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BEFORE THE U.S. NUCLEAR REGULATORY COMMISSION

PETITION BY UNION CARBIDE CORPORATION FOR PUBLIC RULE-MAKING

IN RE AMENDMENT OF CRITERIA 1, 5, 6, AND 10 OF APPENDIX A OF 10
C.F.R. PART 40

Union Carbide Corporation ("Union Carbide®™) respectfully
petitions the U.S. Nuclear Regulatory Commission ("NRC") to
reconsider and revise Criteria 1, 5, 6, and 10 of Appendix A to 10
C.F.R. Part 40 (1981) on the basis of new information not available
to the NRC when it promulgated these regulations on October 3, 1980

(45 Fed. Reg. 65531 et seg.).

I. INTEREST OF THE PETITIONER

Union Carbide is a New York corporation engaged in uranium
exploration, milling and mining. It operates a uranium and vanadium
milling facility at Uravan, Colorado and uranium milling facilities
in Maybell, Colorado and Gas Hills, Wyoming.

The Colorado Department of Health ("CDH") is the licensing
authority for the possession and use of source material for uranium
milling and byproduct material in that state pursuant to an
agreement entered into in 1968, and recently amended on May 10,
1982, under section 274 of the Atomic Energy Act of 1954, as
amended ("AEA of 1954").1 Union Carbide's Uravan uranium and

vanadium milling facility is operated under a valid radioactive

1 42 v.s.c. §2021



materials license designated SUA-673.2 Its Maybell uranium
milling facility is operated under a valid radioactive materials
license designated 660-018.3

In Wyoming, the NRC remains the licensing authority for the
possession and use of source material for uranium milling and
byproduct material, since Wyoming has not entered into an agreement
with the NRC under section 274 of the AEA of 1954. Union Carbide's
Gas Hills facility is, and has been, operated since 1960 under a
valid radioactive materials license, desigiated SUA-648, issued
originally by the Atomic Energy Commission ("AEC"), now the NRC.

The May 1982 amendment to the 1968 agreement between the CDH and
the AEC came about as a result of the enactment of the Uranium Mill
Tailings Radiation Control Act of 1978 ('UMTRCA')‘ which added a
new definition of "byproduct material®™ to the AEA of 1954.

"Byproduct material®™ was defined as the "tailings or wastes produced

by the extraction or concentration of uranium or thorium from any

2 The Uravan milling facility has been in existence since 1915.
Union Carbide has operated it as a uranium and vanadium facility
since 1957. 1Its original radioactive materials license was issued
by the Atomic Energy Commission ("AEC").

3 The Maybell facility has been in existence since 1957 and has
been operated by Union Carbide since that date, although not
continously. Under its original license, issued by the AEC,
conventional uranium milling operations were followed. Since 1976,
a less convential uranium recovery process, i.e., heap leaching of
low-grade uranium ores, has been authorized under its radioactive
materials license.

& Pub. L. No. 95-604, 92 Stat. 3021-3043 (1978).



"5 In

ore processed primarily for its source material content.
order to be authorized to control the licensing and regulation of
such byproduct material, the CDH amended its radiation control

regulations and requested the NRC to approve an amendment to the

1968 agreement.
The NRC approved the amendment to its agreement with Colorado
because it determined that the State had adopted standards for the
protection of public health, safety and the environment from
radiation hazards associated with uranium mill byproduct material

which meet the minimum standar656 in Appendix A of 10 C.F.R. 40

established by the NRC pursuant to UMTRCA. Thus, Union Carbide's
Uravan and Maybell uranium milling facilities must comply, at a
minimum, with the ' RC's national standards, even though the
standards are imposed by CDH as the licensing authority in Colorado.
In Wyoming, since the NRC remains the regulatory agency for
control of source and byproduct material, the standards in Appendix
A for control of uranium mill tailings or waste are directly imposed

upon Union Carbide's Gas Hills facility by the federal agency.

5 gection lle. of the AEA of 1954, 42 U.S.C. .. ., as amended by
Section 201 of UMTRCA, Pub. L. 95-604, §201, 92 Stat. 3033 (i978).

6 NRC regulations require that, "after November 8, 1981, in the
licensing and regulation of byproduct material...or of any activity
which results in the production of such byproduct material, an
Agreement State shall require...compliance with standards which
shall be adopted by the Agreement State...which are equivalent, to
the extent practicable, or more stringent than, standards in
Appendix A of 10 C.F.R. 40." 10 C.F.R. 150.31(b) (1981). As
interpreted by the NRC (e.g., see letter of February 20, 1981 from
John F. Ahearne, Chairman of the NRC to Governor Lamm of Colorado),
NRC regulations constitute "minimum national standards.”



10 C.F.R. 2.801 states that rulemaking may be initiated on the
petition of "any ....interested person." As a member of the uranium
mining and milling industry directly (i.e., in Wyoming) and
indirectly (i.e., in Colorado) subject to the NRC requirements
contained in Appendix A, Unioﬂ;Carbide qualifies as an "interested

person."

II. REGULATION TO BE AMENDED

Union Carbide requests that Criteria i, 5, 6, and 10 of
Appendix A to 10 C.F.R. Part 40 be amended.

As a licensee of the NRC and an Agreement State,7 Union
Carbide amust adhere to the criteria relating to the operation of
uranium mills and the disposition of tailings or waste resulting
from cuch milling activities contained in Appendix A (see 10 C.F.R.
40.31(h) and 10 C.F.R. 150.31).

It is Union Carbide's contention that compliance with amendments
it proposes will protect public health, safety and the environment
from radiation hazards associated with uranium milling byproduct
material while significantly reducing Union Carbide's costs of
compliance at its Uravan, Maybell, and Gas Hills mills.

III. PROPOSED LANGUAGE CHANGES AND SUPPORTING STATEMENTS
Criterion 1

Union Carbide proposes that the long-term isolation of tailings

7 "agreement State"™ means any state with which the NRC or the
Atomic Energy Commission has entered into an effective agreement
under subsection 274b of the AEA of 1954. For example, Colorado is
an Agreement State.



and associated contaminants be defined as a 100-200 year period
rather than a "thousands of years" period. Accordingly, Union
Carbide proposes that this criterion read as follows:

In selecting among alternative tailings disposal sites or
judging the adequacy of existing tailings sites, the following site
features, which will determine the extent to which a program meets
the broad objective of isolating the tailings and associated
contaminants from man and the environment during operations and for
100-200 years thereafter without ongoing active maintenance, shall
be evaluated . . .

Testimony presented to the NRC during its consideration of mill
tailings regulations, as well as before the CDH and the
Environmental Improvement Poard of the State of New Mexico in
connection with their proposed regulations modelled on the NRC's
uranium mill licensing reguirements indicated that:

1. The selection of a "thousands of years"™ period is
unreasonable; -

b I Technology does not not exist to assure isolation of tailing
for thousands of years;

3. Such requirement is both costly and speculative;

4. It is difficult, if not impossible, to design a reclamation
plan for a tailings pile that will withstand erosion over a
"thousands of years" period, a period of time for which
meteorological data is nonexistent.

S Tailings disposal should be based on a realistic period of
time, such as 100-200 years;

6. Criterion 11, which requires ultimate federal or state

title to, and control over, byproduct material and the land on which

it is disposed, should be used as thc desirable supplementary



measure it was intended to be. The "thousands of years" requirement
tends to relieve the government of any responsibility for ultimate
control; and

p Finally, should an unexpected event occur which damages the
cover, the funds required by Criterion 10 for long-term surveillance
and control will be avallable to pPay for any necessary repair.a

Additional testimony to the same effect was presented to the
U.S. Environmental Protection Agency ("EPA") in response to its
proposed disposal and cleanup standards for inactive uranium
processing sites (46 Fed. Reg. 2556, January 9, 1981) and in
hearings before the Procurement and Military Nuclear Systems
Subcommittee of the Committee on Armed Services on June 24 and
25, 1981.°

Union Carbide therefore requests that the NRC reconsider its
decision with regard to long-term isolation of tailings ana

determine that a 100-200 year period is sufficient and in accord

with the requirements of UMTRCA.

