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DOCKET No.

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

AMERICAN MINING CONcREss! PETITION
FOR RECONSIDERATION AND REVISION

REQUEST POR RELIEF

Pursuant to Section 4(e) of the Administrative Procedure Aot (APA), 5.U.8.C.
353(e), the American Mining Congress (AMC) petitions the Environmental Protection
Agency (EPA) to reconsider and revise, in part, the environmenta) radiation protection
standards for nuelear power oyerations contained in 40 CFR 190, Specifically, AMC
requests that EpA formally reopen rulemaking proceedings, reexemine the radiation
protection standards as they pertain to uranium mills; and develop, through @ process
that includes publie hearings, 1/ more realistie, more explieitly defined, and cost-
effective standards for uranium mills, Further, AMC requests EPA to stay the effective
date of the regulations as they pertain to uranium milling operations (presently

December 1, 1980) pending reconsideration and revision of the standards,

1/ Hearings in this continuing proceeding are Proper in light of Seetion '89(a) of the
Atomie Energy Act, 42 U.S.C. 2239(a), which provides that "[i]n any proceeding under
this chapter ®#s rpr the issuance or modification of rules and regulations cealing with
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INTRODUCTION AND SUMMARY

A. AMC's RIGHT TO RECONSIDERATION

AMC is an association of over 500 companies that represents the producers of
most f America's metals, 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 & 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 issuunce, amendment, or repeal of | 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.2¢ 873, 977-97¢ (D.C. Cir. 1679); Investment Company Institute v. Board of

Governors, 551 F.2¢ 1270, 1280-1282 (D.C. Cir. 1977) Oliato Chapter of Navajo Tribe

v. Train, 515 F.2¢ 654, 665-668 (D.C. Cir. 1975): Functional Musie, Ine. 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 Energv Act (AEA), 42 U.S.C. 2239(a), which provides for
& right to a hearing in ar, proeceedings "for the issuance or modification of rules and
regulations dealing with the activities of licensees." In any event, 10 CFR 2.80! (1979)
speciiically states that rulemaking may be initiated "on the petition of any . . »
interested person.” See Note 18, infra, at 35.

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 bv the First Amendment to the United
States Constitution. See California Motor Trans. Co. v. Trucking Unlimited, 404 U.S.
508, 510-511 (1972).
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established radiation standarcs 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,

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

or levels, or concentrations or quantities of radioective 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].” Id.

Under this authority, TPA soon thereafter prepared a draft radiation protection
regulation for th nuclear fuel evele. This proposal had different standards for different
segments of the nuclear fuel cvele. For example, more stringent limitations were
placec on reactors than on mills. (Draft Proposed Rules, Environmental Protection
Requirements For Normal Operations of Activities in the Uranium Fuel Cyvele, 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 all fuel cyecle 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 Oectober 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:



-.that EPA shculd econtinue, under its ecurrent authority, to have

responsibility for setting standards for the total amount of radiaticn in the

general environment from all {acilities combined in the uranium fuel cycle,

.€., an ambient standard which would have to reflect AFC'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). Simui.aneously, EPA issued a draft environi;2ntal impact statement (DEIS) on
this proposal as required by Section 102 of tie National Environmental Poliey Act
(NEPA), 42 U.S.C. 4332. On July 28, 1975, and September 15, 1875, AMC submitted
comments on the proposed standards. At hearings held by EPA on March 8-10, 19785,
the comments of AMC's scheduled witness, Dr, Robley D. Evans, were submitted for
the record.

At these same hearings the Nuclear Regulatory Commission (NEC) 4/ testified
extensively on the proposed regulation. Essentially, NRC asserted that (1) EPA had
incorrectly essessed radioactive effluent econtrol 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 eyele, 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~
2867, Appendix B-2). The regulation as promuiga‘ed was revised in minor respects
from the May, 1973, proposal; however, the basic exposure standards (25 millirems to

the whole boay 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).



millirems) were unchanged. E/ Recognizing that mills presented some "unique" problems,
the elfective date of the 25 millrem standard for uranium milling operations was
deferred four vears until December !, 1980, At the same time, EPA issued its final
environmental impact statement (FEIS),

Purportedly, the regulation changed the primarv focus of the radiological

protection of the public {rom 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 & "cost-effectiveness” basis, because this approach
was "pest designed to strike & balance between the need to reduce health risks to the
general population and the need for nuclear power" (40 Fad. Reg. 23421, Appendix B-
). Allegedly, EPA looked et 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:

Sueh 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 whici. the Agency has determined that the costs of
control are justified bv the reduct.on in health risk. Id. TEmphesis added).

This alleged acherence 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
consideration 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 wayv to set
radiation standards other than to balance risks against costs of control; and
2) the nuelear industrv is oo important to the nation's future power supply
to ignore cost and technologyv consicerations. {Train M emomn%um, supra,
Apperdix B-5 at 1-2). [l.mphasis added.]

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



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 180 and failec to develop evidence tc support the approach it ultimatelyv adopted.
C. BASIS FOR REQUESTED RELIEF

As is more fullv developed hereafter, three considerations warrant reconsideration
anc revision of the 25 millirem standard of 40 CFR 190.

First, relevant developments have occurred since the promulgation in January
1877 of 40 CFR 190 that render this regulation unreasonably burdensome on the uranium
milling industry. These developments include: EPA's new model mill whieh differs
from the model used to develop the existing standards (EPA Radiological Impact Caused
by Emissions of Radionuclides into Air in the United States, hereafter Rl 1979); new
dispersion and dosimetry codes (ATRDOS-EPA and NRC-MILDOS); new dose conversion
factors (Killough et al. 1979); new heaith effects conversion factors (ICRP 26 1977 and
BEIR Il 1980): end new cost data for source term controls (NRC GEIS and industry
surveyvs). 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 bevond 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 8/ to 25 millirems per vear, should be reconsidered
in light of the recent decision involving benzene. Industrial Union Department, AFL~-
CIO v. American Petroleum Institute, US. _____, 65 L. Ed.2d 1010 (1980)

(hereinafter, Benzene).

6/ See 10 CFR 20.105



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 & 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 anc the inadequacies of the administrative

record are considered together i 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 cyele. Being neither practicable nor cost-effective, 40
CFR 190 es applied to uranium milling is "arbitrary, capricious, an abuse of diseretion

and otherwise not in accordance with law." 35 U.S.C. T08(2XA).
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REASONS FOR GRANTING THE PETITION
A. THE 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-Effectiveness Analysis

Cost-effectiveness analysis is one of a number of of approaches that have been
accepted for the belancing of risks and benefits in the levelopment 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. Z/ 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 & predetermined acceptable
societal cost. Through this mechanism & cosi-effective control standard can be set.

2. Legal Requirements for Application of Cost-effectiveness
Analysis_in_Setting Radiation Protection

At & minimum, cost-effectiveness analysis or some other form of risk-benefit
balaneing 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.

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




This follows from EPA's reliance on the linear non-threshold theory. f/ In EPA's own
words, by relving on this theory, "there is no logical way to set racdiation standards
other than to balance risks against costs of control ***" (Train Memorandum, supra,
Appendix B-5 at '-2). This was reaffirmed by EPA in the FEIS:
It would be irresponsible to set standards that impose unnecessary
health risks on the pudlic (unnecessary in the sense that exposures permitted

by the standards can be avoided at & 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 imposeC by the standards provide little or no heelth benefit to the

publie). (FEIS at 21).

Second, this requirement is implicit in the mandate of the AEA under which the
standards have been promulgated. Section ! of the AEA (Declaration) expressly states
that the poliev of the United States is:

&. [TIhe development, use, and control of atomic energy shall

be directec so as to make the maximum contribution to the general welfare,

subject at all times to the paramount objective of making the maximum

eontribution to the common defense and security; and

b. [T]he development, use, and eontrol of atomie energyv shall
be directed so as to promote world peace, improve the general welfare,
incregse the standard oi' Twn’rg, and strengthen free competition in private
enterprise. 42 U.S.C. 20'1 [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 purposes are vital to the

common defense and security.” 42 U.S.C. 2012(a) [Emphasis added]). In Seeotion 3(f)

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

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

These provisions explieitly adopt a poliey 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  _
benefits of developing nuclear energy with the need for appropriate environmental

safeguards. Cost-effectiveness analysis is such & 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.

- 1D =



Third, use of cost-effectiveness analysis in setting radiation protection standards
is supported by the National Environmental Poliey Act (NEPA), 42 U.S.C. 4321 et seq.
Section 101(a) sets forth the NEPA's basic substantive poliecy that the government:

[U]lse 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 productive harmonv, and fulfill the social, economic,
anc other requirements of present anc 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 policyv,” to the end that the Nation may:

(2) assure for all Americans safe, healthful, productive, 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 undesirab: - or

unintended consequences;
L B

(53) achieve & balance between population and resource use which will
permit high standards of living and & 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' Coordinating Committee v. United States Atomic Energv Commission,

449 F.2d 1108, 1112-1113 (D.C. Cir. 1971). 9/

9/ See EPA Office of Radiation Programs, Staff Report, "Considerations Relative to
Setting Environmenta] 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
*’ .ional Environmental Protection Act (NEPA) has introduced a very major change in
the information required in Environmental Impact Staements. In particular, the
requirements to evaluate the consequences of potential accidents leading to release of
racioactive materials and quantiwative benefit-risk/cost assessment on a facility-by-
facility basis are important new requirements.” (Appendix B-7 at 6).

- 11 -



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 arbditrery, capricious, an abuse of diseretion, and not in
accordance with law,

3. EPA's Purported Compliance with tne Required
Cost-E fectiveness 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, relving on EPA's
1873 "Environmental Analysis of the Uranium Fuel Cvele" (FCA 1973) and its
"Environmental Analysis of the Uranium Fuel Cycle, Part IV - Supplementary Analysis
- 1976" (FCA 1976).

In applving cost-ef{fectiveness analysis to uranium milling, EPA used a hypothetical
model n il 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 Atomie Radiation (UNSCEAR 1972) (FCA 1973
at A-1), Caleulated health effects for these doses were based on the 1972 National
Academy of Seciences' "Report on the Biological Effects of Ionizing Radiation" (BEIR I
1872) (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 comnitted two fundamental

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

- 13 -



FEIS combined all of the components of the fuel cvele and applied & given control
technology to & given fuel evele 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 anc efficiencies of control technologies) were equal for each of the
components would the outcome be comparable to performing separate analvses on each
of the individual components. The date were not. The FEIS itself illustrated the
disparity in quality of data available for the various components of the nuclear fuel
evele (FEIS, Vol. 1 at 52-68). 10/
Second, coitrary to its basic commitment and the requirements of law, EPA
timately 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 & 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
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
cyele. (FEIS Vol. I at 26).

The effect of EPA's approach is to regulate uranium mills solely on the basis of
the maximum dose to & given individual, an approach for which no cost-effectiveness,
risk assessment or any other analysis was ever presented. Again, this is arbitrary,

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, 1879) (Appendix B-8 at 8-9),

o 13 =



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

1. Dose Calculations Using New Evidence

In its 1876 estimation, EPA concluded uranium mills could meet the 25 millirem
stancared by using: (1) a wet impingement serubber on the crusher and fine ore bins, (*)
& high-energy venturi serubber on the vellowcake drving 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-' 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~
23427, Appendix B-1). As AMC has indicated, & substantial body of new data and other
evidence has been developed since the standard was promulgated in January, 1977,
Applying this new evidence to the methodology used by EPA in developing 40 CFR
180, the 25 millirem standard is unreasonable for uranium mills, For example, EPA's
new dispersion and dosimetry code apparently will prediet violations of the 40 CFR
180 standards in many cases where the analvtical 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.'l/ It is evident from inspection
of the Table that the new AIRDOS-EPA dispersion and dosimetry code has made &

dramatic change in the calculated control level required to meet the 25 millrem standard

11/ It must be emphasized that these calculations are not intended to endorse the
modeling approach to setting standards, these new models and codes, or the precise
resuits of the calculations. AMC is presenting these calculations merely to demonstrate
thet the agencv 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 ecritical 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

serubber with HEPA filters operating at greater than 99.9% efficiency for the vellowcake

stack, (3) a clay core dam to reduce seepage, and (4) total suppression of particulates
from tailings beaches by chemical stebilization. This control level is designated as A4,
B4, C2 in Table 1 (supra, at 13). This theoretical control level, of course, assumes
that the control efficiencies used by EPA can be routinely achieved in practice, which
is questionabie. 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
besis alone the 25 millirem standard is unreasonable, and EPA should undertake &
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
EPA predicted would be sufficient to meet the 40 CFR 190 standard (FCA 1976, Table
0.0-1 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,
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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.‘_zl

For example in 1976, EPA calculated that the present value for chemical control
of windblown dust from tailings pond beach>s 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 & more
realistic estimate of the cost for this control technology. EPA estimated that the
present values of a wet impingement scrubber (B1) and high energv venturi serubber
(B3) for the vellowcake drving 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 tfor the model
mill and have a total present value of $325,000 ($1980).

As ndicated above, Table 2 (M9 at 17) compares 1976 EPA cost estimates
for various levels of control for the model mill (§ 1980) with results of the AMC
industry survev and recently published literature. The sequence of control combinations
was selected by EPA b.cause 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, Bl through A4, B4, C2) suggests that this is no longer the most cost-effective
order of eontrol levels. Based on this analysis, EPA should re-examine its selection
of controls for each incremental reduction in dos;e. 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 & factor of 1.553 (Chem. Eng. Plant Cost Index, 1980).
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performed by EPA in 1876 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.
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C. COST-EFFECTIVENESS CALCULATIONS USING NEW EVIDENCE

1. New Technical Data Significantly Cl'-gge_t%es Cost-Effectiveness
of Coatrol Technology at M

Since EPA conducted its environmental analysis of the uranium fuel cyele 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 mode! 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 lccated in the Grants uranium production belt in New Mexico, 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 Laboratory in 1975 (ORNL 1973). E/ Doses due to particulate emissions from
mill tailings are also based on ORNL 1975.

Second, concentrations of airborne radionuclides reported in RI 1979 were
caleulated using a new dispersion and dosimetry code developed by EPA and designated
AIRDOS 0. This computer program repre<eited 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 Methodology For Lstimating Environmental
Concentrations And Dose to Man from Airbcrne Releases of Radionuclides” (1979)
(hereafter ATRDOS-EPA). As pointed out by Impact Limited in Appendix A-1, despite

the improvemnents, even this ccde does not represent the state of the art.

_'_3./ Sears et al.,, "Correlation of Radioactive Waste Treatment Costs snd the
Environmenta! Impact of Waste Effluents in the Nuclear Fuel Cyele for (se in
Establishing 'As Low As Practible Guides' — Milling of Uranium Ores" (ORNL 1975).
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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, et 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 hvpothesis 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). More recently, the BEIR Committee published a third report (BEIR I 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 acdition,
AMC is making available the results of a recently completed industry cost survey,
which was specifically directed to determining the costs for radionuclide particulate
controls (AMC Cost Survey, Appendix A-4),

2. Results of AMC's Cost-Effectiveness Analysis

AMC 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 econtrol
technologies considered by EPA. Health effects conversion factors based on ICRP 28
14/ Killough, G.G., et al, Estimates of Internal Dose Equivalent to 22 Target Organs

for Radionuelides Occurring in Routine Releases From Nuclear Fuel-~vele Faciliiies
(ORNL/NUREG,TM-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 ~ost data contained in FCA 1978.
The adjusted costs are shown in Table 2 (supra, at 17).

Finelly, 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 comparec to the incremental benefit in health
risk reduction predicted for this increment of addit onal 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-efiective 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 Ay, Bo, which EPA
indicated would pay for itself as a result of additional vellowecake 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 contrils 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. T at 136). Accordingly, 40 CFR 190 must be reconsidered and revised., 15/

’_5/ 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).
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TABLE 3

CALCULATED HEALTH EFFECTS
REGIONAL POPULATION(")
1976 MODEL MILL - AIRDOS - EPA (2)

Health effects Lifetime Lifetime Risk per

Controls(*) Per Year (3) Hea'th Effects(4) Million Persons
A 1B 0.0030298 0.00894 0.25
A1:B2 0.000226 0.00877 0.19
A1;B3 0.000208 0.00625 0.17
A2:B3 0.000133 0.00400 0.1
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

Dose calculations assume each control combination to inelude clay core dam retention

system with seepage return (C1).

Cal

culations and methodology are detailed in Appendix A-1 and Appendix A-2.

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)
Orifice Scrubber
2. Wet Impingement Secrubber
3. Low Energy Venturi Scrubber
4. Bag Filiers
A Gaseous (Yelloweaske Drying and Packaging)
1. Wet Impingement Secrubber
2. Low Energy Venturi Scrubber
3. High Energy Venturi Scrubber
4. High Energy Venturi Scrubber + HEPA Filters
Ce Liquids, Solids, and Windblown Particulate Matter

1.
2.

Clay core Dam Retentior System with Seepage Return
Chemical Control of W.ndblown Dust from Tailings Pond Beach
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TABLE 4

COST-EFFECTIVENESS(!) OF VARIOUS LEVELS OF CONTROL
1976_MODEL MILL - AIRDOS - EPA

Lifetime
Health Cost per Health Effects
Controls(™) Effects (2) Averted (MM § 1980)(3)
At; B 0.00894 -
Al; 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) Caleulated as the incremental cost for each successive level of control divided bv
the incremental health effects averted.

2) From Table VIII and Appendix A-2.

3) EPA 1976 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
1. Bag Filters

B. Gaseous (Yelloweake Drying and Tackaging)
Wet Impingement Scrubber
2. Low Energy Venturi Scrubber
3. High Energy Venturi Scrubber
4. High Energy Venturi Scrubber + HEPA Filters

C. Liquids, Solids, and Windbiown Particulate Matter

l. Clay core Dam Retention System with Seepage Retumn
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 Exprsed 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 assumpuions
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 ! (supra, at 15) by use of the same factors and assumptions
used to estimate the risks to the regional population shown in Table 4 (supra, at 23).
The results appear in Appendix A-2, Table 10 at 28. The results of analyzing EPA's
1976 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
millirer~ 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 vears. Second, the code

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

2. Comparative Risk Considerations

EPA stated in its analysis that the risks from releases to particulate radionuclides
frcm 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, B! control level (assumed by EPA as the present

control level) are shown below: 16/

16/ See B.L. Cohen X I S. Lee, "A Catalogue of Risks,” 36 Health Physies 701-722
{(June "7979).
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COMPARISON OF RISK FOR MAXIMALLY EXPOSED INDIVIDUAL

Source Risk Loss of Life Expectancv (Davys):
Diet Drinks 2
Oral Contraceptives 6
Coffee 6
Fire-burns 7
All Catastrophies Combined 35
Falls 39
Drowning 41
Homicides 90
Home Accidents 95
Pneumonia-influenza 141

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-fifth that of the average job, and one-tenth that of the safest job.




- ~ 1N
o o e i i 7 o Pl A Fan oy
o N «\, L‘.:v"i

- Ly

\ WL 1Y gl
i 3 - \ SR N RS IR S IFIRS L
WL HY AR UaUASU

=)

TABLE 5
LOSS OF LIFE EXPECTANCY DUE TO VARIOUS CAUSES(!)

CAUSE DAYS
Being Unmarried - Male 3500
Cigarette Smoking - Male 2250
Heart Disease 2100
Being Unmarrie« - Female 1600
Being 30% Overweight 1300
Cancer 984
20% Overweight 200
3th Grade Education 850
Cigarette Smoking - Female 390
Low Socioeconomic Status 700
Stroke 520
Army in Vietnam 400
Cigar Smokine 330
Dangerous Job - Akceidents 300
Pipe Smoking 220
Increasing Food Intake 100 Calories/Day 210
Motor Vehicle Accidents 207
Pneumonia - Influenza 141
Alechol (U.S. Average) 130
Accidents in Home 25
Suicide a5
Diabetes 95
Being Murdered (Homicide) a0
Legal Drug Visuse 0
Average Job - Accidents 74
Drowning 4
Falls 39
Accidents to Pedestrains 37
Safest Jobs - Accidents 30
Fire - Burns 2%
IUieit Drugs (U.S. Average) 17
Poison (Solid, Liquid) 17
Suffocation 13
Firearms Accidents 1
Natural Radisiton (BEIR) 2
Vekdical X-Rays A
Poisonous Gases T
Coffee 5
Oral Contraceptives 5

| Accidents to Pedacycles 5

i All Catastrophes Combined 3.5

| Frequent Airline Passenger(Z) (Radiation Only) 2.3
One Transcontinental Flight Per Year (Radiation+iceicen)'?) 2.3
“faximally Exposed Individuai(3) 2-3
Diet drinks 2
Person in Room with a Smoker(2) 13
Living in a Brick vs, Wood House(2) 0.8

(U)Source unless otherwise noted: "A Catalog of Risks”, B.L. Cohen, LS. Lee, Health
Physies, Vol. 38, June 1979, o, T01-7T22,

| (2)sdapted from Richard Wilson, direct testimony presented on NSIIA Docket Vo, H-

090, Proposed Regulations for [cdentification, Classifieation, and Regulation of Toxie
; Substances Posing a Potential Occupational Tareinogenic Risk., Conversion values to
i life expeetancy lost used were 20 vears for cancer and 10 vears for aceidents.
I

(3)Risk corrected to conditions at 20th vear of plant ooeration and washing of home
grown vegetables before eating.




3. Other Risk Benefit Considerations

Beyond the recognition that the predicted risks from uranium mill radionuclide
particulate releases are small, even in comparison 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 mocel
individual anc 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
hem™ (FEIS Vol 1. at 26). EPA apparently decided, without saving how, that the
maximally exposed individual for a uranium mill is subjected to such an "extreme
maldistridbution of risk.” Viewed in the perspective presented above, the risk - even
to admittedy few maximally exposed individuals _'1/ - is insignificant. The concept
of "maldistribution of risk” to maximailly exposed individuals z'.ould not be controlling,
except where the risks presented are, in fact, extremely disproportionate to those ol
the general populatior.. Such is not the case .

Additionally, EPA neglec  to consider the full risk benefit equation for this
theoretical individual. First, it cannot be said that this individual receives no direot
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. Inceed, 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

17/ See FEIS Vol. I at 26 and 93.
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which utilizes nuclear power capacity. The power delivery system in this country is
a broadly integrated network with constant intermixing cf 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 svstem 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 Expectancvy Due to Various Causes

Cause Davs
Motor vehicle accident~ 207
Being murdered (homiciuc) 80
Accidents to pecestrians 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 mili 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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CONTIN',ING UNCERTAINTY IN DOSIMETRY CALCULATIONS RENDERS
ENFORCEMENT OF 40 CFR 190 UNLAWFUL

1. Dasimetry Codes are a Critical Element in the Formulation
and Enforcement of the 25 Millirem Standard.

As noted previously, EPA used a very rudimentry analyvtical approach to predict
the dispersion and dosimetry of radionuclide emissions from nuclear facilities in 1973
and 1976. Since 1576, 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 moczaling
approach to standard-setting it is inappropriate that the key predictive tool used to
develop and monitor enforcement with the standard — (a) has net been formally subjected
to public comment and (b) is continually revised without public comnent. 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 peer review and analvsis. (Vol. I at
30) [Emphasis added].

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. AVC submits,

however, that tc do so is to insert the more recent code into the standard without




review and comment. This violates the requirements off the APA, 5 U.S.C. 533, as
well as the Fifth Amendment to the United States Constitution. To avoid this result,
EPA must honer its commitment to reopen rulemaking (40 Fed. Reg. 23420, Appendix
B-1; 42 Fed. Reg. 2858, Appendix B-?2),

The problems associated wit' EPA's use of dosimetry codes are further
complicated by the fact that NRC will use its own dispersion and dosimeiry 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 incustry, therefore, must attempt to comply with 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 eontinually 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

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

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

2. The Uncertainties and ies 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
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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, supra.

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
bv 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-! at 56-65)

shows that the organ doses calculated by the two codes typically vary bv 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
only after 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 & 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 fectors

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

proportional to dose conversion factors (i.e., these differences will result in ealculated
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doses varying by a factor of ten), the dose conversion factors should be very carefully
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

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

Co. v. Ruckelhaus, supra, at 543.

In reopening the record, EPA should entertair. the views of all a’fected parties

and the scientific community prior to any final decision on dose conversic~ factors.
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F. THE EXISTING RECORD IS INADEQUATE TO SUPPORT THE
25 MILLIREM 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 Company Institute v. Board of Governors, supra, 551 F.2d at 1280-1282.

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

well established. In SEC v. Chenery Corp., 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 »f

review requires that the grounds upon which the administrative agency acted be clearl:

disclosed and adeguately sustained.” 318 U.S. at 94, 87 L.Ed. at 636 [Emphasis added].

See also Camp 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 ecourt
considering 40 CFR 190. 18/ This Section provides:

Any final order entered in any proceeding of the kind specified in subsection
a. of this section shall be subiret to judicial review in the manner preseribed
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).

18/ 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 e\nstmg 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.




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, supra, ai 70, n. 126. See also Fssex

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

U.S. 969 (1974); 18/ NRDC . NRC, 547 F.2d 633 (D.C. Cir. 1967, rev'd c¢n 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, supra, 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].

H/ In Essex the court stated:

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 standerd. 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 anc 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 agenevy must bear

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

at 102'. 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.




2. The Reasons the 25 Millirem Standard
was Chosen by EPA cannot b>» 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 conelusion:

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 vear to the total
body and to all ot*er organs and tissues. The figure of 25 mrem per vear
is presented with the implication that judgment, cost-effectiveness analysis,
and controls readily available to the industry have all been considered
carefully prior 10 its formulation. However, nowhere is there anv explanation
sufficiently quantitative to support 25 mrem, as opposed to sav 50 or 100
mrem per vear. (Whipple, Appendix A-3, at 2-3) |[Emphasis added).

The rulemaking record is, therefore, deficient with respeect 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 Copper Corporation v, EPA, 462 F.2d 846 (D.C.

Cir. 1972). 2V/

20/ Roger J. Mattson, Director, Division of Siting, Health and Safeguards Standards,
NRC, incicated as much in his statement at EPA's hearings on 40 CFR 190 in 1978
He said:

The criteria contained in the proposed standard cannot be traced to the
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
statements, and in case-by-case licensing actions. (Statement of Roger J.
Mattson, March 8, 1976 Appendix B-8 at 7) [Emphasis added].

21/ Kennecott, a national secondary ambient air quality standard of 60
miecrograms of sullur 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:

Inherent in the responsibility entrusted to this court is a requirement that
we be given sufficient indication of the basis on which the Administrator
reached the 60 figure so that we mavy consider whether it embodies an
abuse of discretion or an error of law. 462 F.2d at 349 |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
68-72; Figure 3 at 39). EPA emphasized that the standard was developed using cost-
effective leels 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
stancards 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
standarc] 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] ecan
be readily achieved in practice" (FEIS Vol. 1 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 mav not be cost-effective,

because of the small populations involved near manv fuel supplv 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. 1 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 ineremental 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 yellowecake dryer) compared to the $250,000
- $500,000 level considered appropriate in the FEIS.

Ti.» 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. EPA's DEIS had indicated that the only controls on mills
necessitatec by the 25 millirem standard would be those based on cost-effectiveness
analyses anc 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 2_2_/ that allowed it to reduce calculated doses

by a [actor 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, 23/
By changing these two sets of assumptions EPA w.s able to elaim that only

mocest outlays would be necessary for mills to r.eet the 25 millirem standard.

22/ International Commission on Radiological Protection, The Metabolism of Compounds
of Plutonium and Other Aectinides (Pergammon Press, New York, 19:2) (ICRP Publication
19).

23/ Interestingly, EPA based its model mill in RI 1979 on 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.




EPA did acknowledge that tailings ponds at ten uranium mills would require
"remedial measures of varying degrees to comply with the standards” (FCA 1978 at
36.) EPA gave little attention to the mills themselves, stating only that any retrofitting
cost for mills would 2 "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 outlavs" 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 fcr a large regional population,

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

risks that are "guite small” would be completely unreasonable.



4. The Record Contains nothi
to Justify the Dose Limlits 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 ﬁ/.

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 acceptable non-zero dose
level based on elimination of health risk alone. Thus, at anv level of
exposure we must examine the benefits associated with an activitv producing
ublie 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, 12-3) [Emphasis added]. 25/

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
for the general population. The average exposure permitted for the
population should be considerably lower than the upper limit permitted
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.



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 cvele 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 _.arge 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 impeet mayv result in a few individuals
receiving unreasonably high doses. (FEIS Vol. 1 at 26) [Emphasis added]. 29/

Contrary to the recommendation 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 given individual is quite small for these
doses, which are generally below & few hundred millirems, EPA believes
that such doses should also be minimized especially when the individual at
Fisk 15 not the direct recipient of the benelits of the activity producing
them. (FEIS Vol, 1 at 28) |[Emphasis added].

In spite of itz recognition that the risk to individuals would be "quite small”, 27/ anc
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

26/ 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).

_21/ In the Benzene case, the Court overturned the Labor Secretary's recduction from
10 ppm to ' ppm of permissible benzene levels in air at workplaces. In doing so, the
Court concluded the Secretarv 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 '0 ppm and that the number of cases might be reduced
by reducing the exposure level to ! ppm.” Id. at 1030 [Emphasis added]. There 1s
no significant difference between OSHA's actions in that case and in EPA's actions in
this case.

o i3 -



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 coneclusory
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 onlv 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-ef!=ctive.
(Appendix B-13 at 41 [Emphasis in original]; 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 proposed in
the standard to anv technical base developed in the EPA reports. (Appendix
B-13 at 39-560) [Emphasis in original].

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. T at 13-14) [Emphasis added].

This response addresses the criticism obliquely, if at all.
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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 Distriet of Columbia

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

also NRDC v. NRC, supra, at 6335.

The greater failing, however, is EPA's total failure to support the standard in
the administrative record. This failure renders the agency action arbitrary, eapricious,

an abuse of discretion, and otherwise contrary to law. Benzene, supra: SEC v, Chenery

Corp., supra: Nationsl Lime, supre,
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5. The 25 Millirem Standard does not A tely Account for Variability in
the Nueclear Fuel @e an% EPX k? Failed to
Show that it is ticable or chievable for Mills

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

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 a:d safety, the Act - in
calling for a program of administration which would be consistent with basic congressional
policies - precludes imposition of standards that are nct 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 aceomodate minor deviations from anticipated performance
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),
But EPA's major focus was on reactors for which volumes of large scale commerical
operating data were available (See Memorandum of June 27, 1975 from Paul C. Tompkins,
Senior Science Advisor, to Roger Strelow, Assistant Admimstrator for Air and Waste
Management, EPA, Appendix B-15). If EPA is to promulgate standards which apply to
all facilities in the nuclear fuel cyecle, then those portions of the standards which
most heavily impact a single segment of the fuel cyele must first address that most
impacted segment as the base case, rather than some other segment of the fuel cyele.
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 importaiice of nuclear energy. He also stated: "The standards were
determined to be reasonable by considering both the cost and the technical feasibility
of control technology" (Train Memorandum, supra, Appendix B-5 at 1),
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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 eyele,
i.e., an ambient standard which would have to reflect AEC's findings as to
the practicability of emission controls. (Appendix B-6 at 2) |Lmphasis
333351@7

Since the proposed standards do not properly account for variables within the
nucleer fuel cycle and, in fact, are not practicable or demonstrably achieveable by the
milling segment of the fuel cvele, they cannot withstand serious serutiny. 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
stancard.31/ The court there stated:
Promulgation of standards based upon inadequate proof of achievability
would defy the Administrative Procecure Act's mandate against action that
is "arbitrary, 2apricious, an abuse of discretion, or otherwise not in
accordance with the law.” (Id. at 22) [Footnote omitted].
The court rejected EPA's contention that the achievability of that standard had been
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.” Id. at 27.

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 {or 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 Lime. The

administrative record must support the “achievability" ("practicability”) of the
promuigated 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 which does not account for certain
routine variations in conditions is 'unachievasle,’ We agree, where, as here,
there is no evidence in the record that the 'costs’' of adjusting for such
routine variations (asuming such adjustments be possible) were considered
by th'; Agency in promulgating its standard. (Id. at 23 n.46) [Emphasis
added ] ."

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

Ruckelshaus, 478 F.2d 515 (D.C, Cir. 1973). Again the court remanded standards
promulgated by EPA under the suthority of the Clean Air Aet for EPA's failure to
prove achievability.

The foregoing discussion demonstrates bevond question that the milling segments
of the fuel ecycle can not cost-effectively achieve the standard.  Furthermore, the
considerable problems which have been pointed out regarding compliance and
enforcement, 32/ 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 cvele, it must support
the standard with a showing that it is practicable and achievable for all segments of
the cyecle. Its failure to do so to date, renders the standard arbitrary, capricious, an

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

32/ 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, supra, 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 putlic 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.

Durirg 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.y'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 rulelmaking proceedings to help EPA set a cost effective and
environmentally sound radiation protection standard for uranium mills.
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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 Uranfum Fuel Cycle; Parts I, II, and III,
(USEPA, 1973) and Part IV, Supplementary Analysis (USEPA, 1976). Those

tudies 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 scught to support it in 1976.

In deriving dose estimates in 1973 and 1576 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
(USAZC, 1873). Since those dose estimates were made there have been stucies
which have proviced mcre detailed information on mill release rates and there
have been significant advances in dispersion and dosimetry modeling. In 1979,
tre EPA published a new model mill concept in a Clean Air Act analysis
document - Radiological Impact Caused by Emissions of Radionuclides Into Air
in the Unitec States (RICERAUS), (USEPA, 1979b) - and alsc released and
documented 1its latest dispersion and dosimetry computer code, AIRDOS-EPA.
That Code is far more sophisticated than the AEC metnods used in 1973 and
1976. In addition the Nuclear Regulatory Commission has recently releasec
the MILDOS Code, their dispersion and dosimetry counterpart to AIRDOS-EPA,
which is being used for enforcement of the 40 CFR 190 standard.

Impact, Ltd. was commissioned to examine these recent developments 1in
codes and moge! mill concepts. Three specific tasks were assigned; to emulate
the EPA's 1976 environmental analysis of uranium milling using their latest
mode] mill concept and dosimetry code to evaluate the adegquacy of AIRDOS-EPA,
and to compare the results of a MILDOS 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 contrcl technology amalysis was
amulated using the AIRDOS-EPA Code to analyze the RICERAUS moce! 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
for ar 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
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 AIRDOS-EPA code to
determine its adequacy for use in development of radiological standards. Our
aporoach to this review was to fngividually examine each of the Code's
submodels e.g. radionuclide release, atmospheric dispersion, terrestrial
transport, and dose to man, followed by an assessment of the composite Coce.
The submode] examination led to the conclusion that significant uncertainty is
inherent in the Code which derives from three factors; insufficient basic
research and validation studies, insufficient modeling sophistication, and the
use of single parameter values to represent wide ranges of research data. we
recommend that an attempt to guantify the uncertainty be made and priorities
for improvement be set by conducting a sensitivity amalysis of the AIRDOS-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 fina! study task involved a comparison of the theory and approach of
AIRDOS-SPA to that of MILDOS and a comparative analysis of MILDOS and
AIRDOS-EPA dose predictions for the RICERAUS model mill. Significant
differences in submodel formulation and parameter values were found and the
mill analysis comparison 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.

tudy resu'ts lead to two primary conclusions:

* Recent developments in EPA's conceptual medel 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 AIRDOS-EPA and MILDOS
Codes demonstrate significant differences in Code predictions. This
would indicate that the current practice in standards development cf
using mode! predictions as precise or absolute projections is invalid
and that an approach to standards development which accounts for
mode] uncertainiy is mandated. Until such an approach is developed
and current standards such as 40 CFR 190 are revised, those standarads
must be considered to be scientifically unfounded and unsupportable.
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1.0 INTRODUCTION

From 1972 to 1977 the U.S. Environmental Protection Agency conducted a
series of awnalyses of wuranium fuel cycle activity radiological impacts -
Environmenta. 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 - Env‘ronmental Radiation
Protection Standards for Nuclear Power Operations. Those standards specify in
part that no member c¢f 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 =4lls. For each operation
doses resulting from application of various control technologies were
evalyated. Then an analysis of control technology costs vs. reduced health
risks was conducted. Using these tools the EPA derived the 25 millirem figure
in 1873 and then sought to support it in 1976.

EPA's cose estimates for mills were derived in essentially the same
manner in 1973 and 1976. Information available in each year was synthesized
to develop a conceptua’ mode! mill., In 1973 the model was based on Exvon's
Highland Mill in Wyoming. In 1976 the mode! mill was based on data presented
in an Qak Ridge National Laboratory report on the U.S. uranium industry
(Sears, 1875). Dispersion calculations using model mill source terms were
made Dbased on methods presented in a 1973 Atomic Energy Commission
environmental statement for light water reactors (USAEC, 1973) to derive
concentrations at a hypothetical maximally exposed receptor. The USAEC
methods were derived for light water reactors and did not account for particle
depletion at the ground surface. No Jjustification 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
innalation pathway were considered.

Since 1976 additional information on model mill characterization has .een
developed. In 1979, the EPA formulated another model mill concept for use in
a Clean Air Act analysis, Radiological Impact Caused by Emissions of
Radionuclides Into Air in the United States (RICERAUS), (USEPA, 1979b). The
RICERAUS mode! mill giffers from that used in EPA's 1976 analysis in that
different tailings emissions are assumed. I[n addition, the Nuclear Regulatory
Commission has ceveloped yet ancther model mill for use in the Oraft Generic
Environmental Impact Statement on Uranium Milling (USNRC, 1979).

Since 1973 dispersion and dosimetry calculitional approaches have become
far more sophisticated than the calculations ucred by the EPA in their uranium
fuel cycle analyses. In 1974 the EPA produced the computer code, AIREM, which
was basically a Gaussian dispersion mode! with no consideration of terrestrial
transport. Then in 1975 Oak Ridge published a comnuter code called AIRDOS
(Moore, 1975), a Gaussian dispersion model which was augmented by a
terrestrial transport mode! calied TERMOD (Booth and Kaye, 1971). The AIRDOS
Code accounted for plume depletion and for doses due to inhalation, ingestion,



and external exposure. This Code was available in 1876 but the EPA chose not
to use it. The AIRDOS Code was superceded by the AIRDOS-I! Code in 1877
(Moore, 1977) ancd the EPA further revised that Code into the AIRDOS-EPA (Code
in 1879 (USEPA, 1979). The Cndes have become increasingly more sophisticated.

The NRC has responsibility for enforcing the 40 CFR 190 regulation and
that agency has also been developing computer codes for medeling uranium mili
radiological impact. In 1978 and 1979 the Code used was the UDAD Code
(Momeni, 1973) which in many ways is similar to the AIRDOS series of Coces but
which was specifically developed for uranium mills. In late 1979 the NRC
began using the MILDCS Code (USNRC, 1980) which is a revision of the UDAD
Coce.

Impact, Ltd. was commissioned to examine recent develcpments in the coces
and source terms. Three specific tasks were assigned; to repeat tnhe EFA'S
1876 environmental analysis of uranium milling using their latest model mill
concept and dosimetry code, to evaluate the accuracy of AIRDOS-EPA, and to
compare the resuits of a MILOOS Code analysis with those of an AIRDOS-EPA
analysis when both are applied to the same moce! mill., This report addresses
these tasks as follows:

Section 2 - Results of a repeat of the EPA's 1976 analysis
are provided. The AIRDOS-EPA Code was applied to the RICERAUS moce!
mill concept using an approach designed to emylate that used by the
EPA in conducting the RICERAUS analyses using the AIRDOS-II Code.
Several mode! mill source term variations were also analyzed.

Section 3 - A critical review of the AIRDOS-EPA Code is presented.
Code submodels are critiqued, suggestions for improvement are offerec,
and conclusions are drawn about the accuracy of AIRDOS-EPA and its use
in standards development.

Section 4 - MILDOS/AIRDOS-EPA compariscn results are presented. The
two Codes are compared first on a qualitative basis and then results
of a MILDOS analysis of the RICERAUS model mill are presented and
compared to the AIRDOS-EPA results.

Section 5 - Overall study conclusions are drawn.
Y




2.0 AIRDOS-EPA MODEL MILL CONTROLS ANALYSES

To quantify EPA computer code and administrative developments between
1876 and the present Impact repeated the EPA's 1976 uranium mill controls
analysis (USEPA, 1976) using the EPA's most current computer code and mode!
mill data. Mocdel mill data used were those presented in the RICERAUS
gocument. The computer mode! used was the AIRDOS-EPA Code.

In the 1976 anmalysis the EPA derived an assumed mill configuration and
estimated radionuclide releases. The effectiveness of eight combinations of
pos:ible control technologies in reducing the radiological impact of the model
mi!l were then evaluated (excluding consideration of radon and fits
daughters). The eight control technologies and their assumed contro!
efficiencies are presented in the Table 2.1. The base case technologies
assumed for the mode! mill were an orifice 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.

