties in attaining

a useful cost-benefit analysis, it is clear that a broader study than

that provided by EPA is required to select the suggested nu=crical

standards. For example, on page 8 of the BEIR Report, NAS cites the lack

of data on fossil fuels for cost-benefit analysis.

"Thus for exa= ole, we find relativelv little data available on
the health risks of effluents from the combustion of fossil
fuels. Fu r t he r=o re , it is becoming increasingly important
that society not exoend enormously large resources to reduce
very small risks still fur"her, at the expense of greater risks
than go unattended; such inoalances =ay pass unnoticed unless
a cost-benefit analysis is attempted. If these matters are not
explored, the decisions will still be made and the complex issues
resolved either arbitrarily or by default since the setting and
i=plementation of standards represent such a resolution."
(E=phasis added)

This paragraph also is reflected in item (f) of the NAS comments

quoted above.

Items (1) and (j) suggest the need for further studies and research

to permit more accurate determinations of impact of the proposed EPA

standard. We believe that there is substantial progress toward satisfy-

ing this need but much more effort is needed and it is in this area that

we believe coordinated efforts among the several government agencies and

the nuclear industry is needed.

'
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In su==ary, we see no admonition in the BEIR Report that the current

RPGs should be substantially reduced as proposed by EPA. Rather, we

see suggestions to more accurately characterize radiological impact so

that potential problems may be identified and prevented.

The FRC, having defined the general framework for the radiation

protection.recuirements, recognized that detailed standards could best

be developed by the Federal agencies with immediate knowledge of the

design and operatine characteristics. This is clearly stated in the

seventh reco==endation of the FRC which was approved by the President

(FR Doc. 60-4539, May 8, 1960, p. 4403].

"7. The Federal agencies apply these Radiation Protection Guides
with judgement and discretion, to assure that reasonable probability
is achieved in the attainment of the desired goal of protecting man
from the undesirable effects of radiation. The Guides may be exceeded
only after the Federal agency having jurisdiction over the matter
has carefully considered the reason for doing so in light of the recom-
cendations in this paper.

The Radiation Protection Guides provide a general framework for
the radiation protection requirements. It is expected that each

Federal agency, by virture of its immediate knowledge of its operating
problems, will use these Guides as a basis upon which to develop
detailed standards tailored to meet its particular requirements. The
Council will follow the activities of the Federal agencies in this

area and will promote the necessary coordination to achieve an effective
Federal program."

It is our view that EPA is proposing to promulgate the detailed

standard referenced above rather than the general framework for radiation

protection. In today's terminology, we believe that the proposed standard

does not meet the definition of a " generally applicable envir'onmental

standard" but more nearly represents a " detailed standard" with elements
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of " emission control standard" which are better lef t to other agencies

with a more immediate understanding of the design and operating character-
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ATTACHMENT B

EFFLUENT REGULATION BY THE NUCLEAR REGULATORY COMMISSION

The cc:arercial use of atomic energy was the first technology to be

subject to comprehensive Federal regulatory control from its inception.

Uncer the Atomic Energy Act of 1954, as amended, no person may construct

or operate a nuclear facility, such as a nuclear power plant or nuclear

fuel reprocessing plant, or possess or use source, byproduct, or special

nuclear materials except as authorized by an NRC permit or license. In

addition, the Atomic Energy Act authorizes the NRC to promulgate regulations

specifying design, siting, and operating requirements for nuclear facilities

to protect against possible radiation hazards arising from nomal operations.

The Act requires the NRC to set limits on the amounts of radioactive
.

material that may be released during normal operations of nuclear facilities '

and other activities involving nuclear materials.

Under the Atomic Energy Act the NRC has a comprehensive regulatory

program involving licensing, standard setting, inspections, and enforcement.

Detailed regulations concerning siting, design, and other aspects of regu-

lation of nuclear facilities and activities have been published in 10 CFR

| Chapter 1. In addition, we have issued more than 200 Regulatory Guides to

provide guidance on methods acceptable for implementing specific parts of

the Commission's regulations, to delineate techniques used in evaluating
i specific problem areas, and to provide other guidance to applicants and

licensees.

| '
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Italementation of Radiation Protection Standards

Since its inception, the AEC, and now the NRC, has looked to the

publisned reco:rendations of the International Commission on Radiological

Protection (ICRP) and the National Council on Radiation Protection and

Measurements (NCRP) for guidance in the fomulation of rules and safety

recuirements in regulation of the nuclear power industry. In addition, in

1959 :ne Atcmic Energy Act was amended to establish the Federal Radiation

Council (FRC), whose function was to advise the President on radiation

matters affecting health, including guidance for all Federal agencies in

the formulation of radiation standards.

All functions of the Federal Radiation Council were transferred to the

Administrator of the Environmental Protection Agency (EPA) by Reorganization

Plan Number 3 of 1970. Also transferred to EPA by this Plan were "The

| functions of the Atomic Energy Comission under the Atomic Energy Act ?,f
l

1954, as amended, administered through its Division of Radiation Protection

Standards, to the extent that such functions of the Comission consist of

establishing generally applicable environmental standards for the protection
j of tne general environment from radioactive material. As used herein,

standards mean limits on radiation exposures or levels, or concentrations

or quantities of radioactive material, in the general environment outside

the boundaries of locations under the control of persons possessing or using

radioactive material." The NRC retained the responsibility for implementation

and enforcement of EPA standards.