8 See comments by the American Mining Congress on the Draft
Generic Environmental Impact Statement ("GEIS™) on Uranium Milling
(NUREG-0511) and on the Proposed Regulations on Criteria Relating to
Uranium Mill Tailings and Construction of Major Plants, datea
October 24, 1979; testimony of Dr. Robley Evans on June 11, 1981,
before the Environmental Improvement Board of the State of New
Mexico; comments of the Colorado Mining Association on the Colorado
Department of Health's proposed revisions to its radiation
regulations, dated June 5, 1981, June 17, 1981 and June 29, 1981;
comments of the Uranium Environmental Subcommittee of the New
Mexico Mining Association and Kerr-McGee Nuclear Corporation on
proposed amendments to New Mexico's Radiation Protection
Regulations, dated August 7, 1981.



Criterion 5

Union Carbide proposes that this criterion relating to
groundwater restoration be revised. Union Carbide requests that the
following sentences be deleted:

Where groundwater impacts‘’are occurring at an existing site due
to seepage, action shall be taken to alleviate conditions that lead
to excessive seepage impacts and restore groundwater gquality to its
potential use before milling operations began to the maximum extent
practicable. The specific seepage control and groundwater
protection method, or combination of methods, to be used shall be
worked out on a site-specific basis.

In their place, Union Carbide proposes the following:

Where excessive groundwater contamination that may cause present
and future harm to human health and the environment is occurring at
an existing site due to seepage of radioisotopes and other toxic
materials into groundwater, corrective action shall be taken to
clean up groundwater and alleviate conditions that may lead to such
contamination to the maximum extent practicable. The specific
seepage control and groundwater protection method or combination of
methods to be used shall be worked out on a site-specific basis. 1In
evaluating the method(s) to be used, consideration should be given
to the current use of the groundwater, naturally-occurring
characteristics of the groundwa:er, potential use of the groundwater
based on needs of the community, size of the aquifer, and
availability of other drinking water sources, and the practicability
of restoration. In determining potential use of groundwater, any
applicable state aquifer designation, water quality standard or
water quality criteria shall be considered.

As presently written, Criterion 5 attempts to distinguish

existing from new sources. For new sources, seepage may not result

9 see comments of Dr. Robley Evans to EPA, dated May 27, 1981,

EPA Docket No. A-79-25; testimony of Robert G. Beverly, Director,
Environmental [Affairs), Mining and Metals Division, Union Carbide
Corporation on behalf of the American Mining Congress on EPA's
Proposed Disposal and Clean-up Standards for Inactive Uranium
Processing Sites, dated May 14, 1981; "Uranium Ore Residues:
Potential Hazards and Disposition,®” Ninety-Seventh Congress, lst
Session, Hearings Before the Procurement and Military Nuclear
Systems Subcommittee of the Committee on Armed Services, June 24 and
25, 1981, H.A.S.C. No. 97-14.



in deterioration of existing groundwater supplies "from their
current or potential uses"™ and technical alternatives are provided
to assure that such deterioration does not occur. For existing
sites, if groundwater impacts occur because of seepage, Criterion 5
requires that groundwater qudlity must be restored to its "potential
use before milling operations began to the maximum extent
practicable.® Site-specific seepage control and groundwater
protection methods are to be developed, but no guidance is given
concerning the standards to be used in developing such site-specific
programs. As a result. the distinction between groundwater control
methods for new and existing sources is more apparent than real.
Union Carbide's proposed language is intended to provide the missing

guidance for existing sources.

Criterion 6

Union Carbide proposes deletion of Criterion 6, whicn regulires a
three meter cover over tailings or wastes to result in a calculated
reduction in surface exhalation of radon emanating from the tailings
or wastes to less than two picocuries per square meter per second.
In 1ts place, Union Carbide proposes the following:

This criterion addresses tailings cover reqguirements and
radiation control. Earth cover shall be placed over tailings or
waste at the end of mill'ng operations to prevent erosion over
100-200 years. A site-specific geo-technical evaluation shall be
made to determine cover design reguirements. Tne evaluation shall
take into consideration climatic conditions and surface hydrology.
The cover shall be designed to result in a calculated reduction in
radon emanation from the covered tailings or waste areas to assure
that concentrations of radon and other radicactive material
concentrations beyond a small buffer zone of approximately 500 feet
established around the covered areas do not exceed limits specitied
in Appendix B, Table II of 10 C.F.R. Part 20, excluding backyround.
Habitable structures within the buffer zone shall be prohibited. It



non-soil materials are proposed to be used for cover material, it
must be demonstrated that such materials will not crack or degrade
by differential settlement, .eathering or other mechanism over
100-200 years.

It is the objective of the NRC regulations to stabilize and
control mill tailings in a safe and environmentally sound manner in
order to minimize or eliminate radiation health hazards to the
public. Union Carbide proposes deletion of a radon flux standard
because radon flux from tailing piles has no direct health-related

10

significance. The health concern is radon daughter

concentrations within inhabited buildings near tailings piles.11
A cover designed in accordance with Union Carbide's proposal will
reduce the radon emanation rate and, in turn, the potential for
radon daughter build-up in nearby buildings. The buffer zone
immediately around the covered tailings or waste piles within which
habitable struciures are probibited will further contribute to
protection of people from any dangers associated with tailings.
This protection will continue with governmental ownership of the
covered tailings piles and buffer zone after completion of a
licensee's remedial action program.

Union Carbide proposes that, beyond a small buffer zone, the

concentration limits for radon and other radioactive materials

specified in Appendix B, Table II of 10 C.F.R. Part 20 should be

10 gee Footnotes 7 and 8, supra.

11 see Kerr-McGee Nuclear Corporation v. Nuclear Regulatory
Commission, No. 80-2043 and consolidated cases, slip. op. at 34
(10th Cir., March 17, 1982) and Petition for Rehearing for
Appellant American Mining Congress at 8, (10th Cir., 1982).




used as the standard which a site-specific cover design must meet
since these limits have already been recognized by the NRC as the
standard which protects against potential radiation hazards
resulting from licensed NRC activities.

Union Carbide's proposal, deletes the requirement that direct
gamma exposure from tailings or wastes be reducea to background
levels. External gamma radiation originates almost entirely from

the outer one foot ot tailings12

and will be easily snielded by an
earth cover designed in accordance with the above proposal.

The present NRC prohibition on the use of mine waste or rock
that contains elevated levels c¢f radium in the earth cover is also
excluded from Union Carbide's proposal. 1If Union Carbide's changes
to Criterion 6 are accepted, the material to be used as cover will
be one among many considerations evaluated in aetermining cover
design requirements.

Union Carbide bases its request to change Criterion 6 on tne
documents cited in its discussion of proposed changes to

13

Criterion 1, above ~., 1In addition, Union Carbide reguests that

the June 30, 1982 Commingled Ta.lings Study prepared by the U.S,

Department ot Energy ("DOE") be considered by the NRC in response to
this request to revise Criterion 6.
Criterion 6 1s based on perceived risks to the public from

exposure to mill tailings. As pointed out in the DOE Commingled

12 gee comments of Dr. Robley Evans to EPA, datea May 27, 1981,
EPA Docket No. A-79-25.