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 contro! 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 (wet
impingement scrutber - ore processing, high energy venturi 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 organ
then a control level of A,, B., C; (bag filter - ore processing, high energy
venturi scrubbers and HEPA filters - yellowcake, and 100% tailings control) is
required,

In addition to using AIRDOS-EPA to evaluate the RICERAUS model mill,
Impact was requested to concduct several related analyses. The AIRDOS-EPA Code
was used to simulate the RICERAUS analysis and evaluate both maximum
ingividual and population doses for three other source term sets:

1. 1978 Source Terms with Ra-226 daughters excluded - The radionuclice
release rates assumed for the RICERAUS analysis (see Table 2.1) were
used. Dose 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 wera 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 nc release was assumed for 10-8C micron tailings
particles.

3. 1976 Source Terms with Ra-226 daughters excluded - Scurce 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.



PERCENT EFFLUENT
CONTROL METHOD REDUCTION (%)

Gaseous (Crusher and Fine Ore Bins)

8w -
¢ o » o

Orifice Scrubber 93.6
Wet Impingement Scrubber 97.9
Low Energy Venturi Scrubber 99.5
Bag Filters 99.9

Gaseous (Yellowcake Drying and Packaging)

1. Wet Impingement Scrubber 97.9
2. Low Energy Venturi Scrubber 99.5
3. High Enerqgy Venturi Scrubber 99.9
4. High fnerqgy Venturi Scrubber & HEPA Filters 99.99
Liquids, Solids, and Windblown Particulate Matter
1. Clay Core Dam Retention System with Seepage --
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
Table 2.1

u-238

4.5
1.49

07

2.1E-3

Mode! Mill Alternative Control Technologies

'Values for Pb-214, Bi-214, Pb-210, and Po-210 assumed same as for Ra-226

SOURCE TERM
mCi/yr
U-234  Th-230
4.5 4.5
1.49 1.49
.35 .35
.07 .07
85.0 4.7
20.2 1.12
4.05 .223
.405 .0223
2.1€-3 q.2€-2
e

Ra-226 '

4.5
1.49

07

0.2
.047
.0095
.00095

4.2¢-2



Controls Maximum Lung

Dose to an Collective Lung
Individual Dose - Population
(Table 2.1) (mrem/y) (person-rem/yr)
Al; 81 200 2.5
Al; B2 73
Al; B3 34
A2; B3 24
A2; B3; C2 15
A2; B4; (2 6
A3; B4; C2? 1.5
A4; B4; (2 0.3
Table 2.2

EPA's 1976 Control Level Analysis Results

Alpha emitting radionuclides as iusoluble, respirable particulate matter
excluding radon and daught rs.

for the assumed worst case of an individual permanently occupying a location
exhibiting a /Q of 6 x 107 s/m .

Population doses only caiculated for base case.
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CONTROLS

(TABLE 2.1)

AL,
AL,
AL,
A2,
A2,
A2,
Ad,
A4,

83
B3
83, C2
Be, C2
B4, €2
B4, C2

TOTAL

BODY

>N N

44E£+00

.29E+00
.26E+00
L03E-01
.33E-01
.24E-01
.37€-02
.18E-02

RED
MARROW

.18E+00
.65E+00
.62E400
.04E+00
.96E-01
.89E-01
.89E-02
LATE-02

LUNGS

.B9E+00
.98E-01
L11E-01
.B5E-01
.26E-01
.33E-02
.BBE-02
L03E-02

ENDOSTEAL

TISSUES

1.92€+01
1.77€+01
1.74€+01
1.11E+401
31.16€+00
J.07€+00
7.34E-0)
1.58E-01

STOMACH

4.

2.

1

N W e

WALL

05€-01
00E-03

.49€-013
.06E-04
.18E-04
.03E-04
L13E-05
.69E-05

TABLE

LOWER LGE.
INTEST. WALL

1.18£-01
5.32€-02
3.71E-02
2.39E-02
1.05€-02
6.88E-03
1.94€-03
7.21€E-04

2.10

THYROID

7.576-02
5.46E£-02
4.93€-02
J.16E-02
1.01€-02
8.88E-0)
2.20€-03
5.57€-04

ALTERNATIVE CONTROL SCENARIOS
ESTIMATED RADIOLOGICAL IMPACTS
POPULATION DOSE

PERSON-REM/YR

1976 SOURCES
DAUGHTERS EXCLUDED

w N e

LIVER

.03E-01
.89€-01
.35E-01
L55€-01
L03E-01
.04E-02
.24E-02
.67€E-03

7
2.

4.
1.

KIDNEYS

.74E-01
.22E-01
.09€-01
JA3E-02

19€-02

.B9€-02

72€E-03
23E-03

TESTES

.08E-01
.19E-02
.05E-02
.57€-02
.A1E-02
24E-02
.07E-03
.79E-04

1) DOSE TO POPULATION WITHIN A 70 KILOMETER RADIUS OF THE MODEL MILL. EXCLUSIONARY ZONE ARODUND THE MiLL

AND TAILINGS 1S ASSUMED TO EXTEND TO A DISTANCE OF 500 METERS IN ALL DIRECTIONS.

2) EMISSIONS OF RADON AND 115 DAUGHTERS NOT CONSIDERED.

OVARIES

.06E-01
.10€E-02
.98E-02
.52E-02
.39€-02
.23E-02
.04E-03
.69€-04
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AIRDOS-EPA CODE CRITICAL REVIEW

This section presents the results of Impact's critical examination of the
AIRDOS-EPA Code. OQur 2pprcach to this review was to divide the Code into the
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 AIRDOS-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 transpert including uptake of radionuclides by vegetation and
transfer to humans and animals, and dose to man due to radionuclide
innhalation, ingesticon and external exposure.

Shaeffer [1578) presents an approach to mede! 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

&) sensitivity analyses

5) validation studies, and
6) coce comparisons

Our review focused on the first three tasks of this list. The Ccce as a
whole was examined to determine its appropriateness for .radiological
assessments and the algorithms used in the furmulation of submodels were
critiqued. In addition, available data were examined to determine the
aceguacy of various submode! parameters. Parameter values examined were those
uses by EPA in their RICERAUS analysis and tnose recommended in the AIRDOS-EPA
documentation (USEPA,167%a). Primary evaluation criteria for both submodel
algorithms anc parameter values were level of inherent uncertainty, conformity
with state of the art developments, and appropriateness of applicatien to
uraniym milling.

The 1ast three tasks of the above 1ist 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
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
this report). Finally, considering the sensitivity analysis task, one of the
major conclusions of the review is that a sensitivity analysis of the
AIRDOS-EPA Code should be mandatec by the EPA in order that the most important
Code deficiencies may be identified anl priorities for further research be
set.
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3.1 RADIONUCLIDE RELEASE CHARACTERIZATIONS

[t 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 QOak 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, 0-10um and 10-80um. 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 Tailings 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 cdata 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 coarser
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 Assumptions

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 deiivered. If
particle sizes are assumed to be too smail, 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 basically
a worst case assumption. Empirical data for actual mill dust releases are
needed.
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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
fraction of tailings radiocactivity is associated with particles smaller than
several microns. In addition, the activity per gram for particles larger than
20 microns was shown tc be an order of magnitude lower than that for small
particles. The report aiso specifically states that "ideally the source term
should be calculated for each particle size of interest", EPA's assumptions
about tailings emissicns sizing and activity are fraught with uncertainty, are
conservative, and shculd be reexamined in light of the Schwendiman study
results. OQOther field data are needed.
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3.2 EMISSION DISPERSION AND PLUME DEPLETION SUBMODEL

Historically, the bulk or the computer models developed for radiclogical
moceling 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 metecrological variations (although some have been
moedified to account for ground deposition and depletion in the plume) nor for
the occasional presence of a 1id on the atmospheric diffusion layer.
Modifications to mode! transient meteorological conditions accurately have not
been made.

The submocdel wused in the AIRDOS-EPA Code to simulate dispersion of
radionuclides is a Gaussian diffusion model. The basic assumptions inherent
in a Gaussian dispersion mode! 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 1in the AIRDOS-EPA
documentatien. OQur review of recent modeling study results and developments
indicate that the following topics are important when considering an
application of the AIRDOS-EPA Code:

* general submodel limitations

* complex terrain

* plume depletion

* Jow 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 1id penetration

3.2.1 Gener3l Submode! Limitations

The Gaussian dispersion treatment of AIRDOS-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
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assumptions do not account for local topography and turbulence nor for spatial
meteorological variations. Maximum 1individual 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 AIRDOS document (USEPA, 1979a), Qak 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
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 Complex Terrain

Evaluations of urarium mill operations by the EPA to date have been
generic assessments. They do nct account for complex terrain effects because
nc specific topography 1is assumed. Most western milling operations are
located in complex terrain and therefore in areas af ennhanced diffusion. The
AIRDOS-EPA (Code predictions do not account for this phenomenon, assuming
instead that low level releases are generally terrain following and that
planar models would 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 [dinds, 1970), (Hovind, Spangler, Anderson, 1974), (MacCready,
et.al,, 1874), (Start, Dickson, Wendell, 1975), (Start, Ricks, Oickson,
1875). Resu'ts show that Gaussian models may underestimate diffusion by
factors ranging from 2 to 15 depending on the particular situation.
Underestimating diffusion normally results in overestimating particulate
concentrations.

1t is possible that the £23 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 draft GEIS. However, if such an approach
is taken a terrain modification procedure should be incorporated into the
Code. Such modifications have oeen made by the EPA to several of their
Gaussian dispersion models including the Valley Model (Burt, 1977). 1If the
ATRO0S-EPA Code is to 22 apolied in site specific situations, such a terrain
modifization would certainly be necessary. Results of the previously
mentined studies indicate, however, that even these modified Gaussian medels
underestimate diffusion in complex terrain situations. Ultimately the
apolication of finite difference modeling should bring more accuracy to this
portion of the analysis.

3.2.3 Plyme Depletion and Surface Air Concentration Calculations

The AIRDOS-EPA Code provides for depletion of radionuclides from :he
plume and subsequent calculation ¢f surface air concentrations by application
of four mechanisms: gravitational :ettling, dry cepisition, precipitation
scavenging, and radicfogical decay. The amount o* depletion due to these
mechanisms is then computed using 2 source depletion model. A fiftn mechanism
which affects calculated air concentrations, resuspension, “as not Deen

explicitly modeled.
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Resuspension - Once particles have been deposited on the ground, a pertion
will be picked up again by the wind, i.e., resuspended. Three basic
mechanisms exist for this resuspension; surface creep, saltation and
suspension. As a general guiceline particles larger than 1 millimeter in
diameter will remain on “he surface. Particles 1 millimeter to 0.5
millimeters will roll or slide along the surface 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 tc 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.

AIRDQOS-EPA does not explicitly address the resuspension process. The
Code thus fails to account for Jlosses from the surface and additiona!l
dispersion of radionuclides throughout the area surrounding the facility.

T.e net effect of the depositicn-resuspension process is generally a
reduction in the annual average total surface concentrations. A zonservative
estimate of the annual exposure toc 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 Dbeing
preferentially deposited during periods of limited vertical mixing and high
surface air concentrations, and being resuspended during turbulent periods.

Plume Depletion - The two basic theories developed for handling plume
depletion due to deposition are the source depletion model developed by
Chamberlain (Van der Hoven, 1968) and the surface depletion mode! based on the
"K" theory diffusion equation for an infinite crosswind oriented line source
developed by Markee, (1967). The scurce depleticn 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 vertica!l
mixing and greater concentrations near the ground with the greatest depletion
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
windspeed is large anc as atmospheric stability increases.

A source depletion mode! is used in the AIRDOS-EPA Coce 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 overestimated by factors as high as four at receptors
close to the source (less than 10 kilometers). Horst's surface depletion
mode! more accurately depicts the deposition process but regquires
significantly greater computational resources. He has recently developed
ancther model. a hybrid source depletion model, which provides many of the
advantages of the surface depletion mode! (Horst, 1979). A model of this type
should be considered for inclusion in the AIRDOS-EPA Code.
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A one-dimensional, finite difference plume depletion mode! has been
developed (Machta, 1966) which may indicate promise for extended travel time
and distances for aerosols. This model was tested b Draxler & Elliott (1976)
axd results indicated substantial differences in the suspended conceatrations
after the first 24-hour period.

Precipitation Scavenging - Precipitation scavenging or wet removal is also
accountec for 1n the AIRDOS-EPA Code but no reference is provided for the
approach used. There are numerous methodologies that have been proposed %o
azcount for this phenomenon. The method used in the AIRDOS-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 recommended by an Qak Ridge review group (Hoffman,
et al., 1978). In this method a wet deposition velocity is calculated based
on near surface Tleve! 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 Dblow continuously in one direction at one speed for a certain
percentage of the year and then change to anotner speed and/or direction as is
assumec. Although this approximation is commonly used to predict Tong 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 Speed 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 (common to uyranium milling regions)
demonstrate that Gaussian models overestimate concentrations by up to a factor
of 8 (wWilson, et al, 1976), (Sagendorf & Dixon, 1876). The NRC has included a
correction factor to account for the situation in their method for estimating
potential accident consequences at nuclear power plants (Letizia, 1878). For
assessments of milling operations, the EPA should consider incorporating a
similar correction into the AIRDOS-EPA Code.

3.2.5 Reciprocal Average Wind Speeds

[n order to save computer time a wind speed simplification was introduced
to replace separate calculations for each wind speed category in each sector
and stadbility class with a single reciprocal averaged wind speed. The
modification reduces a 576 element distriocution to only 96 elements. This was
originally suggested by Gifford (ORNL retired) and Porter (Texas Air Contro)
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 Mode! (CDM) (Busse and Zimmerman, 1973), the
correlation coefficient was nearly unity. However, to our knowledge, no
sensitivity anmalysis 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, 8, £, 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
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.

The code is inconsistent in that it uses the true average wind speed for
calculating plume rise and the reciprocal average wind speed for dispersion.
[f the plume rise .ption 1is wused plume rise 1is underestimated (See
Section 3.2.8) and c¢:'culated concentrations are overestimated. As discussed
above, use of average wind speeds alsc causes concentration overestimates.
The combination of the two results in calculated concentrations two or more
times 2s great as that which would be expected to occur.

The AIRDOS-SPA documentation expresses concern about calms which seems
overreactive. [t 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 mode! assumes a minimum windspeed of one meter per
second.

3,2.6 W ~=d Shear

Most recent EPA dispersion programs developed since the Climatological
Dispersion Mocdel (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 AIRDOS-EPA. The
effect is that dispersion from elevated sources such as the yellowcake stack
will be wunderestimated while that of ground level sources will be
overestimated.

3.2.7 Dispersion Coefficients

The values for horizontal ang 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, 1378). Although the coefficients are an
improvement on the Pasquill-Gifford coefficients for intermediate and longer
distances no presently used EFA mode! employs them. Use of these values is an
unusual infusior of state of the art theory.

The B8riggs coefficients were intended primarily for use in association
with elevated stack sources (Turner, 1978). They are based primarily on work
derived from 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
surface releases from 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 beth. A review group sponsored by Oak Ridge
Nationa! Laboratory has recommended that for surface level releases the most
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appropriate curves are those of Pasg 111-Gifford with an adjustment for
averaging time and with a roughness coefficient adjustment
(Hoffman, et al., 197§).

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
often due to the fact 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 orger of magnitude greater than background at 4 kilometers and
that soil surface concentraticons 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 AIRDOS-EPA Code aliows one to elect various options for plume rise:
direct input, a momentum dominated plume rise calculation by Rupp, or a
thermally dominated 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
distant concentrations. Briggs' plume rise theory wuses a distance
proportional to buoyancy flux. For stable categories AIRDOS-EPA uses a
muitiplier 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
(8riggs, 1980).

There 1is an apparent problem in the documentation for AIRDOS-EPA
indicating ar increase in temperature with altitude.

3.2.10 Mixing Height Estimates

The height above the surface through which relatively vigorous mixing
occurs is defined as the mixing height or 11d height. A single annual average
mixing height is provided as input tc the AIRDOS-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 COM and
Valley Models, would be to calculate an annual average mixing height for each
stapility class.

23



3.2.11 Plume Trapping & Lid Penetration

when a plume 1is trapped between the ground and an upper level stable
layer, that phenomenon is called plume trapping. A method developed by Turner
(1963) 1is 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, 1963) which is more commonly employed
in recent Gaussian mocels, and which should be incorporated in the AIRDOS-EPA
Coce.

A phenomenon not accounted for in the AIRDOS-EPA Code is 1id penetration,
the effects of which are discussed in the AIRDOS-EPA documentation. Lid
»>netration occurs when the 1id is low enough that stack emissions penetrate
the 1id and do not disperse downward. Although this is a rare phenomenon in
some regions, Dy not accounting for such an effect the Code will overestimate
concentrations.
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3.3 TERRFSTRIAL PATHWAYS

The models of terrestrial pathways for the transport of radionuclides to
man used in AIRDOS-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
czJe, FOOD, and FOOD s the basis of the models promulgated by the NRC in
Regulatory Guide 1.109 (USNRC, 1877).

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 1is 1limited to grossly averaged conditions representing a non-

tochastic, time invariant, steady-state (eguilibrium) 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 1is, 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 technigues development. However, the conservativism throughout these
models makes them inappropriate for any use where the values are to be
considered predictive of ac*ual 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
investigation of terrestrial pathways models was abortive since no vaiidation
studies were found to test the predictions of the models. On the basis of
the stated conservatism in the development of these models it is feit that
determining model validity under any known set of circumstances must be given
great importance. Until such work is done the use of these models, including
AIRDOS-EPA, for predicting radionuc’ide concentrations in terrestrial food
chains is a theoretical exercise wi%n no practical validity.

In the following subsections the AIRDOS-EFA terrestrial pathways submodel
is evaluated. First the formulation of the submode! components is discussed,
then specific parameters and their values are reviewed.

3.3.1 Submode) Formuylation

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 facility in the western United States. For this purpose the
processes incluced in AIRDOS-EPA are compared to a general conceptual model.

25




In order to clarify the discussions, flow diagrams are used. Arrows
represent the flow of radionuclides from one compartment to ancther 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. AIRDOS-EPA is not strictly a compartmental mode! and is thus
not easily represented by a standard flow diagram. However, an attempt has
been made to rep-es nt the processes included in AIRDOS-EPA in diagrammatic
form for ease of aiscussion.

The terrestrial transport models of AIRDOS-EPA may se 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
below.

3.3.1.1 Atmosphere To Plant-Tissues Pathways - A diagram of AIRDCS-EPA atmo-
sphere to plant-tissue pathways as determined from the AIRDOS-EPA
documentation is presented as Figure 3.1. The plant interior and plant
surface compartments are summed to give total plant valyes.

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 .~ AIRDOS-EPA.
For p2 nways nc. included in AIRDOS-EPA we review the assumptions which allow
the pat'way to be ignored, and discuss conditions uncder which the assumptions
may not be acceptable.

Deposition - The calculation of radiocactivity depcsited on soil by AIRDOS-EPA
1s not obviously correct. In AIRDOS-EPA the total deposition is applied once
to the soil, and applied again to plant surfaces where some fraction is
retained and the remainder is lost from the system. In nature, the process
occurs in the fashion shown in Figure 3.2, where some fraction of the total
deposition 1is intercepted by plants with the remainder intercepted by the
soil.

In the sample run of AIRDOS-EPA a retention fraction (interception) of
0.57 is used for pasture and 0.20 for vegetables. AIRDOS-EPA thus seems to
calculate an input to the environment of 100% of the total depocsition to soil
plus another 37% 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 de,..ition by this
apparently errcneous 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 guantities 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
facility operation. The vegetable, meat, and milk uoses 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 piants for the last year, which is erroneous since the
radicactivity 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 medel is run. For a 100-year
facility life the soil concentration will be in excess by 1/99; for a 20-year
life, by 1/20.

Plant Surface Losses - Radinactivity intercepted by the plant surface may be
removed Dy the weathering 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 AIRDOS-EPA and serves only to remove radicactivity from
the plant without transferring it to the soil. This apparently erroneous
procedure is compensated, however, by the fact that the radiocactivity removed
by weathering was already included in the soil irventory as part of the
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 procucts (cattie 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 radiocactivity
in plant tissues which is returned to the soil as plant and animal wastes,
therefore :he fundamental assumption of AIRDOS-EPA is not violated.

R.suspension of radiocactive particulates from plant surfaces to the
atmosphere is not included in AIRDOS-EPA, This pathway removes radioactivity
from the system, thus it could cause an error in the quantity of radiocactivity
weathered from plant surfaces 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
from 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 AIRDOS-EPA. Any significant local practice deviating from this assumption
will be an important source of error in the AIRDOS-EPA soil concentrations.

Plant Interior Losses - Mechanisms for the loss of radionuclides from plant
tissues are few. Of those identified, radicactive decay receives state of the
art treatment in AIRDOS-EPA, and the return of all plant detritus to the soil
is inherent in the mode! formulaiion. Again, any local agricultural practice
which precludes the return of a significant fraction of harvested plant
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 flyids and escape through the stomata to the atmosphere.
AIRDOS-EPA does not account for the build-up of daughter radionuclides in
plant materials.

S0il Losses - In AIRDOS-EPA the only loss considered from soil is that due to
racioactive decay. Other pathways for loss have been identified. The loss of
racicactivity from the soil surface to the atmesphere via resuspension may be
resolved with the same arguments used in discussing resuspension from plant
surfaces to the atmosphere. The resuspension from soil to plant surfaces will
be returned to the soil as plant or animal wastes (this 1is, again, the
fundamental assumption underlying AIRDOS-EPA). This process will, however,
significantly affect the surface contamination of plants. In dry climates
where resuspension to plant surfaces is great a surface contamination increase
wi?1C<ocg?—. A method for considering resuspension should be included in
AIRDOS-ZPA,

The weathering loss pathway from soils is not accounted for in AIRDOS-EPA
when considering plant uptake. This will result in dose overestimates.
Remcval of radionuclides from the so:. profile will serve to lower the
equilibrium concentration in soil, thus reducing the radionuclide uptake to
the olant interior and the importance of soil resuspension to plant
surfaces. The lowered plant concentration will propagate to the vegetable,
meat, anc milk dostes, although generally the plant interior contributes little
to these doses in comparison to the plant surfaces. For radionuclides which
are modile in so1l this pathway must be considered a potential source of
significant errcr in the AIRDOS-EPA formulation.

Baes (in Hoffman and Baes, 1979, pp. B85-92) 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
ysed.

An expression allowing for calculation of the coefficient is given by
Baes. It cepends on the water infiltration rate, the depth of the soi! root
zone, the soil bulk density, soil water content, and the egquilibrium
distribution coefficient of the =adionuclide between soil and water. Since
a'! of these parameters are hignly site-specific and some are racdionuclide
specific it is essential to provide them 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 Baes
1978, p. 90) s 1077 to 10™ ‘ per year. To illustrate the difference in the
sofl equilibrium term at 100 years with and without percolaticn an artitrary
value of 1077 per year is selected and Ra-226 is used as an example. About a
5% reduction in the activity in the soil is calculated. For larger decay
constants the difference will be larger. For example, by using 107° instead
of 107 the radium activity in the soil is reduced 90%.

Other mechanisms exist for the depletion of radionuciides in soil. These
include losses due to erosion and burrowing animal, mixing due to plowing, and
uptake by plants having large uptake ccefficients.

Jnder conditions where excessive leaching or erosive losses do not oceur
the soil Toss pathway has little impact.
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3.3.1.2 Plant Tissue to Vegetables, Meat and Milk Pathways

A diagram of the pathways as determined from tne AIRDOS-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 Vegetables - AIRDOS-EPA calculates the radionuclide
concentration 1n prepared vegetaties by summing the surficial and internal
contamination, allowing for losses in washing and other preparation. AIRDOS-
EPA inherently assumes that the radicactivity removed from vegetables during
processing 1is 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 radicactivity 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 radicactivity 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 radicnuclides from the vegetables. It does not, however, allow
for reduction in dose due to the removal of those same radionuclides from the
scil 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 radicactive decay
is includeg in AIRDDS-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 2
holdup time for radicactive 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.

Radioactivity in Mea. and Milk - AIRDOS-EPA bypasses the cow, transferring
racionuclides in cattie 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 AIRDOS-EPA assumes it to be returned to the sofil
without loss. In fact some small fraction of radionuclides is lost to the
cattle and not returned to the soil. In anv case, where this fraction is
significant the structure of AIRDOS-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 surface 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
AIRDQS-EPA,
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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. AIRDOS-
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 the
local soil. This pathway for the removal of radicactivity from the system
will be significant only if the total radionuclide assimilation by cattle is,
in some case, large.

3.3.1.3 Submode! Formulation Conclusions

The multiplicative chain structure of AIRDOS-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 mode! to
account for a case where the inherent as mptions do not hold.

Considering the uncertainty attached to much of the data used in
AIRDOS-EPA it may be that other such "patches" will be needed for other
radionuciides. We question the use of a mode! which assumes the eventyal fate
of the radionuclides 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 ocutcome 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-
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 1s the case in AIRDOS-EPA. A pathways (first-order, linear kinetics) mode!
mocdels transfers and cycling, and allows the interacting processes to
determine the fate or eventual distribution of radicactive materials in the
environment.

For many cases, where the transfers of radionucldes meet the assumptions
1nherent in AIRDOS-EPA, the pathways models will provide the same results.
8ut, where particular radionuclides violate the assumptions (e.g.,
technicium), the only change needed in a pathways mode! is in the value of the
t ansfer rate for the affected pathway. Two models are documented and
currently available which fit this classification, TERMOD, which was
originally incorporated in the AIRDOS and AIRDOS-II models, and the mode! of
the Commission 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
simuiation, 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 1s 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 mode! simply by setting the
rate coefficients of pathways ignored in AIRDOS-EPA to zero. At that point it
would be a simple exercise to determine the significance of the ignored
pathways by testing the mode! with a range of values for the appropriate rate
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 Submode! Parameter Evaluations

RD0S-EPA calculations of vegetation, meat, and milk radionuclide
rations depend uron the same set of parameters found 1in Reg.
.108. (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 AIRDOS-EPA
gocumentation which are intended to be generic rather than site-specific. For
several parameters the default values are those of the NRC from Reg. Guide
1.108. where newer values have been used, many have been taken from a recent
review by Hoffman and Baes (1979).

The following is an evaluation of those default values to determine their
applicadility to the conditions associated with uranium mining and milling in
the American West. A summary of the evaluation approach and results is
followed by more cetailed discussion of the parameters in context.

Ea:n parameter used in t.e model and its associated default value has
been gualitatively evaluated against three criteria; appropriateness to
conditions associated with the uranium industry, availability of site-specific
information, and consequences of using an inappropriate value. The last
criterion constitutes an estimate of the model's sensitivity to the parameter
vaiye.

The estimate of model sensitivity is based upon three principles; the
role of the parameter in the pathway - the mode! will show greatest
sensitivity to parameters that appear in calculations which drive several
subsequent calculations, the role of the pathway in the mode! - the mocdel will
show greatest sensitivity to parameters that appear 1in the most direct
pathways tc man, and the role of the parameters in time-dependencies - the
mode! will show a differential sensitivity to parameters describing the time-
depencdencies of processes as a function of the half-life of the nuclide of
interest.

A general categorization of the reviewed parameters appears in the Tables

.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
points of the subsequent discussions. Parameters that combine the properties
of high sensitivity, low applicability, and ready availability are those that
deserve priority attention. These include R, Y, T , Q¢, Mg, and V5. Other
parameters are known only with large uncertainty but have relatively less
influence on dose estimates and require difficult or expensive research for
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Parameter

Definition

Concentration factor for uptake of nuclide from soil for
pasture and forage

Concentration factor for uptake of nuclide from soil by
edible parts of crops (dry weight)

Fraction of animal's daily intake of nuclide which
appears in each kilogram of flesh

Fraction of animal's daily intake of nuclide which
appears in each liter of milk

Fraction of year animals graze on pasture

Fraction of daily feed that 1is pasture grass when
animals graze on pasture

Muscle mass of meat producing animal at slaughter
Effective surface density of soil (dry weight)

Consumption rate of contaminated feed or forage by an
animal (dry weight)

Fallout 1interception fraction for pasture and for
vegetable crops respectively

Period of long-term buildup for activity on soil

Period of exposure during growing season; pasture grass
and crops o laafy vegetables respectively

Time delay - ingestion of pasture grass by animals
Time delay - ingestion of stored feed by animal
Time delay - ingestion of produce by man

Time delay - ingestion of produce by man

Milk production of cow

Agricultural productivity by unit area (grass-cow-milk-
pathway)

Agricultural productivity by unit area (produze or leafy
vegatables)

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 Ay

R1 1 3 2

R2 1 1 3

Ve 1 3 1

1 2 1

| te. 1 2 1
| ty. 1 2 1
| t,, 3 3 1
| th. 3 2 2
i ths N B 2
1 th. 2 2 2
| t, 2 2 i
; h 1 3 3
| : 2 2 1
f 3 2 1

8 3 2 1

Qe 2 2 1

Mg 2 2 1

Vg 2 2 1

S = Sensitivity of model to parameter vaiue
1 = large 2 = moderate 3 = small
Ap = Appropriateness of default value
1 = inadegquate 2 = guestionable 3 = adequate
Av = Availability of more specific value
1 = readily availaole 2 = some times available
3 = difficult to obtain

Table 3.1
Terrestrial Pathways Submode!
Nuclide I[ndependent Parameters

Qualitative Evaluations

Sensitivity, Appropriateness, Availability
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Element

Parameter U Th Ra Ph Po B1i
) 2 2 2 2 2 2

Fy Ap 3 3 3 3 3 ?
Av 3 3 3 3 3 3

S 2 2 2 2 2 2

Ff Ap 1 1 1 1 1 1
Av 3 3 S 3 3 3

S 3 3 3 3 3 3

Biv Ap 2 2 2 2 2 2
Av ‘ 3 3 3 3 3 3

S 3 3 3 3 3 3

Biy Ap 2 2 2 2 2 2
Av 3 3 3 3 3 3

S = Sensitivity of mode! to parameter value

1 = large 2 = moderate 3 = sgmall
Ap = Appropriateness of default value

1 = inadeguate 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

37




reduction of that uncertainty. The nuclide-specific uptaks parameters Fg and
B;, are examples. Such parameters should be updated as new information is
obgained but should not be the first objects of attention. Parameters for
which better values are readily available, particularly those reflecting site
specific agricultural data, should not be defaulted regardless of the model's
sensitivity to them,

3.3 2.1 Vegetation Concentration Calculations

This is the most influential calculation in determining doses from the
various 1ingestion pathways because deposition on the surfaces of leafy
vegetables is the most direct pathway to human ingestion. This contention is
supported by the fact that doses predicted by AIRDOS-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 eguation for this calculation. The
first 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 Deposition and Retention on Vegetation - This term always
dominates over the root uptake term due tc the range of values the various
parameters can assume. Direct deposition depends on the following parameters,
none of which are considered by AIRDOS-EPA to be nuclide-dependent:

R = the fraction of deposited activity retained on edible portions of
crops.

Y, ® the agricultural productivity of the edible portion of vegetation,
in kg/m".

For forage crops R and Y must be considered together as they
are highly correlated. The default values are taken to be R, = 0.57
and Y .= 0.28 resulting in a ratio of R /Y , = 2.03, the mean of the
distribution described by Miller (Hoffman & Baes, 19759). t would
be more appropriate to set a default value for this ratio considered
as a single parameter. I[f 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 default value of .2 is used. Values for
R. are generally unavailable. Wwhile R, should be less than R,, it
would be expected to vary more widely with plant species than R, .
The default value 1is, therefore, adeguate within the large

uncertainty inherent in the parameter.
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Y,. varies widely with regional differences in crops grown. A
weighted average of crops representative of the region of interest
(uranium milling regions) should be used for specific applications
of the model.

the removal rate constant for loss from the surfaces of vegetation
by weathering.

The review of Hoffman and Baes (1979) establishes that the
default 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 scil weathering losses
used for "model adjustment”.

the time period that crops are exposed to contamination during the
growing season.

The time period chosen for te will determine the influence of

‘we If t, exceeds roughly five times the value of the half-time
corresponding to A, small corrections in the weathering rate
constant will not 1n?ﬁuence the calculation.

The default value for te 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
yranium milling) values should be wused for individual
applications. Statistics such as planting and harvest dates are
reagily available from the US Department of Agricuiture.

Radionuclide Uptake by Vegetation Through Roots - This calculation is

depenaent upon the foliowing parameters:

Biv

= the concentration factor for uptake of a given radionuclide from
scil by edible parts of crops.

This parameter is known to be element-dependent. In some
cases it is also known to be species and scil dependent. Thus
these values are subjezt to change as new information appears in
the literature The values used by AIRDOS-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
region, appropriate adjustment of B, should be made.

the effective density of the top 15 cm of soil.

The default 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 default 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 ores (<1 year) this will not greatly
influence their dose contributicn. However, for Pb-210 with a half-
life of 21 years the value will result in an overestimation of about
100%. A more represenrtative value should be used for specific
applications of the model to uranium milling.

Th, =2 holdup time representing the interval between harvest and
consumption of vegetation.

This parameter influences both terms of the plant
corcentration expression. wWhile 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
concentrations 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 Qg. These
ngUes are more influential than those affecting only one pathway or the
other.

f. = fraction of the year that animals graze on pasture.
fs ® fraction of daily feed that is pasture grass when animals graze on
pasture.

The default values of these parameters are taken from median
values described by Hoffman and Baes (1979). However, the range of
observations about those means is large (f.: mean = 0.43, s.d. =
0.13; f.: mean = 0.40, s.d. = 0.22) reflecting widely varying
environﬂintaI 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
inflyence on dose estimates only when there is a large difference
between contamination levels in pasture and stored feed.

Q¢ = the amount of feed consumed per animal per day.
The default value for Q¢ is taken to be the median of the
distribution described by Hoffman and Baes (1979) for Holsteins and

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
pcpulation, this value 1s likely to be adeguate for estimating
concentration in milk when Holsteins dominate milk production.

For beef cattle this value 1is 1nappropriate. A valye
repr"sentative of cattle breed and local conditions should be used.

Parameters exclusively influencing the milk pathway are F_ and Vg- It is
expected that there are unquantified correlations between F_, VH. and Q¢.

Fn = the fraction of the animal's daily intake of a given radicnuclide
which appears in each liter of milk.

The values for lead, pclonium, radium, thorium and uranium
reflect the current knowledge of the parameter. Valyes for bismuth
used for our runs of AIRDOS-EPA (see Section 2.0) were provided by
EPA with no documentation.

Vo, ®= daily milk production rate of a cow.

The default value 1is below the average for the U.S. cow
population (USDA, 1977). Since this parameter is depencent on breed
of cow and on local conditions, a representative value should be
used for specific applications.

Concentrations in Meat - The important parameters exclusively influencing
contamination leveis n meat are Ff, Mb' and Q¢. There are indications that
Fe and M, are correlated. However, Fo is one of the least well known of the
parameters required for this model so that it is unlikely this correlation can
be guantified,

Fe = the fraction of the animal's daily intake of a given nuclide which
appears in each kilogram cf meat.

This is a strongly nuclide dizendent 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 concentration is ever attained". Even dubious data
are unavailable for cattle. Estimates were made from values
measured for other ruminant species.

The value of 3.0 x 107 for the Fe of radium exceeds the value
of 5.1 x 10°° recommended by the review of McDowell-Boyer (1979).
The more recent value should be used. The value for leac of 5.1 «x
107" 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 AIRDOS-EPA runs
(see Section 2.0) were provided by EPA with no documentation.
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Mg = the mass of muscle per animal at slaughter.

The default value 1is adequate for generic use, however, the
parameter is dependent on the breed of cattle and on Jlocal
conditions. Representative values should be readily available for
individual applications such as for uranium milling.

3.3.2.2 Parameter Conclusions

Based on the discussion of the previous sections the following topics
merit special consideration:

Impertance of Retention; Resuspension, and Weathering - The most critical
parameters in the Al - ormulation 2are those that determine the
concentration of activity on the surfaces of vegetation. The entire model is
griven by the results of these calculations. Processes of interception,
retsntion, 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
resuspenced soils, The weathering behavior of the one micron particles
assumed as the direct-deposition source term is undoubtedly different.

Nuclide Specific Parameter Considerations - Uptake by plants and by animals
into meat anc milk are governed by element-dependent biochemical processes.
Because these processes are not well described, simple concentration ratics
are employed. Any more elaborate approach is not supparted 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 bheen conclusively
demonstrated.

Setting aside these considerations, it is clear that a thorough analysis
of the availatle literature on B4, Fg, and F, needs to be done for the
naturally occurring radionuclides. The ~eview by Hoffman and Baes has proved
its value by the number of times it is cited in AIRDOS-EPA and elsewhere.
Unfortunately, it contains analysis only for the major fission product
nuclides. The EPA or NRC should spensor a similar analysis for the U-238
series.

Correlation Among Parameters - Several sets of parameters exhibit strong
correlations as noted 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 parsmeters. Even when proposing
generic cefault values these sets of correlated parameters should be
considered together.
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Availability of Agricultural Data Base - Clearly the most important parameters

Tn 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 AIRDOS-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 yranium mills.
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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 radicnuclides through five pathways: air
immersion, exposure to ground surfaces, immersion 1in contaminated water,
inhalation of radionuclides in air, and ingestion of focd 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 factors recommended in the AIRDOS-EPA documentation
are those published in the fall of 1979 by Oak Ridge (Killough, et. al.
1978). Air immersion and surface exposure dose conversion factors used hav?
also been developed at Oak Ridge (Kocher, 1979). For an additional discussion
of dose conversion factors see DOr. Hoyt Whipple's report for the American
Mining Congress, 19€0.

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 tne solubility of the compound in which the radionuclide is
found. The particle size assumptions of the recent RICERAUS yranium 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; anc Y,
greater than 100 days. The EPA selected the Y classification for all of the
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
gamma emitting radionuclides are derived using an infinite cloud assumpticn.
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
the plume clese to the source (Hoffman, et al., 1978).

3.4.1.3 Surface Exposure Doses

Estimated doses are directly proporticnal to calculated ground
concentrations. Unlike the terrestrial pathways submodel, a mechanism 1is
provided to account for environmental decay and resuspension. This option was
not ysed in the RICERAUS analysis, therefore predicted surface exposure doses
were overestimated.

3.4.1.4 Water Immersion 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 Ingestion Doses

In calculating these doses ingestion rates of produce, milk, meat arA
leafy vegetadbles are assumed. Ingestion fractions are assumed for produce and
leafy vegetables grown in a receptors garden and in the regicn. [t appears
that the factor for consideration of produce and leafy vegetables produced at
2 receptor of interest is counted twice, once in the RVEG factor and once in
the fg and f, factors.

In the RICERAUS runs the default values for market place dilution of
foodstuffs consumed in the assessed region, and for local and regional
foodstuff availability and processing procedures, were set to very
conservative values in order to describe a "worst case" situation. This fis
extremely unrealistic. For example, individuals were assumed to proeduce 70%
of their vegetables, d44% of their meat, and 40% of their milk with the
remeining foodstuffs tc be provided by regional sources (within an B0 «km
radius). In some areas of the West virtually all produce is imported from
outsice the region being modeled. Efforts to improve the predictive ability
of the mode!, either by impruvements in structure or in parameter values, are
wastec if available information on the distribution of contaminated food
stuffs 1is ignored.

3.4.2 Population Dose

A population dese caused by a facility'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 pcpulation living within an 80 kilometer radius
of the facility. 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
's then muitiplied by the population assumed for that segment. The tota)
population dose is derived by summing over all segments.

The population dose is thus computed using the same submodels used for
individua’ doses. As discussed in the previous sections there is a large
uncertainty asscciateg 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 individua) doses are multiplied
by the total population, the uncertainties are alsc multiplied by a factor as
Targe as the population. In the RICERAUS analysis uncertainties were thus
multiplied by a factor of 36,000, the assumed population. To introduce
further uncertainty most of the population of concern will be situated at
distances more than 10 k.lometers from the facility. As stated in the
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" (Koffman, et al., 1978). The population
gose commitment 1is considered useful only as a relative index to be used in
comparing facilities or technologies. In nc sense should these figures be
representec as reality, as the EPA seems to have done in their recent uranium
mill analysis.
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3.5 SUMMARY & CONCLUSIONS - AIRDOS-EPA CRITICAL REVIEW

AIRDOS-EPA submodels and their components formulation are svaluated in
Table 3.3. In Table 3.4 selected submodel parameter values are evaluatad for
accuracy and appropriateness for use in evaluating uranium mill rodiclogical
impacts. In both tables suggested recommendations for improvement are
jgentified where possidle,

These tables serve to {llustrate the uncertainty inherent in each of the
AIRDCS-EPA submodels and parameter values. The fundamental causes of error
are:

Insufficient Submocel! 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. In other cases, such as terrestrial
transport, submodels have been formulated but 1ittle or no validation
gata exist to confirm their accuracy.

=
-

ro
.

Lack of Modeling Sophistication - Some physical processes have been

tudied and are sufficiently complex that no meaningful mathematical
simylation method has been developed. Such is the case with the
tailings emission generation process.

3. Inapplicability of Parameter Values - Some submodels reguire 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
particular application dintroduces 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 submode! has its own inherent uncertainty. Taken
together the uncertainty compounds from submode! to submodel so that the final
dose predictions may have uncertainty of several orders of magnituce.