;

.
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In its first Memorandum for the President dated May 13,1960, the

FRC recommended adoption of Radiation Protection Guides for Federal use in

normal peacetime operations. Subsequently, additional radiation protection

guides were recommended and adopted in Reports No. 2 and 8. Current NRC

regulations conform to the FRC guidance to Federal agencies approved by

the President. EPA has not altered the guidance issued by the Federal

Radiation Council and the Commission's regulations remain consistent with

FRC guidance to Federal agencies.

The FRC, ICRP, and NCRP guidance includes, but is not restricted to,

quantitative radiation protection guides and dose limits. Since any

radiation exposure may involve some degree of risk, these standards setting

groups also have recommended that radiation doses be kept "as low as

practicable" or, as stated by the ICRP, and now contained in NRC regulations,

"as icw as reasonably achievable, social and economic considerations being

taken into account." Therefore, the NRC system of implementing FRC guidance

is aimed at the following principal objectives:

1. To keep doses from all sources of radiation exposure, other than

natural background and medical procedures, well within the FRC numerical

radiation protection guides.

2. To avoid unnecessary sources of exposure and to ensure that doses

received are justifiable in terms of benefits.

|

.
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3. To provide for design and operational control of specific

facilities and uses of materials, both individually and in combination, so

that the resulting doses are sufficiently low that any further reduction

in risk would not be considered to justify the effort required to accomplish

it; that is, the doses are as low as reasonably achievable.

These objectives are achieved by:

1. Establishing and enforcing " regulatory upper limits" on doses

and releases of radioactive material to the environment applicable to all

licensed activities. These limits are not intended to be exceeded. They
,

.

are set forth in the Commission's regulation,10 CFR Part 20, " Standards

for Protection Against Radiation."

2. Establishing and enforcing design objectives and limiting

conditions of operation applicable to specific classes of nuclear facilities

and uses of radioactive material to assure that persons engaged in activities

licensed by the NRC make every reasonable effort to maintain radiation doses
1

and releases of radioactive material in effluents to the environment as far

below the regulatory upper limits as is reasonably achievable.

This approach to design objectives and limiting conditions of operation

! implies a cost-benefit methodology with emphasis on the differential in

costs and benefits that might be involved in requiring the activity to be

carried out at one level of exposure rather than another.
~

|

| We believe that the application of this regulatory process, with
1

) emphasis on design criteria, operating procedures, and effluent monitoring,

i effectively controls releases of radioactive material and assures that the
1

|

,
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risk from exposure to radiation resulting from nonnal operations of the

nuclear power industry is kept at an extremely low level.

We also believe that this approach to regulation is highly responsive

to the reconTaendations of the Advisory Comittee on th'e Biological Effects

of Ionizing Radiation, National Academy of Sciences, as reflected in their

November 1972 report on "The Effects on Populations of Exposure to Low

Levels of Ionizing Radiation" (BEIR Report). Chapter II of the report,

"Needs of the Times," emphasizes the need for quantifying risk and the use

of cost-benefit analyses in decision-making. The report very wisely points

out that this methodology brings into the decision-making process such

important considerations as whether the public interests are better served

by spending our limited national resources on health gains from reducing

radioactive contamination or by spending for other societal needs.

NRC Experience in Implementing the "As Low As Reasonably Achievable" Concept

The effectiveness of the implementation of the "as low as reasonably

achievable" concept in the regulatory process is confirmed by experience in

the nuclear industry. This experience shows that licensees have generally

kept releases of radioactive material in effluents at such lo'w levels that

resultant exposures to persons living in the imediate vicinity of nuclear

facilities have been much less than the FRC radiation protection guides for

individual members of the public. The Nuclear Regulatory Comission has

published numerical guidance on design objectives and limiting conditions

of operation for light-water-cooled nuclear power reactors in Appendix I to

its Part 50 regulations. This regulation was the subject of extensive public

rulemaking hearings, including a detailed environmental statement with
.
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PUBLIC HEARING ON PROPOSED FlNIROM12AL RADIATION
STAhTRRDS FOR NUCLFAR PO?!ER

'

OPENING STATD"dT

ALLAN C. B. RICHARDS0'!
ASSIST /JU TO THE DIRECTOR FOR STANDARDS DLTELOPElir

CRITERIA 5 STANDARDS DIVISION
OFFICE OF RADIATION PROGRA'S

U.S. EhVIROX"dTAL PROTECTION AGB:CY

Good norning and welecme to these public hearings. My purpose

this morning is to describe the proposed standards, lay out their

basis, and say a few words about our intentions concerning
*

impicnentation. In the course of addressing these matters, I hope to

respond to scme of the more important uritten cor ents we have

received. Following that, I will make myself available for your

questions. I find myself in the somewhat uncomfortable positica of

having to stry.arize a large body of information that has already been

carefully laid out in some detail in several places. First, in the

Federal Pagister notice which annotmced these proposed standards on IIay

29 of last year, second, in the draft envirorr.cntal statcrent issued at

the same time, and finally, in the supplementary material issued

January 5 of this year. I will do b.y best to sinnarize this material

accurately. However, copies of each of these doctments are availabic
'

here in the hearing rocn and I invite any of you who are not familiar

with them to consult these materials for more detail.