13 gee pages 5 and 6 and Footnotes 8 and 9, supra.
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Tailings Study, in testimony before Congress, and in comments to the

EPA, health risks to the public from exposure to radium and radon
from uranium mill tailings should be compared with risks from
exposure to other natural sources of radium, radon and‘their
daughters as well as to other ¥isks commonly accepted by the
publicl‘. If such comparisons are made, it is clear that the
health risks to the public associated with uranium mill tailings
have been greatly overestimated.15
Union Carbide requests that Criterion 6 be revised so that
cost-effective remedial actions are based on a realistic assessment
of the health hazard to the public which uranium mill tailings may
pose. Union Carbide believes that its proposal will insure that
mill tailings are controlled in a safe manner and that people and

the environment are protected from radiation hazards associated with

tailings disposal.

Criterion 10

Criterion 10 imposes on each mill operator a charge to cover the
cost of long-term surveillance. The total charge must be such that
"with an assumed 1 per cent annual real interest rate, the collected
funds will yield interest in an amount sufficient to cover the
annual costs of site surveillance."

Union Carbide proposes that an assumed .2 percent annual real

14 see Footnote 9, supra.

15 see petition for Rehearing of Appellant American Mining
Congress, American Mining Congress v. Nuclear Regqulatory Commission,
No. 80-2271 (10th Cir. 1982).
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interest rate be used instead of a 1 per cent annual real interest
rate.

Comments provided to the Colorado Department of Health by the
Colorado Mining Associationl6 in connection with its proposed
radiation regulations indicated that "a 2% annual real interest rate
is a more accurate reflection of the historic earning power of
investments.'17

Union Carbide therefore requests that the more accurate

percentage spread between inflation and interest rates be used.

IV. GROUNDS FOR REQUESTED ACTION

Specific statements in support of Union Carbide's proposed
changes have been provided in Part III of this Petition. This Part
summarizes, in a more general way, the grounds on which Union
Carbide bases its request for changes to Criteria 1, 5, 6, and 10 of
Appendix A.

l. As authorized and required by UMTRCA, the NRC adopted its
uranium milling and mill tailings regulations on October 3,

1980.18

These regulations include Appendix A. As its
introduction makes clear, the Appendix "establishes technical,
financial, ownership, and long-term site surveillance criteria

relating to the siting, operation, decontamination, decommissioning,

16 comments of June 5, 1981 and June 17, 1981.
17 comments of June 5, 1982, page 8.

18 45 Fed. Reg. 65531.
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and reclamation of [uranium or thoriam] mills and tailings or waste
systems and sites at which such mills and systems are located."

2. In order for Agreement States, that had previously assumed
authority for regulation of the possession and use of sburce
material in conjunction with uranium or thorium milling pursuant to

19 to be authorized to continue the

Section 274 of the AEA of 1954,
licensing and regulation of mill tailings (now that UMTRCA had given
jurisdiction to the NRC), the NRC's 1980 regulations regquired
Agreement States, in turn, to reciire compliance by their licensees
with the requirements of Appendix A of 10 CFR 40.20

3. Colorado and New Mexico (Agreement States) held public
hearings on June 17, 1981 and June 11-13, 1981, respeciively, and
soiicited public comments as part of their own rule-making
procedures so that they could adopt regulatory programs "equivalent,
to the extent practicable, or more st:ingent than, standards in

21 As a result, additional testimony and

Appendix A of 10 CFR 40.
evidence have been elicited which were not available to the NRC in
the consideration of its own regulations. Union Carbide requests
that the NRC reconsider ‘ts regulatory program in light of the
following documents, which are attached to and incorporated by

reference into, this petition:

a. Colorado Mining Association comments on the Colorado

19 42 vu.s.c. s§2022.
20 gee 10 C.F.R. 1%0.31 (1981).

21 14,
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Department of Health's proposed revisions to its radiation control
regulaticns, dated June 5, June 17, and Jure 29, 1981.

b. Commen-s of the Uranium Environmental Subcommittee of
the New Mexico Mining Association and Kerr-McGee Nuclear Corporation
on amendments to New Me;ico'n tadiation protection regulations,
dated August 7, 198l.

Ce Testimony of Dr. Robley D. Evans before the New Mexico
Environmental Improvement Board on proposed amendments to New
Mexico's radiation protection regulations, dated June 11, 198l.

d. Analysis, including revised language, of the eleven
criteria proposed to be added to New Mexico's Radiation Protection
Regulatijons by the State's Environmental Improvement Division, dated

August S 1981.

5. In addition to comments prepared in response to rule-making
by Agreement States, more recent comments on mill tailings
regulations have been presented to the EPA in response to its
proposed standard for inactive uranium processing sites. Testimony
on NRC's mill tailings regulations were the focus of a House
Subcommittee hearing in 1981 and, most recently, this past August,
after completion by the DOE of its report on the clean-up and cost
of commingled tailings sites. Union Carbide requests that the NRC
reconsider its regulatory program in light of the fcllow
documents which are attached to (unless otherwise specified), and
incorporated by reference into, this petition:

a. Comments of Dr. Robley D. Evans to EPA, dated May 27,

1981, EPA Docket No. A-79-25;

- 14 -



b. Testimony of Warren K. Sinclair, President, National
Council on Radiation Protection and Measurements, before the
Procurement and Military Nuclear Systems Subcommittee of the
Committee on Armed Services ("House Subcommittee®), 97th Congress,
2nd Session, August 18, 1982. g

Ce. Testimony of Alphonso A. Topp, Jr., Chief, Radiation
Protection Bureau, Environmental Improvement Division, Health and
Environment Department, State of New Mexico, before the House
Subcommittee, 97th Congress, 2nd Session, August 18, 1982.

d. Commingled Tailings Study, dated June 30, 1982,

prepared by the U.S. Department of Energy (not attached).

e. Uranium Ore Residues: Potential Hazards and

Disposition, 97th Congress, lst Session, Hearings before the House

Subcommittee, June 24 and 25, 1981, H.A.S.C. No. 97-14 (not
attached) ;

£. Testimony of Robert G. Beverly, Director,
Environmental [Affairs]), Mining and Metals Division, Union Carbide
Corporation on behalf of the American Mining Congress on the EPA's
Proposed Disposal and Clean-up Standards for Inactive Uranium
Processing Sites, dated May 14, 1981;

g. Testimony of George B. Rice, Vice-President,
Kerr-McGee Corporation, on behalf of the American Mining Congress
before the House Subcommittee, 97th Congress, 2nd Session, August

18, 1982.

6. The NRC regulations are based, in large measure, on the

Final Generic Environmental Impact Statement on Uranium Milling

("Final GEIS"), NUREG - 0706. The Final GEIS contains estimates on

-15-



the number of uranium mills and the amount of mill tailings to be
generated through the year 2000. These figures are inaccurate. A
DOE mid-range projection of 180 gigawatts ot increasea nuclear
generating capacity by the year 2000 was used in the 1980 Final GEIS
to estimate U.S. uranium production necessary to meet estimated
nuclear fuel needs through the year 2000. Since the Final GEIS was
written, DOE projections have changed - downward. The March, 1982
report of DOE's Energy Information Service estimates that the
gigawatts of nuclear power to be generated will be within the low
range of 145 and the high range of 185. Because of additional
cancellations and deferments of nuclear power plants since the
information for that report was compiled, Union Carbide believes
that DOE's low-range (l145) is a more accurate replacement of the
mid-range projection of 180 used in Final GEIS.

To generate 145 gigawatts of power, approximately 405,000 metric
tons of U0, in yellowcake will be required by the year 2000.