If the uncertainty associated with all the individual submodels were
precisely known then a statistical amalysis could be conducted to determine
the uncertainty associated with AIRDOS-EPA 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 mode! itself is used to derive
estimates of total dose uncertainty. The added benefit of a sensitivity
analysis is that one can determine which submode! componen's and parameters
most affect dose predictions. Once critical components are identified
critical reviews such 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 AIRDOS-EPA Code.

Even with a sensitivity anmalysis and further research our review
indicates that there are certain processes which simply are to complex to be
mcde'ed accurately. This realization has important implications for the
further use of such codes for setting or enforcing standards.

a6



Submode |
Components

Source Terms

Ore Pad & Grinding

Yellowcake Drying

Tailings Pond Particulates

Alr Dispersion

Gaussian Equations

Piume Rise

Wind Shear

| —

Conservative iInfluence on
predicted duses - degree
unknown due to tnsufficient
scientific basis

Conservative influence on dose
predictions - degree unknown

No confidence in predictio . -
may be off by several orders
of magnitude

Limited applicability - not
appropr 1ate for uranium milling
due to conditions of complex
terrain and .ow wind speeds
and other factors

Plume rise at model mill stacks
should be considered, Brigg's
momentum dominated formulation
is used in other models

Mode! does not account for wind
speed variation with height

lable 3.3
AIRDOS-EPA Code Formulation Evalutations
(conti=aed on next page)

Recommended
Replacement

More empirical data on amount and
particle size

More empirical data on amount and
particle size

No adequate modeling technique
avallable

EPA approved terrain modification.
Prssible use of particle-in-cell
or finite diiference models. NRC
low wind speed correction factor

Inclusion in future model mill
analyses of Brigg's formulation

Profile methods used In other EPA
dispersion programs



8y

Submode |
Components

Recliprocal Average Wind Speeds

Plume Trapping & Lid Penetration

Predictions at Lung Distances

Plume Depletion
Gravitatienal Settling

Source Depletion Model

Resuspension

Precipitation Scavenging

Insufficient model validation
studles, inconsistency of
application leading to con-
servatism of factor of 2 or
more

More accurate alternative plume
trapping method; not accounting
for 11d penetration may cause
overestimates

No validation work

Tiited plume factor only should
be used In neutral stability
conditions

May result in concentrations over-
estimated by factor of four at
close receptors

Important process which is ignored
in AIRDOS-EPA

AIRDOS-EPA method is based on
columnar average concentrations

Table 1.3

AIRDOS-EPA Code Fersuylation Evaluations

(continuation)

Recommended
Replacement

Additional study or conventiona!l
use of wind speed classes;
consistent use of average wind
speed

Use Turner's alternative plume
trapping method (1970)

No accurate model exi:ts

Only apply when appropriate

Horst's hybrid source uapletion
mode!l (1979)

An accurate simulation mode! is
not availlable

Alternative method avallable
based on a surface level
corn._ntratfons as suggested in
Hoffman, et al., 1978.



Submode |
Components

Radiological Decay

Terrestrial Pathways

Atmosphere to Plant Tissues
Ground Deposition

Plant Surface Concentrations

Plant Intertor Concentrations

Soil Losses

AIRDOS-EPA Code Formulation Evaluations

Evaluat fon
Insufficient research to Justify

Generally insufficient validation
studies; models formulated to
to he conservative, particularly
assumptions of complete ve-
cycling to soill

Radionuc)ide cycling not specifi-
cally modeled but are implicitly
considered

WKeathering and radioactive decay
accounted for; follar adsorption
and resuspension ignored

Uptake from soll does not account
for sol)l properties or element
solubilities and Is not suff-
fclently plant or nuclide spe-
cific. Recycling to soill
assumed but not necessarily
true

Only radioactive decay and soll
percolation addressed. Other
pathways exist, e.g. perco-
lation, resusnension, mechanical
mixing, etc.

Table 3.3

(continuation)

Recommended
Replacement

More study needed

Further research; use of linear
kinetics model such as TERMOD or
CEC mode

As Above

As Above

As Above

Use )e of Hoffman L Baes, 1979
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Submode |
Component s

Plant Tissues to Vegetables,
Meat and Milk

Processed Vegetahle

Cattle Feed

Meat L Milk

Individual Dose Calculacions
Inhalation

Alr Ismersion

Surface Exposure

Ingestion Doses

Population Dose Calculations

Limited applicability of
assumpt fons about radlonuc!ide
cycling to soll

Does not account for differences
in beef and milk cattle feeding
or accurately depict recycling
to soll

Does not account for transfer of
radionuc lides to soll

Based on latest avallable models

Infinite cloud assumption over-
estimates near receptor doses

Omisston of surface radionuc)ide
losses causes dose overestimates

Best avallable models

Tremendous inherent uncertainty -
orders of magnitude - use only
for relative assessments

Tab'le 3.3
AIRDOS -EPA Code Formulation Evaluations
(continuation)

Rec ommended
Replacement

As above

As above

As ahove

No better avallable

No better avallable

Include surface loss machanisms

No better available

No better avallable



Submode !
Parameter

Source Terms

Ore Pad & Grinding &
Yellowcake Particle Size

Tallings Particulates -
Particle Size

Dispersion

w Plume Rise

Dispersion Coefficlents

Mixing Heloht

Deposition Velocities

Accuracy Appropriateness
Uncertainty is ¢ 100%
Uncertainty possibly Not adequate

orders of magnitude

Should be used

Intended primarily for
use with elevated
stack sources - Only
appropriate at
distances up to 10 km

Depends on application

t 100X and will vary
with stabiifty class

Adequate

Values used are too
large

Up to four orders of
magnitude uncertainty;
uncertainty will pri-
marily affect popu-
ation dose estimates

Table 3.4
AIRDOS-EPA Code Submodel Parameter Evaluations
(cont inued on next page)

Hecommended
Replacement

More accurate measure-
ments to determine most
representative size or
if more stze classifi-
cations needed

Further Study

Use of 2.6 value for
stable categorfes
fnstead of 2.9

Use of adjusted Pasquill-
Gifford curves

Best avatlable

Hicks' (1976) model



Submode |
Parameter

Scavenging Coefficient

Terrestrial Palhways

R 'IV'.

n
o t

Accuracy

May vary over an order
of magn!tude

Taken as & ratio, value
is adequate for wide
range of situations

Large assoclated un-
certalinty

Varles over an order of
magnitude for differ-
ent crops

Acceptable

Can vary by a factor of
3

Order of magnitude range

Can vary by a factor of
2

Table 3.4

Appropr fateness

Value used was spe-
cific for arid
areas

Adequate

Not adequate
Questionable
Adequate
Questionable
Inadequate but best

avatlable

Questionable

AIRDOS-EPA Code Submodel Parameter Evaluations

{continuation)

See parameter glossary In Section 3.3.2 for explanation of terms.

Recommended
Replacement

For certaln cases, spe-
cific values may be
better

Best avallable

Use weighted average of
crops in milling
reglons

Best avallable

Get representative
values

Adjust to be representa-
tive 1f possible

Representative value



Submode | Recommended

Parameter Accuracy Appropr lateness P.placement
ty Vartation from 100 to Not appropriate 20 year assumption more
20 years results in reasonable
dose varlations of
up to BOX
t Not accurate Pasture value ap- Value representative of
propriate, stored reglon
feed and vegetable
not
'p' fe Can vary from ¢ to | Inappropr late Value representative of
region
Q¢ Factor of 2 variation Adequate for dairy, Value repres.atative of
wr inappropr late for region
)
beef value
o At least a factor of Adequate Best avallab.e
10 vartiation
Fg Insufficient data to I iadequate Best avallable
determine. At least
a factor of 10
variation
Y Questionable Representative value
My uestionable Representative value
Table 3.4

AIRDOS-EPA Code Submode! Parameter Evaluations
(continuation)



Submode |
Parameter
Individual Dose Calculations
inhalation
Particle Size
Solubility Classes
Ingestion
Market place dilution
factors IMPFIX, RVEG,
RBEF, RMLK, DDI

Surface Exposure
'

'g' fe

Accuracy Appropriateness
Questionable o
Inaccurate Inappropriate
Inaccurate & conserva- Inappropriate
tive
100 year value |Is Inappropriate
conservalt ive
Conservative Inappropriate
Table 3.4
AIRDOS-EPA Code Submodel Parameter Evaluations
(continuation)

Recommended
Replacement

Additfonal data

Kalkwarf's (19/9) values

Representative values

Realistic, representa-
tive value

Representative value



In the past model predictions have been used without regard to accuracy
or uncertainty. This practice should not continue. Sc.~e means for accounting
for the uncertainty inherent in model predictions must .e incorporated into
the standard setting or decision making process. To develop such 2 means the
EPA should investigate the latest developments in the decisfon analysis
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 AIRDOS-EPA/MILDOS COMPARATIVE ANALYSIS

The AIRDOS-EPA Code was developed as a generic model to aid in developing
standards for radiation protection. The Federal government charges the
Nuclear Regulatory Commission (NRC) with enforcement responsibilities for
those standards. For enforcement evaluations the NRC has developed its own
models which differ from those of the EPA. In the case of uranium mills the
NRC uses the MILDCS Code.

Impact examined the differences between the AIRDOS-EPA and MILDOS Codes
both in a gqualitative manner and through a guantitative analysis, using both
models to evaluate the EPA's 1678 RICERAUS model mill. Substantial
gifferences were found. In the following sections the Codes' submodel
formulation and parameter values are compared and MILDOS Code mode!l mill run
results are presented and compared to AIRDOS-EPA dose predictions.

(Comments presented in the following sections are directed toward Code
differences. For further explanation of the AIRDOS-EPA Code see Section 3 of
this report. For MILDCS Code elaboraticn see the UDAD Code section in the
American Mining Congress' comments on the NRC's Oraft Generic Environmental
Impact Statement (AMC, 1979). Comments found there are generally applicable
to the MILDOS Code.)
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4.1 RADIONUCLIDE RELEASE CHARACTERIZATION

The Nuclear Regulatory Commission has fincorporated into the MILDOS Code
framework (USNRC, 1879) 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
assignec 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 cust flux to the cube of the wind velocity. The
MILDOS 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 handiing of time-varying
source terms. MILDOS allows changes in source terms to account for mill
expansion, tailings pond size changes, etc. The MILDOS Code can therefore
account for various phases of mill operation, decommissioning, reclamation and
post-reclamation periods. AIRDOS-EPA has no such provision and assumes
steady-state conditions throughout the life of mill.
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§.2 EMISSION DISPERSION AND PLUME DEPLETION SUBMODEL

The dispersion submodels of AIRDOS-EPA and MILDQS are similar both in
formulation and limitations. Both are based on a sector averaged Gaussian
dispersion formulation and account for processes of deposition, precipitation
scavenging, gravitational settling, and radiological decay. Neither accounts
for complex terrain, wind shear, low wind speeds, plume trapping, or lid
penetration. The models differ with respect to plume rise, wind ¢peed,
precipitation scavenging, and area source approximation characteristics as
follows:

Plyme Risz - Ore processing and yellowcake stacks may be subject to velocity
or thermally induced plume rise. The MILDOS Code only provides for velocity
augmented plume rise. AIRDOS-EPA provides mechanisms for both types of plume
rise aithcugh the EPA ignored this option in conducting their RICERAUS
analysis.

Wind Speeds - Wind speeds are conventionally reported in terms of the percent
occurrence of each of six wind speec 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.

Precipitation Scavenging - This process is implicitly modeled in the MILDOS
Coce by assuming tnat during rain or snowfall scavenging rates are egual to
dry deposition rates. Only dry deposition is then considered. In contrast
AIRDOS-EPA explicitly models precipitation scavenging using a method which is
not referenced. Alternative approaches have been recommended. I[n the arid
west precipitation scavenging is not a particularly important pro._ass.

Area Source Approximations - Two significantly different approaches are used
with MI_LDOS assuming a square configuration projected upwind to a point source
and AIRDOS-EPA assuming a source configuration which differs according to the
gistance from the receptor. The AIRDOS-EPA configuration may vary from a
point source at far distances to a circular source centered at the receptor
for close distances. No comparative data have been found to »<Zablish
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 depietion model. The same
conservative deposition velocity of 1 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
moceled using a tilted plume method which is being described in Section 3.2.3.
Gravitational settling velocities have been assigned equal values in both
Codes.
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AIRDOS-EPA provides an opticn 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 mode! to account for plume
depletion due to dry deposition. Either could benefit from substitution of
the recently developed hiorid source depletion mode! (Horst, 1579) for the
source depletion mode! currently used.

An area in which the two models differ is treatment of resuspension. The
AIRDOS-EPA Code does not explicitly address resuspension although deposition
velocities could be adjusted to implicitly mode! the process. This is a
generally accepted method although it may introduce its own uncertainty. In
contrast the MILDOS Code explicitly models resuspension using a method applied
in the L quid Metal Fast Breeder Reactor (LMFBR) projeri. Using this method
the uncertainty may approach several orders of magniture.

Omission of resuspension considerations may cause significant differences
between the MILDOS and AIRDCS-EPA Codes. For example, in a recent analysis
MILDOS Coc2 resupension concentrations contributed approximately 37% of total
predicted air concentrations. More research is needed to develop an accurate
resuspension model.

The final dispersion-related similirity between the models is the common
method used to account for radiclogical 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 mode! physical
processes and no validation data is available to support its use.
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4.3 TERRESTRIAL PATHWAYS SUBMODEL

4.3.1 Submode! Formulations

The basic evolution of MILDOS food chain models is the same as that
described for AIRDOS-EPA. Each Code is intended to represent the models of
NRC Regulatory Guide 1.109, although they have differences in impiementation,
structure, and parameters. Comments previously made concerning AIRDOS-EPA are
true of MILDOS except as specifically discussed below.

4.3.1.1 Atmosphere to Plant Tissues Pathways

The calculational structures of MILDOS and AIRDOS-EPA are agepicted in
Figures 4.1 and 4.2 respectively. The models are similar in formulation but
differerces are found in the mechanisms for deposition, losses from both piant
interior and surface, and soil losses.

Deposition - As with AIRDOS-EP’, it is not obvicus that MILDCS handles the
deposition of radionuclides onto plants and soil adequately. At first glance
i+ appears material is counted twice as 100% deposition is assumed for the
s0il and an additional fracticnal deposition is assumed for the plants.
However the fundamental assumption of both models is that all deposited
radionuclides eventually reach the soil, This is often the case because
plants usually are returned to the soil by decay or plowing. These processes,
however, are not specifically modeled. The apparent errcr of applying full
deposition tc the soil, and an additional fractional deposition to plants is
explained by realizing that the radicactivity deposited on plants cannot be
“cycled" to the soil with this mode] structure. For specific crops such as
sugar beets where the entire plant is harvested this fundamental code
assumption will result in dose overestimates.

MILDOS provides particle size dependent deposition onto plants and soil
as does AIRDOS-EPA. But MILDCS 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.

Consideration of resuspension in MILDOS is an improvement over AIRDOS-EPA
but it introduces added complexity to the deposition process. The Code must
assume a different air concentration for deposition ontd soil than for
deposition onto plants. Soi] deposition is dependent on an initial air
concentration which is due to facility 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 surface. The
sum of the initial and resuspenced air concentrations is the total air
concentration.

Radioactivity resuspended from soil s 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 upwing.
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In AIRDOS-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
it does not consider delays in the Cyc1ing process. In MILDOS the deposition
on plants is greater than in AIRDOS-EPA due to resuspension. But the
fundamental assumption is the same, the resuspended radicactivity 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 AIRDOS-EPA MILDOS does not account for the

equilibrium Tosses from plant surfaces due to radicactive 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.

MILDCS also does not account for the decay of radiocactivity on the
surface of plants in the holdup period between harvest and consumption. Again
this will be of importance only for short-lived radionuclides not deposited in
association with a parent.

Losses from the Plant Interior - The MILDOS eguation for concentration in the

plant 1interior due to roct 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 uysed in the calculation.

MILOOS does not account for radionuclide losses from the plant interior
during the holdup time from harvest to consumption. Since root uptake is more
radionuciide dependent than deposition on plant surfaces, this may be an
important omission for a short lived radicnuclide taken up in excess of the
equilibrium concentration of a parent.

Losses from the Soil - MILDOS incorporates the leaching loss term that was

suggestea for inciusion in AIRDOS-EPA. This improves handling by MILDOS of
the losses of radioactivity from the soil compartment. The loss coefficient
is basec on a S50 year half-time, which is an internally supplied constant.
This parameter should be available for manipulation if site or radionuclide
specific data are availabie to improve the mocde! simylation.

4.3.1.2 Plant Tissues to Processed Vegetables, Meat, and Milk

For these pathways the MILDOS Code is severely limited because constants
are used for parameters which require site-specific data. AIRDOS-EPA has
defined those same parameters as variables so that site-specific data
pertinent to agricultural practices or local market conditions can be used.

Except for the use of constants rather than variables for several
parameters, MILDOS and AIRDOS-EPA calculate milk concentrations in the same
fashion, For meat concentrations, however, MILDOS does rot incorporate
radioactive decay losses from meat during the holdup time between slaughter
an. consumption. This will be important only for short-lived radionuclides
wresent in meat in excess of the equilibrium concentration of a parent.



4,.3.2 Parameter Valyes

Since both the MILDOS and AIRDOS-EPA (Codes are implementations of the
USNRC Regulatory Guide 1.109 mocdel there are a number of parameters which both
use. For some of these parameters the two ccdes have significantly different
default values which will be discussed below.

Some differences, however, exist in structure between these two models
which result in differences in the parameters required by each. In the
discussion below emphasis is placed on parameters required by the structure of
MILDCS but not by AIRDOS-EPA.

The same evaluation criteria have been ysed for the default values in
ILDOS as were put forth for AIRDOS-EPA; appropriateness, sensitivity and
availability of better valyes. The estimate of model! sensitivity for
parameters unigque to MILDOS myst be made in the context of the MILDOS
formulation.

As mentioned in the previous section, parameter values that appear as
input data in AIRDOS-EPA are treated as constants in MILDOS. These constants
are identified when they represenc significant or highly site-specific
quantities.

4.3.2.1 Total Air Concentration Calculations

As discussed previously, a significant difference in structure between
MILDOS an¢ AIRDOS-EPA is the inclusion of resuspension in MILDOS. 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 calculated by MILDOS, depends entirely on one time and particle size
depencent parameter - the resuspension factor, R. Although there is an
inherent uncertainty of several orders in magnitude. the MILDOS formyiation of
the resuspension factor does yield a good fit to the best data available on
the phencmanon of resuspension (Anspaugh, 1975). The data was collected for
an arid southwestern location and s likely to be representative of the
uranium mining regions of the United States.

4.3.2.2 Vvegetation Concentration Calculations

The MILDOS calculation of concentrations in and on vegetation is very
similar to that found in AIRDOS-EPA. Both the direct deposition term and the
root-uptake term are dependent on equivalent parameters. The direct
depcsition term always dominates over the root-uptake term.

Direct Deposition on Vegetation - In MILDOS direct depocsition depends on the
foliowing parameters:

E, =the fraction of retained material reaching edible portions of the
vegetation.

F. = the fraction of deposited material retained on plant surfaces.
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Y, ® the agricultural productivity of the edible portion of vegetation.

t, * the growing seasen of the vegetation,

‘w = the weathering rate constant from plant surfaces.

The product of E and F. is equivalent to the retention fraction, R, in
AIRDCS-EPA. The cefault value of 0.2 for F_ used in MILDOS is adequate for
vegetable crops but no provision is made for adjusting it for forage crops.
The ratio of (£ *F.)/Y, for forage crops shoulc be considered in light of cata
reported by wilfer (1979) and set to 2.03 as was done for AIRDOS-EPA.

For both forage and vegetable crops the default values established for Y
and t, in MILDOS are mych too restrictive. As noted above parameters such as
these, for which regional data are relatively easy to obtain, should be
formulated as inmput data not as mode! constants so that values specif'c to 2
particular application can be used.

Root Uptaks by Vegetation - In MILDOS root uptake is governed by the following
parameters:

g

jy ® the ratio between the concentration in vegetation and that in soil,

P = the density of surface soils.

1, = envirgnmental loss from soils.

=

AIRDOS-EPA uses the same set of parameters except i, is excluded.

The parameter i, influences the calculation of external dose from
penetrating radiations as well as the contribution of the root-ugtake pathway
to internal dose. It is intended to account for the leaching of radicactive
material from surface to deeper soils. The default value used in MILDOS is
equivalent to a 50 year half-time an is applied to all nuclides, soil
conditions, and climatic conditions. This is an unnecessary restriction.
Data are available on radionuclide movement through scils 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 *, reflecting regional conditions.

MILDOS uses an extensive set of parameters for 8, , distinguishing
between abcve and below ground vegetable crops as well as getween forage and
vegetables. In all, five categories are used. AIRDOS-EPA uses one single
valye for vegetables and one for forage. Use of crop specific vaiues 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

this pathway.

4.3.2.3 Concentrations in Mezt and Milk

Parameter Appearing in MILDOS - As in AIRDOS-EPA meat and milk concentrations
gepend on pasture ana feed concentrations calculated in the manner Jescribed
above. The only narameters appearing in the MILDOS formulation are the
following:
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Q= feed ingestion rate.
Fb = the feed-to-meat transfer coefficient

Fm = the feed-to-milk transfer coefficient

For the two transfer ccefficients MILDOS and AIRDOS-EPA use adegquate
values for all nuclides of interest. However, these parameters suffer from
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 report of Hoffman and Baes (1579) care must be taken to
consistently use dry-weignt values for forage and for the appropriate 8;, data
as is done in AIRDOS-EPA. In MILDOS, as in AIRDOS-EPA, the same value for Q
is used for both beef and milk herds.

4.3.3 Submode! Summary Evaluyation

MILDOS has three features of special merit. The first is a treatment of
the resuspension pathway. This phenomenon is of critical importance to
modeling the mo.ement of radiocactivity in agricultural systems. It affects
all subseguent pathways both direct and indirect.

The second feature is the flexibility introduced by the use of crop-
specific gata for B8, . It is worth noting, however, that the root uptake
pathway contributes reiatively 1little to the total dose so that this
sophistication has small inflyence on the outcome of the calculation.

The final feature is that the MILDOS Code provides for losses of
racionuclides 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 mary applications.

Relative to AIRDCS-EPA, MILDOS nas several notable weaknesses. All of
these are related to insufficient parameterization of regional agricultural
conditions. It is impossible to improve mode! predictions on the basis of
more information if the mode! will not accept that information as input. Crop
production, grazing practices, market place dilution and many other critical
issues are ignored in MILDOS.



4.4 DOSE CALCULATIONS

4.4.1 Individuals - Simi'ar calculational approaches are taken in MILDOS and
AIRDOS-EPA. UDose conversion factors are used with calculated concentrations
and model man ergonometric characteristics to derive predictions of 50 year
dose commitments for several organs. In general, although the Codes employ
similar methods, the dose conversion factor sets differ markedly between the
two models. In additien, 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 AIRDOS-EPA, for each organ, radionuclide and
particle s1ze and solubility assumption combination, a dose conversion factor
is multiplied by an assumed breathing rate. Those conversion factors have
been derived from a recent Qak Ridge study (Killough, 1979). The MILDOS Code
considers particle density as an additional factor in determining dose
conversion factors. In the MILDOS Code, the breathing rate has been included
in the conversion factors which were derived using the UDAD Code (Momeni, et
al., 1979). By manipulating units the dose conversion factors for the organs
common t¢ goth 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
deveioped using similar models. The differences between these two dose
conversion factor sets are prime evidence of the uncertainty inherent in these
models., Some of the differences may be explained by the fact that the AIRDQS-
EPA factors are based on Y solubility assumptions for all nuclides except
Radium-226 where a W assumption was made. MILDOS factors represent the
mixture of solubility assumptions recommended by Kalkwarf (1979).

4.4,1.2 Air Immersion and Surface Exposure Doses - Both Codes calculate air
immersion and surface 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, AIRDOS-EPA factors
(Kocher, 1980) vary according to organ whereas MILDOS total body factors
(Momeni, et al., 1979) are assumed to apply to all other organs. Significant
d1€ferences are observed.

AIRDOS-EPA surface concentrations are calculated considering a depcsition
rate and a decay rate. The decay rate includes bot: radiological and
environmental decay, the latter of which was conservatively set to zero by EPA
in their RICERAUS analysis. MILDOS ground concentrations are computed using a
deposition rate and a conservative 50 year environmental decay haif-life. As
discussed previously surface Tosses 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
assumed. AIRDOS-EPA provides no occupational allowances and is therefore even
more conservative.

4.4.1.2 Ingestion Doses - For both models, predicted doses are dependent on

concentrations, dose conversion factors, ingestion rates and a preparation
factor for vegetables and produce. MILDOS computes ingestion doses for four
population age groups; infant, child, teenager, and adult, and total doses are
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g9

Whole Body
Lung
Liver

Kidney

Whole Body
Lung
Liver

Kidney

AIRDOS

1.36E+02
3.85E+0)
8.83E+00
1.236+01

9.83E+00
1.236+01

Yellowcake

MILDOS

WiLDOS AIRDOS AIRDOS
9.82E+00 06.0722 1.36€+02
1.076+03 0.278 1.856+0)
0.0 0.0 8.3E+00
3.78E+01 .07 1.236+01

Tatlings (0-104)
MILDOS :

MILDOS AlRDOS AIRDOS
1.16E+00 0.00853 0.0
1.246+03 0.322 0.0
0.0 0.0 0.0
4.478+00 0.363 0.0

Table 4.1

MILDOS/ATRDOS-EPA Compar ison
Inhalation Dose Conversion Factors
u-238
(MREM-M '/PCL-YR)

Ore Processing

NILDOS

4326400
I.58E+02
0.0

1.66E+01

Tatlings (10-80w)

NiLDOS

7.92€-01
3.33E+02
0.9

3.05E+00

K10 005 :
AIRDOS
0.0318
0.0410
0.0
1.35

MILDOS
AIRDOS
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expressed for each age group classification. AIRDOS-EPA maintains a single
adult category. Dose conversion factors are compared in Table 4.5 which shows
that variations in differences are observed, with AIRDOS-EPA values generally
larger. Ingestion rate assumptions are compared in the Table 4.6 which shows
that for 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 n's residence. On the other hand AIRDOS-EPA provides a mechanism to
account “or individual ingestion of site, regional, and imported food.
Howeve AIRDQS-EPA dilytion factors which account for imported foods have
been set by EPA in the past at conservative values.

b ]
i

4.4.2 Population Decse

Similar methods are used in the twoc models to calculate populaticon doses.
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MILDOS -

MILDOS ' AIRDOS AIRDOS
Vegetables (Kg/yr) 1.05£+02 1.94E£+02 0.54)
Meat (Kg/yr) 7.83E+01 9.4£+01 0.833
Milk (L/yr) 1.30E+02 1.126+02 1.16
4
Table 4.6

MILDOS/AIRDOS-EPA Compar fson
Ingestion Rates of Food by Man (Adults)

"Source: J. F. Fletcher and W. L. Dotson (compilers), “HERMES - A Digital
Computer Code for Estimating Reglonal Radiological Effects from the Nuc lear
Power Industry®, Hanford Engineering Development Laboratory, HEDL -TME-71-

168, December 1971.
“Not referenced in AIRDOS-EPA documentation.



*.5 MILDOS VS. AIRDOS-EPA APPLICATION RESULTS

Using the EPA's 1979 model mill with base case controls as a test case,
MILDOS and AIRDOS-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.

These tables have been examined along with dose conversion factors,
precicted air concentrations, and other parameter values previously
discussed. Due to the number of parameters and the variations in values
between models it has been difficult to find an obvicus 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 - Total body doses are primarily determined by the vegetable
Tngestion pathway for AIRDOS-EPA and the inhalation and vegetable ingestion
pathways for MILDOS. We have observed that the air concentrations from the
point sources as predicted by MILDOS are greater by a factor of 1.06 than
those of AIRDOS-EPA. In contrast, AIRDOS-EPA tailings generated
concentrations are higher than those of MILDOS by a factor of 8 for the 0-10
micron tailings and a factor of 1.5 for the 10-80 micron tailings. In AIRDOS-
EPA, tailings generated concentrations are generally greater than those from
other sources (except for U-238 and U-235) and MILDOS tailings' generatec
values were comparable to those of the other sources.

We have also observed the importance of resuspension in MILDOS (39% of
total predicted air concentrations) and the conservatively high ground
concentrations in AIRDOS-EPA, and have noted that AIRDCS-EPA ingestion and
inhalation dose conversion factors for total body are greater than those of
MILDOS. Wwe conclude that difference in Code dose predictions is probably due
to the dose conversion factor differences and the higher AIRDOS-EPA ground
concentrations. The inflyence of the inhalation pathway €or MILDOS
predictions may be due to a large resuspension concentration and less ground
buildup than in AIRDOS-EPA.

Lunas - AIRDOS-EPA predicted doses exceed thcse of MILDOS by a factor of
1.83. The MILDOS dcse was derived primarily from yellowcake whereas AIRDCS
values resulted from contributions of all three sources. DOoses were due
almost totally to inhalation for MILDOS and both inhalation and surface
exposure for AIRDOS-EPA. Dose conversion factors are significantly different
but are not consistant in their differences. Since sc many differences exist
no conclusion can be drawn about the determining factors for the two Codes'
prediction differences.

Bone (MILDOS) Vs. Endosteal (AIRDOS) - The AIRDOS-EPA prediction for endostea)
Tissue far exceeds tne MILU0OS bone prediction. The AIRDOS dose consists
primarily of the tailings contribution and results from the ingestion
pathway. The MILDOS dose consists of egqual contributions from all sources and
s primarily due toc the inhalation (56%) and vegetable ingestion pathways.
AIRDOS endosteal ingestion dose conversion factors for radium and thorium
(which are primary constituents of the tailings) are greater by a factor of 3
than MILDOS bone conversion factors for those same radionuclides. Qur
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9¢

AIRDOS HILDOS AIRDOS

Whole Body 2.16E+02 6.076+00 0.0281

Bone (Endosteal') 2.26E+0) 7.81E+01 0.346

Lung 2.42E402 1.32€+02 0.546

Liver 1.14E+02 5.11E+00 0.0448

Kidney 6.92€+01 1.95E+01 0.282
Table 4.7

MILDOS/AIRDOS-EPA Compar fson
Maximum Individual - Total Dose
(mrem/yr)

"The dose presented for AIRDOS-EPA is to the endosteal tissue,
the organ most comparable to the bone used in MILDOS.
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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 AIRDOS-EPA. The MILDOS
preciction dependence on inhalation seems to confirm the importance of ‘
resuspension particulates.
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4.6 SUMMARY AND CONCLUSIONS - AIRDOS-EPA/MILDOS

The AIRDOS and MILDOS Codes were developed to predict the radiological
.mpac.s of nuclear facilities. One would assume that the two would be very
similar in formylation 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 mode! mill,
AIRDOS-EPA dose predictions were found to be greater than those of MILDOS. The
differences in magnitude range from a factor of 5 to a factor of 30 depending
on the target organ.

Major differences in formulation and parameter values are listed below.
Recommendations for resoluti.i of these differences are provided where
appropriate.

- Treatment Of Resuspension - MILDOS mocels this phenomenon using a
resuspension factor which results in total air concentrations being
increased by more than 60% with associated increases in deposition
rates and dose estimates. In AIRDCS-EPA this process is ignored.
Resuspension should be considered in the AIRDOS-EPA Code, however,
the MILDOS Code scheme is more of a finger in the dike approach
than an accurate simulation.

. Cose Conversicn Factors - Substantial differences were found,
particularly for the inhalation and ingestion pathways. For
example, the U-238 dcse conversion ‘acto' for the whole body
inhalation pathway is 1.16 in MILDOS and 136 in AIRDQS-EPA.

* Input Values Vs. Constants - Values for several terrestrial pathway
parameters treated as constants in MILDOS can be provided as input
data by an AIRDOS-EPA uyser. The MILDOS Code should allow such
incorporation of site specific data.

. Soil Radionuclide Losses - An environmental loss term is included
in MILDOS which should be incorporated into the AIRDOS-EPA Code.

. Tailings Particle Size Assumptions - In the MILDOS Code a S micron
median value for the 0-10 micron tailings is assumed. In the EPA
RICERAUS anal lysis a 1 micron median value was used. Use of a
median value is not necessarily an adequate means for
characterzing particle size distributions in tailings. More field
study is needed. O0Of the two code values the 5 micron selection is

a less contervative choice

The fact that such Jifferences exist between the two models' formulation,
parameter values, and predictions is prime evidence of the uncertainty
inherent in any attempt to mode! uranium mill radiological mpact. 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 AIRDOS-EPA and MILDOS Codes.
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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,
asscciated with the model predictions must still te recognized as

substantial. This fact raises serious questions about the validity of the use
of models in developing and enforcing radiological standards.

the uncertainty
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5.0 CONCLUSIONS SUMMARY

Data and observations detailed in this report motivate the following
conclusions:

" 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 1876. The standard must be reexamined.

* The uncertainty inherent in the AIRDOS-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 decse limit. An approach which recognizes and
quantifies uncertainty is mandated.

* MILDOS Code predictions will not be the same as those of AIRDOS-EPA
for the same case. This reinfcrces the conclusion that the current
modeling approach tc standards development is inadequate and alsc
demonstrates 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 technigques. Until such a technigue is
developed standards such as 40 CFR 190 must be considered to be scientifically
unfounded and unsupportable.
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Appencix 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
with data values used if the same for all runs. Case-specific values have
been omitted.

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 tne AIRDOS-EPA (ode were required those values were taken from the
AIRDOS-EPA documentation (USEPA, 187%a). Dose conversion factors were taken
(as recommenged in the AIRDQS-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., 1978), 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, 1973). Where
pulished data were not available, values used were those provided us by EPA.

Keys to source codes are:

ALL AIRDOS-II Data Sets

AL AIRDOS-EPA Documentation
KI Killough, et. al., 1979
KO Kocher, 1980
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Sources

METEOROLOGICAL AND PLANT INFORMATION SUPPLIED 10 PROGRAM- - -~

AVERAGE AIR TEMPERATURE (DFG
AVERAGE VERTICAL TEMPERATURE
IN STABILRTY (L ASS
IN STABILETY CLASS
IN STADILITY CHLASS
RAINFALL RATE (C(M/YEAR)
HEIGHT DF LID (METERS)

NUMBER JF STACKS IN THE PLANT

STACK INFORMATION--

HEIGHT (METERS)

DIAMETER (METERS)

EFFLUENT VELOCITY (METERS/SEC)
RATE OF MEAT EMIGSTION (CAY /SECOND)

DIAMETER OF AREA SOURCE (METE®SI

x)
GRADIENT OF TNE AIR (DEG X/METER)
3

¥

STALK

1 2 b}

NUMBER

B

As Marked individually

282.0

0.0728
0,1090
0.145%

20,00

Al

All
ALl
ALl
All
ALl
ALl

At

All
Al
All
ALl



Sources: As Marked By Column

PLUME DEPLETION AND DEPOSITION PARAMEIERS

NUCLIDE GRAVITATIONAL DEPOSITION VELOCHTY SCAVENGING EFFECTIVE DECAY CONSTANT
FALYL VELOCTTY COEPFICHENT IN PLUNE
(METERS/SECQ) (METERS/SEC) (ANALES] (PER DAY)

ALl ALl ALt AE Table 13
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Sources .  As Marked Individually

LIST OF INPUT VALUES FOR RADIONUTLIODE - INDFPENDENTVARTANLES
NUNBIR OF NUCLIDES CONSIDERED
TIME DELAY -~INGESTION OF PASTURE GRASS BY AMIMALS (HR)
TIME DELAY -~INGFSTION OF STORFO FEFD BY ANIMALS (NR)
TIME DELAY-~INGESTION OF LEAFY VEGLTIADLES HY MAN (HR)
TIME DELAY -~ INGESTION OF PRODULE BY MAN (HR)
REMOVAL RATE CONSTANT FOR PHYSICAL LOSS BY WEATHERING (PER HOUR)
PERIOD OF EXPOSURE DURING GROWING SEASON--PASTURE GARASS (WA}
PERIOD OF EXPOSURE DURING GROWING SEASON--CROPS OR LEAFY VEGETABLES (HR)
AGRICULTURAL PRODUCTIVITY BY UNIT AREA (GRASS-CON-MILE-MAN PATHUAY (KG/SQ, METER))
AGRICULTURAL PRODUCTIVILY BY UNIT AREA (PRODUCE OR LEAFY VEG INGESTED BY MAN (KG/SQ, NETER))
FRACTION OF YEAR ANIMALS GRAJE ON PASTURE
FRACIION OF DAILY FEED THMAT |5 PASTURE GRASS WHMEN ANIMEL GRAZES ON PASTURE
CONSUMPTIION RATE OF CONTAMINATED FEED OR FORAGE BY AN ANIMAL IN KG/DAY (DRY WEIGHT)
TRANSPORT TIME FROM ANINAL FEED-MILK-MAN (DAY)
RATE OF INGESTION OF PRODUCE BY MAN (KG/YR)
RATE OF INGESTION OF MILC BY MAN (LITERS/YR)
RATE OF INGESTION OF MEAT BY MAN (KG/YR)
RATE OF INGESTION OF LEAFY VEGETABLES BY MAN (XG/YR)
AVERAGE TIME FROM SLAUGHTER OF MEAT ANIMAL TO CONSUMPIION (DAY)
FRACTION OF PRODUCE INGESTED GROMN IN GARDEN OF INTEREST
FRACIION OF LEAFY VEGETAILES GROUN IN GANDEN OF INTERESY
PERIOD OF LONG-TEARM BUILOUP FOR ACTIVINTY 1IN SOIL (YEARS)
EFFECTIVE SURFACE DENSITY OF SOIL (XG/SQ, M, ORY WEIGHI) (ASSUMES 15 (M PLIW LAVER)
VEGETABLE INGESTION RATIO-IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA
MEAT INGESTION RATIO-IMMEDIATE SURROUNDING AREAZTOTAL WITHIN AREA

MELK INGESTION RATIO-IMNEDIATE SURROUNDING AREAZTOTAL WITHIN AREA

MINIMUM FRACTIONS OF FOOD TYPES FROM OUTSIDE AREALISTED NELOW ARE ACTUAL FIXED VALUES

MIMEMUM FRAFTION VEGFTIAN LS TuGESTIn FROM DUTSTIDFE AREA

L}
Nn.0000¢ +00
ND.2160€¢0¢
N,.3360¢ 0%
N.3360¢€¢0%
0,.2100¢-02
0.72006+90%
D, 144DE 04
0.28N00€4+00
N,.716064+00
N.4ND00E+ 0O
0.4300€4+00
0.1560€¢02
0.2000¢+01
0D.1760640%
D.1120€+03
N 9¢00€e02
0,.1800¢€+02
0.2000€+02
0,.1000¢ 00
0.1000€ 01
0.1000€+03%
0.2150€+0%
0.7000€+00
N.4420€400

0.3990¢+00

0.0000¢+00

z 2

222z 222222222 RRR2RR22CP

> »
- -
- - -

Table 14
lable 14
Table 14
Table 14
Table 14
Table 14
Table |4
Table &
Sample
Tanle 14
Table 14
Table 14
Sample'
Table 15
Table 15
Table 15
Table 1%
Table 14
Semple Run
Sample Run
Table 147

Table 14
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MINIMUM FRACTION MEAT ENGESTED FROM OUTSIDE AREA

MIMIMUN FRACTIOY MILK ENSESTED FROM OUTSIDE ANEA

INMALATION RATE OF MAN (CURIC CENTINFIEAS/HR)

BUTLOUP TIME FOR RADIONUTLIDES DEFPOSIIED ON GROUND AND WATER (DAYS)
PILUTION TACTOR FOR WATER FOR SWIMMING (W)

FRACTION OF TIME SPENT SJIMMING

MUSCLE MASS OF ANIMAL AT SLAUGHTER (XG)

FRACTION OF ANIMAL HERD SLAUGHTIERED PER DAY

MILX PRODUCTION OF COW (LITERS/DAY)

FALLOUT INTERCEPTION FRAZTION-VECETABLES

FALLOUT INTERCEPTION FRACTION-PASTURE

FRACTION OF RADIOACTYIVITY RETAINED ON LEAFY VEGETABLES AND PRODUCE AFTER WASHING

' Value given in AE Table 14 Is 4 days and Is referenced to NRC Regulatory Guide 1.109.
as does the AE Sample run. The Table 14 value Is assumed to be a mistake and the 2 day value was used.

0. 0000 «+00
0.0000€+00
0.91676+00
0,.36%2€+0%
D.1524¢€03
0.0000¢«00
0.20006+0%
0.3810e-02
0.1100¢+02
0.2000€+00
0.5700g+00

0.1000¢ «00

Al
At
A Sample
ALl
ALY
Al
ALl
ALl
ALl

AE Sectlon 5.2.1
AE Sectiom §5.2.2

A Sample’

Reg. Guide 1.109 presents a valuve of 2 days

1 Yalue taken from AE Table 14. Also consistent with 100 year value used for buildup time for radionuclides deposited on ground and

waler.