These standards are proposed under general authority of the Atomic

Energy Act and would override the existing environhental standards

contained in Title 10, Part 20, of the Code of Federal Regulations for
I

!
;

!
*
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the nuclear power industrf. In general they are lower than these

existing standards by ~a factor of 20, and also provide additional

prctectica against 1cng-tem exposures of ht:.an populations by long-

lived raterials. The proposed standards do not, however, alter

existing Federal Padiation Protection Guides or Guidance--they are more

properly regarded as implementing and supplementing the overall

radiatica protection provided for by that guidance, and I emphasize the

word overall.

H e proposed standards are, I believe, quite simple. Rey are .

st==arized on slide ene. They apply to operations defined to be part

of the cc=ercial uranit t fuel cycle. Eis includes nilling of uranit:t

ore, chenical conversion of uranitet, isotopic enrich ent of uranit=t,

fabricatica of uranit:1 fuel, generation of electricity by a light-

water-cooled nucicar power plant using uranit:1 fuel, reprocessing of
.

spent uranit:1 fuel, and transportation of any radioactive material in

support of these operaticns, to the extent that these support '

cc=ercial electrical power production utilizing nuclear energy, but it

excludes mining operations (since these are not covered under the

Atc=ic Energy Act). H ere are two types of li: tits. H e first, which

is expressed in tems of maxi =t t dose to any real individual, is

designed to provide protection of the individual and at the same time

to assure that the nearby population exposure to short-lived materials!

will not exceed levels that can be achieved through the use of cost-

|
cffective levels of effluent control. The proposed maxint=t dose lirtits

|
are 25 mre=/yr to the whole body or any organ except the thyroid, which

:

!
;
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is limitc.1 to 75 mren/yr. Incidently, the dose to any organ means the

total dose delivered to that organ not just that froa any single

pathway or effluent. The proposed limit for the thyroid ~: larger than

the others for two reasons: the greater difficulty (and therefore cost)

of reducing iodine emissions (the principle source of thyroid

exposure); and the lower level of severity of health effects due to

.

thyroid exposure, compared to the other organs involved.

The second type of limit is designed to prevent the acct =ulation

of long-lived radioactive materials in the environment. It is
'

expressed in tems of the maximtn total quantity of specific

radioisotopes which may enter the general envire m ent from the entire

fuel cycle for each unit of electric power production. A nt=ber of

1cng-lived radionuclides are currently discharged frca fuel cycle

operations which will result in the buildup of enviremental levels and -

irreversible commitments for potential exposure of populations that nay

persist for tens, hundreds, or thousands of years. The extent of the

ctculative doses to populations which may occur over the years

following release of such radionuclides is related to their radioactive

decay tines, the details of their dispersion thrcugh enviro = ental

media, including the period over which they re ain in the. biosphere,

and the location and size of exposed populations. The cim:ulative dose

resulting from releases to the enviroment of such naterials has been

characterized by the Agency as an " environmental dose commitment," and

quantitatively expressed in tems of the estimated number of person-

rcas of dose committed. The proposed standards are based, to the

u

*
.



- -

|

- 1

-

g
.

-

,

extend that present knowledge pernits, on such projections of the
'

nigration of radioactive effluents through the biosphere and estinates
'

of the sun of potential doses to present and future populations during
that migration. The Agency believes that it is particularly important

that release of such caterials be properly limited, since they

represent the largest scurce of potential exposure of human populations
fren fuel cycle operations.

Since we cannot tr:equivoca11y state that potential health effects

id11 not occur at any given level of exposure to radiation, it is not
-

possible to specify solely on a health basis an unequivocal safe level

of radiation exposure either for individuals or for populations.

Eccause of this basic assu ption concerning the health risk associated

with exposure to radiation, it is necessary to balance the potential

health risk associated with any particular level of exposure against
,

the costs of achieving that level. In developing the proposed

sta-dards, EPA has carefully considered, in addition to potential

health effects, the available infonnation on the effectiveness and

costs of various neans of reducing radioactive effluents, and therefore

potential health effects, from fuel cycle operations. This
.

censideration has included the findings of the former Atomic Energy

Cc=issien and its successor, the Muc1 car Regulatory Comission (NRC),
'

,

regarding effluent centrols, as well as EPA's own continuing cognicance '

of the development, operating experience, and costs, of control s
'

t edmology. Tne standards are proposed at levels we believe to be

consistent with the capabilities of control technology and at a cost

;

!
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judged by the Agency to be acceptabic to society, as well as reasonable

for the risk reduction achieved. Tne Agency has selected the cost-

effectiveness approach as that best designed to strike a balance

between the need to nininire health risks to the general population and

the need to avoid unreasonabic cost penalties to the public for

production of nuclear power. Such a balance is necessary in part

because there is no sure way to guarantee absolute protection of public

health from the effects of a non-threshold pollutant, such as

radiation, other than by prohibiting outright any emissions. The
.