38
However, not all the U o8 will be produced in the _ S.

3
Concomitantly, no£ all the tailings will accumulate in the U.S.
Imports accounted for approximately 10% of the enrichment feed

for nuclear power plants in 198l. U.S. uranium enrichment policies
are encouraging an increase in imports, and imports are indeed
rising. Union Carbide estimates that net uranium imports will
account for at least 20% of the U308 used in commercial rcactors

in the U.S. between 1979 and 2000 and that this fact should be

considered by the NRC in estimating the accumulation of tailings

- 16 -



between 1979 and 2000.22 I1f so, the amount of uranium produced in
the U.S. will be approximately 324,000 metric tons (B0% of 405,000
metric tons of 0308 needed). Given the estimate in the Final
GEIS that 77% of all uranium will be produced by conventional
milling, then future U.S. nuclear energy requirements served by such
milling will result in the production in the U.S., of about 250,000
metric tons of 0308' versus the Final GEIS estimate of 440,000
metric tons.

Because the estimates on the amount of 030a in the Final
GEIS appear to be almost 1.8 times greater than present assessments
indi-ate, the estimates of the amount of the mill tailings would
also appear to be similarly overstated. Thus, the health effects
attributable to uranium mill tailings, which are based in part on
projected amounts of tailings, are also not accurate; they are
over-estimated. Union Carbide requests t*=t the NRC reconsider the

health effect data on which is based its regulations in light of the

significant change to domestic mill tailing projections.

7. The Final GEIS also fails to use the best available
information on dose-response models, risk estimates and carcinogenic
co-factors to calculate the benefits of radon emission controls and
ignores the observed distribution of radon. 1Its cost estimates are
also not accurate. Information on these points is provided in

documents referenced in paragraphs 4 and 5, above.

22 The effects of net uranium import-export balances were not
included in the uranium demand projections in the Final GEIS. See
3-10.
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These matters have also been brought to the NRC's attention in
comments submitted by the American Mining Congress, among others, on
the Final GEIS and proposed mill tailings regulations, in briefs
filed by industry petitioners for review of the NRC's uranium mill

licensing regulations in Kerr-sMcGee Nuclear Corporation v. Nuclear

Regulatory Commission and consolidated cases (10th Cir.) and, most

recently, in petitions for reconsideration filed by industry

petitionezs.23

Union Carbide reqguests that the NRC reconsider its
regulatory program in light of these documents.

8. Finally, the Introduction to Appendix A of 10 C.F.R. Part
40 states that "in many cases, flexibility is provided in the
criteria to allow achieving an optimum tailings dispocal program on
a site-specific basis." Given the language of the criteria which
follow, the site-specific flexibility promised by this sentence is
not provided.

For the reasons enumerated in Parts I through IV above, Union
Carbide requests that Criteria 1, 5, 6, and 10 of Appendix A of 10
C.F.R. Part 40 L~ reconsidered and revised.

Respectfully submitted,
UNION CARBIDE CORPQBATION
By (sl lio L) Loisck

Carol L. Dudnick

Law Department

Union Carbide Corporation
0ld Ridgebury Road

Danbury, Connecticut 06817
(203) 794-6233

23 see in particular, Petition for Rehearing for Appellant
American Mining Congress, in American Mining Congr:ss, v. Nuclear
Regulatory Commission, No. B0-2271, at 8 (10th Cit., 1982).
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APPENDIX A

TABLE OF DOCUMENTS1

1. Comments of the American Mining Congress ("AMC") on Draft GEIS
on Uranium Milling (NUREG-0511) and on the Proposed Regulations
on Criteria Relating to Uranium Mill Tailings and Construction
of Major Plants, U.S. Nuclear Regulatory Commission ("NRC"),
October 24, 1979.*

2. Final Generic Environmental Impact Statement on Uranium Milling
("GEIS"), NUREG-0706, NRC, September, 1980.*

3. Letter of February 20, 1981 from John F. Ahearne, Chairman of
the NRC to Governor Lamm of Colorado.*

4. Comments of Dr. Robley D. Evans to the U.S. Environmental
Protection Agency ("EPA") on Proposed Disposal and Clean-up
Standards for Inactive Uranium Processing Sites, May 27, 1981,
EPA Docket No. A-79-25.

5. Testimony of Robert G. Beverly, Director, Environmental
[Affairs]), Mining and Metals Division, Union Carbide Corporation
on behalf of the AMC on EPA's Proposed Disposal and Clean-up
Standards for Inactive Uranium Processing Sites, May 14, 1981,
EPA Docket No. A-79-25.

6. Transcript of Testimony of Dr. Robley D. Evans on June 11, 1981
before the Environmental Improvement Board of the State of New
Mexico.

7. Comments of the Colorado Mining Association on the Colorado
Department of Health's proposed revisions to its Radiation
Control Regulation, June 5, 1981, June 17, 1981, and June 29,
1981.

8. Uranium Ore Residues: Potential Hazards and Disposition, 97th
Congress, lst Session, Hearings before the Procurement and
Military Nuclear Systems Subcommittee of the Committee on Armed
Services ("House Subcommittee"™), June 24 and 25, 1981, H.A.S.C.
No. 97-14.*

9. Comments of the Uranium Environmental Subcommittee of the New
Mexico Mining Association and Kerr-McGee Nuclear Corporation on
proposed amendments to New Mexico's Radiation Protection
Regulations, August 7, 1981.

IDocuments not attached are marked with an asterisk. These
documents are public records which should be within the NRC's
possession.



10.

11.

12.

13,

14.

15.

16.

Analysis, including revised language, of the eleven criteria
proposed to be added to New Mexico's Radiation Protection
Regulations by the State's Environmental Improvement Division,
August 5, 198l.

Industry Petitioners' petitions and briefs for review of NRC's

regulations governing licensing of uranium mills and uranium

mill tailings in Kerr-McGee Nuclear Corporation v. Nuclear

g%gu%atory Commission, No,. 80-2043 and consolidated cases, 10th
Lo

Petition for Rechearing of Appellant American Mining Congress,

American Mining Congress v. Nuclear Requlatory Crmmission, No.
80-2271 (10<h %ir. §§8§).'

Commingled Tailings Study, U.S. Department of Energy, June 30,
1982.*

Testimony of Warren K. Sinclair, President, National Council on
Radiation Protection and Measurements, before the House
Subcommittee, 97th Congress, 2nd Session, August 18, 1982.

Testimony of Alphonso A. Topp, Jr., Chief, Radiation Protection
Bureau, Environmental Improvement Division, Health and
Environment Department, State of New Mexico, before the House
Subcommittee, 97th Congress, 2nd Session, August 18, 1982.

Testimony of George B. Rice, Vice-President, Kerr-McGee
Corporation, on behalf of the AMC before the House Subcommittee,
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Dr. William A. Mills, Director

Criteria and Standards Division (ANR-460)
Office of Radiation Programs

U. S. Environmental Protection Agency
Washington, O. C. 20460

Re: Remedial action for uranium processing sites (40CFR192)

Dear Bill:

Thanks for inviting my comments or several matters involved in EPA's
proposed disposal and cleanup standards for Inactive Uranium Processing Sites
(40CFR192) as published in FR 46, 2556-2563, January 9, 1981, (hereafter
"FR81"), and in the EPA Criteria and Standards Division's Draft EIS for
Remedial Action Standards for Inactive Uranium Processing Sites, EPA 520/4-80-011,
December 1980, (hereafter "DEIS").

I do have several substantive constructive comments and a few minor ones
to share with you.

Recall the remarks made concerning quite different health hazards by a
water resource expert, Johns Hopkins' Professor Abel Wolman, in a 1960 JCAE
hearing:

- "The development of criteria for the protection of health has in-
variably preceded full scientific understanding and acceptance... .
The criteria have been eternally subject to reinterpretation, adjust-
ment, and reframing as newer knowledge and experience were forthcoming."

My feeling is that there is sufficient new knowledge, not yet embodied in the
DEIS or the FR81 to ,ustify substantial adjustment of several of the standards
proposed in FR81, paragraphs 192.12, and Tables A and B.