' Value from Af Sample run. NRC accepted value is .5 (Draft Regulatory Guide)
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ORGAN

101.800Y
S waLL
LUl WAL
LUNGS
KIONEYS
LIVER
OVARIES
R MAR
ENDOSTY
TESTES
THYROID

Sources:  As Marked Individually

LISY OF INPUT DATA TOR HUCLIDES
HADIOACTIVE DECAY (ONSTANT (PER DAY)
ENVIRONMENTAL DECAY CONSTANT--SURFACE (PER DAY)
ENVIRONMENTAL DECAY CONSTANT--WwATER (PER DAY)
AVERAGE FRACTION OF ANIWAL'S DALY INTAKE OF NUCLIDE WHICH APPEARS IN EACH L OF MILK (DAYS/L)
FRACTION OF ANIMAL'S DALY INTAKE OF NUCLIDE WwMiI(H APPEARS IN EACH XG OF FLESH (oAYS/ug)

CONCEHTRATION FACTIOR FOR UPTAKE OF NUCLIDE FROM SOIL FOR PASTURE AND FORAGE
CIN PCIL/XG ORY WELGHMTY PER PCILJKG DAY S0 )

CONCENTRATION FACTOR TOR UPTAKE OF NUCY IDF FROM SOIL BY EDIBLE PARIS OF CROPS
CIN PCI/XKG WET WETGHT PER PCLING bRY SO

I UPTAKE FRACTION CINHALATION)
GI UPTAKE FRACTION C(INGESTION)
PARVICLE SIZE (MICRONS)
SOLUBILITY CLASS

DOSE CONVERSION FACTORS

INNALATION INGESTION SUBMERSION IN ALR SURFACE EXPOSURE
(RENMS/MICROCURIE) (REMS/MICROCURLE) (REMS-CuBIC Cw/ (RENS-SQUARE (my
MICROCURIE-NR) MICROCURIE ~Hn)

Kicouen® KieronGn KOCHER KOCHER

All
ALl
ALl
At

At

At
An?

Runs
Run-
Runs
Table 11
Table 12
Table 9!

Table 10"

Killough
¥illough

SUBMERSION IN wATER
(REMS-C(UBIC (m/
MICROCURIE-nR)

KOCHER

' Al values taken from referenced table except those for Dismuth-214. BiI-214 values taken from sample AIRDOS-CPA run provided by EPA personnel
which was stated to have the latest .alues being used by [PA.

'3 solublifty class assumed except when dose conversion factor unavallable from Killough (Radium-226, Lead-214, Blsmuth-214, Lead-210, and
Polontum-210 compounds all assumed W by Killough).
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DOSE, HEALTH EFFECT, AND COST-EFFECTIVENESS CALCULATIONS
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A PET(TION TO REQPEN THE RECORD

ON 40 CFR-190
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INTRODUCTION

The EPA develcpment 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 maximally 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 the American Mining Congress (AMC)
necessarily 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 (1973-80) 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.

[1] Environmental Analysis of the Uranium Fuel Cycle, Part 1, Fuel
Supply, EPA 520/9-73-00313.

[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 1973.



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 terms used and details or the arsizetry 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 was substantially different, de-

tails of the 1573 model mill were not pursued further.

SOURCE TERMS - REGULATORY ANALYSIS

1976 EPA Approximation (EPA-76)

In their revised analysis in 1976 (EPA-76), the EPA adjusted the source
terms froom 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.



1979 Case (RI-79)

In 1979 the EPA published a justification for listing of radionuclides 3s a
hazardous air pollutant under Section 112 of the Clean Air Act (R1-79). 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 10." tailings contribution
was increased by a factor of about 4, however, and_a “greater than 10u" 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 ard the
cost effectiveness of these levels of control have been examined in detail for

five specific cases as follows:

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
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 E”A 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.



2. 1976 Sources - AIRDOS EPA - Radon Daughters Included

The total source terms here were the same as the base case but
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 terms). 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 conditic- by the present methods.

3. 1976 Sources - AIRDOS EPA - Radon Daughters Excluded

daughters have been subtracted out. The difference between the two cases

shows the effect of the radon daughters.

4. RI-79 Sources - AIRDOS EPA - Radon Daughters Included

This case uses the source terms from RI-79. (See Table III)

All other conditions are the same as Case 2.

5. RI-79 Sources - AIRDOS EPA - Radon Daughters €xcluded

This is the same as Case 4 except that the impact of the radon

i
This is the same as Case 2 except that the effect of the radon
daughters has been dropped out. ‘
|
|
\



In the development of these cases a detailed calculation which combined
the RI-7S input terms and assumptions with the later AIRDOS-EPA procedures was
made for Case 4. The doses for the other cases based on prccent techrology, 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 controls in the order
of decreasing cost-effectiveness. These controls, together with corresponding
efficiency attained in each step are shown in Table IV. A1l of the reanalysis

done here uses the same sequence of controls at the same assumed efficiencies.

Impact on the Regional Population

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 S.

In the 1976 analysis, (EPA-76) a value of 30 times the annual dose was
used to estimate the lifetime risk since the mill was shut down at ‘t“gng?J;GPS and
only minimal additional doses would result. In the RI-79 analysis, however, the
exposure was calculated for a highly hypothetical i00th 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 ave:d further complications in the analysis, all lifetime doses
have been approximated as 30 times the annual dose obtained from the AIRDOS-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).




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].
Rhile the AMC does not necessarily endorse a level of lifetime risk as low as
1/106 as appropriate, there is clearly no justification for the addition of any
controls on the pasis of risk to the regional population at the still Lower

level of 0.07 to 0.4 per million.

Cost-Effectiveness of the Proposed Levels of Control

The incremental health effects for each successive level of control were
obtained from Table VI and were combined with the corresponding incremental costs to
move to each successive level to obtain the cost-effectiveness of each 2dde¢ control,
f.e., the incremental cost per incremental health effect averted. The costs used,
expressed as present worth as done in EPA-76, are summarized in Table VII. Note
that the cost of the orifice scrubber on the ore handling facilities, Al, is not
included since it is assumed by EPA to be current technology. The net costs of
the wet impi~gement scrubber and the low energy venturi scrubber on the yellowcake
operations Bl and B2, are also taken to be zero by EPA on the basis that the value

-of 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. Un a 1980 basis, this wculd correspond to

(4] Proposed Amendment to 40 CFR-117, Determination of Reportable
Quantities of Hazardous Substances, 45FR 46097.
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about $3%0,000-§775,000, i.e., $400,000-$820,000. .iis general level is sup-
ported in an extensive analysis by Cohen [5] published in 1920 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-éffective by the EPA's own criteria

by a tremendcus margin.

It is also evident that the change in dosimetry to AIRDOS-EPA substant1a11y

increases the number 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-
fects so that there is an apparent improvement in cost-effectiveness at each specific
level of control. It will be shown subsegquently, 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 A4:84:C2. This increases the cost per health effect

averted from $133 million to $1.2 billion.

The RI-7S case differs frow the 1976 cases in that the source terms due

to tailings have been increased substantially. (See Table IIl) This results

[5] Cohen, B.L., Society's Valuation of Life Saving in Radiation Protection and
Other Contexts, 38 Health Physics, Jan. 1980, Pgs. 33-51.



(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 yellowrake 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 needs to be examined here. It is
well recognized that the estimation of cost-effectiveness for the control of the
discharge of long-lived racionuclides 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 cperation. The life-
time health effects in Table VI, therefore, are in fact the result of a hyopthetical

hundredth vear of mill operation multiplied by 30 to conform to the earlier EPA

approz.h. They thus represent an extremely conservative estimate of a 100-year
population dose commitment, 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



of the proposed controls would still exceed the criteria level by a factor of at
least 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 variocus
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-19C 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 wiil 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 terms. 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
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 Auqust 1980 from UDAD-II and is itself in transition.
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The similarities and differences between these codes are described in
detail inAgpendix A-1.They emphasize different organs, different pathways, and
use different dose conversion factors. The disparities are illustrated in Table X
which compares the individual doses for RI-79 source terms calculated by AIRDOS-
EPA and by the present version of the NRC Mildos code.

Note particularly tne endostial tissue dose where AIRDOS-EPA shows an

at the maximum exposure (A] B) control level),
exposure of 2262 mrem/'while Mildos does not ever 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 medel and the dosimetry have been changed substantially.
There nas 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




individual licensees to make 2 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 1ife expectancy lost averaged over the entire

population. This latter approach is taken from Cohen.[6]

Depending on the source terms 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 lev2l of control A]. B], from 0.3 to
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 AIRDOS-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

qf risk that corresponds to the 25 mrem requirement.

Before examining the significance of these levels of risk it is important
to recall another problem in the manner in which the AIRDOS-EPA was applied: As
noted previcusly, among a number of assumptions that can be questioned in the EPA

RI-79 dosimetry calculations which have been used as a model for this amalysis

[6] Cohen, B.L., Lee, 1.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 normally 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 resuits just
presented. A calculation was made using the more reasonable fa;tors 0.25
instead of 1 to account for the radionuclides remaining after the vegetables
ar: 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, Bl 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



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 common 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 radiocactive materials that are released by this
activity alsoc 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 addfesses 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. "Smal!l", however, is a relative term that can have differen;
interpretations. To add further perspective to the term it is useful to compare it

with other risks that occur commonly in everyday life.



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-

Tight the value of 2-4 days from uranium milling at the present level of control,
for new milis, A1, B1, assumed by the EPA are shown below:

COMPARISON OF RISKS-MAXIMALLY EXPOSED INDIVIDUAL

. Cays of Life
Source of Risk Expectancy Lost

Accidents in Home 95
Drowning : 4]
Falls 3s
Coffee 6
Oral Contraceptives 3
A1l 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



segments of the population. The number of maximally exposed persons, i.e., those
who Tive 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
populatinn 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 FACTCRS
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.

Doses were estimated for all of these factors and the healtn 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 Approximation (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 AIRDOS-II Code was used here and doses to the ten organs and the total
body listed in the left han 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 co'umn 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 faétor for each individual organ

impacted. The “totsl body" factor was not used in the calculation.

1979 Draft GEIS (NRC) [7]

The organs and doses calculated by the latest NRC Code, MILDOS, were
compared with AIRDOS-EPA in Table X. The =~-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 betweon the approaches being used by

the two agencies.

(7] Draft Generic Environmental Impact Statement on
Uranium Milling, NUREG-0511, Vol. II.



Selection of Kealth Risk Factors for the AMC Analysis

when AIRDOS-1I evolved to AIRDOS-EPA the procedure still calculated doses
to 10 organs and the total body but several of the organs had changed so that ris:
factor: 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 probl:m informally
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 eighteer organs and the
total body. The code and corresponding ritk tactors are, however, not yet wvaflabic

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 wWall 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
AIRDOS-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 values
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
the EPA lung factor of 50/106 rem was retainecd. It should be noted that the AMC
does not necessarily accept the validity of these factors but the present petition

is not th: appropriate place to contest this issue.
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ALRBORNE PATHNAY DOSE ESTIMATES - MODEL FACTLTTY - CURRENT BEST TECHNOLOGY
e Tose Tonversion MaxTmum A0 ¥m 1-—-—"""—}-'—"_-‘
50‘"’?’) (3) fFactor(? (lpowrt ’t Dispersion Average Exposure ‘ 93::2: :O;:ﬂsgc
. l:r- (il()a) - Critical (rem : L8 Boundry ' Factor ,, Dose Within 8?“- Persons o Person
Radionuclicle (ci/vr) (/m’) _ _Organ _ ‘pCi/m’ T _(mrem/yr) _Cla) ' (wrewyr) Exposed *) | rem/yr/tacility yr
U (Total) 0.1 sx10°® Lung 1.0x10" 1.900° 2.0 440072 5.sx10" 2.4n0°
Ra-226 0.06 . Lung R 102 (8 - 2901072 . 1.6x10°
Th-230 0.06 . Lung 1.axot 1ol (8 - 2.9010°7 . 1.6x10°
a.5a0 10.2x10°2 5 6x100
WATERBORNE PATHWAY Dose
2 Convers"n
““'i’) x| Q)R Factor(12) Average Exposure
Term P ATAR Critical (arem/yr (14) Dose from 100 ky of River
Radfonuclicle  (Ci/¥r)  TpCi/sec Organ  pCijiTter’ Note (13) _C(W) (mrem/yr)\15) _ Mote (9) Note (16)
U (Total) 0.1 200410 ") gone 9 2.2:10 0.1 2.2010° a0 110"
Soft Tissue 0.9 226107 - 2.2x10°2 . 1m0®
Ra-226 0.06 . Bone 12 1.8x10° - 1 .8510" . 8.1x10°
Soft Tissue 0.4 6.2x10°2 . 6.1x107 . 2.2x10°"
™h-230 3.5 - Bone 1 8.9410" . 8.9x10" . 3.9410'
Soft Tissue - - - - - -
Bore 12.9x10_, Bone ‘.l-lo_!‘ Bone 5.7x10
Soft Tissue 2.8x10 Soft Tissue 0.3x10 Soft Tissue 1.3x10
1. Adapted from Tables A-12 and A-13 to show the sources of the varfous factors used and to demonstrate the calculation procedure.
2. Table 2-5, Page 34.
3. Table A-2, Page A-6.
&, :‘.:?'.lA;:a hg:'AJ‘lM Table A-S.‘s”e 2;\0. ot 1 . - . . ?
S. cula as L1 r pCi/m mrem/yr _ : - -
Wr X ﬁw—— Yo" 5ec * —_;‘B-p x5 ;sc x ITCT‘#/' '2 mrewyr €.9. ;0.1)[0-_15“-57] (10'¢)(6x107°)(1.0x107) = 1.905x10
6. These values should be (0.6)(1.904x10¢) = 1.14 x10¢ not 1.3x10°, Total fis 4.2x10°, a difference of about 7%.
7. See Page A-4. This is the average factor for 50 power reactor sites. Tals value was selected for fuel supply facilities.
8. Calculated as: [c(a)] (Maximum Exposure of Boundry); Error noted in (6) continues here and through the remainder of the calculation.
9. From Table A-3, Page A-7.
10. Calculated as [(Average exposure dose within B0 km) (Persons Exposed); Note also the change in units from person mrem to person rem.
11. Table A-13 gives 1x10- times the factor of 20 to compensate for lower river flow. This appears to be in error. Note also that unity in Table A-2 are
(~t/m3)(pCi/sec) and In Table A-13 the same numerical value is shown as pCiI!)!(pCClsec).
12. From Table A-7, Page A-13. "
13

. Calculated as: (O.I ety ¢
yr

_ From Table A-2, Page A-6.

_ Calculated as: [C(W)] [Maxt

. Calculated as:

- ——
- ons

Average exposure dose
. Environmental Analysis of the Uranium Fuel Cycle,

12

mum exposure at boundary].

from 300 km of river) (Persons Expo
part 1, Fuel Supply, EPA 520/9-73-00313.

A

-6
20x4x10 C1 :ec) ‘9 lrn_l_g) o 2.3:!00
Assumes a 300 km length of river.

‘cAsE (EPA-73)17

Appears to be totally arbitrary.

sed): Hote person mrem to person rem conversfion.

(value of 2.2x10 reported in Table A-13.)
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WEALTH_EFFECT ESTIMATES - MODEL FACILITY - CURRENT BEST Tecunorogy!')

Health Total Effects Per Total Effects Per
Aqqri”te Somatic [flecl Health Effects Exposure Yr 3¢ ¥Yr Exposure
vose (Person Factogs 1) Genetic (4) (6) Kon-Fatal  Genetlc (Effects/Facility- (Effects/Facility-
Critical Organ  kem/facility-ve)  _ /10° Correction” " Mortalities' "  Cancers  Events  Pathway _Ir) 30 ¥r)
Lung 5.6x10° 50/0/0 . 2.8x107 0 0 Afr 280007 8.4x1077
Bone 5.7x10" 16/16/0 . 9.1x1074 9.1x107* 0 Water
Bone Marrow (s.22001)%) 110009 . 6.3x10° 0 " Water 310107} 9.2x1072
Soft Tissue 1.300° 150/150/300  -/-/0.5 2.0x1074 2.0x10°"  2.0010-4*) vater
20.2x10° maxet 2.0a0°" 340000 10.0x10°2

"’M&ptod from Table A-14 to show the sources of the various factors used and to demonstrate the calculation procedure.
(2)1ota1s from Table 1 of this report (indicated by boxes).
“’Fm Table A-1i, Page A-18. Shown in order as mortalities, non-fatal cancers, genetic events.

“’Gﬂntlc correction factor 1s based on 20 years of mill operation with a doubling time of 40 years, .. factor of 0.5.

;@

5

{ ,M.E.f. for above marrow was (leukemia) multiplied by 0.2 to give the value of nno‘ 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.

C)carcutated as: (5.6) (50) _ , g0 orc.

10
(”Calculat«l as: (30)(Health Effects/Facility-Yr.)
“)Emlmnl Analysis of the Uranfum Fuel Cycle, Part I, Fuel Supply, EPA 520/9-73-00313.
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TABLE 11T
SOURCE TERMS FOR 1576 AND 1877 EPA ANALYSES

EPA-76 APPROXIMATION

Sources (mCi/‘yeauj(1 )

Radionuclide Ore Pile and Crusher Yellow Cake <10y 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 ;;TE ;;;T; : ;;TT . ;E;

Ri 1979 ANALYSIS

Sources (mCi/year)(z)

Tailings Disposal Area

Radionuclide Milling 1oy m 10-80y m
U-238 90 0.6 1.5
U-234 90 0.6 1.5
Th-230 10 12 30
Ra-226 . 12 30
Pb-210 3 12 30
Po-210 3 12 30
Rn-222 120,000 v 2.7x108
Ex. Raden -_ZC-I—S— -4_9—2- _lﬁi_
(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.

(2) 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 TV

SUMMARY OF CONTROL METHODS AND(])
CORRESPONDING EFFLUENT REDUCTIONS

Assumed Effluent

Control Method Reduction (%)
A. Gaseous (Crusher and Fine Ore Bins)

1. Orifice Scrubber(z) 93.6

2. Wet Impingement Scrubber §7.9

3. Low Energy Venturi Scrubber . 99.5

4. Bag Filters 9s.9

B. Gaseous (Yellowcake Drying and Packaging) -

1. Wet Impingement Scrubber(z)(3) 97.9
2. Low Energy Venturi Scrubber(3) 98.5
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

Tailings and Pond Beach 100.00
3. Asphalt Liner for Tailings Pond (160 Acre
Tailings Pile) 100.00

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 Bl and B2 are assumed to be more than compensated for
by the value of the product recovered.
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TABLE

DOSE 10 Wi mrgromar popuiAtion'!)

(Person rem/yr)

— . LOWER LARCE
gonteois’® woor  mmmmoy  ymgs Tissurs Ceast  MESTIM
1. 1876 EPA APPROXIMATION'"

AlLE . . 2.5 . . .
LD > - 0.9 - . -
NS - . 0.4 . . .
Az . . 0.30 . . .
A2,8,CC . . 0.1% . . .
AZ.84,C2 " . 0.075 > . .

Al 04,02 - . 0.01% . . .
RIS . . 0.004 . . .

2. 197¢ sovmces . a1eoos eee'®) . macow daugeTeRs incLugen

ALY 1.78%0  1.960C  2.0200  19.5820  ©0.11%8 0.2175
AlLS2 1,636 1.8158  0.7230 18121 0.1118 0.151
ALLB: 15928 17848 C.40'¢  17.7%62 0.1108 01348
A2,83 1.0198 11448 0.2667 11.7530 0.0726 0.08%8
A2,82,C2  0.25180 0.32385 C.\77C  3.2284  0.01900  0.02730
AZ,04,C2  ©0.28300 C.31680 GC.07¢80  3.1455  0.01882  0.02350
AJ,B4.C2  0.05780 0.07540 0.0238C  ©.75020  0.00442  0.00590
MLBGC2 LUC 00160 0.0113¢  0.16120  0.00052  0.00180
3. 1876 soumcee . aimoos eoe't! . auson paugeteas exeruoen

NET 14830 17760 1.8857  16.1630  0.0040 0.1178
A2 1.2529 16548 0.5373  17.7260  0.0020 0.0832
A8 1.2555  1.6246  0..768  17.3460  0.001% 0.can
A28 0.8025  1.0357  0.1850 11.125¢  0.000% 0.0239
A2,83,02  0.232%¢ 0.29572 0.1263)  3.1563  0.00082  0.010%4
A2,84,C2  0.22403 0.28885 ©0.05332 3.073%  0.00030  0.00688
A3,84,C2  C.05367 0.0688¢ 0.01880  0.73379  0.00u06  0.00194
M.B4,C2  0.01176 0.00473  0.00030  0.15787  0.00007  0.00072
€. 1975 SOURCES (R1-73) - ArRoos £p2'Y) . mapon uaugHTERS 1wcLuDED

AL 304 3.45 2.16 3.6 0.197 0.314
A182 2.9 1% 0.87¢ 331 0.193 0.248
ALl 2.9 3.25 0.48  32.8 0.182 0.23
A28 .3 2.68 0.413  26.4 0.154 0.18%
AZ,03,62  0.292 ©0.323  0.1a8 3.25 0.019 8.0273
A2,0¢4,02  0.28)  0.316  0.07&  3.1% 0.019 0.0235
AJ04,C2 00678 0.075¢ 0.0238  0.750 0.004¢ 0.008%
ALBLC2  0.07¢7  0.0181  0.0113  0.16) 0.000% 0.0015
§. 1975 soumces ( R1-79 ) - Armoos eea’*) . Rapow pauskrERs ExcLueD
AlLE 2.5120  3.1650 1.9431  33.910 0.0048 0.1422
A 82 2.36'5  3.0838  0.6551  32.40) 0.0026 0.0776
AL 2.32¢5  3.0136  0.332  32.00 0.0023 0.0618
AZ,8) 1.8715  2.4287  0.2824  25.80C 0.0017 0.0488
AZ,83,02  0.2325¢ 0.29572 0©.12633  3.1863  0.00042  0.0105&
A2,04,€2  0.22403 0.28885 0.05332 3.0739  0.00030  0.00688
A3,84,C2  0.0567 0.06886 0.01880 0.73379  0.00008  0.00194
AC8¢,C2  0.01176 0.01473 0.00030  0.15781  0.00002  0.00072

(‘)ro' Case 1 the regional pooulation 1s §5,000.

)

“‘u-c‘s of contro! as defined in Tadle B.1-1, page 25 of “"Envircnmental Analysis of the Uranium Fuel Cycle

(EPA 520/4-76-017), Part v Supplemental Analysis.

THYRD!D

c.2mm
0.1876
0.1818
0.1180
©.03250
0.03150
0.00750
©.00160

0.0757
0.0546
0.0453
e.o36
0.01007
0.00888
0.0C220
0.0005¢

0.352
0.328
c.322
0.2%8
0.032%
0.031%
C.0078
0.0016

0.115%
0.0942
0.0895
0.0ms8
0.01007
0.00888
0.00220
0.00056

For a1l other cases 1t {5 36,000.

LiveR

0.6540
0.4360
0.3817
0.15¢
0.1347C
0.12240
0.03010
0.00730

0.8030
0.588%
0.5358%
0.354¢
0.1025%
€.05045
C.022¢0
0.00567

1.53
.3
1.2%
1.00
0 .135
0.1227
0.0307
0.0073

0.187¢
0.9729
0.919%
0.7388
0.102%9
0.09045
0.02z4)
0.00567

oisperston estinatec from (31Q)py, by application of & constant factor C, 2.m107%

“)AH AIRDOS-EPA based calculations are from Appendix A-1.

KIONEYS

0.3358
0.2765
c.2617
0.089¢
€.0&s00
0.0es7¢
0.02060
0.00450

0.174%
.12
C.10%0
0.0713
C.o2188
c.0180!
0.00472
0.00123

0.962
0.902
0.887
0.7
0.08%0
0.0857
0.0206
0.0045

0.256!
0.2037
0.1906
0.1529
c.c2188
0.0189!
0.00472
0.00123

JESTES

1438
120
1040
.035¢
.03460
03382
.0081¢
.00180

0O 0o 0o 0 0O 0o oo

0.107%
0.0779
0.070%
0.045?
C.01408
0.012¢0
€.00307
©.occrs

0.385
€.3152
0.348
0.277
0.031%¢
0.0338
0.008!
c.oc1e

0.1627
0.133¢
0.12%6
0.1008
0.01408
0.01240
0.00307
€.00078

ovazigs

0

0O 0O 0O 0O 0 0 o0

0
0
0

O 0o o000 0 0o

1405
.10%6
L1019
.0383
.0333¢
03160
.00762
.0017¢

L1085
.0770

0698
0452

01383

.£122%

C0104

.00077

.36
.33¢
332
259
.03
L0316
.007¢
.0017

1606
1317
1743
.059%
.01393
.0122¢

0.00304
0.00077
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TABLE v1
IMATED REGIONAL LATION HEALTH EFF RISKS
ith Effects
-AL—‘GTW L’,.u-

Nealth Effect

Sontrols  Per vear'') 30 vears(?) (106 Exposes, /i3
1. 1976 - £pA ApomoxIMaTION'*)

Al;8) 0.000125 0.00375 0.068
A);82 0.00004¢ 0.00138 0.02%
Al;82 0.000022 0.00066 0.012
A2;83 0.000015 0.00045 0.0082
A2;83;€2 0.0000095  0.00029 0.0082
A2;84;C2 0.0000038  0.0001} 0.062
A3;84:C2 0.00000095 0.000029 0.00052
A4;84,C2 0.00000020 0.000006 0.00011
2. 1976 - SOURCES - AIRDOS EPA - RADON DAUGHTERS IncLupen'S)
Al;B 0.000296 0.00894 0.2%
Al;82 0.000226 0.00677 0.19
A1;83 0.00C208 0.00625 0.17
A2;82 0.000123 0.00400 0.1
A2;83;C2 (©.0000507 0.00152 0.042
A2:84;C2 0.000042)  0.00127 0.035
A3;84;C2 0.000009¢  0.000283 0.0078
A4;84,C2 0.0000023  0.00006% 0.0018
3. 1876 - SOURCES - AIRDOS EPA - RADON DAUGHTERs ExcLupeo'S)
Al;8) 6.000278 0.00833 0.23
A1;82 0.000207 0.00621 0.17
Al;82 0.000190 0.005M 0.15
A2;83 0.000122 0.00387 0.10
A2;83;C2 0.000037%  0.00114 0.032
A2;84;C2 0.0000339  0.00102 0.028
A);84;C2 0.0000084  0.00025 0.0070
A4;84,C2 0.000002'  0.000063 0.0018
4. 1979 - (R1-79) - AIRDOS £PA . RADON DAUGHTERS Iciuoed'®)
A8 0.00047% 0.01437 0.4¢
Al 82 0.0004082  0.012246 0.34
AY;83 0.00039" 0.0117 0.32
A2:83 0.000312 0.00937 0.26
A2;83;C2 0.000048 0.00144 0.040
A2;84;C2 0.000039  .0.00116 0.033
A3;B4;C2 0.0000094  0.000281 0.0078
A4;B84,C2 €.0000023  0.000069 0.0019
RI-79) - AIRDOS EPA - RADON DAUGHTERS Excruoen'S)
AlLB) 0.00043 0.01294 0.36
Al 82 0.00036 0.01082 0.3
A1;83 0.0003¢ 0.01020 g.28
A2;:83 0.000276 0.00828 0.23
A2:83;C2 0.000018 0.00114 0.032
A2.84;C2 0.000035 0.0010% 0.029
A3J;84;C2 0.0000085  0.00025% 0.007
A4;84;C2 0.0000019  0.000057 0.0016
1. Number of health effects committed as a consequence of the emissions in a year.
2. Annual health effects time 30 years. Since the assumotion is made that virtually the entire dose
3 is committed over JO years this has been taken as the |ifetime health effect.

30-year cumulative HE expressed as HE (1ifetime) per million persons exposed. For example -
.00375) (106 . 0.068

4. Based on areqgional population of 55,000,
§. Based on a regional population of 36.000.
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TABLE VII
CONTROL COSTS USED TO CALCULATE COST-EFFECTIVENESS ")

Controls 1974 dollars' " apa (1974 apu_(1980)(4)
m,e (203 172,000 172,000 266,600
A ,g2(?) 172,000 0 0
A1,B3 262,000 90,000 139,500
A2,83 290, 000 28,000 43,400
A2,83,C2 432,000 142,000 220,100
A2,B4,C2 561.000 129,000 199,950
A3,84,C2 701,000 140,000 217,000
A4,B4,C2 867,000 166,000 257,300

Dollars per facility. Environmental Analysis of the Uranium
Fuel Cycle, Part IV, Supplemental Analysis - 1976, EPA 520/4-
76-017, Table 9.0-1.

2. Costs for control uptions Bl 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.

1980 dollars obtained from 1974 dollars by a factor of 1.553.
Chem. tEng. Plant Cost Index, 1980.
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TABLE V111
cosT-errecriveness' '’ oF vaRious LeveLs oF cowteoL

Cost Effectiveness 2)
Lifetime (3) [HiTTTons of Uollars/Present ﬁ;fh)‘ Fer
Controls Health Effects (Mealtn Effect Averted)(d

1. 1976 - EPA APPROXIMATION

QR 0.00375 LY
Al;82 9.00138 ]
Al;e2 0.00066 128
A2.83 0.00045 13
A2;83,02 0.00025 8ss
B4 2 0.00011 mn
A3:B&;C2 0.000029 1728
A4,84,02 0.000006 7217
2. 1976 - SOURCES - AIRDOS - EPA - RADON DAUGHTERS INCLUDED
ALm 0.00894 8
AlR2 0.00677 0
Al,R3 0.00625 268
A2.83 0.00400 19
A2.83;¢C2 0.00152 8%
A28 2 0.00127 800
A3;Bs.c2 0.000283 220
A4,B4 02 0.00006% 1202
3. 1876 - SOURCES - AIRDOS - EPA - RADON DAUGHTERS EXCLUDED
ALE) 0.00833 6)
Al 82 0.0062) o
Al;8) 0.0057 278
A2;83 0.0036? a
A2;83,c2 0.00114 &
A2;84;C2 0.00102 1667
A3;84;C2 0.00025 »
A8 C2 0.000063 e
4. 1979 - (RI-79) - AIRDQS - EPA - RADON DAUGHTERS INCLUDED
AE 0.01437 (8
Al ;82 0
Al ;82 0.0117 258
A2;83 0.00937 19
A2;83;C2 0.00144 28
A2;84,02 0.00116 na
A3;84,C2 0.000283 w
A4 B4 2 0.000065 - 1202
§. 1979 - (Ri-79) - AIRDOS - EPA - RALON DAUGHTERS EXCLUDED
A8 0.0129¢ .(8)
A2 0.01083 e
Al82 0.01020 Ly
. A2.83 0.00828 23
AZ;83;22 0.00114 n
A2:84,02 0.00108 222
A6 2 0.000255 m
AR 02 0.00a057 1299

Calculated as the incremental cost (present worth) for each successive level of control divided by the
incremental health effects averted by the next control level.

From Table VI.

From Table VII.

1976 Dollars.

1980 Dollars.
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JABLE Ix
FALIrUM DOSE YO INDIVIOUAL

(Persons mrom/ Year) (m

LOWER LARGE

(2y TOTAL RED ENDOSTEAL  STO'ACH  -INTESTINC
conteois'®’ gopy PAZROW  LUNGS TISSUES WALL WALL THYROID  LIVER
1. 197¢ €z nncuvv‘-’:s%'J‘
A1,B) . . 200 - - ” - .
A1.82 - - 7 - . e - -
=5 . - . . : .
A2,83,02 - - 18 . = A - a
A2,84,C2 . - 3 . . . . N
A3,88,¢C2 . . 1.8 . . . 3 &
AL 88,02 . - 0.3 . " - . -
2. 1976 sousces . azmooe epa'®) | panow saugwtERs IwcLunes
ALLE 95.4  108.6 22¢.3  1038.0 3.6 15.3 4.9 647
A1LB2 86.5 95.5% 75.7 925.8 5.3 10.9 13.2 4.0
A1,83 £83.3 93.2 87 8988 9.2 9.9 12.7 e
A2,83 4.0 50 ¢ 231.3 @r.e 5.7 5.4 6.5 4.3
AZ,B2,02 19.61  21.66  16.92  208.83 2.83 2.48 3.00 10.65
A2,84,C2 18.88 1.16 8.50  202.68 2.8 2.2 2.5¢ 9.70
A3,B4,C2 4.5 5.08 2.1 48 48 0.50 0.5¢% 0.6% 2.3
™ o9 106 130 [Ooad® oo 0.12 0.1 0.9
3. 1976 sources - A1epos £pa’®). RADON DAUGHTERS EXCLUDED
AL 78.2 %2.0 214.0  1007.0 0.3 7.0 ' 5.8
ALB2 €5.8 1.2 £5.4 893.6 0.1 3.0 2.9 354
A,82 62.7 1.0 28.¢ 2.8 0.1 1.9 2.5 3.3
A2 B3 3.0 438 17.8 IR 0.0 1.1 1.4 17.7
A2,83,02 14.91  15.84  14.87  203.12 0.03 0.67 0.866 7.7¢
AZ,84,C2 14.20 183 6.15  197.03 0.02 0.43 0.57 6.8¢
A3,B¢,C2 1.42 4.2 .17 7.0, 0.01 v.12 014 1.88
ACBE T 0.7 0.94 1.8 FH"TS) 0.00 0.05 0.04 0.43
4. 1879 snuaces (RI-78) . AIRpOS Epe - RADON DAUGHTERS INCLUDED
ALe) 21€ 21¢ 242 2262.0 2. 29.0 3.2 Na
Al,B2 203 226 93.3 21520 2.7 24.6 3.4 97.4
A ,83 200 22¢ $6.2  2126.0 22.6 23.5 3.0 91.2
A2,83 162 18 40.9 Me6.C 19.1 19.0 25.1 73.8
A2,83,02 19.6 2.6 16.9 209.0 2.83 2.49 3.00 0.7
A2,84,02 18.9 2. 8.50 203.0 2.8 L2.24 2.90 9.70
A3,84,C2 4.53 5.03 2.7 4.5 0.436 0.85¢ 638 2.3
[z 0.9%¢ 1.08 1.3¢ I;E 0.103 0.13¢ 0.181  0.570
§. 1975 SOURCES (RI-78) . AIRDOS EPA 4) . RADON DAUGHTERS EXCLUDED
a8 164.9 2047 217.3  2196.0 0. 9.2 7.8 82.9
A1,82 152.8 1959 68.7  2088.6 0.2 5.0 6.2 86.5
A),83 45,4 1937 N6 206.8 0.2 40 5.8 62.4
Az 82 120.7  186.5 1.0 1663 0.1 3.2 4.7 488
A2,83,02 1481 1884  14.57 20312 0.03 0.67 0.66 7.76
A2,B4,C2 14.20  18.3 6.15  197.03 0.02 0.4 0.57 6.8¢
A3,Be,C2 3.82 4.38 2.7 ©.05 0.0 0.12 0.14 1.69
[A3%] o076 oo 1as [Ooze] o.00 0.0% 0.04  0.43

“)ch!vtdaY subjected to maximum dose as most
For this analysis, as in prior £PA AIRODS-11
meters from milling operations were selectec

Levels of contro! as defined in Tadle 8 1.1,
(EPA S20/4-76-017), Part IV Supslerenta!’

(2)

fraly

[3) .o
3'0'sae'uon estinated by an average (y!Q).,,

consigeres

for use.

sis.

KIDNEYS

2.3
27.8
26.8
14.2
6.45
6.20
1.45
0.3

10.9
7.0
6.}
34
1.56
1.3
C.34
0.0%

63.2
64.8
63.7
511
6.45
6.20
1.45
0.327

17.6
13.7
127
10.0
1.86
1.3
0.34
0.09

JESTES

16.4
13.9
13.3
2
1

O O W o
e S
™

N W s
e o

1

.9
0.85
g.q1
0.05

.9
32.8
3.9
25.8
.
3.a
0.727
0.16!

na
8.9
8.3
6.6
0.97
c.as
0.2
0.0%

QVARIES

5.9
12.8
12.2

6

O O N Ny
o
-~

0O 0 N W e

o o
[=]
w

1
e
2%.2
23.6

gohi
- o
4

10.
8.
8.
6.5
0.9%
0.83
0.
0.0%

~N v

recently defined by EPA 15 a person 1iving SOC meters from the source.
analyses, distances of 570 meters from the tailings an¢ 503
Emisstens of radon and its daughters not considered.

page 25 of “"Envircnmenta) Analysis of the Uranium Fuel Cycle

Lung was designated as the critical organ and lung dose only was

LA B ATRDOS-EP2 pased calculations are from Aocenats A=1,
(”lna\cues Teve! of control neeged to meet the 40 CFR-190 25 mrer standard.
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TABLE X

RISKS TO THE MAXIMALLY EXPOSED "OIHDUAL“)

L"c%‘m Annyal ) Average Days of Un;xu Annual (s) Average Days of
(2) Risil® Rate of Risk'®/ Life Expectancy Risk!S) Rate of Risk Life Eln:uncy
Controls'®’ (ME/10%) (ME/CC/vear)  Lost'S: - (Days) (HE/108)  (ME/109/Year) Lest(®) - (Days)
0. EPA 1576 APPRONIMATION - RADON DAUGHTERS INCLUDEC 1. maDow paugwees excuupen’”)
Al,81 - - - 300 4.3 2.2
Al,B2 - - . 10 1.56 0.8
Al 83 - - - 81 0.73 0.4
A2,82 - - - 36 0.5 0.3
A2,83,C2 - - - 23 0.32 C.16
A2,84,C2 - - - ] 0.13 0.07
A3,B2,C2 - - - 2.3 0.032 0.02
A4,84,C2 - - - 0.5 0.006 0.003
2. 1976 sousces (Es:.76) aeoos eeald) . maoow 3. RADON paugkTeRs excuupeo’®

BAUGATERS INCLUSED(O
A1,B) 640 9.3 4.8 650 9.3 4.8
Al,82 420 6.0 3.1 360 5.1 2.¢
Al,83 360 5. 2.6 30 4.t 2.2
Az,82 200 2.86 1.8 170 2.4 1.2
A2,83,C2 98 1.36 0.7 8 1.16 0.6
A2,84,C2 2 1.17 0.6 65 0.98 0.5
A3,84,02 20 0.25 0.18 7 0.2% 0.13
M 84,02 5.3 0.08 0.04 47 0.067 0.t
&. 1979 SOURCES (RI-79) AIRDOS EPA - RADON DAUGHTERS 5. mADON paugwTers exciuoen'®

INCLUOECTE)
A1,B) 1190 15.6 580 1070 15.3 7.8
A1,82 870 12.5 6.4 730 10.4 5.3
A)LB3 820 n.7 6.0 700 10.0 5.1
A2,83 660 9.4 4.8 520 7.4 3.8
A2,83,02 3¢ 1.3% 0.7 8! 1.16 0.6
A2,84,C2 82 1.17 0.6 69 0.98 0.5
A3,B4,C2 20 0.29 0.15 ik} 0.25 0.13
M B4,C2 5.3 0.0%¢ 0.04 4.6 0.067 0.73

(nlmﬁviduﬂ subjected tT maximym cdose as most recently defined by EPA is a person living S00 meters from the louP:Q
for this analysis, as \n pricr EPA AIRDOS-1: analyses, distances of 570 meters from the gulmqs an¢ 503 meters from
milling operations were selectec for use. Emissions of radon and its daugnters not considerec.

(2)L0vﬂs of control as defined 1n Table E.1-1, page 2% of "Environmental Analysis of the Uranium Fuel Cycle (EPA
§20/4-76-017), Part IV Supoiemental Analysis.

(30211 AIRDOS-EPA calculations are based on doses giver in Appendix A=Y,

® ischarge f the source. Since only a minimal further discharge
Lifetime risk of cancer as a resylt of 30 years discharge from b y
after shutdown was assumec 'n the 1976 analysis this becomes the total lifetime risk of cancer due to this source.

(S)Anroge annua) rate of risk calculated as lifetime risks per million divided by & 1ife expectancy of 70 years.
Expressed as health effects/per million/per year.

“)Iauc on 20 years of 1ife expec ancy lost per health effect. .
Only lung dose included on the basis that it was the critical organ. Health effect factor = §3 NE/10" rem.

")nu\tn effect factors used for thg same 10 organs listed in Table XVI as follows: red marrow and lungs 40/10° rem;
endostial tissue and tnyroid 6/10% rem; all otners 12/10° rem.




TABLE XI

COMPARISON OF AIRDOS-EPA TO MIL § -
MAXIMALLY EXPOSED INDIVIDUAL (1)(2)
AIRDOS-EPA
Lower
Large
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 B
MILDOS
Whole Average
Body Lung Liver Kidneys Bone
6.07 - 132 - - - - 5.11 19.5 - - 78.1

(‘)Calculations from Attachment 1.

(2)Rl-79 Source Terms; A, B, Control Level. (Orifice scrubber
on Crusher and Fine Ore Bins and Wet Impingement Scrubber on

Yellowcake Facilities)

-Gz-



Substances Posin

.w.