Agency believes that such a course would not be in the best interests

of society. -

Tne quantity limits for long-lived naterials cre not specified en

an annual basis, since they are nonnalized to total poner production,

which does not necessarily occur in the sane year as fuel reprocessing,'

the operation principally affected by the quantity linits now being
' '

proposel. However, as is pointed out in the draft environmental

statement accompanying these proposed standards, ts:o important

.
radionuclides are missing from those included under these limits that

are not unique to the reprocessing operation. Tnese are tritium and

carbon-14. You will also note that of the three that are included two

have effective dates eight years hence. With the exception of

plutonium and other transuranics, long-lived radionuclides have not

received the attention we think they should get, and consequently

control methods are not yet as well-developed as they should be. It is

principally for this reason that krypton-85 and iodine-129 requiranents

.



.

-

6 - "

.

are postponed until 1983, and carbon-14 and, possibly, trititra are not

yet included. Although tritit= control is under develop::ent, it is not

yet at all clear whether or not it will be econenic; and carbon-14 has

just recently been recogni cd as an effluent of consequence. Although

there is a paucity of data, it appears that carbon-14 effluents could

centribute nore pcpulatien dose then all other effluents conbined.

Finally, the natter of raden-222 and its daughters renains unresolved

by these proposed standards. As nany of you are m are, an extensive

evaluatien of i:gr.ct and costs of renedial neasures at inactive

tailings piles to control raden enanation is new being carried out
*

'

jointly by the Energy Research and Develop .ent Adainistration and EPA

under EPA funding.

Tne prcposed standard contains a variance provision. Tnis nay be

exercised by the ISC under conditicas of "te gorary and unusual"

cperation when continued operation is necessary to protect the overall -

societal interest with respect to the orderly delivery of electrical
pcuer. The correspendence of sene of this language with that cf Part

IV of Appendix I to 10 CFR 50 is intentional, since EPA does not
~

believe it would be apprcpriate to establish criterin which differ frca

those of hTsc regarding "tenperar and unusual" cperating conditions.y

Reporting of the nature and basis of the variance is also required.

Tnis reporting wculd go beycnd that now required by Appendix I, in that

the extent of and reason for excess exposures and releases, as well as
.

the basis and duration of the variance should be included, whereas

Appendix I now requires only identificatien of the cause and proposed

.
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corrective action when Technical Specifications are excceded. It

should be noted in pa'ssing that exceeding Technical Specifications by

small amounts need not necessarily result in a situation requiring a

variance to pemit continued operation, since in many instances

Appendix I design criteria will be somewhat nore restrictive than these

generally applicable envircraental standards.

In a few instances the standards would require the use of controls

that are not cost-effective, based on consideration of total population

i
exposure alone. This is because even though adequate protection of .

' populations considered as a whole may be assured by standards based.

upon the balancing of total health risk and control costs, it may not

always be the case that an equitable degree of protection is assured on

this basis to some individuals in these populations who reside close to

the site boundaries of nuclear facilities, because of the distribution'
.

characteristics of certain effluents. Such situations are possibic in

the case of thyroid doses due to releases of radiciodines from reactors

| and lung doses due to particulates frcm mills. Although the absolute
|

|
risk frca such doses to nearby individuals is quite small, the Agency

| believes that it is inequitable to pemit doses to a few specific
|

individuals that may be substantially higher than those to all other

members of the population frem other radionuclides. Additional

protection for such individuals should be provided.when this can be

done at a reasonable cost. H e standards proposed to limit doses to

individuals reflect this additional judgmental consideration where it

is appropriate to do so.

! .
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It is, I believe, worth noting in passing that the proposed
'

standards have not been based upon a cost-benefit evaluation of nuclear

po'.ter relative to other technologies for the production'of electricity,

as has sonetines been suggested should be done. Even if such an

evaluation were possible, and we do not believe that it can yet be

successfully carried out, it wculd not provide an appropriate basis for

standards-setting. Tne Agency believes that all sources of energy

should be envirc=entally acceptable and mininize their impact en

public health independently through imposition of cost-effective icvels ,

of control. After attaining environnental acceptability and
'

internalizing the associated costs, the marketplace is the proper place

for determination of the future use and acceptability of each of the

various energy scurces, rather than to use environmental costs as a

ceans of cou21izing C/B balances, or to arbitrarily equalize

enviremental costs. Tne Agency has rejected such nothodologies as

illogical and unsound.

I will conclude these brief co=ents on the basis of the proposed

standards with a few words abcut the dose-effect relationship used and
'

assu ptions nado in calculating environnental dose corctitnents. The

Agency has adopted as policy that use cf the linear dose-effect

relaticaship is, in general, the most appropriate and prudent course

fcr essessnents uhich fom the basis for standards-setting to protect

public health. Tnis is also the reco=endation of the National Academy

of Sciences. tie have published an appreciation of recent views

expressed by the ?!ational Council on Radiation Protection and
|
,

l
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l'easurements regarding the use and interpretation of health effects

estimates in our supplementary info m ation issued January 5, 1976.