The Congressional mandate quoted in FR81 that "The Committee does not
want to visit this problem again with additional aid. The remedial action must
be done right the first time." does not commit the EPA to propose standards which
are overly severe in the reduction of radiation levels which are already so Tow
that they are sra’ compared with fluctuations in the natural background radia-
tion. Rather, = Committee could have been asking that the balance be "done
right" between » r.eived risks, benefits, and costs.

The g. ..ng principle probably is that exposures should be kept as Tow as
is reasor b’ nievable, economic and social considerations being taken into

accour.* [ 4 But where man-made exposures are significantly less than the
variations @ natural background that has long been accepted as a normal fact
of life, 'y increased expenditures of money and manpower, and possible serious
harm to .. ., and the general public, in reducing the expcsure further cannot

be just “ed 1 any scientitic basis.
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My constructive comments on 11 topics may be abstracted as follows.
These abstracts are then followed by detailed discussion of each topic. I am
sorry I didn't have time to write a shorter commentary.

ABSTRACT

1. Radon Flux and Dispersion.

Table 4-2 lists theoretical radon decay product working levels (WL)
at distances downwind from a nominal uranium pile whose total annual
radon flux is taken as 10,000 Ci. The slow growth of WL with elapsed
time downwind is not recognized. The tabulated WL values can be con-
verted to intended Rn concentrations vs. distance from the pile.

Carefully measured radon values reported elsewhere for the piles in
Salt Lake City, Grand Junction, Monticello and Durango show that no
radon from these piles can be detected at distances beyond 1/4 to 1/2
mile from the pile. The theoretical values of radon concentration
are found to clearly exceed the true values as measured in the field,
especially within the first mile.

The dispersion model overestimates the radon concentrations, and the
incorrect assumption of 50% decay product equilibrium further enhances
the overestimate of exposure values in WL units. For the important
close-in distances in the vicinity of 0.5 mile or less the combined
overestimate can easily exceed a factor of 10. Therefore all of the
estimates of attributable lung cancer for the "local" (0 to 6 miles),
“regional” (6 to 50 miles), and "national" (beyond 50 miles) popula-
tions become invalid overestimates.

Those estimates totalled only 2 premature deaths per year from lung
cancer attributable to radon released from all the 22 inactive uranium
tailings piles without remedial action. This is to be compared with
the death rate of 92,000 per year from lung cancer.

2. Radon Flux: Natural and Man-Made.

In round numbers, the average radium concentration of the earth's suf-
face soils and rocks is about 1 pCi Ra/gram, or 2 Ci of Ra and 6 tons

of uranium per square mile to a depth of 1 foot. This radium is a

sourcs which supplies atmospheric radon at a rate of about 1 pCi Rn/
meter< . sec. Good grade uranium tailings piles, if dry and unstabilized,
have a nominal flux of about 640 pCi Rn/meterl . sec. Therefore a

handy rule of thumb is that the annual average radon flux from 1 acre

of tailings is equal to that from 1 square mile of ordinary land,

prairie, back yard, pasture,or desert.

The radon flux varies with rainfall and soil moisture content, freez-
ing and thawing, fluctuations in barometric pressure and surface wind
speed, plowing of fields, growth of crops, and other factors.
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The 1966 to 1976 increase in the water level of the Great Salt Lake
produced a decrease in radon emission in the Salt Lake City area
which was 8 times the radon emission of the Salt Lake City uranium
tailings pile. A change of 2% in the area of inland waters in the
U. S. changes the national radon emission by an amount exceeding
the total radon emission from all inactive uranium tailings piles.

The total radon released from all inactive unstabilized uranium tail-
ing= piles is a minute fraction of the variations produced by meteoro-
logical conditions and agriculture in the total radon released by
natural processes from all land areas. The level of radon-decay-
product exposure from unstabilized uranium tailings piles, at distances
greater than 1/4 to 1/2 mile, is a minute fraction of the range of
fluctuations of the natural background in the area. Under the ALARA
principle no substantial action to reduce the exposure is warranted.

Lung Cancer Risk Factors.

The DEIS gives 4 different values for the lifetime absolute lung
cancer risk factor, ranging from 3.0 to 11.1 per 10,000 person-WLM,
These risk factors derive from unpublished da:a, never given peer
revicw, and relate only to undergrcund uraniur miners. For the low-
level exposure of the general population, not involved in underground
labor, the recently published recommendation by 6 widely recognized
senior specialists from 4 countries should be used. This is a life-
time risk with an upper bound of 1 per 10,000 WLM and with a lower
bound which may include zero.

Adoptlon of 1 x ‘IO'4 per WLM in place of values between 3.0 and 11.]
x 10=% per WIM will reduce all estimated health effects (2 deaths per
year, nationwice) by a factor somewhere between 3 and 10. Standards
which were prepared on the older basis of risk can be relaxed to 3

to 10 times the proposals in FR81. This shift is in addition to, and
in the same direction as, the corrections discussed earlier for radon-
decay-product dispersion patterns.

Working Level and Working Level Months per Year.

The WLM unit of exposure is the product of exposure rate expressed as
the radioactive concentration WL in the inhaled air, and the duration
of the exposure M in units of the nominal 170-hour working month.
Neither WL nor M has anydependence on air density or breathing rate.
Therefore, for an exposure rate of 1 WL, extending uniformly for an
entire year of 8760 hours, the exposure is 1 WL yr = 51.5 WIM. The
relationship 1 WL yr = 27 WIM used in the DEIS on ground of differences
in breathing rates is inaccurate. Differences in breathing rate is just
one of many parameters which enter the estimation of the lung cancer
risk factor for the general population from the basic data on uranium
miners.
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§.

Fractional Occupancy Time.

The conversion factor between WL yr and WLM does depend on the duration

of exposure time M measured in units of 170-hours. If the relevant

exposure rate is in a workplace then the fractional occupancy factor

¥gu1d be 170/730 = 0.23, and 1 WL yr would equal 0.23 (51 WLM/yr) =
WLM. ’

Lifetime exposure in WLM will depend upon a variety of WL exposure
rates experienced for various occupancy times in various work places,
residences, shops, out-of-doors, etc. Regulatory guides on permissible
WL in occupiable structures should recognize that the lifetime weighted
average WL exposure rate is more important than the maximum WL exper-
ienced in a particular home or workplace. An average occupancy factor
in the vicinity of 0.5 or less would seem reasonable. Then the conver-
sion factor 1 WL yr = 27 WLM could be retained on a basis of fractional
occupancy factor.

Indoor Radon Decay Product Concentration Standard.

With newer risk factors and cost effectiveness in view, an action level
of 0.03 WL or 0.04 WL would involve less risk and much less implementa-
tion cost than had been associated with the 0.015 WL proposed in FR81.

Radon Flux from Stabilized Tailings Piles.

No radiobiological justification is known for the proposed radon flux
Timitation of 2 pCi Rn/m¢ . sec. It is unnecessary for "the protection
of the public health, safety, and welfare, and the regulation of inter-
state commerce". Its implementation through massive translocations of
earth and/or tailings would be very expensive, would be inflatiorary to
the economy, and would be hazardous to the health of workers and the
general public.

The mathematical justifications given in FR81 are distinctly inaccurate
and hence the conclusions drawn from them are invalid.

The '~ 'erlying purposes of PL 95-604 with respect to radon flux suppres-
sion would be fulfilled by procedures equivalent to providing a sturdy
ind durable cover of soil and vegetation adequate to prevent erosion

and dispersion of tailings by extremes of weather, including rain, snow,
ice, and windstorms, and by including a small buffer zone without habi-
table buildings in the area under Federal or State custody after comple-
tion of the remedial action program.

Gamma Radiation from Tailings Piles.

The gamma radiation offers no health hazard. Substantially all of the
gamma radiation is self-absorbed within the pile. The external gamma
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radiation originates almost entirely from the outer one foot of tailings.
It is easily absorbed by one or two feet of earth cover.