TASLE XI1

LOSS OF LIFE EXPECTANCY DUE TO vARIous cAuses'')

CAUSE

Being Unmarried - Male
Cigarette Smoking - Male
Heart Disease

Being Unmarriec - Female
Being 30% Overweight

Cancer

20% Overweight

<Bth Grade tducation
Cigarette Smoking - Female
Low Socioeconomic Status

Stroke

Living In Unfavorable State
Army In Vietnam

Cigar Smoking

Dangerous Job - Accidents

Pipe Smoking

Increasing Food Intake 100 Calories/Day
Motor Vehicle Accidents

Pneumonia - Influenza

Alcohol (U.S. Average)

Accidents in Home
Suicide

Diabetes

Being Murdered (Homicide)
Legal Drug !lisuse

Average Job - Accidents
Orowning

Falls

Accidents to Pedestrians
Safest Jobs - Accidents

Fire - Burns

I111cit Drugs (U.S. Average)
Poison (Solid, Liquid)
Suffocation

Firearms Accidents
Natura) Radiation (BEIR)
Hedical X-Rays

Poisonous Gases

Coffee

Oral Contraceptives
Accidents to Pedacycles
A1l Catastrophes Combined

Frequent Airline Plssenger(z) (Radiation Only)
One Transcontinental Flight Per Year (Radiation*Accident

[Flaxinally Exposed Individuall °/

Diet Drinks (2)
Person in Room With A Smoker (2)
Living in a Brick vs Wood House

Days

3500
2250
2100
1600
1300

980
900
850
800
700

520
500
400
330
300

2zl
210
207
141
130

95
95
95
90
90

74
4]
39
37
30

)
w0~

y(2)

-t
Q=N MR N OhOD
. » »
s »novn

(‘)Source unless otherwise noted: “A Catalog of Risks", B.L. Cohen, 1.5. Lee,
Health Physics, Vol. 36, June 1979, p. 701-722.

(Z)Adaptnd from Richard Wilson, direct testimony presented on OSHA Docket Ne. K-090,

Proposed Regulations for [dentification, Calssification, 4
a Potential Occupasional Carcinogenic Risk. Conversion values to
life expectancy lost used were 20 years for cancer and 30 years for accidents.

and Regulation of Toxic

(3)Risk corrected to conditions at 20th yer of plant operation and washing of home
grown vegetables before eating.
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TABLE XIII
. EPA - 1973 RISK FACTORs(!)

Organs and Factors (2)
Used to Calculate Risk

Organ (H.E./m6 Person-Rem)
Lung 50/0/0
(4) .
Bone 16/10/0
Bone Marrow 54/0/0(3)
Total Soft Tissue Crgans Other Than Bone 150/150/300
TOTAL 270/165/300

(1)Environmenta1 Analysis of the Uranium Fuel Cycle, Part 1, Fuel Supply,
EPA 520/9-73-00313. ‘

(Z)Table A-11, Page A-18. Factors given as events per 106 rem aggregate
dose in the order of mortality, non-fatal cancers and genetic effects.
Oniy 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.

(‘)Apparent1y includes tabecular bone and bone surfaces.
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TABLE XIV
RI-79 RISk FacToRs 1)

(F:gg]PCancers per O;Pans]ﬁnduragt%rs

arrpos-11{1) Pactorsl?) Calculate Risk (3)
Lung 40+0.021/person-KL-Y 40
Bone - 30(4)
Kidney - 10 (From "Other")
Thyroid 1 1
Liver - 10 (From “Other")
G.I. Tract 20 -
Testes - -
Ovaries - -
Spleen - -
(:;3513 Bgne Marrow)(z) 45 . :ggg

reast Ave. for Both Sexes) 40 (Other Soft Tissue) 50

(2)(stomach) 20 -(Dose Not Calculated)
(2)(up to 4 Others at 10 Each) 40 3
L= ;5; L 141

Total Body 200

(‘)Radiological Impact Caused by Emissions of RadioﬁucIides 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)as 1isted in Table B-1, Page B-2, RI-79.

(3)The factors shown here were used with the specific organs and the results were
summed 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 fgur "other") and red
marrow as a_composite of 40/10% for bone marrow and 10/10° for bone, i.e..
0.5 x 40/106 + 10710 = 30/106. This factor was applied to the calculated bone
dose.

.(5)lnc1udes 40706 for breast plus one other organ at 10/105.
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TABLE XV

DRAFT GEIS - RISK FACTORS

(NRC = 1979) (1)

Organ Risk Estimates(2)
Lung i -
(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.



Afrdos - EPA -
Organs Calculated

Bone (Red Marrow)

Lungs

Endostial Tlssue(s)
Stomach Wall

Lower Large Intestine Wall
Thyroid

Liver

Kidneys

Testes (Cancer)

Ovarfes (Cancer)

Totals

“’Envlronmental Analysis of the Uranfum Fuel Cycle, Part I - Fuel Supply (EPA 520/9-73-003-B), Page A-22.

FACTORS FOR HEALTH RISX CALCULATIONS

Organs and Factors Used in Health Risk Calculations (Fatal HE/IO6 Person-Rem)

epa - 1973(1)

54/0/0
50/0/0
16/16/0 (Bone)

150/300/300 (Soft Tissue)
27071657300

EPA -
1976(2)

50/0/0

50/0/0

r1-794%)
30(4)
40

1
10
10

50¢5) soft Tissue
141

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)Radlological 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,

(4)

Applied to calculated bone dosc.
plus one other soft tissue organ.

(s)lncludes breast at 40/10

6

6 6 6
Composite of red bone marrow at 40/106 and bone at 101106. i.e., (0.5)(40)/10" + 10/10" = 30/10

AMC

Petition

40
40

6
12
12

6
12
12
12
12
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ABSTRACT

This report reviews available information on the
Environmental Protection Agency positions on individual radiation
dese Limits, dose conversion factors and risk factors as they apply
to the Final Envirconmental Statement on Environmental Radiation
Protection Reguirements for Normal Operations of Activities in the
Uranium Fuel Cyclg and the regquirements set forth in EPA's
40 CFR 190 regulations, as these requirements relate to uranium
milling. It is concluded that EPA has not provided gquantitative,
ob,ective justification for the choice of the 25 mrem per year
individual Llimit., Dose conversion factors, and to a lesser extent,
risk factors are at present in such a state ot disagreement that
it is by no means clear what factors should be applied

in enforcing the regquirements.

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 guestionable. In view of this, and the above, there would
appear to be no raticonal basis for putting the proposed standard

into effect.
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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 Envircnmental Protection Agency
in the Final Environmental Statement, Environmental Radiation
Protecticn Reguirements for Normal Operations of Activities in the
Uranium Fuel Cycle (EPA 76) as these recquirements 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 experienced by body
organs to quantities of radicactive material inhaled or 1:gested,
and 3) risk factors which relate the radiation dose to the chance

of additional health effects.

B. SCOPE

The report addresses the principal features of the three

matters mentioned above and centers attention on the radionuclides

and exposure pathways which produce the lLargest doses.



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,
ancd 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 S0

or 100 mrem per year.

The Federal Register notice proposing the standards, dated

May 29, 1975, page 23421, third column, states:



to ex

“"The proposed standards for annual whole body dose to

any individual limits the combined internal and ex*:rnal

dose equivalent ... from all operations of the fuel cycle

to 25 millirems. Such a Limit is readily satisfied at

all sites ... by lLevels 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 cperating experience at existing
sites, can be readii.y achieved in practice. ..."

The following two quotations are as close as the FEIS comes

plaining the choice of 25 mrem per year.

"If the data in the cost versus health effect curves in
Figure 3 are plotted 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 per 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)

“"..sthe 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 toc 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. 268)



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-remsz) is stated as follows (EPA 76,

Vol. 1, pp. A=7 to A=-8):

"eeo The Agency believes that future changes and refinements
in models, and thus the perscn-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 cf 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
tiBRe vou

It appears from the quotation above that EPA intends tc 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,



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. 11, pp. 59-60):

"Comment 126: The economic resources reguired 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
standards represent an unreasconable use of the Nation's
rosources.”

III. DOSE CONVERSION FACTORS

A. BACKGROUND

That fraction of the radioactive material initially deposited
in an organ which is present at some later time is called the
retention function (jee Attachment at p. A=5) and is dependent
on time after deposition and the effective half-Life. For many

chemical elements, it is found that biological elimination can be



described adeguately by a simple exponential function of the

same form given for radicactive decay. Among the few elements
which cannot be satisfactorily represented by a simple exponential
eliminaticn 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 depositions
retention and transfer of radicactive 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 lLung clearance

model.

For four of the elements of interest in this report, the
ICRP Task Group on Lung Dynamics (ICRP 66, pp. 201 = 202) has
given recommended values for the slow phase clearance half=life

(Tp). These values are given in Table 2 (p.9).

Inhalation dose conversion factors are functions of several
characteristics of the aercsols involved: 1) particle size distri-
butions 2) solubility in lung fluids described by the three class~
es,» Do W and Y, and 3) the retention function which is controlled

by the clearance half-lLife., Tb' and is closely related to the

solubility class.




Tatle 1. Constants Used in the ICRP Liig Clearance Model
(ICRP 86, page 193)

Depecs. in Trans- Class D Class w Class Y
respir. ferrec
region to Tc d Tb F Tb d
N-P tlooc 4 m 0.50 4 m 0.10 m 0.01
G=-1 4 m 0.50 m 0.S0 m C.G8
T-E tlood iCm 0.50 0 m 0.10 iCm 0.01
G-1 1ICm 0.50 0 m 0.9C M0Om 0.S%
= tlooc 30m 0.80 S0 d 0.15 360 ¢ 0.05
G-1 - - 24 h 0.40 24 h 0.40
G’I - - gc d 0.“0 360 U 0040
lymph IC m 0.20 SC o 0.05 360 ¢ 0.15
Lymph tlood I0m 1.00 80 ¢ 1.00 360 ¢ .10
- * - 5 — @ 0.S0

biological half-life

T

FC = fraction transferred
N-P=z nasopharyngeal

T-E= tracheobronchial

G-I= gastro-intestinal tract
P = pulmonary

m = minutes

h = hours

g = days



The sources from which the dose conversion factors given in
Tables 4a through 9% (pp. 14 = 26) are drawn are, 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 commigments than would a larger sized

aerosol.

The findings of Kalkwarf (1979) with respect to solubility of
airborne material from ura)ium 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 10X of Class D component in both ore and tail-
ings dust, 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 Groupe.

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 SO-year individual
dose commitment period for workers (ICRP 78a at p. 78b). This
means that when an individual inhales or ingests a given guantity
of radicactive 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 body, or

a period of 50 years has elapsed. As far as the references used



Table 2. Clearance Half-Times for the Slow Phase
(ICRF 66, pp. 201-202)

Clearance Half-Time,

Tb' days
Chemical Chemical Single Fultiple Cless
Element Form Exposure Exposures
Polonium Hydroxide 30 30 ~
Uranium Oxiges 120-150 3E80 Y
Thorium Dioxide S00 -
Radium Sulfate 180 - Y




Tacle 3., Scolubility Classification feor Airborne Froducts

from Uranium Ores and Tailings Piles in
Simulated Lung Fluid (Kalkwarf 79, p. 3)

Product Isotope Class D Class W Class Y
Uranium-ore U=-235 - 100% -
Sust L-238 - 100% .
Ra-226 1C% - 80%
Th=230 - - 100%
Po=210 - - 100%
Peo-210 - - 100%
Tailings- Ra-226 10% - 90%
pile dust Th-230 - - 100%
Pb=-210 - - 100%
Po-210 - - 100%
Uranium - - - 10C0%
occtoxide
%:::;g?uoride " - - 100%
;:iicw-cake S::iz 60% 40% ¥
Ammon ium - 100% - -
diuranate
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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. Finmallyr, the quality factor (See Attachment

at p. A=9) used in this report is @ = 20 based con ICRP 78a.

B. COMPARISON 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=234, thorium=230, r:dium=226, polonium=

210 and lead=210. Radon, 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
informaticon is probably given in the reference cited by the
sources used here, but unavailablility of documents prevented

inclusion of this information in the tables.

Firsts, it should be noted that the dose conversion factors
used by Impact, Ltd. in their computer runs, 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=233,
uranium=234 and thorium=230 by inhalaticns, for polonium=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=2246 to endosteal tissue by inhalation and ingestion,
and to red marrow by ingestion. ICRP has not yet published

factors for lead=210.

Finallys, 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 conversicon factors

(radium=226, polonium=210 and lead=210).

The chaotic lLack of agreement evident in Tables 4a
through 9o makes it difficult to predict which set of dose
conversion facters will ultimately be determined to bDe correct.
EPA personnel are presently indicating that some months will pass

before a cdecision i1s reached.

To some extent the differenres 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 Qak
Ridge National Laboratory makes the lack of agreement with the

ORNL factors pu22ling.

At the very lLeast, the disagreement evident in Tables 4a
through 95 calls for delay in enforcing the 40 CFR 190 standard
until these disagreements have been resolved in a clear and

reasonable manner.



14

OOSE CONVERSICON FACTORS: Key to Tables 4a through 9b.

References:

I1CRF; ICRP Putlication 30, Supplement to Part 1 (ICRP 78kb),
pp' 375. 36“. 365. 322. 3239 ZEg. 2?2-

ORNL 3 Ounning, et al. NUREG/CR-0150, vel Il (Dumrning, et al. 79),
pp. 487, 4GB, 48B3, 484,
NRC: Oraft Generic Environmental Impact Statement on Uranium

milling (NRC 79), vel. I1, pp. C-42, G-4B,

EFA-1: AIRDCS-EPA (Moocre, et al., 79), pp. 216-218.

EPA-2: Preliminary Report: Radiclogical Impact Caused by
Emissions of Radionuclices into Air in the uUnited
States (EFA 79), pp. A-31, A-33,

Key to Abbreviations

Perioc, yr: the period in years over which the dose ecuivalent
commitment is integratecd

G(alpha): the quality factor taken for alpha particles
N the modifying factor for alpha particles
AYAD, um: the activity median aerodynamic diameter of the

racdicactive aeroscl in um.

Class: the degree of solubility of the aerosecl in lung
fluid; O half-tme of 0 to 10 days, w 11 to 100
days, and Y greater then 100 days.

F1: the fraction transferred from the gastro-
intestinal tract toc the blooc.

T. tody: tctal toagy

St. wall: wall of the stomach

LLI wall:s wall of the lower large intestine

Red marr.: the red bone marrow, where the formed blocod

elements are produced.
Encosteal: tre endosteal tissue to a cepth of 10 um from

the surface of mineral bone.



Tacle 4a.
ICRF ICRP ICRP
. Pericg,yr S0 &0 50
Q(alpha) 20 20 20
N 1 1 1
AYAD,um 1 1 1
Class 0 W Y
F1 c.0% 0.05 0.0C02
Crgan
T. tody - -~ -
St. wall - - -
LLT wall - - -
Lungs .04 S1,8 1,000
Kicneys 14,8 - -
Liver - - -
Cvaries - - -
Testes - - -
Red marr. 2.644 - -
Endosteal 36.3 - -
Thyroid - - -

15

ORNL

50

20
S(oone)
1
0
0.05

29,
0.0151
0.041
0.83
1S5,
10.
10.
10.
1.
28,
9.9

ORNL

S0
20

S( bone)
1

W

0.05

9.6
c.007
c.1n
4,

4.4
3.0
3.0
3.0
3.2
8.4
3.0

ORNL

S0

20
S(bone)
1
Y
0.002

17
0.00S
0.28

480.
1.5
1.1
1.0
1.0
1.1
2.9

1.0

Inhalation Dose Conversion Factors; rem/uCi, for Uranium-238

NRC EPA-2
80 SO
7 ?
? ?
1e 1
Y Y
"y 2
0.206 0.21
- 0.030
- 0.035
360. 350.
0.7¢ 0.82
C -
3.5 3.6

*P = 2.4 t;m/::m3
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Table 4o, Ingestion Dose Conversion Factors, rem/uCi, for Uranium=-238

1CRP 1CRP ORNL ORNL NRC EPA-2
Pericd, yr S0 &0 S0 S0 50 S0
_Q(alpha) 20 20 20 20 ? ?
N 1 1 S (bone) S(bone) ? ?
F1 0.0S 0.002 0.05 £.002 ? ?
Crgan
T. body - - 3.0 0.12 0.045 0.045
St. wall - - 0.005 0.004 - 0.15
LLT wall - 0.17 0.16 0.17 - 0.18
Lungs - - 0.002 0.000 - 0.045
Kigneys 1.52 0.063 1.5 0.060 0,175 0.17
Liver - - 1.0 0.0¢41 0 -
Cvaries - - 1.0 0.041 - -
Testes - - 1.0 C.041 - -
Red marr. 0.252 0.010 1.1 0.044 - -
Endosteal 37 0.148 2.8 0.1 C.767 0.76




Table Sa.
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Inhalation Dose Conversion Facteors, rem/uCi, for Uranium-234

ICRP ICRFP ICRP ORNL ORNL ORNL NRC EPA-2
Feriod,yr SO €0 S0 S0 S0 S0 50 S0
Q(alpha) 20 20 20 20 20 20 ? ?

N 1 1 1 S(bone) S(bone) S(bone) ? ?
ANVAD,um 1 1 1 1 1 1 1+ 1
Class ¥ W Y 0 W Y Y Y

F 0.05 0.05 0.002 0.0S 0.05% 0.002 ? 7
Organ
T. body - - - 33. L& N 15. 0.23 0.24
St. wall - - - 0.016 0.007 0.004 - 0.034
LLI wall - - - 0.043 0.085 0.1 - 0.034
Lungs 1.1€ 85,2 1,110. 0.9¢4 €s. 536. 410, 450.
Kidneys 16.7 - - 16. “«.8 1.7 0.50 0.54
Liver - - - & I 3.4 1.2 0 -
Ovaries - - - 11. 3.4 1.2 - -
Testes - - - 11. 3.4 1.2 - -
Rec marr. 2.589 - - 12. 3.6 1.3 - -
Encosteal 40.7 - - 34, 10. 3.5 3.8 3.9
Thyroid - - - L 3.4 1.2 B -

gm/cm>
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Table 5p. Ingestion Dose Conversion Factors, rem/uCi, for Uranium-234
ICRF ICRP OR”RNL ORNL NRC EFAR-2

Feriod, yr S0 =18 S0 S0 50 S0
2(alpha) 2C 20 20 20 ? ?

N 1 1 S(bone) S(cone) ? ?

fy 0.0sS 0.002 0.0% 0.002 ? ?
Crgan
T. body - - 3.4 0.14 0.052 0.0851
St. wall - - 0.006 0.0C¢ - 0.065
LLT wall - 0.18 0.17 0.18 - C.085
Lungs - - 0.002 ¢.000 - 0.081
Kidneys 1.74 0.070 1.7 0.067 0.20 .20
Liver - - 1.1 0.046 C -
Cvaries - - 1.1 0.0486 - -
Testes - - 1.1 C.046 - -
Red marr. 0.27 0.011 152 0.046 - o
Endosteal 4,07 0.17 3.5 0.1 .84 0.83
Thyroic - - 1.1 0.048 - -




Table é6a.

19

Inhalation Dose Conversion Factors, rem/uli, for Thorium-230

i ICRP ICRP ORNL ORNL NRC EPA-2
Pericg, yr 50 50 50 €0 50 50
Q(alpha) 20 20 20 20 ? ?

N 1 1 S(tone) S(bone) 7 ?
AYAD, um 1 1 1 1 1% 1
Class w Y w Y Y Y

fq 0.0002 0.0002 0.001 0.001 ? ?
Organ
T. body - - 347, 185. 20.7 2S.
St. wall - - 0.003 0.0C3 - 0.033
LLI wall - - 0.93 0.10 - 0.033
Lungs - 1,110. 54, S26. 401, 440,
Kigneys - - 233, g4, 208. 250.
Liver - - 1.,800. 730. 42.7 52.
Ovaries - - g91. . § g - -
Testes - - 91. 37, - -
Red marr. 630. 260. 6SC. 280. - -
Encosteal 8,150, 3,220, 10,600. 4,280, 741, 830.
Thyroid - - 13. 5.4 - "

YR = 2.4 gm/cm:"



20

Tacle é6v. Ingestion Dose Conversion Factors, rem/uCi, for Thorium-230

" ICRP ORNL NRC EPA-2
Periocd, yr €0 S0 S0 50
Q(alpha) 20 20 ? ?
N 1 S(bone) ? ?
4 c.0002 C.001 ? ?

1

Crgan

T. body - 2.8 0.057 0.057
St. wall - 0.004 - 0.065
LLI wall - 0.18 - 0.065
Lungs - 0.000 - -
Kidneys - 1.8 0.565 0.56
Liver - 1S, 0.117 0.12
Cvaries - 0.75 - -
Testes - 0.75 - -
Red marr. 1.07 9.7 - -
Endosteal 13.3 87. 2.06 2.0

Thyroid - .11 - -
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Tacle 7a. Inhalation Dose Conversion Factors, rem/uCi, for Radium-226

ICRP ORNL NRC EFA-T EFA-2
Feriod, yr &0 S0 S0 =1 S0
G(alpha) 20 20 ? ? ?

N 1 1 7 T ?
AYAD, um 1 1 1+ 1 1
Class w w w W

fq 0.2 0.2 0.2 ?
Crgan
T. body - 16 4,23 S.01 2.0
St. wall - 0.004 - 0.003 0.02¢
LLI wall - C.18 - 0.18 0.024
Lungs $8.3 86. S0.3 §S.7 1,000.
Kidneys - C.66 0.14% 0.662 -
Liver - 0.66 0.00¢% 0.662 -
Cvaries - 0.67 - 0.664 -
Testes - 0.66 - 0.E64 -
Red marr. - 23. - 1.92 -
Endosteal 28.1 227, 42.3 S.80 200,
Thyroiag - 0.66 - 0.664 -

* P = 2.4 gm/cm3



Table 7b.

Ingestion Dose Conversion Facters, rem/uCi, for Radium=226

1CRF ORNL NRC EPA-1  EPA-2

Feriod, yr S0 S0 S0 S0 &0
G(alpha) 20 20 ? ? ?

A 1 1 ? ? ?

‘1 0.2 0.2 ? 0.2 ?
Crgan
T. tocy - 16. 4,60 7.26 .10
St. wall - 0.005 - 0.004 0.06%
LLI wall - 0.33 - 0.333 0.06%
Lungs - 0.002 - 0.001 -
Kicneys - 0.5 0.163 0.590 .30
Liver - 0.59 0.0086 0.550 0.30
Ovaries 0.34 0.59 - 0.582 -
Testes 0.34 0.58 - 0.581 -
Rec marr. 2.2 20. - 1.71 -
Endosteal 258, 202. 46.0 8.82 10.
Thyroid - .59 - 0.591 -




Tacle 8a. Inhalation Decse Conversion Factors, rem/uCi, for Pelonium=210

ICRP ICRP CRNL ORNL NRC EPA-1 EFA-2

Feriod, yr SO S0 o0 S0 S0 S0
Q(alpha) 20 20 20 20 ? ?

N 1 S(cone) 7 ?
ANAD, um 1 1 1% 1
Class N W W Y

F1 : ) ?

Crgan

T. body
St. wall
LLI wall
Lungs
Kiogneys
Liver
Cvaries
Testes
Red marr.
Endosteal
Thyroid
Spleen

- F 2.4 gm/crﬂ3
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Tacle 8t. Ingestion Dose Conversion Factors, rem/uCi, for Polonium=210

ICRF CRNL NRC EFA-1 EFA-2

Feried, yr S0 S0 S0 S0 S0
Q(alpha) 20 20 ? ? ?

N 1 S(bone) 7 ? ?

f, 0.1 0.1 ? 0.1 ?
Crgan
T. body - 0.56 J.086 0.562 .29
St. wall - 0.00% - 0.00¢% 0.065
LLI wall - 0.18 - 0.17¢ 0.065
Lungs - 0.000 - 0.o00 0.086
Kidneys .26 S.3 .52 9.32 4,8
Liver 1.63 1.6 0.756 1.61 0.82
Cvaries - 0.52 - 0.521 -
Testes - 0.52 - 0.521 -
Red marr. - 0.53 - 0.55¢4 -
Engosteal - 0.24 0.356 0.242 1.3
Thyroid - 0.52 - 0.521 -

SDlEEﬁ 16.3 160 » - -
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Tactle 9%a. Inhalation Dose Conversion Factors, rem/yli, for Lead-210

ORNL NRC EPA-1 EPA-2
Period, yr S0 50 S0 S0
Q(alpha) 20 ? ? ?

N S(tcone) ? ? ?
AVAD, um 1 1# 1 1
Class W " w

F1 0.08 ? 0.08 ?
Organ
T. body 15. 1.03 18. 0.56
St. wall 0.001 - c.co* 0.001
LLT wall 0.047 - 0.047 0.001
Lungs 6.2 4,21 6.18 370.
Kidneys 3.3 26.5 7.54 14,
Liver 3.1 8.13 3.08 4.5
Cvaries 0.67 - 0.120 -
Testes 0.67 - 0.120 -
Red marr. 1.4 - 2.594 -
Endosteal 20. 31.9 19.5 17,
Thyreid 0.67 - 0.120 -

* P = 2.4 gm/cm:"
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Tabtle 9c5. Ingestion Dose Conversion Factors, rem/uCi, for Lead-210

ORNL NRC EPA-1 EFA-2

Feriod, yr S0 S0 S0 S0
Q(alpha) 20 ? ? ?

N S(bone) ? ? ?

r1 0.08 ? 0.08 ?
Crgan
T. body 7.4 0.544 7.33 3.3
St. wall 0.000 - 0.C00 c.010
LLI wall 0.020 - 0.02C 0.010
Lungs 0.000 - C.000 0.52
Kigneys 0.%4 12.3 3.03 0.46
Liver 1.4 4,37 1.44 0.64
Ovaries 0.30 - 0.030 -
Testes .30 - 0.030 -
Red marr. 0.64 - 1.42 -
Endosteal 9.6 19.3 S.E4 as,
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IV. RISK FACTORS

Radiation risk factors may be exuressed in several ways:
1) as the chance that a radiation-induced health effect will
arise per year of Lifer 2) as the chance that a radiaticn=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 deat'" in the years of normal
lLife 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 Llife 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 any, 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 erncsed individuals. The model
usually takes the form of a lLatent period following exposure
during which the risk is zero, followed by a plateau during which
the risk is taken to be constant. The plateau may be assigned a
finite durations, usually 30 years, or assumed to persist for

the remainder of the normal Life expectancy.
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Radiation risk factors may be estimated on the assumption
that the risk has a constant, 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-ca.led relative risk model).
Since the spoitaneous incidence of most cancers increases with
ages 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 ccuntries 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.
This observation argues against the reiative risk model. ICRP
and UNSCEAR (see Table 11, p. 32) have elected to use the absolute

risk model; BEIR 72 and BEIR 80 use both models, but

"It should be noted that, if epidemiologic follow=up
through the entire Lifetime is complete, both models
will give the same result for Lifetime risk.” (BEIR 80, p.

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 cancer, the second column is for

7)
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cancers which do not prove to be fatal. The reason feor 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 lLinear-quadratic model (which the Comm=-
ittee favors for low LET radiation), a pure gquadratic 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.
The ICRP 1977 risk estimate, based on the absolute risk modele
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 model, for a single exposure of 10 rad of lLow LET

radiations, and for a continuous exposure of 1 rad per year of
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low LET radiation. Since the (inear model is used to obtain
these riskss, the BEIR 80 Committee would indicate them to be

the best estimates for 10 rem and 1 rem per year of high LET
radiation. For the same reason, these risks will scale Linearly
with doser i.e., 3 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
particles, the risk factors cover a range of about 5 (see Table
11). Also this report gives risk estimates for, at most, 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
been "derived from Appendix A" (BEIR 80 p. 248), however, this
derivation is by no means clear. Taking the data of Table 13
at face value, 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. BSone has
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Table 11, Comparison of Risk Factors, Lifetime £ xcess
. Oeaths per Millien Person-rem (BEIR &80, p. 18%).

Single 10 rac Exposure Continuous 1 rac per year

Absolute Relative Absolute Relative
Scurce model mocel model mocdel
EEIR EBO, linear mcdel 167 501 1588 430
BEIR 72 117 621 115 68

UNSCEAR 77 75 to 175 (absolute mocel)
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Table 12. Lifetime Risk of Fatal Cancer per Million

of U.S. Population for Two Types of Exposure,
Linear Mocel (EELIR BO, pp. 153, 286, 259).

Leukemia » bone cancer:

rnormal expectation
ExXCess

Cancers other than

leukemia anc cone:

normal expectation
excess:
atsclute risk
relative risk

All forms of Cancer:

normal expectation
absolute risk
relative risk

Single 10 rad 1 rac per Year

Exposure for Life EEIR EO
NYale Female Male Female page
256
8,860 8,018 10,600 9,050
566 384 3,568 2,708
259
17C,400 139,400 165,700 148,200
G185 1,473 5,827 10,400
4,226 4,852 24,210 30,540
163
163,800 167, 300
1,671 11,250

€,01¢ 30,520
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Teole 13. Risk of Cancer Incidence and NMortality per Million Ferseons
per Year per rem (BEIR 80, p. 250, except as noted.)

. hale Female

e 1L gl2) 03 1 R xR
Red magrOm[aj 2.236 1.00 2.26 2.239 1.00 2.24
Eone* - 0.05 1.00 0.0s 0.05 1.00 0.05
Thyroic 2.20 0.18 0.40 5,80 0.20 1.16
Ereast - - - 5.82 0.39 2.27
Lung 3.64 0.83 3.02 3,94 0.75 2.96
Esophacus 0.26 1.00 .26 0.28 1.00 0.28
Stomach 1.53 0.75 1.18 1.68 0.78 .31
Intestine 1.02 0.52 0.53 1.12 0.95 0.62
Liver 0.70 1.00 0.70 0.70 1,00 0.70
Fancreas 0.SC 0.1 0.82 0.8¢ g.9C 0.89
Urinary 0.81 0.37 0.30 0.88 0.46 0.41
Lymghoma 0.27 0.73 0.20 0.27 0.7% 0.20
Otrer sites 1.8 . 0.99 1.64 /. 0.82
All sites 15, 14 . 10.66 25,41 . 13.91

1) 1 = incicence of cancer, cancers per million persons f.r year
per rem, age-weighted average.
2) R = ratic of mortality to incidence
3) I xR = fatal cancers per million perscns per year per rem.
4) irraciation of red bone marrow increases the incidence of
leukemia; values of I and R frem p. 256
S) wvalues of I and R from p. 256
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a fatal risks, accrrding to BEIR 80, far less than the thyrecid,
or any other organs in Table 13. It seems inappropriate that

40 CFR 190 allows 75 mrem per year to the thyroids, but 25 mrenm
ger year to the bone as one of the "all other organs”. In

facts, six of the organs in Table 13 (bone, esophagus, intestine.,
Livers, urinary and Lymphoma) have fatal risk factors, one-

third or Lless that of red bone marrow and might better be

accorded the 75 mrem per year limit than the thyroid.



V. CONCLUSIONS

A. THE STANDARD OF 25 MREM PER YEAR

EPA has not provided gquantitative, 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 all 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 should 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.
C. RISK FACTORS

The recent publication of the 1980 BEIR Report should
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

selecticn 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. OFHER 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 tc 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
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
cenversion factors in this text, the dose conversion factor
for inhalation is given in terms of mrem/year per pCi/m3.

In such cases, these factors have been converted to rem per
uCli inhaled using the ICRP average daily air intake for
Reference Adult Man and Reference Adult Woman of 22 mslday =

8030 m>/year (ICRP 74, p. 346). Then

BreRiyear . o 4% 5 seniut.

pCi/m3

The ICRP is switching over to the Internatioral System
of Units (SI) and now expresses dose conversion factors as

Sv/Bg, where

1 Sv (sievert) = 100 renm

M i = 2.7 x 10°° ues.

1 Bq (becguerel) = 2.7 x 10
Then, (Sv/Bg) x 3.7 x 106 = rem/uCi.

A. INGESTION

Ingestion of radiocactive material occurs when this

A=-2



material is present in water, food, and in the mucus elevated
from the respiratory tract and swallowed. When ingested
radiocoactive material 1is 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
radiocactive material is determined by the chemical compound
in which the material occurs and can vary considerably from
one compocund tc 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 f1, the fraction of the
ingested compound of the element which is absorbed into the
blooad” (ICRP 78b, p. 20). It is noted that the conventional
values of f1 may be either greater or lesser than the actual
fraction absorbed if the chemical form is more cor less soluble

than the compound for which f1 was selected.

A-3



Radionuclide Class 1
u-238 v 0.0cC2
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 radicactive material is
distributed within the body according to the metabolic
dictates for the chemical form in which the radicnuclide
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 blocd to each of a number of organs. The
symbol usually used for these transfer fractions is fz'. In
general, this fraction has a different value for each organ

and for each chemical ent.

Given that a fractic ‘1, of the ingested radiocactive
material, QuCi, is transferred from the gastrointestional tract
to the blood, and that a fraction, fz', of this absorbed
activity is transferred from the blood to a specific organ,
there is at some short time after ingestion a quantity,
nf1f2' = q(0), of the radicnuclide in this organ. The quantity

a(0) can Leave the organ in two ways: by radicactive decay,

and by biological elimination, or transfer to another organ .

A=



Radioactive decay proceeds in an exponential manner:

alt) = q(0) 9-0.693 t/Tp

where g(t) quantity of radicactive material in the

organ at time = t days, uCi

q(0) = quantity of radiocactive material in the
organ at time = 0 days, uCi
Tp = radiocactive half-Life of the isotope, days

For many chemical elements . is found that bio'ogical
eliminiation can be described satisfactorily by a simple
exponential function of the same form given for radiocactive
decay. For radiocoactive isotopes of these elements the quantity
of radiocactivity in an organ as a function of time after

ingestion is given by:

a(t) = qC0) ¢~0-693 t/T

where T effective half-Llife days

-
(Tp x Tb)/(.p ; Tb)

T, = apparent biological half-Life ocf elimination, days

The term retention function is given to the fraction of
e i, T e e o
material initially deposited in the organ tkat remains at some

time, t days, after this deposition, i.e.:

R(t) = q(t)/q(0)



The retention function, R(t), is, clearly, a function of time
after deposition and of the radicactive and biological half-

lives.

B. INHALATION

The ICRP (ICRP 66) has developed a model for the
deposition, retention, and transfer of radicactive material
in inhaled aeroscls. This model appears to have been used in
the calculation of all 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 moment, 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 O to 10 days; Class W, which dissolves with a half=-Life of
11 to 100 days; andClass Y, which d - ssolves with a half=-Llife

of greater than 100 days.

AlLlL material, regardless of solubility, is removed in
a matter of minutes from Loth the nasooharyngeal (N=-P) and

tracheobronchial (T-B) regions of the respiratory tract. As

A=6



TABLE A1. The Fraction of Inhaled Material Deposited
in Various Regions of the Respiratory Tract
(ICRF 66, p. 183)

A¥AD NP T-E F Total
1 0.24 0.04 0.26 0.54
10 0.81 0.07 0.10 0.8

ANAD
N-P = nasopharynx

activity mecian aerodynamic diameter, um

T-B = trachea and tcronchial tree

pulmonary region, consisting of respiratory
bronchicles, alveclar ducts, atria, alveoli

and alveolar sacs




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, Tb). The ICRP model indicates that 60%
of the Class Y material deposited in the pulmonary region
will te removed with a half-life of 360 days; the remaining
40% is removed with a half-lLife 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 crgan, 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.

G 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 periocd

and quality factor.

A-8



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 9b 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
mcre of his Llife as an adult than as a member of any other

age group, so this choice is appropriate.

The quality factor (indicated by @ in the tables) is
the factor by which the physical dose in rads is multiplied
to obtain the dose egquivalent in rem. For beta particles,
elect~ons, gamma rays and X rays, it has been, and remains,
common practice to use @ = 1, For alpha particles, which are

of principal importance in this report, there has been some

dithering between @ = 10 and Q 20. The latest recommendation

on this matter (ICRP 78a) is Q 20 for alpha particles.

In addition to the guality factor, the ICRP has intro-
duced a "modifying factor,” N, which is intended to allow
for any other modifications that anyone may think of. 1In
the lLatest 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:

"e « « the alpha dose *o the target 'BONE'in

the tables assumes a volume distribution and
contains the N-factor 5 except when the isotope

A=



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 6b), it is far off for radium

(see text, Table 7b).

A- 10
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APPENDIX A-4
1980 AMC SURVEY OF COSTS TO CONTROI AIRBORNE

RADIONUCLIDE EMISSIONS FROM URANIUM MILLS

AMC has recently completed an industry-wide survey designed to
update and better define the actual costs reguired 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 guestionnaire to member uranium companies
reguesting information about costs to control five sources of
radionuclide emissions from uranium mills:

® ore haul roads

® oOre storage pads

® ore crushing and storage

e vyellowcake drying and packaging

® airborne particulate from tailings beaches
The AMC guestionnaire is shown in Attachment 2. The actual number
and the names of the companies that responded to the survey as
well as to the guestions 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 ($ 1980). This was done to
facilitate comparison with cost estimates developed by EPA

for its 1976 analysis of the 40 CFR 190 standard (FCA 1976,
Tables 8.1-1 and 9.0-1 at 29 and 35).
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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)
and the NRC-GEIS (1978). These methods, described below --

(1) Adjust survey results to accocunt for
differences in emission control device
capacities between the survey mills and
the EPA model mill;

(2) Convert survey capital costs to 1980
dollars:; and

(3) Convert capital anéd 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. 1975) (NRC-GEIS). Operating costs
were scaled directly (i.e., operating
costs to sprinkle a 10 acre ore storage
pad were assumed 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.

Presert Value: Present value was calculated from capital
and annual operating costs using the same
formula used by EPA (FCA 1976, Table 8.1-1
at 29): Present Value = Capital Cost +
(Annual Cecst x 9.818).

Table 2 of the Petition compares AMC survey resuits 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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of water spraying ore haul roads and ore storage pads inside
the NRC licensed area are inclucded 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.



TABLE 1

PARTICULATE EMISSIONS CONTROL COSTS FOR URANIUM MILLS (1980) (1)

Present Value for (3) (4)

Source Term Control Type (2) EPA 76 Model Mill (1980 §)
Ore Haul Roads Water Spraying $286,704
Ore Storage Area Water Spraying 38,323
Ore Crusher and Storage Bag 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 designatic 's 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).
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AMERICAN AMC RADIOACTIVE DUST CONTROL COST DATA SHEET
MINING

CONGRESS

RN BULDNG INSTRUCTIONS

WASHINGTON
D.C. 2003¢
202 861 2800
TWX 710 82 0126

gAuzﬁgyﬂuoxJR
Please answer the fcllowing questions with respect to the
varicus control points at your facility. If you have any guestions,
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 (auvtomatic) or (202)785-1234
ext. 213 (manual). 1If a telecopier is used, a confirming -opy 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

l. Name of Facility .

2. Location of Facility

3. Name(s) and telephone number(s) of person(s) completing this
guestionnaire

4. Capacity cof mill (tons ore/day) .

5. Cost Information by Control Point. In the following radiocactive
dust source categories assoclated 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 reprocducible 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.




A. Surface Haulage Roads Radiocactive Dust Control

1.

L8]
.

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).

Acreage to which control(s) are applied

acres.

Capital cost(s) of contreol equipment used,
dollars: number of years over which capital costs
depreciated, years.

Annual operating and maintenance costs of control(s).

dollars.

Year of cost data: for capital cost(s)

year(s); for operating costs

(give most recent typical year).

ALL INFORMATION WILL BE KEPT CONFIDENTIAL



Ore Storace Areas Radioactive Dust Control

1. Control technigue (i.e., none, water spraying, chemical

wn
.

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).

Acreage to which control(s) are applied

Capital cost(s) of control equipment used,

dollars; number of years over which capital cost(s)
depreciated, years.

Annual operating and maintenance costs of control(s)
dollars.

- —

Year of cost data: for capital cost(s)

vyear (s); for operating costs

(give most recent typical year).

ALL INFORMATION WILL BE KEPT CONFIDENTIAL



Ore Crusher Radioactive Dust Control

l. Control 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)
S.

(indicate whether based on actual operating experience oOr
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 should
reflect the efficiency/cost relationship for different
ways of operating the installed control system).

ALL INFORMATION WILL BE KEPT CONFIDENTIAL




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)).

2. Capacity of contrel device

cubic feet per minute (cfm).

3. Average annual release lbs U30g (if
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).

e |

Percentage efficiency of control device(s)

{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).

ALL INFORMATION WILL BE KEPT CONFIDENTIAL



Tailings Radiocactive Dust Control

1.

. Year(s) of cost data: for capital cost(s)

Control technique (i.e. , nene, spray dry beach with water,
chemical stabilization, combination of above (specitfy) orf
other (specify)). (NOTE: if a combination of control types
is employed, provide answers separately for each type of
control used).

Area of dry beach or area to which control(s) is (are)
applied acres.

Capital cecst(s) for control type(s),
dollars; number of years over which capital
cost(s) depreciated, years.

Annual operating costs, dollars.

year(s); for operating costs

(give most recent typical year.