Finally, the Agency has expressed its intent to review any new

infomation that is forthconing in this area, and uill update its

policy regarding the dose-effect relationship if this appears to be

warranted. Our review of information available to date, however,

indicates that a change in the present policy is not justified.

Tnc calculation of enviro = ental dose co titments was tcminsted

100 years following release to the enviroment of cach effluent
,

considered. This was done because our knowledge of envirennental

pathways was not sufficient to pemit credible assessments for such

extended periods, and because of the difficulty in making value

judgments concerning doses received at such distant times. This

tctsatisfacto:y situation is ancliorated by the observatien t'1t for the
.

tuo cases where this is of possibi.e significance, iodine-129 and the

transuranics, the controls required by the standards may be

characterized as "best available technology" and the level of residual
~

annual in: pact is extremely 1ou. Concern has also been expressed that

the consideration of environmental dose cv....dtr.cnts, which generally

involves large populations, small doses, and long periods of time, will

lead to a never-ending series of increased control requirements. Our

analysis convinces us that this is not the case--the most significant

radionuclides have already been identified,. and the indicated IcVels of

cost-effective control are not only bounded, but appear to be readily
~

.



,

.

t.

- ~

10
-

.

'

I

achievable and reascnabic in cost Increases in population sizes would' l

nut change these conclusions significantly.

I will nake only a few brief cements concerning implementation,

since this was the subject of an extended discussion in the

supple: entary infomation recently issued by EPA. First, it is not our

intent that the regulatory implementation of these standards involve an
'

apportionnent of the dose limits ancng the varicus fuel cycle

cperatiens. Although the standards for naxica dose apply to the total

centributien to any individual from the entire fuel cycle, in practice *

this will usually mean that cach ccaponent of the fuel cycle must

satisfy the sc e Jinits, since in the vast najority of situations the'

sun of all possibic contributions frcn all sources other than the

imediate site will be small compared to these standards, and should be

ignored in asscssing cc rpliance (as it now is regarding cenpliance with

i 10 CFR 20). We believe that it would not be reasonabic to attecpt to
'

inco gorate into cccpliance assessments doses which are small fractions
:

of the uncertaintics associated with doses from the primary source of'
,

l
*

! exposure.

With regard to reactor sites, the Agency has reviewed Appendix I ,

in its final fom (which applies to single reactor units), and it is

our opinion that ccnfomance to Appendix I by a planned reactor on a

site centaining up to five such facilities should constitute de facto
.

'

demonstration to the 1:RC that a reasonabic expectation exists that

these standards can be satisfied in actual operation (unless a specific

findng is made by EPA or ISC that extrc=ely unusual combinations of

'!
r
!
!
;
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liquid and air pathways of exposure are actually present and are

expected to be simultdncously intercepted by real individue.ls).

Additional guidance may be required in the future frem hTsC, as noted by

the Cc:nission in its opinion filed with 10 CFR 50, Appendix I, for

sites containing larger nt:tbers of facilities. In this regard,

hcwever, we note the ccnclusion of the hTtC's very recently ccupleted

Nucicar Energy Center Site Survey that at least 20, and probably 40

reactor units would be expected to deliver maxinn doses within the

limits specified by these proposed standards using types of centrol .

currently required to meet Appendix I.

It should be e.:phasi::cd that these standards apply to actually-

operating facilities, and not to preoperational stages of the

consideration of facilities, such as licensing. Consideration of the

adequacy of control measures at facilities during pre-operational

stages with respect to these standards should be limited to a finding,

either for specific sites, or on a generic basis, as appropric'r that *

the facility has provided or has available to it adequate means to

provide reasonable assurance that these standards can be satisfied

during actual operations. Such means may include the provision of
,

cleanup controls on discharge streams, the ability to modify, if

necessary, its mode of operation to mitigate environmen'11 discharges,

or methods which interrupt exposure pathways in the environment. The
.

important point is that the standards specify maxir:t:1 doses to real

individuals and maximum quantities of certain naterials actually
,

.

1

.
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delivered or discharg,cd to the environment, not the specific design

parameters of individual facilities. .

Finally, with regard to complicnce, it is not the intent of this

/gency that such extreme measures as routine monitoring of individuals

for cc .pliccc with mr.xi:::1 dose limits be instituted. In general,

existin;; environnental and effluent monitoring programs at facilities

crpear quite adequate to demonstrate compliance or the possibility of

n:n-cenpiirce with these standards. Only in cases where normal

- measurc ents indicate the possibility of non-ccmpliance would more *

detailed measurements be appropriate. In this regard, the Agency

believes that existing models for calculation of exposure fields due to

gaseous and liquid releases, using measured data on quantities

. released, local meteorology, and stream-flow characteristics, are

adequately consenative to serve as the basis for verification of .-

cc piicnce with these standards. If reason exists to believe, based on

use of such scurce tem measurements and models, that non-complinnce

may exist at a particular site, then more detailed field measurements

may be e ployed (or, of course, the* facility could reduce its emissions
.

to achieve model-based ccmpliance) .