The attenuation of gamma radiation from the pile by overburden does not
follow an exponential law, as would be the case for a point source.

The concept of half-value-layer is not applicable to extended sources.
Instead, the attenuation can be shown to follow a second-degree exponen-
tial integral. The actual attenuation by only 0.5 meters (20 inches)

of soil is more than 5 times greater than given by the simple exponential
transmission formula used in the DEIS. Some numdrical examples are in-
cluded in the detailed commentary. This bit of radiation physics can be
cg;rected easily in any later version of the EIS. The FR81 is not
affected.

9. Longevity of Disposal Standards.

The FR81 requests "... comments on whether 1000 years is the best choice".
"Disposal" without any form of occasional surveillance is impracticable.
"Management”, not "disposal", is a more realistic plan

Brief consideration of the changes which have + n place in recent cen-
turies, from the Norman Conquest, to the fall . = the Aztec civilfzation,
and the faounding of our Republic, suggest that it is impossible tc pre-

dict even the state of the healing arts 100 years from now.

With Federal or State custody of the stabilized tailings sites planned
under Section 202 of PL 95-604 after remedial action is completed, even
100 to 200 years seems a more than adequate time span.

10. Radium in Soil.

The 5 pCi Ra/g soil standard seems reasonable if it is intended to apply

to cover materials near the surface. But the proposed rule needs to be
clarified on the depth to which the "below 1 foot" ruie applies. If

it is any considerable depth then the radon flux at the surface could be

§ pCi Rn/m¢ - sec, another reason for dropping the 2 pCi Rn/m¢ --sec concept.

11. Radium in Drinking Water.

Based on long-term epidemiological studies and on recent ICRP recommen-
dations on annual limits of intake (ALI), raising the EPA drinking water
standard for Ra-226 and Ra-228 from 5 pCi/liter to at least 30 pCi/liter
can be shown to have a safety factor of at least 3 to 4 orders of magni-
tude with respect to the international radium MPBE standard of 0.1 uCi Ra.
This can be shown without making any assumptions about the shape of the
dose vs. response curve.
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1. RADON FLUX AND DISPERSION

The estimate that without remedial action the radon from all the 22 inactive
uranium tailings piles might cause about 2 premature lung cancer deaths per year
in the nation ?FRB], page 2558, column 1, and DEIS Tables 4-1 plus 4-6) should be
compared with the national lung cancer death rate of 92,000 per year (Am. Cancer
Soc. "Cancer Facts and Figures" 1978). As we shall see later the 2 lung cancer
deaths per year is a substantial overestimate. But accepting the estimdte pro-
visionally for illustrative purposes, a remedial action which reduced the radon
flux from a typical tailings pile by say a factor of about 20 would reduce this
estimate to 0.1 lung cancer deaths per year (or 1 per 10 years) attributable to
treated inactive uranium tailings. This is about one-millionth of the national
lung cancer mortality, and even if overestimated is surely below any realistic level
of significance.

The estimate of detriment due to radon from a tailings pile depends multi-
plicatively on three factors: (1) the radon flux from the pile, (2) the lateral
dispersion of this radon in the environs, and (3) the lung cancer risk factor per
working level month (WLM) for exposed persons.

The radon flux from a typical ipactive and unstabilized tailings pile has
often been taken as about 640 pCi Rn/mé - sec (e.g., J.J. Swift et al. EPA-520/1-
76-001, page 12) which will suffice here as a nominal "source term" although many
piles have a smaller flux (DEIS, page 3-2).

The radial dispersion of this radon in the environs is treated in DEIS,
chapter 4 and especially Table 4-2. This topic seems to me to require complete
reconsideration and revision. Although no basis is given in the text, Table 4-2
Tists calculated exposure in WL at 8 distances from 0.2 miles to 40 miles from the
edge of a tailings pile which releases 10,000 Ci of radon per year (essentially
equivalent to the Salt Lake City tailings pile as listed in Table 3-1 of the DEIS).
The model used for this calculation can be reconstructed by plotting the tabulated
values. These turn out to form a straight line with a slope of -1.7 on log-log
paper (except for the point at 2 miles where the tabulated WL should read 0.0003
instead of 0.0004 WL). Therefore the radial dispersion model assumed by the author
of this section was simply: 1.7
WL = 0.001 D°'" (1)

where D is the distance in miles. There are several theoretical and experimental
reasons for rejecting this wodel.

The text states that the model assumes a symmetrical wind pattern around the
pile, with a constant speed of 6.5 mph. Also that a constant 50% equilibrium be-
tween radon and its decay products is assumed in outside air within 25 miles, and
70% equilibrium in outside and inside air at more than 25 miles.

Of course there are no decay products present when the radon emerges from
the tailings pile. At a wind speed of 6.5 mph the travel time to a distance of
O.SJnile is 4.6 minutes. The build-up of decay products in young air has been
shown to be well approximated by:

WL = 0.023 t0-83 (2)
for 100 pCi Rn/liter, and time t from 1 to 40 minutes (Evans, "Engineers' Guide to

R e
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the Elementary Behavior of Radon Daughters", Health Physics 17, 229-252 (1969)).
Therefore in the 4.6 minute air at a distance of 0.5 mile the WL is less than
9% of equilibrium, rather than the 50% assumed in Table 4-2.

The WL values in Equation (1) are clearly incorrect. Because WL = 0.5 for
100 pCi Rn/liter air was assumed for all distances in Table 4-2, cne WL corresponds
to 200 pCi Rn/liter and we may rewrite Equation (1) in terms of radon concentra-
tion versus distance. Then:

Rn(pCi/liter) = 0.2 D17 (3)

This power function relationship is slower than an inverse square diminution of

Rn with distance. It bears no resemblance to the exponential Gaussian-type dis-
persion formulas commonly employed in meteorological atmospheric pathway models

(e.g., EPA-520/9-73-003-B, page A-2). No theoretical justification is found in

DEIS for this power-function dispersion model.

Recall that there are good experimental values for the annual average Rn
concentration as a function of distance from the tailings piles in Salt Lake City,
Grand Junction, Monticello, and Durango, by S. D. Shearer Jr. and C. W. Sill be-
tween June 1967 and October 1968 (Health Physics 17, 77-88 (1969)), and for the
Grand Junction pile between April 1574 and April 1975 by David L. Duncan et al.
(EPA publication ORP/LV-77-1). For all sampling stations which were free from
the overt local use of tailings, there was no measurable atmospheric radon from
tailings at distances of 0.5 mile or more. Shearer and Sill wrote:

"The tailings at Grand Junction are not affecting the atmospheric
radon concentrations beyond a distance of 0.5 miie in the prevailing
wind directions. At the other three study locations the effect of
tailings is not observed at distances greater than one-quarter to
one-half mile."

The measurements in 1974-1975 by Duncan et al. at Grand Junction, after that pile
was restructured and stabilized in 1970, were in substantial agreement with the
1967-1968 measurements of Shearer and Sill at all the 12 off-pile sampling stations
which were common to the two studies. Duncan et al. were unaware that at least 4
of their sampling stations were hcavily contaminated, especially their station
No. 10 at 645 E. 4th Ave. This led them to propose, erroneously, that at Grand
Junction in the quadrant between 270 degrees (west) and 360 degrees (north) there
was a "power curve relation" (meaning a straight line of unstated slope on log-

log graph paper) between radon concentration and distance out to 1.5 miles. When
the contaminated station No. 10 is excluded from the stations in the 270 to 360 de-
grees quadrant, their “"power curve relation” disappears. Duncan et al. could not
find any sucn relationship in the other 3 quadrants either. The radon concentra-
tion at distances of 0.5 mile or more from the center of the Grand Junction pile
have the background value of about 0.8 + 0.2 pCi Rn/liter.