ALL INFORMATION WILL BE KEPT CONFIDENTIAL
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23120
' ENVIRONMENTAL PROTECTION
AGENCY
[20CFn Part 190]
[FRL 3781
ENHPCNMENTAL RADIATION PROTEC.
TION FOR NUCLEAR POWER OPERATIONS

Proposed Standards

Reorganization Plan No. 3, which he-
Cime eflective or December 2 1970,
tiansierred to the Administrator of the
Environmenty Protection Agency the
functions of the furmer A*omic Energy
CommLlsion to establisl; - Benerally
dbpucanie environmental standards for
O. the general environ-
ment from radioactive matenial” The
Plan defined thesa standards as “limits

on radiation exposures ar levels. or con-
cent

fations or quantities of radioactive
rlal outside the boundaries of loca-
Lons under the co itrol of persons pos-
Sessing or using radicactive material.”
On May 10, 1974 the Agerncy Published
40 advance notice ol its inten? to propose
standards uncer this authorily for the
WIALWnR fuel oyele and invited public
pParticipauon {n the formuiation of this
Proposed ryle.

The Agercy has revieved and ¢on-
Sudered the comments received in re-
Shorue O that notice ang Proposes
hersin environmental radiation stand-
arcs which would assure protection of
general publie from unnp
Fal.alion exposures and radioactive mae
terals in the Eeneral environment re-
sulling from the normal operations of
fac . itles comprising the uranium fyel
cycle Ny~ ation based o

s S5 Te not yes ax 2.9. De!
thess developing technologies becomes
of potential signlficance to public health
the need 7o- additicnal generally applj-
cable standards Wwill be considered.

The environmental radiation stand.
ards droposed in this notice suppiement
existing Federal Radiation Protection
Gudeline lruting Slaximum exposure of
the general Public [FR Doc
anc 61-8402) by providing more explicit

%@_X:_;_};thh And environmental protes.
o ”» o

tiog 1447
eﬂ!u»:ri’:; :hﬁ Efw uraijﬁ fuel cycle

al operat.on. umericaly
the proposeda s afda below cyr.
rent  Federal Radia Protection

Guldes. The A:enc;k:;‘no ¢t this time,
evisions §

eimor

Guidince for workers in the fuel eyele
Is also not alfected by these Proposed
standards. 1, addition, since these

¥

-~

standards are Froposed under authority

Gerlved from the Agw
1985¢, as amended, they do not appl

>

FEDERAL REGISTER,

PROPOSED RuULES

radieactive materials and
the gorme- T

L™ e
result of efMusnss from
because that Act does not provi
thority over such eNuents. Finay 7, slnce
there are ng planned releases {rom existe
‘N2 radioactive waste disposal sites and
these sites piimariy serve souices of
Waste other than uranium fuel cycle
operations, these standards do not apply
1o such sites The Agency hes each of
these areas of concern under ¢ linuing
study.

It is the intent of the Agency 1o maine.
tamn a contuiuing review of the appropri-
ateness of these environmenta) rac.ation
standards ang to formally review them at
least e ery five years. and o revige aem,
if necessary, on the basis of information
that develops in the interval,

Intcraoe"y relationshing Reorzaniza.
tion Plan No 3 transferred to the En.
vironmenta) Totection Agence FEPA)
the broad guidance Tesponsibiliiles of the
{arer Feceral gt TRcl and

from Fhay ic
Cimmission ‘AEC) the more ex-

plicit responsibuity to establish generally
appiicabie radiation standards for the

environment. However, the responsibdity
implementation and enforcoman
of both tiis guidance ang

ards lles, )

these stand.
i agencies other
el 21 T

TlLciear powe
Ponsibility, whicn had
AEC, s now vested in
2gulatory Commission
(NRC), which WLl exercise tie respone
sibility for Laplementation of these gen.
erally applicable standaids through the
issuance and enforcement of regulations,
regulatory guides. licenses, and other
foquirements for individual face;

n most cases,

blological elfects of
levels or lonizing raciation by the
Advisory Commitiee on the Biological
Effects of Ionizing diation (BEIR
Committee) of the Natlonal Academy
of Sclences—Nat:onnl Research Council
Two of tne prinelpal conclusions of the
BEIR Committee were: 1) that cwrent
ocletal needs appear to he achieve
able . . . with far lower average e

und lower Renetic ang Somatic risg than
permitted by the current Radiation Pro-
tection Gulde. {Thus,) to thys extent, the
current Guide |5 unnecessartly high,, .=
and 2) thae “Guidance for the rnuclear
power industry should pe estabished
on the basis of Cost-benefit 4nalysis, car.
ticularly taking into account the total
biological and environmenta) risks of

20001

lable and &
the:

the various options aval
cost-effectivenscs of Feducing
rsks.”

For the PUrpose of S5eiling radiatior
Olecuon standards the Mmost pruden
radiation dgse to it
Possible impact OB public health eon
tinues to pe L0 assume that a potentia
for health effects due tg ‘onizing
tion exists at ail levels of EXposure an-
taat at the low levels gf eXposure char
actertstic of e€nvironmenty) levels ¢
radiaton the fumber of thage effects w4l
be directiy Broportiona) to the doce 04
received (g Lrear non-thresn.
old dose-effecs Telaticnship) . Even under
u’mw assumauor.& tie range

9 i K $

avalaile either prove or dispraove
lions, nor i3 there any rea-
Sonaosle prospeet of Cemomtnuu their
valicity at the low leveis
Posure with A2y hizh degree of certainty,
However, the Agency believes that ar-
Ceplance of the ioove prudent assump-
Lions, even with the exiitence of iarge un.
Ccertaintles, orovides g sound
developing environmenta|

Standards which provides

the nuclear Power industry. Standards
developed on this basis are bellered t5
also protect the overall eCOsyster | since

ey

Radiological Protecion of the publle
from Huclear powar incdusery Cperations
has been based tp date
which has hag as its

tolal population dose
specific type of acuvity. The Proposed
Panded development of the

such radionuclides related to their
radicactive decay times, the detalls of
their dispersion hrough environmentaj
Media, the peried over which they re.
maln in the olesphers and thelr expoe
5S5Ure ‘poth internal and external) of ne
dividuals in PO, ns. The cumulative
dose eswlting from releases to the en«
vironment of such materials
termed an “environmentaj dose comm;s.-

VoL 40, NO. IO‘-NUISDAV. MAY 29, 1978,
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PROPOSED auLes ' ' 2321

ment” ang quantitativels exXpiected In mndel-based asiecsments of popil
terms of the s 20T Ol Prison-rems 0! wlose Slangarts uave also not beens p
G2ig commictted The propoesd s

or ft fyuel feprocessing and ape conveni.
ently categorized as either long-lived or
*8 pased direstly la terms of PErSCn-rems short-lived fission and ativation prod-

are Lated. tn the extent thas ent Lecause the regulalory implementation ucts, depending upan whether tselp haif-
METIsdae parmite on sk projections of sush a regquirement rdoes not ADN2Ar 1o lives are greater tncn or less tran one
IE TAration of radicactive eiMuents 0 administrativaly feasile for the ‘uel year A1 Liongh naturally CCCUTTInG rAdioe
WouLh the blosphiere snd estimates of covele widely varying £SO« nuclides are of Sorme concern, i 8 th
V2 EUmM of patential doses Lo present N4 physical and demogra #04C conditions and fiszion and activation preduers which ars
HIure pooulations during that migras  {or £3 LAl mar. in some instances. e of greatest contem from the point of
dolivered avas Lnelerminstely long Pe=  view of cor volling radiation coses W tne

~

Since potential effects from radiavion ods of time. The cropnied standards are rublic due o Nuc.ear powar operations
TNCo3ure are essumed (0 ocour ot any  expressed ‘2 termy of 1) Hmits én ine Standards are proposed for the fuel
evel of exposurs, it {5 nos posziole to  dividual doses fo mambers of the pudlic eycle in I™0 major categories. The pro-
sp2ely soiey on a healtn bajis an se- and?2) on quantities of certaln ong-lived  poced standards would limig: 1) the an-
Cepravie leve] of radiation exposire for radicaclive malenials in the general en- nnal dose equivalent to ‘Ne whole body
e..0er individuals or pomwations it is Vironment. On the bhasis of i'5 assess- 19 23 millirems. to the thyreid 0 75 mu-
fiecessary 10 balance the healin meis ns. ments of the heaita risks associated with lirems, and to any other organ to 25 my-
sociated itk any level of exsosure - Projected annual population doses and lirems: and 2) the Guani.iles of krypton-
Aganst the costs of achieving that lavel Snvironmental docs commitments, the 8S, indine-129, and cerialn long-lived
In developing the prepoced standards, -Agency has comel.ded SOAL these (WO transuranic radionuclides released o the
EPA has carefully fonsidered, In addi-§ fyDes of standards are ¢ MOSt appro~  environment Per gigawatt. year of power
ti9n 0 potential nealth efects, the 1vai. priate cnoice of criteria to provide ef- produced by the entire fusl cycle W
Able Information on the efectivensse .ng ective Limitation of the potential heaith 50.000 curies, 5 millicures. and 05 milli.
COsts of various means of reduding radine W TIPACE on populations of short_-:;ved and  curies, respectively. The frst standards
active elluents, and therefore potential <Ung-lived racioactive materials, respec- are designed o iimit ropulation and in-
Nealth effects, from fuel cycle operations, Mvely dividual exposures near fusl eycle cpera-
TS consigaration nas igcluded the Snd- Even thouzh adsguate Protection of tions cue o short-lived fisston-produced
S1gs of the AEC and the NRC Wwith re. populations considered as 2 whole may be materials and naturaly ocourring mate-
SPect to practicabrlity of cBuent contrals, assured by standards based upon the rials. and due to transporation of any
a: well as ZPA's nom conunuing cogni- adove consideration of health risks and radioactive materials, whils-the second
zance of 'he development. operaiing cx- control cosis, it may not always be the specifically addresses potential populse
perience, and costs of contral tecinology. case that adequate protection 'S assured t.on exposure and buidup of environ-
Such an examunatior made it possible to on this Basis to some individuals (n these mental burcens of long-lived materials
~0SC th2 siandards ot javels consistent populations who reside claose to the site The proposed standard for annual
D the tapabilities of contrs! technoi- boundaries of nuclear facdities, because whole body dose to any individual limits
OsF And &t a cost judged by the Agency of the dstribution characteristics of cer- the combiged internal and external dose
“ e zceaptable to society, as well as tain efluents Sush s situation is possible  equivalent from gaseous and liquid eMy-
feasonalle for the risk reduction in the case of thyroid doses du2 %0 re- enss as well as expcsure to zarams and
ataieved. Thys, the stancards generally leases of ridivicdines from reactors and neutron radiation omginating from al
TIprosent ifne Jowest radiation lev ‘el reprocessing facilities. Although the operations of the fuel cyele to 23 milli-
which the Agency has determin 1158 from such doses to nearhy individe rems Such & limit i5 readily satisfled at
ile costs of control are sustified by the uals i3 quite small s 5 inequitable to gy sites for which fuel cyele facilities are
-ERULR risk. The Agency hias  pertnit doses =3 specific individuals that presently projectad through the year

sele cost-effectiveness aprroach may ba substantially higher than those j98s {including any potential overlap of
15 Cesigned tO SIrike @ valanss 1o other’members of the Pobulation from goses from adjacent sites) by levels of
setvesn need 10 reduce healih miks olier fadionuclides. Additiomal protee. cofitrol that are cost-eactive for the re.
9 the general populaticn and the need tion for these {adividuals should be Pro- duction of potential rsk achleved: s tn
for nucisar power. Such 3 balance s nec- vided when technology or other proces accord with the capabilities of conitmis

€951y 12 part Lecause there is no sure cures are avalable for minimizing any anticipated by the AEC for all sites for
My 1o Fuarantee absolui: protection of additional poteatial risk at a reasgnable whick Environmental Statements have
Puslic heaith from the effects of a non- c€ost. The standards proposed to Umit  been fled: and, on the basls of present
threshold poliutant, such as radiation, doses to !ndividuals redect this addi. OPeraling ewperience at ewisting sites,
©iaer than by prohibiting outrizht any ticnal requirement where 1t Is appropri- can be readly achisvad in practice. The

emuss.ons. The Agency helieves that such 2te to do so. combined efect of any combirmations
3 course would not be in the best in- Technical considerations. It & con- operations at the same location that are
tzrests of society. vellent Lo consicer etfects of radicactive foreseeabls for the next decade or so was

The total population impact associated materials introduced into the environe also examined and is ‘udzed 0 be small,
with a particular leve] of efluent contral ment by the wranium fuel cyele in three so that the proposcd stardards ean
+3 928t dssessed in terms of dose commul- calegonies. Prior o the occwTence of readly be satisfied by use of loywls of
meals 0 pupulations measured in per- nuclear fission at the Teactol only na- control that are similar to thoge
39n-rems, wilel are tnen converted into turally ocourmiog radicactive materials for single operations. It shou!d be noted
f.imales of potential heaith impact. are present o fuel cyele operations. This that this proposed standard for max:.
IHowever, the envionmental models used Srst category of materials Conssis mum whole hody dose, which is higher
-or deniving these ussesuments, Wade wie- principally of uranium, thortum, rad'um, than that proposed by the ArcC as uid-
‘4« for maging estmates of potontial and radon With it cdaughter products. ance for desien obectives for llght.

-Lith impact 2ie not considered o be Radloactive malerials oduced to the Waier-ceoled reactors, differy from: those

v well-denined as to allow stanuards for envuorment from faciitiss for milling, chjectios in that it apnlies to tae total
FomidduBs W0 be expressed Gutetly in chemical convarsion, 3topic enrick- dose received from the fusl cyvcle as a
HINS requlng laeir explol: use. The mentl, and fabrication of fuel from whole ard from ail pathwars, including

“foy S=Leves that future o uramium which has uot peen recycled rsamma mdiation {rom onzite locations.
: 3 models, ang thys in the are Limiled o these naturaly occurring It is also not a desiom JDlective, hut a
fn-rus assecsments upon hich Tadienuclides. As a resuls of the powers standard which limits doses te the public
<ifse slaudards are based, wal OcCur on PraRuning flasion process at the reacor  under conditions of actual normal operi-
Voconlwniing bass., Tae stanaards are a large number of new radionuclides are tisn.
sieteiore not proposed dircctly in terins croated as 8cslon or activation products, The appropriate leve! for a standard
| retionerems. bul future reviews of These inay he introduced Into the gen- Iimiting the maximum annual tatal dose

¥ acequacy will reflect any chan=~es in eral envircament rrincipally by feIctors 0 the thyroid of incividus’s 2 not easy

1=
'
.

e

AN n
DML RDRNGA
‘ : » JULTREAL R, vou 40, wo 1O8—THUZIDAY, MAY 29, 197s
h/ M ;‘0 O UL UUNU G



* . S

T

- —

to determine. A standard for maximum
total thrroid dose based on considera-
tions ilmited w0 the same criteria as for
maximum whole body dose (cost-eifec-
tiveness of reduction of total ponulation
impact and achievability! would permit
unasceptably high doses o individuals
near some si's poundaries. The proposed
siandard of 75 millirems per year to the
tiuyroid has therefore becn chosen to re-
fect a level of biclogicai risk comparae
bla, to the extent that current capability
for risk estumation peimits, to that rep-
reiented by the standard for dose o
the whole body. The eSuent controls re-
Guired 0 achieve this lumut have been
examined extensively by EPA, AEC, and
the Industry. particularly in regard to
the AEC's proposed Appendix I to 10
CFR 50 for light-water-cooled reactors,
and, in the view of the Agency, this jevel
of maximum annual indivicual dose to
the thyroid can be achieved at reasons
adle egort and cost.

The priacipal potential doses to In-
ternal organs other than the thyroid are
10 the lung via inhalation of airborme
partictLates and to bone due to inges-
tica via water and other pataways of
the nalurally occurring materials proc-
essed 1o the several components of the
fuel cycle requirec to convert uranium
Ore inty reactor fuel. The impact on
popwations dug to elluents {rom these
operations is generally quite small (due
lo their precominately remcte locations
and lack of wicespread dispersion),
however, significant lung doses are pos-
81012 o individuals near to these opera-
tions, particularly in the case of mills
and conversion f{acilities. The use of
weil-established. ¢ficient, and inexpen-
s.ve techrology for ihe retention and
control of particwate efluents can
readily achieve the levels of conirol res
quired to meet the piopesed standard of
<5 milirems per year for limiting dose
equivalent to the internal organs (other
than thyroid) of individuals.

Lnvironmental raciation exposures
from transportaticna operaiions are due
to direct raclaton. Aithough average
radiation doses to {ndividuals in the gen-
eral pubtlic from transportation activie
Ces are very small, situations in which
individuals could receive higher doses
may reasonably be postulated. It is recog-
nized that exposures due to transporta=
tion of radioactive muterials are di®cult
to assess and regulale because as ship-
menis move in general commerce be-
tween aites the exposed population is
constantly changing. Transportation ac-
tivitles should be conducted with every
eifoit made to maintain doses to In-
dividuals as low as reasonably achieva-
bie, conzisteat with technical and e o-
nomic feastblity. In any case, the maxi~
mum dose to any member of the general
public due to urarium fuel cycle opera-
tions, including those due to shipments
of radicactive materials, should not ex~
ceed the proposed standard of 25 milli-
i®ms per year (» the who'e body of an
{adividual The Agency will continue to
exanine potential eoxposures due to
transpeor atlon of radicactive materials

PROPOSED RULES

with a view to further action, i/ neces-

sary.

Among the variety of lorg-lived radio-
nueclides producaed in the fuel eyele, trit-
idum, carbonel4, Rrypilon-as, jodine-129,

piutonium, and certain other long-lived
ansuranic ragionuciides are of particu-
iar sigruficance as environmerntal pollut-
ants. Eavironmental pathways of trit-
ium. carbon-l4. and Kryoton-33 are
worldwide. Tven thougn the balance of
the above radionuciides may 120t rapidly
become widely dispersed, thev aie signul-
cant because of their potertial for ex-
treme persistence in environmen:al path«
ways, possioly for thousands of vears for
plutonium and other transuranics, and
for evern longer pertods for iodine-120
Because of their high toxicity and long
hall-iives, the cumulative impact of re-
leases of piutoniun and other transur-
ANCS o the environment could be large.
However, due to very large unceitainties
concernung their environmental benavior
over long periods of time, as well as a lack
of defirutive information concerning the
reiationship between exposure to these
materials and healts effects, the lunits
of this potential impact cannot be more
than roughly estimated. Therefore pru-
dence dictates that the environmental
burden of these materials be minimized
to the lowest levels reasonably aciueva-
ble. Similarly, although 1ts toxicity is less
than that of the alcha-emitting transur-
anics. in view of the extreme persistence
of lodine-129 (haif-life 17 million years)
and great uncertainty concerning 1ts en-
vironmental benavior, environmenta) re-
leases of this isotope showd be al:o
maintained at the [owest leve] reasonabl
achlevadle. The prevention of unlimited
disciiarges of krypton-a23 to the environe
meat from fuel cycle opsrations s of high
priority because of its potential iV
significant long-term public heaith ime-
Pact over the entire world. Finally, care
bon-i4 and trittum, both of which
rapidly enter worldwide pathways as
gaseous radicactive materials, are of par-
ticular concern because carbon and
hydrogen are principal constituents of
the chemical structures of all life forms.
These long-Lived mdionuclides should
only be cischarged to the environment
alter careful consideration of the tradee
Cifs between thie societal oenefits of the
POwer generated, the cwrent and pro-
Jected health risks w poptlations, and
the costs and eflactiveness of methods
available to limit their release. Since the
anticivated maximum dose to any single
individual from any of these materials i3
very small, the primary corncem s the
cumulative risk to population groups over
long periods of time For thiz reason, it
is not of primary importance where or
when in the fuel cycle any such materials
are released, since the committed im-
pact will be stmiar. What s important i3
0 assure that any permitted dischirge
has been offset Ly a beneflcial prodyuct,
Le, a quantity of electricity, and that
every reasonable effort has been made to
miramuze it It s also important 0 ase
sure that scelety s not burdenad with
unredsonable expenditures to minimize

these riugs in order to guin the necessay
benefits of electric power. Fortunately
the vast majority of potential heaits ef-
fe Gue to relcase of theee radionye
clides can be avoided wd a reasonasle
€03t The Agency estimates the cost of
implementing the pronosed standards for
these long-lived radicactive materials to
be less than 3100.000 par potential case of
cancer, leukemia, or sertous genetic ef-
fect averted (less than $75 per person-
rem:. In view of.the above considera-
tions, the Agency believes that the pro-
posed standards, wiiich limit the numper
ol curtes of rertain of these radionuciides
released to the general environment for
each gigawatt-vear of electricily pro-
duced by the fuel cycle. represent the
most reasonable means of providing re-
quired protaction of the general enviran-
ment {or nresent and future generations.
The standards will assure that any en-
vironmontal burdens of long-lved mdio-
active materials accumulate only as the
necessary result of the generation of an
offsetting quantity of slectrical energy.

The proposed standards for long-
lived materials fall into two categores:
those which can be achieved using cur-
rently available methods for control of
environmental releases, and those *nat
Tequire use of methods that have Leen
demonstrated on a laboratery or larger
scale but have not yet achieved routine
use. In the former case, exemplifed by
the standard of 0.5 milllcustes per miga-
Watt-year for plutonium and other iong-
Lved alpha-emitting transuranics, the
standard limits the ervironmental bur.
¢en to the lowest level reasonably
achievable using currently avaldaple
control methods. In the latter case.
that of the propesed standard of 50,600
curies per gizawati-vear for krypton-35
and 5 millicuries per gizavati-year for
iodine-i29, these Limiting levels of ene-
vironmental burdens are not those
achievable by best damonstrated per-
formance, but instead by minimum
performance reasonably antlicipated
irom introduction of these new systems
into commercial operations. As eX-
perfence Is gained with the abuily of
the industry to Hmit fual cycle releases
of these matertals to the environment,
it may be appropriate to reconsider the
standards limiting the maximum envi-
ronmental burdens of these parttcular
radionuclides.

Similarly, as knowledge hacomes avail-
able concerning the practicadbllity of lim-
iting environmental releases of tritium
and carbon-14, the apprmpriate levels of
maximum environmental ourdens of
these radionuclides due to fuel evele op-
erations vill be carefully considersd by
the Agency. However, the knowledge base
now avaiable is Inadequate for such a
determination, and no standards are
presently propesed for these radionu-
clides The potential for a long-term im-
pact due to carbon-14 released from fusl
cycle opemtions was not recognsad une
Ll the Agency ronsidered environmerital
Cose comuuiments {rom the {ndustry in
the courve of developing these standards;
thus consid=ration of methods for limit-
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PADMEN! ProgIams are in existeace for
ntrol of relecres of this radienuclde

m 1S prncipal source, fuel reprocesse
a3 cperalions. The Agency believes waat
EaMelopmen?t and instaliation of con-
(T0is W munimite environmenial burdens
s DOinh carbon-14 and tritium are ;mi-
Jrtant ohjectives. and wild carefully fol.
the development of new xnowi cdze
MCEININT Dot the impact and controls
1ty of these racionuciides

To allow ndequate tima Loy implamant -
n§ the standards for krypton-83 and
gine~129 control, iacluding the neces
A7 Wesling and analysis required orio
» lcensing of tihete control systems. the
r
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-

lve Jdate s proposed as January 1.
Inplementaucn by this date would
L in conteol of these releases Lefure
wenlial potential health impace
S@ malerials due to urasuum fuel
CrALONS can oecur and would. in
~ «f the Agency. pievide

pratecon of public hLoadth
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standard for maximum
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tS. Raden is released as
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Almoscnere, as well as over the

S Lleiiea for manarement of new
rees of radon oreated by man s actvie

#3 WOLLLT Iermove Uus naturally oeeur.
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Sl sources, except in e rmmediale
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="2:% g8d T2 Do and of
c-alile lltm toe Surgeon Genernl, in
case of punlic sxposyre due to the use
Lrauum mill tallings n or under
SUCLUrTy acclus.ed b membiers of Lhe
: puEly Vie ul Urasgium M
2 Construction  Purposes,”
rings Lefore the Sabeommitt on
LW Materials of the Joint Commitise
At » ctooer 28-20, 1471,
- The Agency has coneluded
W& Lk roslems associated with radon
*n. 305 30 SuBciently different iroin
n s GLaer radinuctive materials ase
wiated with the fuel eypcle to warrant
‘marae consideration, and hasz nnders
v sependent assessment of mati-
radon emursioms and
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raanarement.
Implamentation of [he stemdards.

Thewe prongeed standards are expected

Pk Imnlamented Tor the variate coms
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T under normal conditions, by e
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Nutlsar Reriatory Commissian. The
mecnanisme by which these standards
e agiievad will DA 4 MRALLer Datween Lite

ng the industries that are licensed
P Oud varous uronium fuel cycle
general,
guides [or tie design
the vargus facilities
2Nt that these Lros
te effectively implss

41%* !
Wi OQ LaAseq

et e suth procadures,

Curre «28 and regulaticns applica-
Liv to fuc eyele oparations generally ¢cone
ta:l providions wiich have the eifect of

4 doses to individuals, tilus imple-
Jtation ot tae proposed siandards for
mum doses to waividuals shouid be
il of the public
irem the eavirenmenstal accumulsiion of
long-lived radioacsive ratenials may re-
qu.re some clianges ‘n ragulatory require-
FOr example, this standard limit
ea.ronmental accumulaiions of cetrtain
fadionucldes nssociated with the gen-
eration of a gizawatl: ar of electrical
chiergy, which is atsd only at the

nower reactor S et 1419 s B0 |

or. Siu =7
tae eycle whith do rierale porer
i mnole LEely o wiscuarge suca mates

L P

» 4L may D2 Lecessua) for the regus
latory ageacy naxe Lo appropriate
Auucatinn o eacn {acility and to deter-
miliae the emission rates required to sate
iy tae stancara {or the antire {uel cycle.
Tiis is especially tae case for o radionus
“lice live Kryptoa-85 wiich can be ree
s either ut feactorss, dumng fuel stor-

T reprocessing, The
7 the time, inca-
snfmation of cmissions of
ng-lived radionuciides. Once a given
t has been
Spedificl amount of the

-
) ring 1151

N wrar

generated 2
raclonuclice may be relensad oy any time
and at any rile or luzalion that does zol

exceed the ingivigual dose lLmitatiors.
Demonstmation of compliznce with *he
standard reauires on!s *hag the total
quantity of electricity yenerated after the
eSective date of the standards be re-
corded 0 cetormine tne moximom ouane
tity of these lopg-Uved raciamuclides that
may evenually He releaed,

The Agency recoonizes tuat Wnplemen-
tatian of e standasrds 10F Lryoton-dd
and lodine-120 Dy the rrogsased cifeclve
cate of Jaguary 1, 1083, wil require suc-
cesuful Jemoastratlon of control tech-
nolo Sy for cogumercial use '5hat is now 1
advanced stages of devalopipent. The
Agency, as stated above, Wtends to re-
view all of thess standurss ig at loast five

[
iriteronls. If substaptial aitfculty

yoar o
1 mplementing the
8% and lodine-129

osed jovels, fac
g Agerey wiill give
these fuctors curef ar.d appropriate

e effective date
s associnted
itis

cansideration prior

With resueet s o,
witll the cupniy of electrica
inpoariant not oenly to se

which will nrovize

nical anl economie fansib also
to minui.ee soeleral inipec s which MAay
occis as Wie resldt of temporary intere
uptons {3 s il cocle vperations

that are necessary ta asiure the orderiy
delivery of elsctris power S1uch a wo-
fold ehiective requires consideration of
the guestion whather to impose stricter
standards which achisve jower levels of
Ffaciation exposure and enviranmental
vurdens of long-lived radicactive matae-
rinls, but which niay force lemporary
shutdowns which may not be ‘ustifed on
A risk-Lenefit basis for such periods; or
L estabiish more liberal standards which
cdecrease the possibility of such shute
downs, bul may be overly permiss.v
with respect to public exposure and long-
term environmental releases The Agency
has attempted to avoid this dilemma by
proposing standards that are not per-
missive with respect ‘o either public ex-
posuress or long-lerm environmental re-
leases and at the =ame time providing &
variance which allows the standards to
be temporarily exceeded under unusual
conditions. The use of such variances by
the regulatory agency will depend to a
laree degree upon their value judgments
concerning the necessity of the fuel cycle
operation concermed to 3 rezion, overal
facuity :alety, and the possible impact
on public neaith. The proposed variance
provides that temporary increases above
the standards for normal operations are
allowable when the public interest is
ferved, such as to maintaln a dependable
source of contnuous power or during a
power crisis. The Ageccy anticipatas that
the need W use suca vartances will be in-
frenuen: azd of short duration, and ‘hat
the overall impact on populasion and in-
cividual radiation doses from the opera-
tions of the entire fuel cycle will be
mizimal

With respect to regulatory {rplemen-
tation of the flexidility provided by this
nDroposed varance provision, hs Agency
hgs carefuliy examined the guidance for
design onjectives and liauting conditions
icr operalion of lLight-water-coaled pu-
clear power reactors as set forth recently
by the NRC in Appendix I to 10 CPR 50.
It is the view of the Agency that this
cuidance for reactors will provide au
acpropriate and sallsfactory tmplamen-
tation of these propased environmental
radiation standards for the uranitn fue!
cycle with respect to light-water.conled
nuclear reactors utlizing u-anium fuoed.
The various monitomng and regordng
procedures requirea by the AEC in uwme
Past and supplemented by Appandix I
are expected 0 provide continuing in.
formation sufficient to determiime thas
these standards are being satisfled cur-
02 the course of normal operations ot
e fusl cycle.

Altliough tha Agency Las allempted o
limit the eflect of radioactive discha:ges
from the fuel cycle on populations ane
on individuals through these proposes
standards, it has not attempted %o specify
constraints on the seiection of sites for
fuel ¢ycle facilities, even thougza the
Agzency recognizes thal sty s aa Ln-
portant factor which atfects the potens
tal health impact of most planned re-
18585 from overations in “hw 8l cyrle
The standards were developed Nowever,
on tte assumptlion that sound Sing
Vrictices wul comtinue 0 be promoted
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Af i the past and that Laciusy planners
el BT uadl TomGle Sites with low pPopuLL-
Lon censities to the maximwn extsn
f¢ G@L.e

The Agency 2480 ¢onsidered the
{or special provisions fur singie
files contasing larde rumoers of facile
Lies, of single or mixed types. as exempli-
fled by Wie “nullear Par’d” concept

resent construction projections Ly
silitles lndicate that no such sites are
sinely 1o be operational during the next
fen years. In view of the need o ace
Cunidiale ovnerating experience [or the
new large individual faciities now under
Corstruction and tie intent of the
Agency to review these standards at jea-
fonabdble Intervals in the future, 12 is cone
Sicered premature and unpecessary o
fedicate these standards on any siting
cornfimurnilons postulated for the nexs
CecAle and beyond. Tue Agency will con-
Liuer changes in these standards based
OO0 sucn considerations when they are
Leaded and justifed by experience.

It i5 the conclusion of the Agerncy that
intiementation of the proposed stand-
ards for normal operations of the nuclear
power industry bpased on the uranium
fus! cyele will provide fociety protection-
ol !'s environment aad the health of its
ciiuens and that thus protection {s obe
taired without placing unreasonable fi-
nancial burcens upen soctety. In this
context, these standards are responsive
to Lhe President's energy messages of
June 4, 1871, and Aprd 18, 1972, which
chalergzed the Nation to the twin ob-
jectives of Zeveloping sufficient new en-
eray resources wnlle providing adeguate
protection for public health and the
environment.

fequest for comments. Notice is here-
Ly @iven that pursuant to the Atomic
Energy Act of 1254, as amended, and Re-
organuation Plan No. 3 of 1970 (FR Doe.
T0~13374), adoption of Part 190 of Title
40 of the Code of Feceral Regulations i3
proposed as set forth below. All inter.
ested persons who wish to submut com-
ments or suggestions in connection with
this proposed rmiemaking are {avited to
serd them to the Director, Criterta and
Standards Division ( AW-560), Office of
Radiation Programs, Eavironmental Pro-
tection Agency, Washington, D C. 20460,
on or before July 28, 1975, Within this
same Ume period, Interested parties are
oo invited %o ir_.gmm_m‘cl\r desire to
participate 1o & public hearirdon the
nreposed  rulemakifig s B scheduled
after the comment reriod ends. Come
ments and cuggestions received after
July 28, 1975 pertod will be consid-
eved I It Is practical to do so, but
FuUCa assurance can only be given for
comniert* filled within e period
spacified. Single copies of a D:aft
Chvircnmentid Statement for tie pro-
posed standacds aud a technical report
entitled “Enviionmental Anclysis of the
Uranium Fuel Cycle” are avalable upon
request at the above nddress. The aboves
mentiored techulcal documents and

e d

Loed
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comuments received i1 1espon.e 1O Wls Ro-
tice, as well as comments recelved in re-
sponse to the Acency's advance notics of
this proposed ruemuzing suolished on
May 10, 1674, azd the Agency's response
to these comments, constiniie part of
the background for this ndamaking and
may de examined in the Agency's Free-
dom of Information Office, 401 M Street,
SW., Washington, D.C. 20460,

i - e n-
Dated: May 22, 1075

RUSSELL E. Tramy,
Adnmunistrator,

A new Part 190 is proposed to be added
to Titie 40, Code of Faderal Regulations,
as follows:

PART 190—ENVIZONMENTAL RADIATION
PROTECTION STANDARDS FOR NuU-
CLEAR POWER OPERATIONS

Subpart AeGeneral Provisions

Ser

19091 Applicability

12002 Defnitions
Suopart BeEnvironmental Standaids for the

Uranum Fuel Cycle

Staudards 27 normal operations

15011 Vartance for unusual aperailons.

19012 Egertive date
ATTUORITY: Atomic Ezergy Act of 1954, as

Ameaded; and Peorganization Plaa No 3 of

1970.

19010

Subpart A—Genaral Provisions
§ 190.01 Applicability.

The provisicns of this part apply to
radiauon doses received by members of
the public in the general environment
and to radicactive materials iniroduced
into tne general environment as the re-
SWt of operations which are part of a
nuclear fuel cycle.

§190.02  Defnitiuns.

(a) “Nuclear fuel cycle” means e
Operations defined to be assoclated with
the production of electrical power for
public use by any fuel cycle through
utilization of nuciear eneryy.

(L) “Uranium fuel cycie" means all
facilities conducting the operations of
milling of wranium ore, chemical con-
version of uranium, isotopic enrichment
of uranium, fabrication of uranium fuel,
generation of electricity by a Light-waters
cooled nuclear power plant using urae
nium fuel, reprocessinz of spent uranium
fuel, and transportaticn of any radio-
active material .n support of tirese oper-
ations, to the extent that these support
commercial electrical power production
utilizing nuclear energy, but excludes
mining operations and the rouse of re-
covered non-uranium fissile products of
the cycle.

(€) "General environment” means the
total terrestrial, atmospheric and fguatic
envirenments outside sites upon whnich
any operation which 1s part of a nuclear
fuel cycle is concucted,

(d) “Site” means any lucation, von-
fain~d within a boundary across which
Ingress or egress of members of the ;zon-
€rul public 1s cottroled by the rertson
conducting activities therein, on which i3
conducted one or more operations
coverad by this par:.

| ————
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‘e) "Radiasion” means ar v ur ail of
the following: alpha. pets, Jaruna, or
X Tiys, neutrons; and hi'ch-erergy elecs
Lrons, protons, or other uiafic purl.cles:
but not sound or radio WEVeS, NnoT Vi
Infrarved, or witravigiet L.ght

D) “Radioactive mater'al” means any
material which emuls radistion.

‘®) “Uranlum ore” is auy ore which
contamns one-twentieth of one percen
(005 percent) or more of uranium by
nelght

(ho “"Curie” (Ci) means thas Quautity
of radicactive materiai sroducing 37
billion nuclear transformations per sece
ond. (One milicurie (mCi)=0 601 Cl)

(1) "Dose equivalent” mears the prod-
uct of absorbed dose and appropriate
factors to account for differences in bio-
logical effectiveness du: t0 the guality
of radiation and its snatial dstribution
0 the body. The un:t of dose equiva.ent
Is the "rem.” (One milirem 'mrem)
=0001 rem.)

‘) “Organ” means any human organ
exclusive of the dermlis, the epidermis,
or the comea.

(X} “G.gawatt-vear" refers to the
Quanuly of electrical energy produced at
the busbar of a generating station. A
Figawalt is equal to one bulon walis
A glzawatt-year |s equivalent to the
amount of cnergy output represented by
an average electric power level of one
giZawatt sustained for one year,

1) “Member of the public” means
any individual that can receive s radia-
tion dose in the general environment,
whether he may or Mmay not also be
expased to radiation !a an occupation
associated with a nuclear fuei cycle
However, an individual is not considered
a memnoer of the public durtng any perisd
in which he is engaged in carrying out
any operation which is part of a nuclear
fuel cycle.

‘m) “"Regulatory agency” means the
sovernment agency responsible for issu-
ing regulations governing tha use of
sources of radfation or radicactive mate-
riais or emisstons therefrom and carrmng
cut inspection and enforcement activities
Lo assure compliance with such regula-
tions,

Subpart B—Environmentai Standards for
the Uranium Fuel Cycin

F190.10  Swandards for normal opera.

Lions,

‘a) The annual dose equivalent shall
not exceed 25 nulllrems to the whole
body, 75 mnulirsms to the thyroid, and 25
millizems to any other orzan of any
memnber of the public as the result of
exposure to planned discharges of radio-
active materials, radon and its daugnters
exrepted, to thne pgeneral envirenment
from urawlum fuel cycle cperations and
radiation from these operations.

(b)) The total cuantity of radiosctive
niaterials entering the gereral environs
ment from the entire uranium fuel cycle,
Per gigawatll-year of electrical cnergy
Produced by the fuel cycie, shall contain
less than 50,000 curles of Krypton-85, 5
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millicuries of lodine-129, and 0.5 milli-

curies combined of plutorium-239 and

other alpha-emitiing transuranic radio.

muchdes with hall-Iles greater thao one

vear,

§ 19911
Lo,

The standards specified In §100.10
may be exceeded 1S

VYuriance for unusnal opera.

PROPOSED RULES

(a) The requlatory agency has granted
a variance based upon its determination
that a temporary and unusual operating
condition exists and continued operation
is necessary to protect the overall societal
interest with respect to the orderly de-
ivery of electrical power, and

%) Information delineating the na-
ture and basis of the variance is made
a matier of public record.

(‘f.’.'r,\"
| g 113

§ 19012 Effective date.

(a) The standards in this Subpart, ex-
cepLing those for krypton-85 and wdine-
129, shall be effective 24 monihs from tlie
promulgation date of this rule.