.
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UthTED STATES ENVIRONMENTAL PRO 5CTION AGENCY I O-. . -

/00015
sdBJECT: Coments o " Radiation Protection for Nuclear Power DATE: JUN 2 71975

Operations" '

e. '

tale. [%
N { hea ;FRoM: Paul C. Tompkins . * *

Senior Science Advisor, NERC/R @CQ
'

To: Roger Strelow -

-

Assistant Administrator for Air & Waste Management
. ,

It has come to my attention that you cannot understand why you
periodically get documents I have written objecting to something
done by the Office of Radiation Programs. I believe my letter to
Dr. Mills gives an adequate statement of my motive and the reasons
I feel as I do. If you have any questio.ns, I can be reached through
FTS on 919-549-2611. .

The enclosed memorandum to Trakowski may also help clarify the
issues for you.

3 .iloppy thinking, ,Opppy writing and s, loppy performance has
characterized ORP operations ever since EPA was formed. How much

3 credibility do you think EPA can have whan every Health Physicist
- in the world except for those in EPA knows what radioactivity is?

-
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U s UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- *

' l P search Triangte Park, North Carolina 27711

%# .
'

JUN 271975
--

' ~

Dear Billy: -

,

I am writing this letter commenting on the proposed standards -

" Radiation Protection for Nuclear Power Operations", in Federal

Register, Vol. 40, No.104, pages 23420-23425, May 29,1975. Since

the package you sent me contained both thi FR Notice and the

associated environmental impact statement, ray comments may apply

to either or both as the case may be. Since EPA's approach and
,

philosophy are determined higher in-the EPA organization than the

Criteria and Standards Division, comments 4-8.are directed pri-
''

''

marily to Bill Rowe and Roger Strelow. ,

. .

(1) Section190.02(f). -
.

- . -

.

The definition of " Radioactive Material" is technically in-

correct. I suggest language such as the following which is derived

from the long established definition of radioactivity. " Radioactive

material is a substance containing nuclides which undergo spontan-

eou.s disintegration with simultaneous emission of io'nizing radiations."
|

| '

(2) Section 190.10 (a).!
.

The language "shall not exceed" is not appropriate since it
71

| requires a control and measurement capability no one can meet with ,
1

.

*

.

.

|
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.

'

|
-

.

1
-

.

' :- .o wm



.

. -
..

i
such absolute assurance. Appendix I language such as "is unlikely.

to exceed" is more in tune with reality without any implication of.

bf51 'b"

" *softening the standard. No 3 *S'-
:+,. s . . n u - . .. n-

| e i. e < eev s- e
.

- -

.(3).Section190.11.;
,

j The variance approach is a ' good way t.o get around the unde-

! sirable features of a fixed and unyielding numerical limit. However,
i .

.

j I do not forsee any condition except the operation of a power plant -

! that would be likely to have it invoked. 7 M-
! .

.

I

; The remainder of rqy comments bear on my observation as a profes-
,

sional in radiation protection that the presentation in both documents

is internally inconsistent in some aspects, and contradictory in
'

hers. The overall impression, as it has been for 5 years, i$'thatot

in the field of radiation protection, EPA is projecting an image to

the radiation protection communit'y, that can only be judged as

demonstrating that EPA is professionally incompetent, intellectually

dishonest or both. Since'this may appear to be an unnecessarily
,

harsh ev'aluation to some, my remaining comments bear on the reasons. -
|

| .

| (4) Generally applicable standards,

.

The standards proposed in the FR notice are neither environmen-
,

i tal standards nor are they generally applica'ble. Fet 9f Af *f~~ #

1 (g- uM, e*y), k) dm 6, "Y"O Y'"

; ; .-

! [ > ,- The distinction was made as early as 1971 when Mr. Dominick
j ,

! [ demanded that EPA establish standards for nuclear power and Joe
'

Lieberman opted for standards for light water cooled reactors. I.

| <
'

1 pointed out then as I do now, that if the agency proposes to issue -

.

.

.

9

.)
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generally applicable standards for nuclear power they would have
7 1to apply equally to light water cooled reactors, high temperature yJi

gas cooled reactors, breeder reactors and any other nuclear tech- >

.

nology used in power generation. However, the triumvirate of p-
;

', ,IDominick, Elkins and Gregg seem to have decided that EPA would k,
;.h *completely reject the protection philosophies developed by NCRP, .*

- p
ICRP and FRC and that the Agency would argue that any standard

expressed in tissue dose is " generally applicable" because the
'

,

radiation could originate from more than one nuclide. This was
r

Vg o"gsuch a horrible distortion of accepteff usage in radiation pro-
p

tection, I could not believe Liebeman was serious when he told or *l

"me this, but I was wrong. The policy of deliberate misrepresen ,

tation to project a political image that is not true is still. ,

painfully evident, -

,

'

.

It is perfectly clear ffom the documents that the proposed y

standards apply only to electricity generated by light water cooled () pc
'

reactors and do not apply to other technologies available to the

nuclear power industry.

.