Possibly the use of Equaticn (1) for the dispersion of radon from a tailings
pile arose from this inaccuracy of interpretation in the report of Duncan et al.
You will recall that I wrote to you on August 21, 1980 with full details of the
effects of the several contaminated sampling stations at Grand Junction, and that
you followed this up with a written request of September 24, 1980 to David Duncan
requesting a response. However I have received nothing so far from him.



Dr. W. A. Mills -8~ May 27, 1981

. Equation (1), in its Rn concentration form as Equation (3), predicts a con-
centration of Rn from the Salt Lake City pile of 1.0 pCi Rn/liter at a distance
of 0.4 mile, and 0.6 pCi Rn/liter at a distance of 0.5 mile from the pile. How-
ever in Salt Lake City the measured Rn concentration at stations 83 and 84, which
are about 0.3 and 0.4 miles from the pile, have annual average concentrations of
0.43 and 0.39 pCi Rn/liter. These are nbt statistically different from the average
background of the city which is 0.38 pCi Rn/liter.

It is impossible that the predicted value of an additional 1.0 pCi Rn/liter
at 0.4 mile and 0.6 pCi Rn/liter at 0.5 mile from the pile could have escaped detec-
tion. The power function model of Equations (1) and (3), and of Table 4-2 is in-
validated by the experimental evidence of radon dispersion as measured at 4 differ-
ent inactive tailings piles. The dispersion model overestimates the radon con-
centrations. The incorrect assumption of 50% decay product equilibrium further
enharces the overestimate of exposure values in WL units. For the important close-
in distances in the vicinity of 0.5 mile or less the comtined overestimate can
easily exceed a factor of 10.

A more sophisticated model for the dispersion of radon from a large tailings
pile has been reported elsewhere (F. F. Haywood et al. "Assessment of Radiological
Impact of the Inactive Uranium-Mill Tailings Pile at Salt Lake City, Utah", ORNL/TM-
5251 (1977)). This model uses the Oak Ridge "Comprehensive Atmospheric Transport
and Diffusion Model" of Culkowski and Patterson (ORNL-NSF-EATC-17, 1976). Radon
concentrations predicted by this elaborate model are compared with the values
measured experimentally by Shearer and Sill for the Salt Lake City pile in Table
14 of the F. F. Haywood et al. document. At every one of the 10 away-from-pile
measurement stations, ranging from 0.3 to 2 miles from the Salt Lake City pile,
the ORNL model also overestimates the actual observed radon concentration. Again,
the discrepancies are particularly large for locations nearest to the edge of the
pile.

I was peripherally involved in the 1967 to 1968 radon studies by Shearer
and Si11 at Grand Juaction, Salt Lake City, Durango, and Monticello, and I can
personally certify to the accuracy of their sampling procedures and of their radon
measurements. Where there is disagreement between a theoretical model and the
measured radon concentrations it is the model which is inaccurate.

The conclusion is inescapable that the particular radon dispersion model
used, and indeed any known model grossly overestimates the actual radon concen-
trations attributable to the tailings piles. Therefore, all of the estimates of
attributable lung cancer for the "local" (0 to 6 miles), "regional” (6 to 50
miles), and "national" (beyond 50 miles) populations become invalid overestimates.
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2. RADON FLUX: NATURAL and MAN-MADE

The average concentration of radium-226, in equilibrium with its parent
uranium-238, in surface soils and rocks is in the domain of 1 pCi Ra/g of earth.
At this concentration the contenti per square mile of ordinary land, to a depth
of 1 foot, is 2 grams (or 2 Curies) of radium and 6 tons of uranium. A portion of
the radon-222 produced by radium in the soil and rocks escapes from the crystal
grains and diffuses slowly throughout the interstitial voids. Some of this diffus-
ing radon, mostly from within less than 2 meters from the surface, reaches the
earth-air interface and escapes into the atmosphere. The flux of radon which dif=
fuses through the earth-air interface depends on several characteristics of the
soil or rock, including porosity, moisture content, grass or other cover crops,
freezing and thawing, and also on fluctuations in barometric pressure and surface
wind speed. A reasonable annual average value is 1 pCi Rn/m2 « sec, with varia-

tions expected mostly in the goma{n of 0.5 to 5 pCi Rn/m2 * sec. Rundo et al.
measured a flux of 7 pCi Rn/m¢ - sec from soil containing about 1 pCi Ra/g in the
unpaved crawl space under an I11inois home (Health Phys. 35, 729-730 (1979)).

If the averags inactive unstabilized uranium tailings pile releases a radon
flux of 640 pCi Rn/m¢ . sec (J. J. Swift et al. EPA-520/1-76-001, page 12), then
each square meter of tailings would have the same radon release as 640 square meters
of ordinary land. In the same ratio, each acre of inactive tailings would have the
same radon release as 640 acres of land. But 640 acres i5 one square miie. Thus

we have the handy-dandy rule of thumb that on the average each acre of inactive
tailings releases to the atmosphere the same quantity of radon as one square mile

of land, prairie, back yard, pasture, or desert. In brief, for radon release:

1 acre of unstabilized inactive tailings = 1 square mile of ordinary land (4)

The Salt Lake City uranium tailings pile is one of the largest which is near
a well-populated region in the U. S. Its area is given as 100 acres (DEIS, page
3-3). The radon released from the inactive uranium pile at Salt Lake City is there-
fore equivalent to that from about 100 square miles of natural land, or a circle
5.6 miles in radius.

The Great Salt Lake lies in Salt Lake City's front yard to the northwest.
In 1976 the water level in the Great Salt Lake had risen about 11 feet above its
level a decade earlier. The lake had spread "over 1,700 square miles - nearly twice
the surface of a decade ago." (Utah's Great Salt Lake Advisory Board: United Press
International, Oct. 24, 1976). Thus some 800 square miles of land became covered
by water, and had its radon flux cut off. This natural p-ocess therefore reduced
the annual radon released into the Salt Lake City regional air by 8 times as much
as the annual release from the tailings pile. On a regional basis, even this great
tailings pile near a heavily populated area has an atmospheric radon influence which
is not only overwhelmed by the natural radon flux of the area but is much smaller
than the fluctuations in the regional radon flux which are caused by variations in
the water level in the Great Salt Lake. If the radon emission from the lake shore
is not worth controlling, what magnitude of resources should be expended to mini-
mize the much smaller radon emission from the tailings pile?
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Moving along to the national scene, the total area of all the 23 inactive
uranium tailings piles, as listed on pages 3-2 and 3-3 of the DEIS, is 1021 acres.
Most of these have tabulsted radon flux rates which are substantially smaller than
the nominal 640 pCi Rn/mé - sec. But for ease of visualization, we may consider
1000 acres of inactive tailings with nominal radon flux. Then all the inactive
tailings, if unctabilized, have a total radon emission equivalent to not more than
1000 square miles of land area. How shall we visualize 1000 square miles? It is
smaller than the area of a square 32 miles on a side, or of a circle with a radius
of 18 miles. One thousand square miles is less than 1% of the area of Colorado,
or of Nevada. It is less than 1/3000th (1/30th %) of the area of the 48 continental
United States. Moreover, these states contain over 55,000 square miles of inland
water, hence every 2% change in the area of inland waters changes the national radon
emission by an amount exceedinn the total radon emission from all inactive uranium
taiiings piles. The Great Lakes have an area of some 95,000 square miles, hence
every 1% chanoz in their shoreline area changes the radon emission by as much as
all the unstabilized inactive tailings piles.

The Netherlands have been gradually diking portions of the Zuyder Zee and
have created a total of 3,000 square miles of new land for agricultural and other
uses (Encycl. Brit. Macropedia, 12, p. 1058 (1974)). Thus the radon emission from
the new land area created in The Netherlands exceeds by a factor of 3 the radon
emission from all U. S. inactive uranium tailings piles. Would the Dutch, or any
of their neighboring nations, initiate remedial action to suppress this man-made
radon release? Would anyone contend that 3000 square miles of new land is an en-
vironmental hazard or that it introduced a risk of premature or excess deaths from
lung cancer?