(b) The standards for kiypton-85 and
lodine-129 shall be effective January 1,
1583,

[FR Doc 7514017 Piled 5-28-75,8:45 am)
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Title 40— Protection of Environment

CHAPTER [—ENVIRONMENTAL
PROTECTION AGENCY

SUBCHA - £R r—RADIATION PROTECTION
PROGRAMS

{PRL 459 @)

PART 190-—ENVIRONMENTAL RADIATION
PROTECTION STANDARDS FOR Nu.
CLEAR POWER CPERATIONS

On May 10 1974 the Environmental
Protection Agency EPA, published an
advance notice of intent % propose on-
vironmental radiation protection stand-
ards for the uranium fuel cycle (39 FR
16806 ang (nvited putlie participation
On May 29 1875. EPA proposed regu-
iations setting forth such standards 140
FR 23420 pursuant to the Atomic En-
ersy Act. as amended. and Reorguniza-
tion Plan No 2 of 19870 (2% FR 15623
Numerous written comments were re-
ceived, and a pubite hearing was held on
March 8-10. 1376 (4) FR 1124 and 41
FR 5349 '

These regulations setting forth enyi-
ronmenial mdlation standards are here.
by promulgated in Ana] {orm. The stand-
ards specify the levels below which
normal operations of the uranium fuel
c¥cle are determined be environmen-
taily acceptahle. A number of changes
nave heen made |n the proposed regu-
.ations i1 response to comments received
These changes modify and <larify the
areas nf applicability of the standards
and their ofective dates. and expand
the conditions under which variances
may be granted The numerical levele of
the standards have bLeen retained as
proposec

The Agency has tencfited ‘rom exten-
sive public participation during the
course of Lhe development of these regu-
lations  Sixtern comment letters were
received in response to the Agency's May
10 1874, notice of intent to propose
“tandards. and 82 comment Jetters fnl-
lowing the publi-ation of proposed regi-

In this connection the Azeiiry racelved
requests on behalf of Allled-Osneral Nuclenr
Services AGNS| an October 4 And Decer;.
ber 1. 1978 for a supplementai hearing on
erisin aspects of this rulemaking on *he
£TOUNAS That the Agency Is in par.. relving
upon lufermatisn acquired subsequent n
he pud Nearing which, In the vlew of
AGNS wouid he an essential basts for the
Tilemak g Lyt (3 erransois The Ageney has
reviewsd the materiais subinitted in SIpDOre

£ this and enncluded that they
LOUd not provide 3 sufMielent basts oy Alter.
‘GH IS oonriusions A response ‘o new mat.
AR addressed OV this material LAs Leen
spnendsa » the Agenrcy's commentary on
BEUmMAnT recelved n connection with the
public Loartng on these standards In adal.
on it s noted that the Agency Ak prevt.
usly (40 FR 27420) made publite {ty intent

® ¢ % to mantaln a continmry resview
" the anprapriatenses of these environnien-
‘Al wtandards * * * Lng oty revise them if
NeCesaney o fne hasis of 5 foarmation M
ivstans In tRe tnterval In view of the
ADOve, ‘he ‘venecy Lias son fuded that 1t 's
“1ther neressary Aoy AppDropriste to srant
now the additiona! Punlte hearing renuested

R et

wWe will, «f course weltome the suhminsien
 agAYStang: “wnetumd data o the mutters
marrneg A U i omies avatlable

I
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Iatlons on May 29
recewved from o Brood thoss.section of
Fepresemtatives of the getieral public. the
nNaustry, professiona! aroups, the States.
ind Federal agencire In addition, 17
parties participated in three days of pub-
e hearings and. in many cases, sub-
mitled extensive additional written testi-
mony 1In all. the contributed recorad
comprises over 3500 pages Comment let-
ters. a transeript of the public hearing,
and all submitted testumony are avail-
able for viewing and copying in the
Agency's Public Information Reference
Unit, Room 2022 US Environmental
Protection Amency. 401 M Street SW,
Washington D C 20460 The Agency has
considered nll of *his record in reaching
1's conclusions for these inal regulations

At the time these standards were pro-
posed, EPA released a Draft Environ-
mental Statement and solicited oublic
comments. A Final Environmental State-
ment is being made available concur-
rently with the vromulgation of these
standards. This ctatement contains the
comments reccived on both the proposed
standards and the draft statement, and
EPA’s responce to these comments Single
coples of the Final Environmental State-
ment and an additional document con-
taining EPA’s detailed responses to testi-
mony received in connection with the
public hearing are available from the
Director, Criteria and Standards Division
{AW-460) Office of Radiation Programs.
Environmental Protect lon Agency,
Washincton. Do

1975 Letters were

204606 Persons inter-

eeted i a summare discussion of the
background, rutisnale interpretation,
and  symificence of these standards

hould consult the notice proposing these
regulations and. for greater detail, the
Final Environmental Statement

Major Issves Ratsens Dusine Review

Three major issues were raised by
commenters These were (11 gancern
that procedures for implementation of
the standards would e unnecessarily
conservotive or costly 1 2) disagreement
over the need for and cost-effectiveness
of control of envirenmental releases of
krypton-85 and other long-lived radlo-
nuclides, and (3) disagreement over the
form of the relationship between effects
on health and radiztion dose assumed {n
deriving these standards

A large number of rommenters ex-
pressed the view that mplementation
would lead to more restrictive control of
eifyents than intenc.d due to the use of
utinecessarily ronservative models for
source terms. control capability, and
cnvironmental transport. and due to re-
quiremants for unscasonably large mar-
«INs between normal operating levels
and the standards, especially at sites con-
‘alning a number of faciities. The au-
thority to regulate fuel cyele facilities
under these <tundards resides in the
Nurlear Regulatory Commission INRC»,
GO I Some cases. the States under ARree-
ments with NRC. The standards have
Jeen coxpressed in terms of the dose %o
members of the public. rather than to
hvpotheticul recentors in order to en-
cournee the use of realistie models by the
regulatory agency  In  addition, the

Agency has made s intent regarding
realistic implementation clenr as for ox-
ample in the discussion »f these mintters
in the Final! Environmertal Statement
and will continue to do so if NEeCessary as
implementation proceeds to assure thar
unnecessary conservatism does not oreur

In this regard. the NRC has recontly
issued a revised set of regulatory guld
for light-water-cooled reactor- which
!mplement their announced inwnt to use
the most realistic models avaiiable when
adequate experimentul data exist to per.
mit & prudent and sctentific determing-
tion. These modeis are intended for use
in Implementing the recently-issued AD-
pendix I to 10 CFR Part 50. whic’, defines
design and operating criteria for single
reactor units EPA has examined Ap-
pendix I and the accompanying regula-
tory guides and agrees that they provide
the basis for realistic implementation of
these standards for single reactor units
The existence of these requirements,
coupled with the realization that mest
existing reactor licenses are for no more
than one or two units on a site. makes i*
unnecessary, in the Agencv's judgment
Lo reexamine the license conditions of
these licensees for compattbility with
these standards, unless the nearest
neighboring site covered by this stand-
ard is within ten miles In these latter
cases small adjustments may be neces-
sary However in the vast majority of
situations, the sum of al reasonably
postuiable contributions from sources
other than the immediate site will be
small compared to thees standards and
should be fgnored in ass~zsing compli.
ance It would not e reasonadle to at-
tempt to incorporate into compliance
assessment doses which are small frac-
tions of the uncertainties associated with
the determination of doses from the pri-
mary source of exposure The Agency
has also concluded that excent under
highly !mprodable circumstances can-
formance to these criterta should prov.de
reasonable assurance of compliance aith
these standards for up to five uni‘s on a
site. This conclusion is hased among
other considerations. upon realist o con-
sideration of anticipated site sizes and
the relative location of individual units
as well a: the stochastic natyre of
efuent releases

A number of commenters including he
NRC. also noted that shutdswi of
clear facilities for minor deviations from
the standards would not he reasonable
The Agency agrees. and notes that the
use of such an extreme measure s no:
required under present compliance pro
cedures for licenses ssued pursuant ‘o
the Atomic Energy Act and that the.s
regulations do nct add such a reggre.
ment. A graded scale of action is an ap-
Propriute regulatory response fur uciiiey -
ing conformance. This may mnclude. for
exampie requirements for correctve as-
Lons. appropriate penalties. and. in ox.
treme cases. cessation »f operations The
Agency is confident that the NRC wili
implemen: these standards in such a
reasonables manner.

Some commenters expressed the view
that it was not ‘easthle ‘0 mou:tor con-
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formance with these standards through
the use of environmental measurements
The Agency agrees that routine monitor-
Ing based exclusively upon environment-
al measurements wouid not be a reason-
able means for assuring conformance
and the regulations do not contain such
8 requirement Environmental objectives
are generally best achieved through ron-
trols exercised at the source. For this
reason eMuent monitoring is generally
preferable and such measurements, when
combined with regulatory models for en-
vironmental transport. would provide
quite adequate demonstration of con-
formance with the standards for the
vast malority of situations. based upon
eXisting :xperience. However, since vary-
Ing degrees of conservatism and uncer-
taunty exist in all environmental models,
the Agency believes it will often be ap-
Propriate to suppliement efMuent mon!tor-
ing with confirming environmentail meas-
urements. as is now the regulatory prac-
dce. In the case of light water reactors,
models and monitoring requirements for
demonstrating conformance with Appen-
dix I of 10 CFR Part 50 are generally
adequate for cemonstrating conformance
with these standards. Similar models and
measurements would, {n general, he ap-
Propriate ior most other types of fa-
clitles.

In the special case of possible wind-
blown efluents from mill tailings, the
existence of operational measures ‘e.g..
temporary or permanant stabilization)
should normally be the criterion used for
verifying compliance, in lieu of efuent
and environmental mon:itoring, because
of the difficully associated with such
measurements. It should be noted that
coses resuliing from exposure to radon
and its daughters, which are discharged
from & mill site (or result from material
which has bpeen discharged), are ex-
cluded, but that gamma radiation cross-
ng site boundaries from any on-site
source !s covered.

In situations where members of the
public are actually exposed, these stand-
ards, in effect, preempt those regulations
which are based upon the Federal Radia-
tion Protection Guides (25 FR 4402) in-
sofar as exposure of the public is due
0 operations deflned to be Included in
the uranium fuel cycle. For example the
dose limits in 10 CFR Part 20 wonld not
be the Imitine consideration regarding
exposure of members of the public as a
result of uranium fyel cycle operations
These standards do not, however, replace
application of the Radiation Protection
Guides to the regulation of sources not
included within the scope of the uranium
fuel eycle Finally, the graded scale of
ACtions established ‘n 1961 (268 FR 2057
for use in ‘mplementing the Radiation
Protection Guides do not apply to im-
plementation of these standards. byt
would remain in effect for implementa-
uon of radiation protection guldes for
other radlation sources.

Several commenters expressec the view
that a requirement for control of the un-
restricted release of krypton to the en.
vironment from fyel cycle operations

. A
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was! a) bevond the jurtsaietion of EPA
(b unreasonahly 0stly, o) not achiey
able by 1983 the Prorosed Implementa-
tion date or, in the view of some come
menters. was achievable prior to 1983
or /d) not a reasonable requirement of
domestic industry urti] international
Agreements are achieved 1o restrict emis.
slons from foreign sources

The Agency has concluded that its
lurisdiction is clear Reorganization Plan
No. 3 of 1970 specifically transferred to
EPA from the Atomic Energy Commis-
sion the authority to establish standards
for “* * * quantities of radioactive ma-
terials In the environment* * *- and
atlaches no conditions to this authority
€xcept a requirement that the standarcs
apply outside the houndaries of licensees

EPA has carefully reexamined the
costs of controi systems for Krypton and
has concluded that a substantial portion
of the additional costs presented at the
public hearings is correct. This analysis
Is reviewed n the Final Environmental
Statement However, (n spite of these In-
creased costs, the instailation of con-
trols for krypton-85 is belleved to be
lustified by the public health benefits
achlevable. In today’s dollars. the cost
Per unit radiation dose reduction at fu-
ture reprocessing facilities will he 350-
$75 per man-rem for whole body doses,
and considerably less than this for doses
to other organs These values are more
than an order of marnitude lower than
Iimiting costs now specified {n reguia-
tlons governing the i ensing of individ-
ual nuclear power reactors. It is recog-
nizea that the cost of retrofitting one
facility which .s expected W be in opera-
tion before 1983 wil involve greater
costs, and the regulatory agency is en-
couraged to explore means to minimiz
costs to this facility in its implementa-
tion of the standard for thus pllot case

Regarding the achlevability of control
over the release of xrypton-2s to the en-
vironment by 1983, it is noted tha this
or similar control technology is already
being offered commerciully for nuclear
reactors and {uel reprocessing facilities,
and Is currently being installed. or is on
order, at several US reactors and at a
foreign fuel reprocessing facility by US
suppliers. The Agency, therefore believes
that 1983 is an achievable implementa-
tion date However, 4 more accelerated
schedule is not considered fustified, in
view of the small amount of reprocessing
that will oceur before that date and the
present lack of operating experience with
Krypton controls.

Finally, we have examined arguments
concerning the need for international
agreement prior to the estavlisiiment of
standards and do not And them persua-
sive. EPA fully supports the develonment
of international ugreemen iy and is pres-
ently participating in the “evelopment of
intemational guidance fop contro! of
radioactive efluents from the fuel cycle
under the auspices of the Intermational
Atomic Energy AZency A number of
countries are already committen o or
are in the process of committing them-
selves o control of XIypton reieases The
Agency supports this trend and has con-
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cluded that the control of US relepses
of krvpton-8§ is warranted on the basis
nf reducing {%s potential worldwide pub-
ilc health impact. In tnitlating & require-
ment for this control, the United States
fulfllls its responsibt!ity, as the world s
larxest user of nuclear Power, W pru-
vide lendership in this matter

A number of commenters surwested
that the proposed regulat.ons showld be
amended to include stance-ds ‘or ca--
bon-14 and, in some cases. other ong-
lived radionuclides. The Agency has
studies of sources and control- for theee
materials underway and anticipates that
propusals for appropriate environmental
standards for carton-14 can be made
shortly, with consideration of proposals
for other materials following at a later
date However, the knowledge base {s no*
yet sufficient to permit incorporation Into
these standards now.

Comments were received reflecting
many noints of view on health effects i5-
sues. One group agreed with the Agency's
primary rellance on risk estimates pro-
vided by the recent report to EPA of the
National Academy of Sciences (“The
Effects on Populations of Exposure to Low
Levels of Ionzation.” Report of the Ad-
Visory Committee on the Blologica!
Effects of Ionizing Radiation, NAS-NRC,
1972) . These estimates are srimarily
based upon a linear interpolation bhe-
tween existing data on human popula-
tions and the assumption of ro effects at
zero dose Anotner group believed this
mode] s not sufficient!. conservative o
adequately protect public health. basad
4pon several investigators’ hypotheses
concemning the shape of the cose-effect
relationship at low doses A thisd group
belleved these estimates to be oo con-
servative at low doses and low doce-rates
Frequent reference was made by the
third group to a report of Lhe National
Councll on Radiation Protection and
Measurements (Report No 43) which
implies that radiation standards should
not be hased upon numerical estimates
of health effects, and a recent report of
the Nuclear Regulatory Commission
‘NUREG-75/014" which presents, (n
addition to risk estimates based upnn the
National Academy of Sciences report,
some lower risk estimates based upon a
belief that dose-rate dependent phenom-
ena exist for low linear energy transfer
radiation ‘gamma rays and beta par-
tictes) which reduce the carcinogenic
effect of radiation to levels lower than
those predicted by the linear modal The
Agency has examined the asvidence for
each of the above viens and econcluded
that while each may have valldity under
various assumptions or for Various spe-
cifie situations. the weight of currently
avatlable scientific evicence SUPNOrts the
continued use of a ltneuar noenthreshold
mode] for deriving standards ‘o protect
public health.

Changes Made in the Proposed Regu-
iGtions
A number of changes have been made
il response to comments recelyed on the
broposed regulations. The following de-
scribes and provides the reasons [r each
of these changes:
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i Pameraph 19002d) has been
changed to delete transportation as an
oDeration coverad by thece standards and
0 specifically exciude waste disposal
sites, which were previously not men-
tioned. The Agency is adcressing the de-
velopment of criteria &nd standards for
management of radioactive wmstes s a2
eparate matter as mentioned !n the no-
tice proposing these standards

A number of commenters. including the
NEC and the Department of Trans-
portation, pointed out the difficulty of
implem®nting these standards for trans-
portation activities particularly noting
the problems near nuclear facilities.
In such cases an apportionment of
the dose limits would apnear ‘o be neces-
SAry in order to avoid urreasonably ex-
tensive monitoring requiremrents for
members of the publie Since studies
by both EPA and NRC show that most
transportation-related doses are ex-
pected o rematn nt small {ractions of
thiese standards in any case, the imple-
mentation difficulty does not appear to
Warmant their {nelusion in these stand-
Ards limiting doses to individuals from
udranium  fuel cyele operations. The
Agency w1l! instead address this matter
under {ts broad authority innerited from
the former Federa! Radiation Counecil
thmugh the development of more ven-
eral guldance to all Federal agencies con-
ceming radiation exposure arising from
tha transportation of all types of radio-
active materials, not just those from the
uranium fuel cycle

2. Paragraph 190 02/c) s changed ta
reflect the definition of “site" implied hy
Reorzanization Plan No. 3 of 1970.

3. Pamaraph 150 02¢¢) is changed by
adding the word "spontaneously” to re-
fect the Agency's original intent

4 Paragraph 190 02(g) s deleted and
subsequent paragraphs in Seetion 18002
Are renumbered. This paragmaph defined
uranium ore as ore conteining 0.05% or
more uranium by weight. As pointed out
by one commenter, it s not destrabie o
exclude ores containing less than this
quantity of wuranium. since future
demand for ore May make the uyse nf
such ores economically feasibie

5. Sectlon 190.11 has been broadened
o permit a greater degree of discretion
to the regulatory agency o develop and
apply conditions for the zranting of var-
‘ances. As pointed out bY & number of
commenters. it is not reasonanle to pred-
icate Wthe justification for variances solely
on public need for orderly delivery of
power. For ¢xample. a facillty may hav
installed » control system which, in spite
of vood faith performance on the part
of ihe supplier and the wser, may fail
“oachieve operational capability on a
timely basis, ar once installed may ex-
berience operational falluyre at some
‘ime. yet operation of the facility may
NOL be essential w the “orderly delivery
of electrical power " In addition some
portions of this standard are nredicated
upon e use of waste treatment .o tome
not yet in zeneral commercial use Al-
though in no case should operation con-
tinue if safety s compromised, it may
castly be that excursions above these
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standards would oceur in such cases to the

& degree that the added risk to the gen-
eral public is small and the environ-
mental effect is acceptable in comparison
to the economic penaity that would be
associated with cessation of operation
or the anticipated public health and en-
vironmental impact of available alterna-
live sources of power. For this reason,
the vartance provision has been broad-
ened so that the regulatory agency may,
if it deems it to be in the public interest,
Krant a vanance in such situations It
should be noted. however, that the vari-
ance provision applies only to temporary
and unusual situations. It is expected
that continued operation under the vari-
ance provision will be predicated upon
an approved plan to achteve compliance
In an expeditious fashion that is, in as
short a time as is reasonably achievable.

The requirement for public documen-
tation of variances has been clarified and
extended % appiy to this broadened pro-
vision. EPA will not review individual
variances or compliance pla..., ~hnweh
will be made public in accordance wit..
the provisicns of paragraph 180.11h)
but will maintain a Reneral overviev
through periodic review of the use /f
this Section.

6. Section 190.12¢a) has been
to provide that the effective date for the
standards limiting dosas to Individuals
shall be December 1. 1979, for all opera-
tions except the milling of uranium ore,

for which the effective date shall be
December 1, 1630
The NRKRC has carefully examined its

existing programs for impiementation of
Appendix I at light-water-cooled reac-
tors, and the feasibility of integrating
implementation of these standards (nto
that on-gotng process, a* well as. in
parallel, implementing thase standards
at other types of fuel cycie facilities
through development and promulgation
of new regulatory guides and individual
license conditions. Finally, there are
matters regarding reactors which will
require generic treatment, such as the
conditions required for compliance when
there are multiple units on single sites.
It is the conclusion of the NRC, and the
Agency concurs. that the originally pro-
posed two-vear implementation perfod is
insufficent and that three years will he
required to complete this process The
NRC review of these matters regarding
implementation has revealed that the
case of mills 15 unique, since better in-
formation is required concerning a num-
her of alternatives for stabilization of
fallinrs—both as to their relative merit
and the degree of perindic maintenance
required On June 3, 1976, the NRC pub-
lished (41 PR 22430) a notice of intent
to prepare a generis environmental
statement on urmaniwa milling opera-
tions. This effort will be comdieted in
Approximately two vears and [ncludes
fleld measurements Wit participation of
hath FPA and NR¢* personnel In addi-
tion the NRC ssued proposed new ofMi-
ent reporting requirements at mills
November 17 1975 140 FR 53230:. In
view of the abowe ronsiderations, it is
the jointly agreed upon conclusion of

Agency and NRC that a four-yee
implementation period (s required &
mills. rather than the three years pre
vided for all other fuel evele operation

7. Section 190.12h) hus been change
to elarify the Agency's original inten
that the standards specified in pPArs
graph 180 101 apply to radioactive ma-
terials produced after the effective date

The Agency anticipates that promul
gation of these standards will serve, in
addition to providing for necessary pro-
tection of public health, to alleviate some
of the uncertainties associated with the
design of environmental controls for fuel
cycle facilities, and the consequent eco-
nomic penalties, through stabliizing and
providing direction to the process of de-
velopment of standards and regulations.
The economic and inflationary impacts
of these regulations have heen evaluated
in accordance with Executive Order
11821 and 1t has been determined that an
Inflation Impact Statement is not re-
Guired (The estimated annual cost of
additional eMuent controls required by
these regulations ! i{n no CAse greater
than ten to twenty million dollars, which
Is significantly less than the one-hun-
dred million dollar annual cost cut-off
established as the minimum for which
an Inflation Impact Statement is re-
quired.)

Notice is hereby given that pursuant o
the Atomic Energy Act of 1054, as amend-
ed, and Reorganization P'an No. 3 of
1970 Title 40, Chapter I, of the Code of
Federal Regulations s amended by add-
ing a new Subchap.er F and Part 190 as
set forth below.

Dated: Uecember 28, 1978

RUSSFLL E. Trarv,
Admintstrator.

A new Subchapter P, consisting of Part
190. is added to 40 CFR Chapter I as
follows:

HAPTER F—RADIATION CTION
sueac ot PROTE

PART 190—ENVIRONMENTAL RADIATION
PROTECTION STANDARDS FOR NU.
CLEAR POWER OPERATIONS

Subpart A—Genera! Provisions
Sec

18001  Applicadbility
18002 Definitions
rt B—Environmental Standards for the

e Uranium Fuel Cyc'e
18019 Standards for nermal operaticns
190 11 Vartances for unusual operations
10013 Effective date

AUTRORITY © Atomic Enerey Azt of 954 as
amended. Reorganization Plan No 3, ~¢ 1970

Subpart A—General Provisions
§ 199.01  Applicability.

The provisions of this Part apply tora-
diation doses received by membhers of the
public in the general environinent and to
radioactive materials introduced into the
general environment as the resylt of op-
erations which are part of a nuclear fuel
cyels

§ 190.02 Definitions.

‘a’ “Nuclear fuel cyele” means the op-
erations defined ' be associated with the

.




production of electrical power for public
use by uny ruel cycle througn utilization
of nuclear energy

‘b “Uranium fuel cycle” means the
operations of milling of uranium ore,
chemical conversion of uranium, isotopic
enrichment of uramum, fabrication of
umnium {uel, generation of electricity by
a light-water-cooled nuclear power plant
using uranium fuel, and reprocessing of
spent uranjum fuel. to the extent that
these directly support the production of
electrical power for public use utilizing
nuclear energy, but excludes mining oj-
erations. operations at waste disposal
sites. transportation of any radioactive
material in support of these operations,
anc the reuse of recovered non-uranium
special nuciear and by-product materials
from the cycle.

(c) “General environment” means the
total terrestrial. aimospheric and aquatic
environments outside sites upon which
any operation which is part of a nuclear
fuel cyele is conducted

‘@) " Site” means the ares containes
within the boundary of a location under
the control of persons possessing or using
radioactive material on which is con-
ducted one or more operations covered
Sy this Part

'e) “Radlation” means any or all of
tre following - alpha, beta. gamma. or X-
rays: neutrans; and high-energy elec-
trons. protons. or other atomic particles;
but not sound or radio waves, nor visible,
infrared, or ultraviolet light.

‘f' “"Radloactive material" means any

material which spontoneously emits
radiation.
‘§) "Curte” (CD) means that quantity

of radioactive material producing 37 bil-
lion nuclear transformations per second.
(One miilicurie (mCl) =0.001 o 1)

‘h' “Dose equivalent' means the
preduct of absorbed dose and appropriate
factors to account for differences in bio-

RULES AND REGULATIONS

logical effectiveness due to the quality
of radiation and its spatial distribution
in the body The unit of dose equivaient
Is the “rem ' (One milirem ‘mrem)
0001 rem

) "Organ” means any human organ
exciusive of the dermis. the epiderm’s.
or the cornea

‘) "Gigawatt-year” refers to the
quantity of electrical energy produced at
the busbar of a generating station A Rig-
awatt is equal to one billion watts A cig.
awatt-year is equivalent to the amount
of energy output represented by an av-
erage electric power level of one Rigawatt
sustained for one year

k) “"Member of the public” means
Any individual that can receive a radi-
ation dose in the generaj environment,
whether he may or may not also be ex-
posed to radiation in an occupation as-
sociated with a nuclear fuel cycle How-
ever. an individual is not considered o
member of the jiublic during any period

in which he is engaged in carrying out
any operation which is past of u nuclear
fuel cycle.

(1) "Regulatory agency” means the
the governmen: agenecy responsible for
issuing regulatians governing the use of
sources of radiation or radioactive ma-
terials or emissions therefrom and car-
rving out inspection and enforcement ac-
tivities to assurs compliance with such
regulations.

Subpart B—E wironmental Standards for
the Uranium Fuei Cycie

§ 190.10  Standards for
tions,

Operations covered by this Subpart
shall be conducted in such a manner as to
provide reasonable assurance that:

(a) The annual dose equivalent does
not exceed 25 millirems to the whole
body, 75 millirems to the thyroid. and 25
millirems to any other organ of any

normal opera-

2861

member of the public as the result of sx-
posures to planned discharges of radic-
active materials. radon and its daugh-
ters excepted to the general environment
from uranium fuel cycle operations and
10 radiation from these operations

(b} The total auantity of radioactive
materials entering the general environ..
ment from the entire yraniu= fuel cycie
per gigawatt-yvear of electrical energy
produced by the fuel cyele. contains lean
than 50 000 curies of krypton-85, 5 milit-
curies of jodine-129. anag 03 millicuries
combined of plutonium-239 and other
alpha-emitting transuranic radionuclides
Wwith half-lives greater than one vear

§ 190.11
tions,

The standards specifed in ¢ 190 10 may
be exceeded (£

'a) The regulatory agency has granted
a variance based upon its determination
that a temporary and unusuzl operatine
conaition exists ana continued operation
S in the public interest, ang

‘b Information is Promptly made a
matter of public record dellneating the
nature of unusual operating conditions,
the degree 1o which this operation is ex-
pected to result in levels in excess of the
standards, the basis of the variance, and
the schedule for achleving conformance
with the standards

§190.12  Effective date.

‘@’ The standards in § 190 10(a) shall
be effective December 1. 1975 except that
for doses arising from operations assoc!.
ated with the milling of uranium ore the
effective date shall be December 1. 1880

by The standards in § 190 10¢b) shal!
be effective December 1, 1872 except that
the standards for Krypton-85 and iodine-
129 <hall be effective January 1, 1983, fo
any such radioactive materials generated
by the fission process after these dates

IPR Doc.77-309 Piled 1-12-77.845 am)

Variances for unusual opera-
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40-CFR Part -

ENVIRONMENTAL RADIATION PROTECTION REQUIREMENTS FOR

NORMAL OPERATIONS OF ACTIVITIES IN THE JRANTUM 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 the
Favircnmental Protection Agency "...to the extent that such functions

v of the Commission consist of establishing generally applicable
environmental standards for the protec:ion of the general environment
from radiocactive 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
radiocactive material." The Environmental Protection Agency proposes to
issue standards under this authority to assure protection of the general
public from radiocactive effluents resulting from the normal operations
of the uranium fyel cycle* which Support the generation of electricity
by light-water-cooled PoOWer reactors fueled with enriched uranium,

Nuclear power generation based on recycled plutonium fuel, plutonium

*As used herein the uranium fuel cycle means all facilities or operations,

time uranium ore leaves the mine through the reprocess.ing of uranium after
burnup in reactors and 1its eventual recycle back into fyel supply.
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mining operations, but futyre consideration of these activities is

contemplated when appropriate.

A major national effort has been underwvay for more than a decade to
develop light-water-cooled nuclear reactore using enriched uranium for
fuel for the generation of electrical power. The current rapid growth
of this energy source also mandates increases in associated activities
and operations of the uranium fyel cycle. Increases are expected in the
Processing of uranium ore to supply fuel for the increasing generation
of electricicy by light-water-cooled nuclear power reactors. Similar
increases will also be necessary in fyel reprocessing, waste disposal,
and transportation requirements, The Agency believes that current
radiation Protection guides angd regulations are not entirely adequate to
control the impacts associated with these expanded activities for three
Principal reasoms: 1) The concept of "as low as practicable" as
enunciated by current ~uidance does not give adequate consideration to
Population dose, 2) the basis for éxposure determinations should be
expanded to include the long-term total Population impact oy the release
of long-lived nuclides to the environment, and 3) 4 recent study by the
National Academy of Sciences - National Research Council* concluded that
current Federal guides for exposure of members of the general population

as they apply to the nuclear power industry are "unneces.arily high."

entitled "The Effects on Populations of Exposures to Low Levels of
Ionizing Radiation" National Academy of Sciences, Washington, D.C,
(November, 1972).
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The standards proposed in this rulemaking are expected to provide
environmental and public health protection from the potential effects of
normal radiocactive effluents from all operations within the total
uranium fuel cycle which support the generation of electricity by light-
water-cooled reactors fueled with enriched uranium. The standards uinder
cousideration have two principal objectives: 1) to provide standards
specifically applicable to light-water-cooled nuclear power reactors and
fuel reprocessing plants and 2) to provide standards to be achieved by
all other components and operations in the balaace of the uranium fuel
cycle. Each of these standards is based, to the extent information is
available, on an examination of the particular health risks, the
technology available to mitigate these risks, and the costs of applying
such technology to the operatious involved.

It is the intention of the Agency, as recommended by its
Environmental Radiation Exposure Advisory Committee, 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 and
enforcement of the Agency's generally applicable standards. The
standards proposed herein recognize this division of responsibilities by

stating maximum exposurc levels and quantities of radiocactive materials
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that categories of activities should satisfy in the general environment

outside the site boundaries of sources; the implementation of these

standards through the issuance and enforcement of licenses for

individual facilities, including technical Specifications at effluent

points, is expected to be carried out by the Atomic Energy Commission.

The regulatory activities which have been effectively carried out by the

AEC in the Past are expected to be equally as effective in assuring

these standards are met in the future.

The implementation of the standards Proposed is not intended to
alter the programs carried out by the States under agreements with the
AEC. Implementation of these standards is compatible with the program

activities the AEC has developed with its "Agreement States" insofar as

these activities pertain to the various operations associated with the

uranium fuel cycle.

Appropriate monitoring and inspection activities should be conducted

tce determine actual radiation exposures and discharges of radiocactive

materials. Sufficient reporting of these data through public channels

should also take place to allow determination that normal, planned,

controlled operations within the uranium fuel cycle have satisfied these

standards.

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. Furthermore, the current and proposed

expanded development of the nuclear power industry, with 1its planned and

potential releases of long-lived radionuclides. requires the development

4
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of a broader environmental assessment that encompasses the entire
radiological impact of these pollutants. Assessments of the potential
impact represented by industries such as the nuclear power industry
require projection of the migration of each radionuclide through the
environment over long periods of time, and a determination of the
potential dose to populations (zeasured in person-rems*) delivered and
the associated health effects** expected to occur threughout this
migration. These assessments must include all individual exposures,
however small, so that all of the impact on soclety is assessed, and
must be cognizant of the eéxposure of future generations implied by the
essentially irreversible environmental commitments that result from the
discharge of long-lived radiocactive materials into the general
environment.,

The most prudent basis for relating radistion dose tc its impact on
public health continues to be that health effects due to exposure to
ionizing radiation ocr.r at all levels of €xposure down to zero and that
the number 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
either prove or disprove this assumption, the Agency believes that it
provides the only scund basis for developing to Protect public health.
Within this framework, the only totally risk-free level of radiation

eéxposure 1s zero; a st- ,iard Set at any other level qust be just fied on

*Person-rem is the unit of total integrated exposure of all individuals
exposed. For example, an éxposure of 100 persons to 1 rem is 100
person-rems and an exposure of 1,000 persons to 0.1 rem is also 100
person-rems. For such a dose concept, dilution of the effluent does not
change the potential health effect if the increase in population exposed is
iaversely proportional to the dilution factor.

**Health effect means lethal cancers, other non~lethal cancers, or




the basis that the activicy producing the radiation exposure provides
sufficient offsetting benefits. The use of this radiation protection
perspective for man is believed to provide also for the protection of
the overa.l ecosystem since there is no pPresent evidence that there is
any biological species whose sensitivity is sufficiently high to warrant
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 Committee on
Biolegpical Effects of Ionizing Radiation formed by the National Academy
of Sciences - National Research Council. This study was conducted under
joint sponsorship of the Environmental Protection Agency and the
Department of Health, Education, and Welfare, and provided an important
input to the development of these proposed standards.

The Agency believes that the first principle to be satisfied by
activities producing radicactive effluents is that benefits should
accrue to society from *he activity in sufficient amounts to offset both
the short- and long-term radiation risks involved. Although these risks
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
arbitiary value judgments. With respect to electric power generated by
the uranium fuel cycle, the Agency has concluded “hat the social,
health, and economic banefits 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. This

determination was reached after first assessing the total population




risk incurred, by determining, for all radiocactive 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
estimates, the Projected health effects were calculated and the Such
chcices of standards corresponded to limits on total quantities of
radiocactive materials which enter the general environment or in some
cases, limits on individual dose.

The second major perspective used by EPA in setting the proposed
environmental radiation standzrds was to consider in some detail the
effectiveness and as Jcilated 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 for the
risk reduction achieved. The standards assume that the most cost-
effective control technology available will be employed for each
effluent stream. 1In 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 activities,
or applying the control technology required to meet the standards.

After population Protection has been ass.:ed 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 a

few situations in the uranium fuel cycle, such as exposure due to




releases of short-lived radioiodines and from shipments of radiocactive
materials. The risk to an individual from such exposures is, in most
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
available such exposure reduction, and the cost can be Justified.

COVSIDERATIONS FOR THE TOTAL URANTUM FUEL CYCLE. It has been projected

tiat well over 300,000 MWe of generating capacity based on the uranium
fuel ecomomy will exist within the next 20 years. As indicated above,
the prespective for radiation protection of the public from thic growth
shoull 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-level
radiation exposures resulting directly from effluents from the various
operations of the uranium fuel cycle, and 2) increasing low-level
radiation exposure which occurs as a result of the long-term
accumulation of long-lived radiocactive materials as general
environmental 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 commitments for population dose that may
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-1ife of the radionuclide, the extent of its
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dispersion through envrionmental media, and the period over which it
remains available in the environment so that it can interact with and
expose humans and other species through air and water directly, by
direct radfation, or by accumulation in and transferral through food
chains. The population dose resulting from the dispersion of such long-
lived materials into the environment can be termed an "environmental
dose commitment." The Agency believes it ig important to recognize this
perspective of radiation risk in addition to the pPresent one, which
effectively considers only annual exposures of individuals from shorter-
lived radionuclides, and to implement appropriate controls to ainimize
such long~term dose commitments., For this reason, the environmental
analyses of the various operations in the fuel cycle have considered the
potential for health effects due to long-lived radionuclides after their
introduction into the general environment to the extent that present
knrwledge permits.

Because of the potential dose commitments involved, and in the
interest of minimizing the degradation of thy quality of environmental
resources, it is important to keep the environmental burden of long-
lived radionuclides at the lowest levels consistent with technical and
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 pProtection

against environmental buildup, Standards are also Proposed to limit

eéxposures to the whole body or organs of the individual due to short-
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lived radiocactive effluents. The Standards proposed are consistent with
limiting such exposures through the application of technology at an
acceptable cost.

Whereas the Agency has attempted to minimize the total effect of
radiocactive discharges on populations in its development of these
Proposed standards, it has not attempted to specify siting constraints,
even though siting is an izportant factor which also affects the
population impact of all operations in the fuel cycle. It is expected
that good siting practices will continue to be promoted and that
facility planners will take advantage of the benefits of remote sites in
their designs. 1In this regard, the Atomic Energy Commission's policy of
low population density siting as practiced in the past should be
continued.

Total population impact, particularly with reference to heaith
effects, is best considered in terms of the total person-rem commitment
over the entire population ¢ Tected. The standards were based
principally on a determination of the population impact of all
operations in the uranium fuel cycle, even though actual limits are
expressed in terms of quantities discharged and whole body or organ
doses to individuals. Person-rem limits have not Seen specified in the
standards because the implementation of such a requirement is difficult.
The proposed standards are expressed as limits on quantities of
radiocactive material and individual doses outside the boundaries of

classes of activity so as to facilitate their translatior into

regulatory contrels.




11

It is the viewpoint of the Agency that adherance to the proposed

standards by the nuclear power industry will insure levels of risk due
to normal operations that are environmentally acceptable and that are
worthy of public acceptance. In this context, these standards are
responsive to the President's énergy 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 environment.

CONSTDERATIONS FOR FUEL SUPPLY OPERATIONS. The principal activities
involved in converting uranium ore intc enriched uranium fuel for use in
pover reactors are milling, conversion, enrichment, fabrication, and
transportation. With the exception of transportation, each of these
operations involves environmental discharges of naturally-occurring
uranium and daughter products which can result in radiation exposures of
individual organs and the skeleton. The primary environmental radiation
exposure from transportation operations is direct gamma radiation,.

Since the discharges, environmental pathways, and control techniques for
uranium and its daughter products are common to all aspects of fuel
supply operations except transportatiou, standards covering these
operations as a group are propesed to limit the quantities of these
miterials discharged to the general environmeut and to minimize
exposures to individuals. Through the application of cost effective
control technology, doses to actual individuals or organs can be kept
below 15 millirems per year and quantities discharged to the envirorment

can be maintained below one curie per year, exclusive of radon-222.
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Although radiation doses to individuals from transportation
activities are small, on the average, instances where a few individuals
Bay receive fairly high doses can easily be Postulated. Exposures of
individuals due to transportation of radicacrive Raterials are difficule
to regulate because as shipments move in general commerce between sites
the exposed Population is constantly changing, Transportation
activities should be conducted with every effort made to maintain doses
to individuals as low as possible consistent with technical and economic
{ecsibility. In no case should doses to individuals due to shipments of
radicactive materials exceed the general standard of 15 millirems per

yYear. The Agency will continue to examine transportation with a view to

further action in this area.

CONSIDERATIONS FOR LIGHT-WATER-COOLED POWER REACTORS. On June 9, 1971,

the Atomic Energy Commission proposed (36 F, R, 1113) an Appendix I to
10 CFR Part 50 setting forth new design and operation guides for light-
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 80 that design doses to
individuals offsite would routinely be limited to less than 5 millirems
Per year, and that operational control Deasures could be taken to limie
doses to the maximum exposed individual to within a range of 20-40
millirems Per year under all conditions of onTmal operaticn. Under
these circumstances, the Agency decided for the time being not to
exercise {its authority to establish generally applicable environmental
radiation standards for light-wlter-cooled nuclear power Teactors. This

decision was publicly stated by the Agency on February 23, 1972, at the

et e
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rulemaking hearing on proposed Appendix I conducted by the Atomic Energy
Commission. Continuiig ieview of the environmental factors involved in
the design and operaticn of light-water-cooled nuclear reactors, coupled
with the need for comprehensive standards for the entire uranium-based
fuel cycle, as well as specific standc.ds for each component within the
cycle, has led us to conclude that numerical standards for reactors
sh,uld be included in this rulemaking.

As a result of our current analysis, we have concluded that nuclear
power reactors can be designed and operated under most conditions at the
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 millirems to the whole body and
15 millirems to the thyroid due to normal operations at a reactor site.
The standard for discharges to the general aquatic environment is 5
curies per year and tritium entering the general environment is limited
to 600 curies per year, for each 1000 megawatts of electrical generating
capacity at the site.

With respect to light-water~cooled nuclear power reactors it is
important: 1) to set standards which will result in radiation doses to
the public which are at the lowest levels consistent with technical and
economic feasibility, and 2) to mai~tain the benefit of a continuous
uninterrupted supply of electric power to society during power energy
crises, even though standards for normal situations might be exceeded.
Such a two-fold objective raises the question whether to impose 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 minimise the possibility of such shutdowns, The
Agency has attempted to strike a balance between these two goals 1in the
standards proposed by providing for operational variances which satisfy
specified criteria in order to avoid closing down power reactors during
periods of emergency power demand. The approach of granting operational
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 pProposed standards.

The variance Proposed is in order to allow orderly delivery of power
during power-shortage conditions when operation of a given power reactor
at emissicns greater than normal is critical tn the ability to meet an
extraordinary power demand 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
effectively carry out these proposed variance conditions in such a
manner as to achieve good public health protection. An increase to
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. Demand conditiouns satisfying these
variance conditions are expected to occur only rarely, and then only for
short periods once or twice annually. The variance is available only
when the utility is unable to satisfy demand conditions through the
purchase of other powes and when normal ALC safety and occupational
regulations are met, and then only to the extent that a demonstrable

need for excessive emissions exists. When the variance is used a report
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is required through normal public channels to the Federal agency which
regulates the utility. These reports should document the rate and cause
of the abnormal emissions, the power demand and reserve conditions which
Justified the operation, and the actions taken to minimize any increased
doses to individuals in the general environment,

CONSTDERATIONS FOR FUEL REPROCESSING PLANTS. Although most radiocactive

Products produced during fission are retained within reactor fuel
elements, the Procussing of fyel elements destroys these barriers and o
variety of radionuclides become available for release in potentially
large amounts at fuel reprocessing sites. Krypton-85, tritium,
plutonium, iodino-129. and possibly other long-lived radionuclides are
of particular significance in that they have the potential to enter the
8eneral atmospheric and hydrological environments and expose large
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 individual
éxposures are small, the total population eéxposure in person-rems can 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 of
years for iodine-129.

Generally applicable environmental standards are Proposed for fyel
reprocessing plants because severa] are expected to be in operation
during the next Sseveral years, However, in view of tk2 environmental

risks involved, the Agency is currently evaluating whether future fuel

reprocessing ought to be limited unt{] a viable Plutonium-based power
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industry exists. Important factors in this evaluation are: 1)
uncertainties in the schedule on which reprocecsing to supply plutonium
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
{ndustry will affect the desirability of reprocessing fuel to recover
uranium.

The Agency has performed 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 impact of this radionuclide is considerable larger than the
regional or national impact from this industry. Second, large doses to
individuals way occur as a consequence of failure to apply currently
available controls and reasonable fuel-cooling times, as a rerult of
discharges of iodine-131 and other short-lived radionuclides. Third,
unless currently 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 finally, 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 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 the

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

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 Systems have been offered by commercial vendors at

performance levels sufficient to limit discharges to a fraction of a

percent of the krypton-853 inventory in fuel received, the Agency will

continue to examine the performance of this technology to determine how

far below the proposed standard future required levels might be

reasonably set. An exclusion from this standard for krypton-85 is

proposed for the single operating plan: in existence prior to this

rulemaking, since it is of small capacity (1 metric ton of fuel per day

pr ‘ea’ and retrofitting would constitute an unreasonable economic
ragdey, I8 however, :nat 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
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 1ts costs are uncertain at the
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present time. Since tritium levels in the general environment are
expected to become significant by the late 1980's, and tritium will
present the largest potential population impact from the uranium fuel
cycle alter 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 become essential. A future rulemaking is
contemplated dealing with tritium releases from reprocessing plants
built after 1978.