EPA seems to have made zero progress in the past 5 years in

the direction of prcaulgatin'g generally applicable standards for

nuclear power. The apparent EPA argument that by making the standards
'

cover the whole fuel cycle rather than just the power plant they meet

the criterion of generally applicable standards is outright misrep-

resentation in that any standard which is technology specific can

only be viewed a a technology specific standard - not a generally

applicable one. F q~G ~ % ^hsh vf,

la m n . f % q . pt., g 3. M k& '
,
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7(5) Envircreer tal standards 9

An environmental standard noma,lly links the pr'esence of an agent

in the envirorcent to a dose-effec /. Tunction.
'The interpretation of

whether or not an envircr . ental, otandard is being met depends only on
5-

the concentration of the agent and is independent of the sources.

Primary air quality standards are examples of such environmental

standards.
.

The standards proposed in this notice are technology specific

and are, therefore, analogous to the New Source Perfor. nance Standards

of the Clean Air Act which are not promulgated by the Agency as en-

vironmental standards. By presenting these standards as "envirorcen-
'

tal radiation standards," EPA is presenting about the same image of

professional competence and intellectual integrity as we did 5 years

ago when we blandly ai;erted we were proposing " generally applicable
~

environmental standards" for*1ight water cooled reactors because the

suggested standards were in the form of dose to tissue.

(6) Page 23421, last column, last full paragraph -

The last two sentences read: "It should be noted that this

proposed standard for maximum whole body dose which is higher than

that proposed by the AEC as guidance for design objectives for light

water cooled reactors, differs from those objectives in that it applies'
'

to the total dose received from the fuel cycle as a whole and from

It isall pathways, including ga:=a radiation from onsite locations.

also not a design objective, but a standard which limits doses to the

The secondpublic under conditions of actual nomal operation."
.

O
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sentence is a true distinction, but the first one is not. The

" total dose received " rom the fuel cycle as a whole" is technicallyf

meaningl ess. There is simply no way by which a person in Georgia
,

%vis going to be exposed to a measureable degree to short lived is -
TMth bl ,{,,{ wp/4 &+f gg) ,

topes originating from a nuclear activity in California. It is g). ' " " ,)" a-

possible to apply this standard separately to each area or region 7'

where nuclear activities are conducted regardless of the number or N ). ]
,

g
type of nuclear activities in the area but there is no way for NRC I ("6fdb V1g

\a|ca;'p(/w -7to integrate across a'reas on an individual exposure basis. It is

also possible to apply it separately to each individual step in th

fuel cycle, but this application is rejected in the documents.

p The standard, as written would also include the contribution

from 14C and 3H among the contributors to the 25 mrem /yr. This poses
i a stickier problem since 3 , for example, released in California canH
'\ .

<r' contribute to a 25mren exposure in Georgia through the cycle of re-

)J' lease, in~ corporation into fruits and vegetables, and shipment to
I

Georgia for consumption by individuals in Georgia. I doubt the whole

NRC budget could support the monitoring and exposure assessment pro-

gram that would be needed to apply this type of requirement to all

activities in the fuel cycle. The message that comes through to me

is that EPA has proposed a standard it can b t mean, and that the

cost of compliance has not been examined correctly.

(7) Page 23422, Col .1, first paragraph

One sentence says, "The proposed standard of 75 mrem per year to

the thyroid has therefore been chosen to reflect a level of biological

risk comparable, to the extent that current capability for risk esti-

mation permits, to that represented by the st.andard for dose to the|

! whole body."
*-

. _ _ _ _ _
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(This argument does not wash at all. "To the extent that current

capability for risk estimation pemits" would justify a standard of h
t75 mrem per year to the whole body just as readily as one of 25 mrem 4 2i

'd''per year since both numbers are within the error range of any esti- %
In addition, the general practice in radiation protection asmate. ? NP l

prior to 1970 was to make the dose limit for individual organs (gonads K ' ]\
%

and bone marrow excepted) three times higher than the dose limit for

the whole body. The trend in the late 1960's was in the direction 4

"
of considering organs equally sensitive for protection purposes, and e

I ,

the NCRP in Report 39, wiped out the differential in its recommended ygg
U I

standards for exposure of the public. However, NCRP's rationale

bwas to simplify dose calculations and made no inferences about radia- ( N
LN-

tion sensitivity. I think EPA will find radiobiologists do not - .a j
s .s.

2support the contention that the radiation sensitivity of the thyroid g

is 1/3 that of all otiher organs in the body, and there is no way the q) 3g
1 -

s, 4

radiobiologists in ORD can support that statement outside the age.ncy. G (d
,

$
(8) Page 23422, Col. 3

I have dissented publicly with ORP's use of the SEIR report since % T,
u

publication of its report on Population Dose Ccmmitment. The basis for Q
|

my dissent appears to be shared by several knowledgeable members of the \ te .
-

Somatic Subcommittee of the BEIR Committee when one examines the
; ,

If I e
of people who participated in the preparation of NCRP Report 43.

Jhad to guess at the most likely level of risk at the dose levels of
e

9
interest, I would pick a number about a factor of 10 to 100 below thei

.

t

1

9
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estimate derived from the linear extrapolation model. This would make

the probable cost fall'more like 1 to 10 million d&fkars per hypotheti-
'

'

cal health effect averted than the $100,000 shownf. I do not think the'

Administrator has been given a true picture of the possible social cost
.

attached to adoption of this standard. -

. .