Current designs for new reprocessing plants propose no liquid
effluents as a result of normal operations. This practice will usually
result in minimum population impact from all radionuclides except, in
some circumstances, tritium. This mode of operation is preferred,
except in those instances where it can be demonstrated that radionuclide
discharges in liquid effluents will result in lower total discharges or
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
with respect to population distribution and water use. For example,
tritium discharges to the ocean from seacoast sites are expected to
result in a lower total impact than atmospheric discharges at such
sites,

Pursuant to the Atomic Energy Act of 1954, as amended, notice is
hereby given that adoption of the following addition to 40 CFR Part —

is contemplated. All interested persons who wish to submit comments or
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suggestions in connection with this -:-.0sed rulemaking are invited to
send them to the Cffice of Radiatio- ‘Tograms, Environmental Protection
Agency, Washington, D.C. 20460, wit.. . - 350 days afrer publication of
this notice in the Federal Register. ~ithin this same time period,

interested parties are also invited =- indicate their desire to
participate in a public hearing on ti: “roposed rulemaking to be
conducted approximately 10 days after .he comment period ends. Comments
and suggestions received after the 6C0-cCay comment period will be
considered if it is practical to do sc, but such assurance can only be
given for comments filed within the p:riod specified. Comments and all
technical support documents for this rulemaking may be examined in the
Agency's Public Affairs Offiée, 4th a=d M Strests, S, W., Washington,
b.c. 20460. Single copies of the St:tement of Considerations and the
technical report entitled "Environmén:_l Analysis of the Uranium Fuel

Cycle" are also available upon request at this same address.

_ John R. Quarles = "= Ssuimmuiiimas anivn ani
Acting Administrator

w bt ————— ’
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PART

ENVIRONMENTAL RADIATION PROTECTION STANDARDS FOR
NORMAL OPERATIONS OF ACTIVITIES IN THE URANIUM FUEL CYCLE

A new Part is proposed to be added to Chapter y Title 40,
Code of Federal Regulations as follows:

Subpart A - General Provisions

Sec.

-.01 Applicability

-.02 Definitionms

-.03 Address

-.04 Availability of Information

Subpart B - Generzl Standards for Normal Uranium Fuel Cyecle Operations

-.10 Applicability
=.11 Environmental Standards
-.12 Effective date

Subpart C - Specific Standards for Planned Controlled Discharges
From Light-Water-Cooled Power Reactors

-.2C Applicability

-.2] Envirommental 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




SUBPART A - GENERAL 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 fyel 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,

of

reprocessing

spent reactor fuel, and transportation of any
radioactive material 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

using radiocactive material,

¢) '"Radiation" means any or all of the following: alpha rays,
beta rays, gamma rays, X-rays, neutrons, high-speed
electrons, high-speed protons, and other atomic particles;

but not sound or radio waves, or visible, infrared, or

ultraviolet lighe,

d) "Radioactive material"” includes any such material which emits

|

|

|

the control of persons processing or
radiation. |

e) "Uranium ore” is any ore which contains by weight one-

twentleth of one percent (0.05%) or more of uranium,

-__.-.---!-'-’--.-_'--..,::!!!!!!!!!!!-!-t:;______________¥_%44747;4;4‘4444A~__~_~AA.~__J




g)

h)

1)

D)

k)

"Curie (Ci) of Radioactive material" is equal to that
avount of material that produces 37 billion nuclear
transformations per second. One "millicurie" of
radiocactive material produces 37 million nuclear
transformations per second.

"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.

"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 (mrem) = 0.001 rem.)

"Year" means any calendar year.

"Person" means (i) an’ 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
govermment or nations, or other entity and (i?) any legal
successor, representative, agent, or agency of the
foregoing.

"Individual" means any human being.
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1)

n)

n)

o)

p)

"Member of the public' means any individual that
potentially could receive a radiation dose in the general
environment whether he may or may not be also exposed to
radiation in an occupation associate’ wi .. ‘e uranium fuel
cycle.

"Facility" means any structure .- _sambination of structures
in which any operation as defined in paragraph -.02 a) as
part of the uras fum fuel cycle is conducted.

"Site" means any location under the exclusive control of a
person wherein one or more operations or activities within
the uranium fuel cycle are conducted.

"Site boundary" means the line inside of which the ingress
or egress of members of the general public is controlled by
the person conducting activities on the site.

"Power e-ergency" shall mean the occurrence or imminent
occurrence as determined by the respunsible power
dispatcher of a power system in any part of the
interconnected systems of a utility or utilities of
abnormally low voltage, abnormally high or low frequency,
or overload of tielines or generating equipment (1) of such
magnitude as seriously to threaten the continuity of
operations or the safety of equipment of electric utility
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

measures among operators of the affected systems.
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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 Envirommental Protection Agency should be addressed to the

Programs, Envirommental Protection Agency, 4th & M Streets,

|
i
Director, Criteria and Standards Division, Office of Radiation |
S.W., Washington, D.C. 20460.

-.04 Availability of Information

Emmission data provided “to y or-otherwise<obtainedsbmthe cuw o w .o ...
Administrator in accordance with the piovisions of this part\

shall be available to the public.

Any records, reports, or information, other than emission data,
provided to, or otherwise obtained by, the Administrator in
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




entitled to protection as trade secrets of such person, the

Administrator will comnsider such records, reports, or

aadhanc oo

information, or particular part thereof, confidential in
accordance with the purposes of section 1905 of title 18 of the
United States Code, except that such records, reports, or
information or particular part thereof, may be disclosed to
other officers, employees, or authorized representatives of the
United States concerned with carrying out the provisions of the
standards or when relevan: in any proceeding pursuant to the
standards.

SUBPART B - GENERAL STANDARDS FOR NORMAL URANIUM FUEL CYCLE OPERATIONS

-.10 Applicability

The provisions of this Subpart apply to all planned controlled
discharges of radicactive material to the general environment
and radiation doses to members of the public from any site
containing any facility or operation whicl. is part of the
uranium fuel cycle.

-.11 Environmental Standards

a) For any site covered by this Subpart, the total quantity of
uranium and its daughter products, except radon-222,
entering the general environment shall he less than one
curie per year for each ..parate 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

number of facilitiles located thereon, the annual dose to
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the whole body or any organ of any exposed individual who
is a member of the public shal’ 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,
whichevar is higher.

Effective Date

The standards for all activities covered by this Subpar: 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

-021

Applicability

The provisions of this Subpart apply to pPlanned, controlied
discharges of radicactivity to the general environment and
radiation doses to members of the public from single sites
containing solely light-water-cooled nuclear power plants.

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
individual who is a member of the public shall be less
than 15 millirems.

¢) The total quantity of all radionuclides, excepting
tritium, discharged to the general aquatic environment
from a site shall be less than 5 curies per year for
each 1000 megawatts of nuclear electrical generating
capacity at the site.

d) The total quantity of tritium discharged from a light-
water-reactor site shall be less than 600 curies per
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 meet

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 emergency, a variance may be used

subject to the following conditionms:

a) Releases of radicactive materials are kept as low as
possible.

b) The site to which the variance is applied utilizes it only
so long as is necessary to meet the power energency,

¢) All power available from inside or outside the system has
been utilized and/cr purchased and appropriate load

shedding has occurred,

T ————— |
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d) The organ and whole body dose rate limits specified in
Section .21 a) and b) for individuals who are members of
the public do not exceed an annual dose of 15 mi’lirems for
all radionuclides, excepting radiocactive iodine, and an
annual dose of 45 millirems to the thyroid from radiocactive
iodine.

e) Information upon which the variance is based be made a
matter of publi: record concurrent with the use of the
variance.

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 CONTROLLZID DISCEARGES FROM

-.30

-.31

URANTUM FUEL REPROCESSING PLANTS

Applicability

The provisions of this Subpart apply to planned controlled
discharges of radicactivity to the general enviromment and
radiation doses to members of the public from single sites
containing solely fuel reprocessing plants.

Environmental Standards

For any site covered by this Subpart
a) The total discharge to the general environment of
radiocactive material for each 1,500 metric tons of

uranium fuel processed shall be less than one

Rk I
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millicurie of plutonium-239, one curie of other
transuranic isotopes and 0.1 curies of iodine-129.

b) The total quantity of krypton-85 discharged to the
general environment shall be less than one percent of
the total inventory of kryp on-85 in the fuel received

for reprocessing.

¢) The annual dose to the whole body or any organ of any
exposed individual who is a member of the public shall
be less than 15 millirems.

-.32 Effective Date

a) The effective date of the standards for all activities
covered by this Subpart, excepting those for krypton-85,
shall be 24 months from the effective date of this
rulemaking.

b) The effective date for removal of 99 percent of the
krypton-85 in the inventory received for reprocessing shall
be 48 months from the effective date of this rulemaking for
all plants exclusive of those of 300 toas per year capacity
or less which commenced operation prior to January 1, 1970.
If such plants are modified to increase the processing
capacity to more than 450 tons per year, the standard of 99
percent removal of krypton-85 shall apply when the

modification is complete.

D e At D e e
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ATOMIC ENERCY COMMISSION

WASHINGTC! . D=, 20527

October 19, 1973

MEMORANDUM FOR: THE PRESIDENT
FROM: Dixy Lee Ray
SUBJECT: AEC Position on Division of Responsibilities and

Authorities Between thz Atcmic Energy Commission
anc 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 is

as follows:

a. AEC's and EPA's responsibilities and authorities should be
coordinated in the cverall public interest and in accordance
with the President's direction to: “reduce excessiye regulatory
and administrative impediments vhich have delayed or prevented
construction of energy-producing facilities; and streanline our
governmental procedures for licensing and inspections, reduce
overlapping jurisdictions and eliminate confusion generatad 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 normal 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-
cerning radiation safety aspects of siting and design of nuclear
facilities (such as nuclear electric power plants), operating
procedures, and the limits on the smal) amounts of radioactive
materials that may be emitted from nuclear facilities (and other

B — .-~
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activities

licensed by AZC) as a result of normal operations.

In imposing such emission limits, ACC will implement and
enforce, through its comprehensive program of licensing,
standard-setting, inspection and enforcement, such generally

applicable

standards as are established by EPA in accordanze

with paragraph b. above.

AEC's position is based upon: (a) the text of Reorganization Plan No. 3;
(b) the “legislative history" associated with the Plan; (c) the fact that

AEC has already

established a comprehensive program of licensing, standard-

setting, inspection, and enforcement over nuclear facilities and activities
(and must continue to carry out such a program in the exercise of its
responsibilities undzr the Atomic Energy Act); (d) the fact that under

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 policy

support for the

For the reasons

AEC position is set out in Attachment "A",

EPA's Proposed Fuel Cycle Standards

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 ASC
rulemaking proceeding which was initiated in 197) and is now nearing com-
pletion. This AEC proceeding (which is described in greater detail in

Attachment "C") i

forth design obj

ectives and limiting conditions of operation to keep levels

of radioactivity in effluents from Tight-water-cooled nuclear power reactors

as low as practi

cable. A three-volume NEPA environmental impact statement

was issued by AEC in connection with Appendix I. EPA participated in public
hearings conducted by AEC on the Appendix. A copy of the testimony of
Mr. David Dominick of EPA, supporting the AEC approach, is attached (Attach-

ment "D").

Subpart C of the

proposed EPA standards sets forth specific rather than

generally applicable standards for planned controlled discharges from light-

water-cooled nuc

lear power reactors. They would impose radionuclide release

limits, dose limits and requirements for implementing such limits - matters

that are specifi

cally addressed in the AEC licensing and regulatory process.

The proposed EPA standards conflict and are inconsistent with the implementa-

tion approach in

the AEC's Appendix 1. EPA, since February 1972, was on

record as supporting this AEC approach. The new st
constitute a reversal of EPA's prior position. Fur
include operating requirements related to pover eme
realistic and probably unworkable. Enforcement of

andards proposed by EPA
ther, the EPA standards
rgencies that are un-
such standards could

A — -
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result in frequent shutdowns of nuclear power reactors without any $ignifi.
Cant contribution to the public health and safely or environmantal protoc-
tion. EPA does not Propose to issue an environmenta) impact statement in
connection with jts proposed standards.

The requirements, in Subpart D of the EPA standards relating to the recoval
of krypton-85 from uranium fuel reprocessing plant:, are beyond the stcta gf
the proven, practicable technology and, even if implemented, would recucs
the average annual whole body exposure to the U.S. population by only 0.003
millirem by the Year 1980 and by 0.04 millirem by the Year 2000. This may
be compared with the average annual exposure of the U.S. population fron
natural background radiation of about 125 millirens 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 tim= periog
permitted. We do not believe the requirements on krypton-85 removal can ba
Justified on cost-effectiveness and health and safety bases at this time.

Implications of Proceeding with EPA's Proposed Stiandards

If the proposed EPA standards were adopted, AEC would be required by Re-
organization Plan No. 3 to implement and enforce them.™ Since they conflict
with AEC's Appendix I, the AEC would need to issess the utility of continuing
with its current rulemaking proceeding which, of course, would be disrupted
by such a course of events. This proceeding has thus far involved several
man-years of effort and the environmental impact Statement alone is estimated
to have cost $325,000.

In addition, there would be an impairment of AEC's ability to achieve the
Towest practicable release of radioactive materials through a combination
of appropriate siting factors, design requirements and operating procedures.
This would be due to the fact that the Proposed EPA standards are set at

* In the Federal Register notice which accompanied publication of proposed
Appendix I on June 9, 1971, AEC included the following statement at the
request of EPA: "EPA has under consideration generally applicable en-
vironmental standards for these types of power reactors. AEC has con-
sulted EPA in the development of the guides on design objectives and
limiting conditions for operation set forth below to control radio-
activity in effluent releases. If the design objectives and operating
limits established herein should prove to be incompatible with any
generally applicable environmental standard hereafter established by
EPA, the AEC will modify these objectives and limits as neces- .ry.

This statemant continuss to reflect AEC policy. The disagreement with
EPA relates to the type of renerally applicable environmental standards
that are appropriate for promulgation by EPA - not to AEC's responsi-
bility to implement Such standards.
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such a level that implementation by AEC which gives credit to specific site
Characteristics and takes into account the need for reasonable operating
flexibility, because of uncertainties in fuel element performance and rad-
waste treatm nt performance, is not possible.

Implementation 0f the proposed EPA stancards would have a significant impact
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. t appears
that all of these reactors would have to make some modifications in their
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 najor changes in design of waste treatment
systems and interruption of power reactor operation. In five cases the
Quantity limit on tritium could require replacing the fuel elements in the
core of the reactor.

Implications of Hot Proceeding with EPA's Proposed Standards

If EPA does not issue standards of the type proposed for the nuclear fye)
cycle, AEC will complete its rulemaking proceeding on proposed Appendix I and
continue to implement it in order to keep radiation exposures %o the public
as low as practicable. (As a practical matter, AEC has, sinco 1971, already
implemented Appendix I guides 1in evaluating nuclear power plants.) Further,
AEC has underway extensive studies on the remaining types of plants in the
nuclear fuel cycle to develop data on technology, control measures and costs.
This will provide a firm basis for ruiemaking to assure that exposures from
effluents from all plants in the fuel cycle are maintained at levels which
are as low as practicable. In connection with such rulemaking, AEC would
prepare NEPA environmental statements. EPA would have full opportunity to
review such proposed regulations and environmental statements and to provide
comments and recommendations to AEC.

We believe that from the standpoint of the nuclear industry - and, more
importantly, from the overall public interest - a single Federal stancard
addressed to the matters dealt with above would avoid confusion and duplica-
tion of effort and would achieve the paramount objective of protection of
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,
we do not believe that issuance of the EPA standards will make any sianificant
contribution. AEC has estimated that by the Year 2000 the average whole body
exposure to the U.S. population from commercial nuclear power facilities wil}
be about 0.2 millirem per year. Similarly the Advisory Committee on the
Biclogical Effects of Ionizing Radiation of the National Academy of Sciences
estimated in the BEIR Report issued in November 1972 that the average vhole

- e A e Y
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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 recuirement 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 exnosure or from
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".

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 v/
Technical Comments, w/Oct. 12, 1973 letter Rogers tc Mills

C - Status of AEC Requirements for Control of Radioactive Materials
in Power Reactor Effluents

D - Cy of Transcript of Statement of David D. Decminick, 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 Radicactivity in Effluents for
Normal Operations w/Annex 1 - AEC Proposed Compromise EPA
Generally applicable standard for the Protection ¢f the General
Environment for the Uranium Fuel Cycle

-
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ATTACHMENT “A"

BASIS FOR AEC PO"" " CONCERNING DIV
RESPONSIBILITIES AND » RITIES BETWEE
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
Environmental Protection Agency (EPA), created by Reorganization Plan
No. 3 of 1970, have certain related statutory responsibilities and
authorities under the Act and Plan from the standpoint of radiation
control. In addition, both agencies have cerzain responsibilities ard
authorities concerning environmenta) matiers under the Nationa) Environ-
mental Policy Act of 1969 (NEPA), anc EPA is vested with specific
responsibilities conczrning discharges into the waters of the United

States under the Federal Water Pollution Control Act (FWPCA).

a. Authority over Radiocactive Emissions from Nuclear Facilities

The peaceful use of atomic energy was the first technology to be subject

to Federal control from jts inception. Under the Atomic Energy Act, no
person may construct or operate a nuclear facility (a facility which
utilizes radioactive materials such as a ruclear electric power plant) or
}0ssess or use most radicactive materials except pursuant to an AEC permit
or license. In additior, 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 radicactive materials that may be released from nuclear
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facilities, and other activities involving nuclear materials, as a resylt

of normal operations.

Under the Act, the AEC established a comprehensive program of licensing of
nuclear f'cilities and activities, standard-setting, regular inspections

of licensed activities, and enforcement. Detailed regulations concerning
3iting, design, and other aspects of nuclear facilities and activities have

been published in 10 CFR Chapter 1.

The Atomic Energy Act also established the Feders] Radiati_n Council (FRC)
whose function was to advise the President on radiation matters affecting
health, and to provide recommendations to Tederal agencies (including AEC)
regerding the formulation of radiation standards. However FRC had no

licensing or regulatory authority

President's Advisory Committee on Executive Reorganization, chaired by
Mr. Roy‘L. Ash. The philosophy underlying the Plan was that it was not
possible to bring together into one Federal agency all executive branch
functions dealing with environmental protection and thereby create an
environmental "czar". Rather, the central and guiding concept was to
consolidate the general standard-setting functions of Federal agencies

in the environmental protection field.

This underlying concept was reflected in the division of responsibilities

in the radiation protection field. Under the Plan the following functions




with respect to radiation standards were transferred to the new EPA:

"The functions of the Atomic Energy Commission under the Atomic
Energy Act of 1954, as amended, acministered through its Divi-
sion of Radiation Protection Standards, 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 matarial. As used herein,
standards mean limits on radiation exposures or levels, or
concentrations or quantities of radioactive material, in the
general environment Outside the bouncaries of locations undar
the control of persons possessing or using radioactive material.

"Al1 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"”,

Since the FRC had no licensing or regulatory authority, the only possible
source for EPA responsibiiity 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, the
fuﬁction transferred from AEC was confined to establishing generally
applicable standards regarding limits on radiation exposures or Tevels or

concentrations or quantities of radicactive materials in the caners)

environment outside the boundaries of locations under the control of Dersons

Possessing or using radioactive material [such as persons licensed by AZC

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
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

to relate the general standards for the general environment to the persons
actually operating nuclear facilities and possessing or using radicactive
materials. As the President's message makes clear, this was to be the role

of AEC.

There was substantial discussion during the House and Senate hearings on

the Reorganization Plan regarding the respective functions of AEC and EPA.

This "legislative history" confirms what common sense would indicate -- that

emissicn limits on radiocactive materials applicable to specific persans
possessing or using the materials were regarded as an essential element of
AEC's implementing role and not as an element of EPA's general environmental
standard-setting function. Indeed establishment of such emission limits is
an integral part of the safety review of the overall plant design and siting
conducted 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
know-how to see how a reactor is put together, and how it is designed,

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

of scientific competence...."

Following enactment of the Federal Water Pollution Control Act Amendments
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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 “2gulation by the AEC. Subse-
quently, however, EPA adopted the position urged by the AEC that the term
“pollutant”, as used in that legisiation, does not include radicactive

materials subject to AEC regulation under the Atomic Energv Act.

However, despite the above, EPA Proposzs to establish soecific limits for
radioactive materials applicable to certain persons licensed by AEC, in-
cluding persons licensed to operate nuclear electric power plants.+*

ALC 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
héﬁ the scientific expertise and where AEC rather than EPA has established

a2 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 lTimitations on
the amounts of radioactive materials that may be released as a result of
norﬁal 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

. Froposed "Environmental Radiation Protection Requirements for Normal
Operations of Activities in the Uranium Fuel Cycle", transmittod Sy
EPA to AZC for comment on August 16, 1373.
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initiating another rulemaking proceeding on the same subject under EPA
auspices. Even apart from Jurisdictional limitations discussed above,
REC believes that such an effort -- wastefully duplicative at best and,
at worst, resulting in conflicting regulatory requirements by two Federal

agencies -- would not be in the public jnterest.

Proposed Resolution

AEC proposes that EPA adopt generally applicable envircnmental 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

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
of electricity, and fuel reprocessing. AEC would, in turn, implement such
standards by establishing emission Timits for individual activities in the

fuel cycle, including operation of nuclear electric power plants.

b. Authority over Accident Prevention

In the past EPA has attempted to assert a kind of oversight authority over
AEC accident protection functions. This position on the part of EPA is
reflected, for example, in its insistence on direct participation in the

Reactor Safety Study of accident probabilities and consequences currently

being conducted by Professor Rasmussen of MIT under the Commission's auspices.
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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,
conprehensive program for the licensing and regulaticn of such facilities
is, of course, directed in large part to the prevention and contro] of
nuclear accidents. At the time Reorganization Plan No. 3 of 1970 entered
into effect, AEC's standard-setting functions in this regard were exarcisad
primarily by its Division of Reactor Standards. The Division of Radiazion
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, ACC and EPA have agreed upor the text of the radiation
accidenf risk discussion to be included in envirormental impact statements
prepared by AEC, pursuant to NEPA, for nuclear electric pewer plants. A

copy of this text is attached (Annex 1).

Proposed Resolution

AEC will continue to inciude 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

_::::::f:::!3:!!!!!E!!!!!l!!!!!!!'l-""E"::——————_____________*—_*__—___—_-—___“




e L S, .

P .

e - e e ST S S

-

accidental releases of radicactive materials.

c. Inspection of AEC Licensed Facilities

As indicated above, AEC has established a comprehensive program of regular
inspections of persons licensed to possess and use radioactive materials
and operate nuclear facilities. In the past there had been some disagree-
ment between AE(C and EPA regarding EPA's authority to inspect such licensed
facilities. This has now been resolvad oty 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.
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EPA generally applicable standards for the protection of the general
environment should be ambient standards that establish acceptable upper
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 1imits 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 thc 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 suthority to implement and enforce generally
applicable environmental standards should maintain the authority to
assure that generally applicable standards are met and to further achisve

the lowest practicable releases of radicactive materials through a
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combiration of appropriate siting factoms, design requirements for
facilities and equipment, and operating procedures to assure operation
in the public interest and to protect public health and safety. The
implementation of the "as low as practicable” concept involves all
of the same considerations of evaluation of specific designs of facilities
to limit releases of radiocactivity that are inherent in the licensing
process. In lhe licensing process the AEC must, in addition to assuring
that all plants operate within the generally apolicable standards in the
Commission's regulation, Part 20, establish "as low as practicable”
effluent release 1imits on new types of facilities on a case-by-case
basis. These limits are determined 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 follgued
for fuel reprocessing plants, fuel fabrication plants and other plants
in the fuel cycle. As adequate experience is developad on a case-by-case
basis numerical guides such as the AEC proposed Appendix I on design
objectives and Timiting conditions of operation for light-water-cooled
power raactors are developed and issued cn a generic basis. The AEC
has underway a detailed study being conducted with the assistance of
Qak Ridge MNational 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 gquides on
“as low as practicable" levels of radicactivity in effluents for

fuel cycle plants other than nuclear power reactors that are now

coverad by the proposed Appendsx I.




By Q

Annex 1 to Attachment i

AEC PROPOSED CO''PROMISE EPA
GENERALLY APPLICABLE STANDARD
FOR THE PROTECTION OF THE GENERAL ENVIRONMENT

FOR THE URANIUM FUEL CYCLE
The annual dose or dose commitment to a member of the public from
radiation or radiocactive materials released to the environment
from the entire light-water-cooled nuclear power reactor fuel cycla
should not exceed X millirems per year to the whole body, X millirens
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.)

The total annual population dose or dose commitment from radiation
or radicactive 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:

a. An acceptable level of risk taking into account the
benefits derived from the nuclear powar industry and
in comparison with risk from alternative means of

generating electrical power; and
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b. A genasral

“©

cnsideration of the feasibility of meeting the
numoers 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 AZC in implementing the generally applicable envirormental
standards. EPA standards would not include requirements on individual

sites or facilities or any implementing requirements.



Fm | 00005 -

)| =g 2 il ") S e SRS SIN AP Ry = & "~ g ~
5 =W, U:TED ST1.357C3 SNVIRODMMENTAL HMROTLCTION ACZIMNCY
b Y —
. ;- V‘Aﬁ'c:“\':;TO.‘x_ L-C. 20150
* mot ) -

Oztoboer 19, 1473

MaEMORLNDUM FUR: o PRESIDENT :7 -
1‘ = -

Ruswedl E. 7ok g
FROM: Jlise ] oo dfain - / e o vty
[ Rigtex /2 S e RO T ATt
SUBJCCT: AZC Opposition to LPA Radiation Standards
ISSUR: EPA hag prepased standards for environmental releases of Tedivactivies
fron the nuzlear power induscry, bLased upon the authoricy Tansferrod from AHEC

to FPA by Rzurgaairation Plan 3. (Tab A)  These standards are based on a
balaacing of haalch Tisis against the Capabilities and costs of control teen-
nology, and trhereiore are related to classes of aectiviry (c.8., reactors an.
fuel reprocessing). ARC objects o EPi's exercising its jurisciction by
issuing suel staado:ds and contends that Cpa should set ambiens Standar
that apply to the ealire uuclear fuel cycle.

. . 1 £ - s -
. AUTHORITY: Reorzanization Plan #3 of 1970 transferred to CPA the functicas of
3 sish Jenerally applicibie envirozsenzal Siarndarde fop &
eral enviycyman from 2iioantiy, F2Ce*tal. " The Plan
? 7
t A

”n

O mean-",,.1

& o . e o A e ) -a ~—— . sem T -
cefined these s: “TLES on radigiion éxcocures or levels,
& > - - - - i - 4 P > Yo =7 B 'A% p A - s AP 4
O» eoncanirztions o quantiites cf rezrozesive ratermal, in ths gerzrz! envie
P WESEAds AFs By cedment s TP e, G sai B e .
SPIARE Outsids the brydapios OJ toeaticis widlsp tre eaairal of pavoons
- = -2 - . e g y S s T N , o ¥
p..a..sessnn; ar us.ng rgu togetive irnte: Lai. Your messaze on the Flan esrablished
e . . : : - . . . . = -~ " - » . - s
ce EPA-AZC division of responsibilitics as tollows: cssdnie AtCmio Snapay
. -~
O 3 ’ s s - - ; & 955 X v o | 55 & o e Y. P
(e misoion's QUEroricy to get stanszmds <O Thg protecticn O &%z genaral
hedya - o o o s 4 e . . 7. 3 5% 0% P4 % 5 - e S a e oy
evironmant from yrugdissasive TILertal would ke transferred to ths & 2 e el e S
Frotontsam Sriens AE0 Would potet:s mmama. 2151Lle 8 €am E5 0 FwnT ekt g
08228100 A Wl e s viisl wWould raotit b i< Topeloy S weee JOPr LR2 trrle LWl 0N gz
P o 5+ '.‘ oy et 3 oToryn o Sl sams oty e R > ) -.‘ s "
elorcerznt o raliztion Standards througl i:s licenaing cuthovier .
Y

There are no criteria for Or constraints on "ganerally, Grpeicatle enviroimantsl
8 zndards” set forth in Reorganization Plan #3 or in its legislative histo

1
-

t

TEZ PROPOSCD STANDARDS: EPA's goal in dcveloping Standards for tle nuclear .
power industry has been to implemant your directive to develop our enargy r
souTces as rapidly as possible ComTensurate with a clecan environment. EPA has
balanced tha short and long-torn cifeces of Planned releases on haalcth & t
tac costs of control and through these standards can assurc, for thogs p
that nuclear power is an eavironmantally 2cceptable means for azhio
encrgy poals. The EPA standards are Propased for publie radiatio
and quantitics of loag-lived radioact ive Baterials in the eavironmne; t
- AllC=licenscd facilities. These kinds of limits are explicitly providey f
tha above authority. The Standurds wore determined to ba reasonable by ¢
sidering both the cost and techaical fOJsihLJLLy of contral techaolozy. CPA
Canaot and should not set standards without sueh consideration for (uvo reasons:
1) hoth agencies agroe that 1t jgq prudent to assuie that there s no threshold
level for radiation ¢ffects in seteing Standards, that is, risk ig proportion-)
to dose 211 the vay doun Lo zers Js . Sivnce theew g RO SHER Fastoad s s b

o

r~
0
-
s

v

EREN

there is no iozical way o St ractation Siaadacds othiar thaan o L.otagn RN e

 BAAR ARNARINA

H

]

' ', | |
Lr‘kl'\, su C/UNUSSUENAG LS

{1
%

-~

e



’
N
. - |
¥ SN " u
°
2
|
- o%-dn - ’ - a L ]
“idAnst conis el control: an 2) thu nnclcar §n RTY 32 ton Jmnertant ta |
won ¥ e, = . . o I :
Bation’s futule power su J Lo Jgnore eest and Leehaology conuideration

Sirse efiflusnrs eatrols, and their costs differ for d...c.ﬁnL classes of
Sclivaty, LPA's properad standards hweesseridy vary for different cln*;~: in
the fucl eysle. YHouever. the standards go not reenire the ase of specific
conlreol nochapisasg types ol cquipeaut or siting conditiona as is avpued by

R L TR S, w\

AEC. EPA a 2t these are properly fun::xo"' associated wilh feplermenta=
tich of standuris. Tae irplementation and calorcement of thase standards a:
particulnr fiz2ilitics (c.r., dosign, epcratine and monitorin: requiremiats) are
tht tespensiility of ALn, Therefore, CPA doos not balieve that thesc stendards
aflict in any vay with ALC's responzibp pilities, and dual regulation of i

-~ B et L A

Nevartheless, 2UC zrsues that the establiskuant of s standards for difforenm:
classer of activiiy vonstituies un "irplemensatior cnd emferesriont™ fynction
thit onl X% € parices - Yer, i the JLC extablisiios Slandards of 5=
E¥ype proposed & EPA. instead ol EPA, it is nr* clear Junt what the AEC would
be "trplemensiny ans enforeing. ™ Apparently, to aveid this odbjcction ard tra
Y1 - - < -

th CVA not e: ercising the Suthority tra
the ALZC rncn.n_nds that EP,\ sheuld set cobiane

n Reorranizatio i&n 5
Sisruards applicable to the entire uraniun fyuel cvecle. 1t is, tharefore, Ai0
rather than E2\ uhich is sursesting duzl standards for the nuclear potrsy intuze

b, he AZC, net EPA, is S.Zdestiny that the nuelear fusl eycle should ha-
ie: te d

S established by tvo different **o*::;:.

AL D o - A
L)
"
s |
v

Eoth apencins apparentl}y
v

cach clues of sctivicy. T
tions in the nucles:y poewer fuc

thy ru¢c~z ing p occduy ,
EPA icr the oa‘ance of the {vel cyeia,

these standzrds since AiC is develcepin
S standards are compatible with oost of
‘?A stancards and AIC guises conceras ¢

le to ALC. EP. hus u]xcwv} previccod a
celivery of rover dutinz peak derony
sen te justify the nsed for addicion;

. e iR T4isw YA see % s 5 vel ¥ o ¢ y -t -
Opsratisy fiexi 11ty for olad P4Gnls and te Provise @ warsis i the =¥, e
s r i :

N

L]

G g rtius o Tionge for Jarve new plongs. It =hould be astog that
Toroeak R2 afsir "rorpaanis irios Flre £3 230 contrucy to She alile

. e . 'I
TC seor nafration Plan #3 vas signad, ALC rid no standacds

f
oL riecifle eluzses of acLivitee,

ry

Other irnrlications o1 procecding as Proposcd are: 1) control costs to indu

are nigligilile buz the beaclit of havi B3 and vestiug ErA standards, in ter- - )

Fuslic acecptability, could ba lacp:, 2) LPA would ATy cut its chavzse und. v
Reorpaei acion Plan £3 far Voulation as 10 does for ether pollutants and i+
Ende Lo o tehg it L LR S TVE N S TP U T dirverivos of vous TEROnt e

| AL O vapllize the sdy of evessy wliile Preservie: a olean eavic.. o .




PRMITVICAL Do IoATIoNS or ST TROCTEDITS A% porvy 3l tl Pandar

00U irhnid 38 projorent 1) Ui maclers GREEEY wonfd be nubis clsd to I
Guceit vinty of ERNMSENLS Vaeh or what nianearily ] eizht = (it ]
and wouid also have to wait for complelion of the lenthy ARC [aneerses &
issuing five separate new res nlatory cuides {or il balaace of fle fuel o
2) L¥YA can anticipate incroeased pressure to establ il city liar srandard:
other leos satisiactory suthorities. L¥a has already been ehallenged i «
on iL: fajlure Le control r:dI:1:;ivc effluents vudcr the 19772 Paler Act:

to set ar
euvircimental credibilisy,

3) ANC's propesal

ardize ¥PA's (74D B)

ALTERATIVES Fou JURISDICTION L

SESOLUTION OF

Lient standarde only ic

COVLICT

vnvorkable and would ji

o @ 1. -~ men oty . . - 2 %0 " g o S Py o Ay
A. “Jesoz the stoudards as prosssed, Folloving nor~zl interagans
-l :
of toehnieal iccuze.
This would vesalve the feeve in fevor of 208, Imale~cntation ap fndivie
facilitieos er sites: specification of c*cra:xag procecures, moui

Teportiug rcqumrez_ats, aad
in ALC.

B. o"'JL:'!:.:_':’s—? ey :"Jn to telcl o &'./ UL’“M."?S to f'/.,
teom cf AZC T cvier o fecilitate zrp;nh smigiion
- -

< ZoLAn JAayws] re -~ T 72
JC.-vv»-v - D R Ve 0“ 0 -

Lw-o*ce':n' of these srindards voulg

.Or‘.. an

be wveste

P -
eergreed

~
2

-, e | P

4 O EO8CLY L PoLatowm

- . » 7
£ P A SR 2 rreie -
O' Veowrnfledic budilicas

d give ihe AEC rreater flexibil ity in estoNiiehl
at purilculay facilicies. It +wil) aiso Berndt ALC to {no. 3
Ability in applring FPA's standarls to TEoroors vicen, in &0 -
is required to assure that tie AEC's concerns aboaut ¢rorati 2
alleged conflicis vwith Appendix I be satisfied. This altarustive Joes, b
take the LPA stinlavds less firs, althougl: EPA would izsue upper ligive.

O NDATIOS

LI I

2) Alternative L. EPA belicves that
be rzt virtiout tis nced for additionnl overatirs
for power enersencies presentliy provided in EVA's
stapdirss are entirely within LPN 5 aulherity, wer
ctional approach aveilahle, can b2 uar by industr

would be beneficicl

.

anprove

its

proposed

lexibility bevond tha we
saido ., The prepese
e goveleped uring the =

) cisr=0l 19(‘55\51\' and

to the rapid develepzcat of nuclear puver.

Dig:poreve




s . UNITED STATES £
- —
" a0 v

Dzar Mp. Fairb:nks:

wi
th

In éCcordance

onda nemaly

1y

of J
Presider: en

CRRAY

¥
LICRN S

<
1. 207 3
b Eraniyn Cy

s ek
13 Gl

C re

Consistens
issue first, ane t
issuz s settled, wa h
nunbars should ba, exa

énd similap v2cthnical

notics of Pregosas »
With ths "qua7i:y of 1
You alse hava 2er!

resoonse to those com-

I feel hat tech
by PUrsUing ne ~ma) pro
reviey,

Mr.
Room

£

Y to set ¢

+
tec!
p—

MENTAL PROTEC
VASHINGTON. D ¢ 20180

NV RO™

TION

th the agresrment reachad 2« oy
&t both AZC and EPA sheuly ads
e subject of REC's cbjection +
tencdards for the ac+
cle, 1 transmit herewith the r
th2 decision t0 address the ju
Sirva technical Tssues unti) t
2v2 avoidad dz2ling yith what
Ctiy whzt sors of timetables a
155uss., Va have 2lrzady provi
2king ‘that W& prorcse to pu
fe" me=orancunm describing the

cal comments 07 the propos

ents.

ar
-
t

-

ical fssyss Can and should be
Cedures, 2lready establiskad,

SipceféT}}yours.
2 f

1
id)
L. Train
Admini%trator

AGE

\7Cl\:CY

THe 40‘4‘!-'57’{'176?!

r meeting

ress memoranda

0 EPA's ex-
ivitizg Comorigp4
2quirecd Rererandum

risdictional
h2 jurisdic:ion:?
the preciss

ré aooropriata
¢ed you yiith the
2Tish, to sther
proposal.

al and oyr
resolved

for interagency




TAB VA"

Language Relative to EPA Envirormental Radi

(&)
e
[
o
o J
w
T
£
= |
g‘..
=)
1
(&9
s |
©
r
v
Q
s |
-~
et

1. Reorpganization Plan No. 3 of 1970.

"There are hereby transferred to the Admimistrator: .o

6) The functions of the Atomic Energy Commission under the Atomic
Energy Act of 1954, as amended, administercd threcugh it
Divisicn of Rzdiztion Protection Standards, to the extent that
such functiéns of tha Cormissicn consist of establishing
generally applicable environmental standards for the protectien
of the general environment froz radioactive =aterial, As used
herein, standards mean limite en radiation expocures or levels,
Or concentrations or quantities of radiocacrive caterial, in the
general envircnzent outside the boundaries of locations under
the contrel of persons possessing or using radicactive material."

7) "“All functions of the Federal Radiation Counecil (42 vU.S.C.

2021(h)),"
2. The Messace 0f the President Relative to _Reorpanization Plarm Mae, 3
and 4 of 1970, July S, 187Q.

"Envirormental rediation standards programs., -- The Atomic
Comzission is now responsible for establishing envirencenta
standards and emission limics for radicactivity. Those standar
have been based largely on broad guidelines reccmmended by the
Federal Radiation Council. The Atozic Energy Cozmission's authority
to set standards for the protection of the general environzent from
radicactive material would be transferred to the Envircenmental Pro-
tection Agency. The functions of the Federal Padiation Council
would also be transferred. AEC would retain responsibility for the
implementation and enforcement of radiation standards through its

licensing authority."

3. AEC Tederal Pepister Notice Provosine Annendix I Reactor Cuidelines.

"EPA has under consideration generally applicable environmental
standards for these types of power reactors. AEC has consulted EPA
in the development of the guicdec on design objectives and limiting
conditions for operation set forth below to control radiocactivity

in effluent releases. If the design objectives and operating limits
established herein should prove to be incozpatible with any generally
epplicable envircnmental standard hereafter established by EPA, the
AEC will modify these objectives and limits as necessary."
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These estimates would undoubtedly bc used b
in evaluating ALC standards or guldcs f
is gained and duplication is increased if
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EPA RCSPONSE TO ARGUMENTS STATED IN AEC DRAFT PAPER

ucle:r safety, t is not at issue in the current controversy.
The prodcsed stendards relate entirely to what cegree of contregl
sheuld be exercised cver chronic emissions.

EPA bhas lmss ccrpetence thon the AEC with respect to radiocactive

ettin.rts. FAEC = Flajor expertise 18 1n aregs of designing and

enginzering plants themselves, which EPA does not duplicate nor

does it need to for setting environmental standards. EPA has as
much if not more expartise on effluent control technology which is
usually separate (as it is in most incustries) from tha plants
themselves, This knowledse plus envircnmersal anc health ipnact
expertise combine to give EPZ sufficient expertise to set environ-
mentil protecticn standards for radiatica. Further, BZC continves
to operate on 2 case-by-casv basis which does not control the
overz!l long-term health cormitments of total releases of long-term
nuclides. In all events EPA would work closely with ACC and draw
upen its areas of special competence in the setting of standards.

Needless and waciafyl dunlication of effort. The work and effort
on Agcendix I and on the FUT, standaras 1S alreacy spent, and cannot
be retrieved. Both standards (EPA) and desicn and cperating cuides
(AZC) are needed. Both stops should be carried forward. The work
of both agencies should be made availatle for the benefit of the
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