As a professional in radiation protection I like to take pride in

the organization with which I am associated.' The observation that

ORP's approach to radi,ation protection is to continue to play a political

shell game with the Administrator, other agencies and the public is

repugnant to me and I remain distressed by the public image ORP has

created for EPA. -

-

.
.

Sincerely, - - -

.

*

.

''

Paul C. Tompkins
, *

Senior Science Advisor
*

!
.

O

.

.

.

.

i *

.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY.

|SUBJECT: Further Thoughts on , EPA Radiation Policy DATE:
.

>.
,

FROM: Paul C. Tompkins
. Senior Science Advisor, HERC-RTP |

,

'

To: A. C. Trakowski
Acting Assistant Administrator, ORD

.

THRU: John F. Finklea, M. D. .

'

Director, NERC-RTP
,

.

This memorandum is to amplify and clarify my thoughts on the

subject of ORD's responsibility to EPA in the radiation area. The

matter surfaced when ORP issued a Technical Report " Environmental

Radiation Dose Commitment: An Appljcation to the Nuclear Power

Industry." We understand the concepts in this~ report may soon be

adopted by EPA as a policy base for the Agency's radiation program.'

-
.

In my memorandum to Dr. Finklea, I pointed out three places
. - Lo

,

1

I where, in my judgement, the report could be damaging the credibility
4

of EPA's image for professional competence in radiation protection.
"

In addition, I suggested a new look at the relevance of the approach

to EPA's responsibility to, protect both public health and the envi-

ronment.
,

.

On July 24, 1974, Dr. Mills commented on my memorandum, essen-
'

'

tially rejecting the reasons I gave for my opinion. His reply indi-

cates three policy issues are inherent in the ORP position of which.

you should be aware. These are: (1) Relevance of the ORP policy

| proposal to the Agency Mission; (2) ORP interpretation of the BEIR ,/

\ 'l
| Report; (3) the person rem and population dose concept. Amplifying

comments on each point follow.
,

.

EPA Fene 1320 4
9
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Relevance: *

The question of relevance was raised in my memorandum to Finklea

to suggest the Agency would be well advised to look at its radiations

program from the standpoint of ambient envihonm' ental standards as well

as'from the standpoint of source by source control and technology
.

assessment.,
-; . . .

My understanding of the arrangements: worked out under Reorganiza-
-

tion Plan No. 3 was that EPA is responsible for the first function and.

'

AEC is responsible'for the second insofar as nuclear power is concerned.,

The " umbrella" standard which was mentioned in the reply was at least
' '

an attempt on my part to comply with the concept of the ambient standard.

The point made by Dr. Mills is quite right in that the concept was con-,

'

sidered briefly and rejected by EPA. Instead, we took on a technology

: assessment approach that put us into direct competition with AEC.
-

;

My reading of the Asb memo says only that EPA should get on with

the job assigned to'us and cease duplicating the function assigned!

to AEC. My reading of the ORP position tells me that EPA has no
|

| ir)tention of considering ambient standards but will continue competing

with AEC on a broader base than separate standards tailored to the
-.

differences in individual facilities.
-

.

,

The question of relevance I raised is to indicate that if EPA's

responsibility is to focus on technology assessment - fine, let's
' agree on that and get on with the job. If, however, our responsibility

isambientstandards-lookout-becausetheprogramisnotconsid-

ering anything remotely resembling the concept of ambient standards.

'N
'

.

Q Q
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Delineation of EPA's primary responsibility is not the prerogative of,

either ORP or ORD. I am calling to your attention my judgement that

! a substantive issue can be involved and that EPA can be vulnerable a

second time, and for essentially the same reasons that prompted the
'

Ash memorandum. . . .

| -

Interpretation of the BEIR Report:
.

ORP's interpretation of the BEIR report as given in Dr. Mill's

reply to me requires a re-inte'rpretation of the linear extrapolation

| that cannot be defended on scientific grounds. The issue is whether

the linear extrapolation permits an estimate of the actual number of

effects to be expected at natural background levels (ORP's in,terpre-

tation) or an estimate of the likely maximum number - recognizing

that the true impact would fall some.where between that value and zero
. .

(myinterpretation). The linear-no threshold assamptior is an es-
F -

tablished radiation protection assumption, but this does not bestow

on it the property of scientific validity which the ORP interpretation

requires. -

'

The person rem conceot . . '
.

.

The concept that population risk is proportional to person rems
..

was commented on by Drs. Black', Garner, and me. Basically it requires

| us to accept as true, the notion that the risk to a population is

independent of and greater than the risk to the people in the popula-

| tion being evaluated. I think the Agency should think carefully before

|
-

-
.

,

' '

. u
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adopting it as a reasonable way to describe the relationship between

an environmental stress and its public health consequences.

I am preparing a paper entitled "The Use and Misuse of Populations

Exposures in Radiation Protection" which addresses the last two issues.

It will be given at the Health Physics Society Symposium on Population

Exposure on October 22, 1974. Also, I have prepared, as a Memo to File,
,

Imore detailed comments on Dr. Mill 9' reply. These can be made avail-
'

'able if you are interested.

.
.
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