The radon flux from farm land is influenced by many factors. Plowing exposes
new surfaces and radon-rich interstitial voids from beneath the surface. There is
surely a net surge of radon release during and for some time aft2r plowing. Crops
and other plants and trees, whose roots are in the subsurface interstitial spaces,
where the concentration of diffusing radon is high, bring radon through their own
pores and can increase the overall radon emission per unit area of soil by as much
as a factor of 2 or 3 for some broad-leaf crops (J. £. Pearson and G. E. Jones,
Tellus 18, 655-662 (1966)). Large changes in rodon flux are aiso produced by flood-
ing or drought and by freezing or thawing.

Significant increases in the radium-226 content, and hence in the radon flux
from agricultural lands in I1linois and other midwest areas, have been produced by
the use of some phosphate fertilizers and ground waters with elevated radium con-
tent, as Norman Frigerio pointed out several years ago.

In summary, the total radon released from all inactive unstabilized uranium
tailings piles is a minute fraction of the variations produced by metecrological
conditions and agriculture in the total radon released by natural processes from
all land areas. The level of radon-decay-product exposure at distances greater
than 1/4 to 1/2 mile, is a minute fraction of the range of fluctuation of the natural
background in the area. Under the ALARA principle no substantial action to reduce
the exposure is warranted.
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Addition of the radon flux from the tailings of active uranium mills does
not change any of these generalizations. An earlier EPA statement of the total
area of tailings piles in 1970 (presumably in the U.S.A.) was 2100 acres (EPA-
520/9-73-003-B, (1973), page 51). If this estimate was accurate it would imply
that the active tailiings piles were substantially equal in area to the inactive
piles. This would not double the total “radon released because many of the active
piles have a high moisture content. ORNL concluded that "moist tailings" emit
only 50% as much radon as "dry tailings", while "wet tailings" emit only 20% as
much radon as dry tailings (ORNL/TM-5251, page 18). Submerged tailings can re-
lease substantially no radon to the atmosphere. In view of Shearer and Sill's
observation that the inactive piles at Salt Lake City, Grand Junction, Durango,
and Monticello produce no measurable increase in the atmospheric radon concentra-
tion at distances greater than 1/4 to 1/2 mile, it is comforting, but not surprising, |
that Professor Marvin Wilkening could detect no radon from all the tailings piles |
plus mine ventilation exhausts from Ambrosia Lake at his laboratory in Socorro,
NM, a downwind distance of nearly 100 miles (Personal communication, May 18,1981). |

3. LUNG CANCER RISK FACTORS

|
|
|
\
Estimates of the health effects due to radon emission from inactive uranium
tailings piles depend multiplicatively on three factors: radon flux, radon disper- \
sion in the environment and the growth of radon decay products with elapsed time,

and the lifetime lung cancer risk factor per working-level-month (WLM) of inhaled

radon decay products. We have seen that the measured values of radon concentrations

are very much smaller than the values derived from theoretical models. Therefore

the health effects were overestimated.

In the following discussion we will see that the lifetime risk factors per
WLM were also overestimated. These risk factors also contribute to the proposed
overrestrictive standards for radon flux after stabilization and for working level
(WL) values in occupiable buildings.

Health Effects Estimates in FR81.

Quantitative estimates of health effects are treated in paragraphs numbered
2 and 4 in column 1 on page 2558 of FR81. In paragraph 2 we read:

"For example, we estimate that individuals living continuously one
mile from a large pile would have about 200 times as great a chance
of a fatal lung cancer caused by radon decay products as persons
Tiving 20 miles away (7 in 10,000 versus 3 in 1,000,000)."

This unfortunate sentence is obviously a misstatement. We recall that there is no
meas' rable difference in the ambient atmospheric concentration of radon at distances
greater than 1/4 to 1/2 mile from large unstabilized inactive piles. Any contribu-
tion from the pile is a small fraction of the normal fluctuations in the annua’
average background due to meteorological and horticultural variables. The author

of the quoted sentence may have had in mind only pile-produced radon. But that is

is not what the prose says. A lay reader, a legislator, or a state or county officer
could be totally misled concerning the effective radius of pile-produced radon.
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The truth is there is no significant difference between 1 and 20 miles, not a
factor of 200.

The estimates in paragraph 4 concerning national effects on persons living
more than 50 miles away from a pile, "4Q to 90 deaths from lung cancer per century",
(or 0.4 to 0.9 per year, out of an unstated national total of 92,000 per year) is
also both misleading and invalid.

Even though the possible detriment or harm from pile-produced radon is much
smaller than estimated in FR81 and the DEIS, I agree that the detriment from other
airborne radionuclides (U, Ra, Po, etc.), or from gamma radiation are "far less
significant" (FR81, p. 2558, line 3), indeed they are negligible. A year-long sur-
vey in 1974 at a station on the Salt Lake City pile showed that none of 26 separate
samples of airborne dust had activities greater than the MPC; for Ra-226, Pb-210,
Po-210, Th-230, U-234, U-235, or U-238 (F. F. Haywood, et al. ORNL/TM-5251, page 21).
Also the gamma radiation from this large unstabilized pile is small, decreases rapidly
with distance from the pile (Haywood, loc. cit., page 61), and would be reduced
everywhere to normal background levels by a covering of less than two feet of earth
(DEIS, page 5-8).

Health Effect Estimates in the DEIS.

With respect to radon decay product risk factors FR81 properly states that
(page 2558):

"Additional uncertainty comes from our incomplete knowledge of the
effects on people of these generally low exposures"

The DEIS estimates of lung cancer risk (pages 4-6 to 4-11) per WLM ‘ivolve both
relative risk and absolute risk. My preference is for absolute risk, which coin-
cides with yours, with that of Jacobi, Stewart, McLean, and Harley, and with ICRP
and NCRP. For absolute lifetime risk the DEIS appears to have as many as 4 differ-
ent values in a span of 4 pages of text. These warrant discussion and comment, for
resolution in future publications.

On DEIS page 4-8, we read:

"For absolute risk, we use the estimate of 10 lung cancer deaths per
WLM for one million person-years at risk reported by the National
Academy of Sciences (NA76)."

The bibliographic reference (NA76) is not found in the list of References. From

a similar statement credited to "Na76" in EPA 520/4-78-013 (1979) on Florida Phos-
phate Lands the reference must be a National Research Council report supported by
the EPA Office of Radiation Programs on "Health Effects of Alpha-Emitting Particles
in the Respiratory Tract", issued in October 1976 as EPA 520/4-76-013.

That entire document actually relates to the plutonium "hot particle" flap
generated by a Cochran and Tamplin hypothesis which fueled the National Resources
Defense Council petition to the EPA that the plutonium-in-lung standard be reduced
by a factor of 115,000. The major issues relate to the relative insensitivity to
radiation displayed by the alveolar regicn of the animal and human lung, as com-
pared with the hilar region. The conclusion was that for inhaled inzoluble pluton-
ium aerosols "the carcinogenic response is more a function of the amount of radio-
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activity in the lung than its distribution". Thus "hot particles” of plutonium
were judged to be no more hazardous than a uniform distribution.

The 18-page report has a 77-page appendix comprising comments on usually
relevant topics by the committee members. One ¢ the 10 members of this ad hoc
committee on hot particles was Professor Edward kadford. Ted Radford's 3-page
contribution to the appendix deals mainly with the location (alveolar vs. hilar)
of lung tumors associated with various agents including cigarette smoke, asbestos,
compounds of arsenic, nickel, and chromium, various organic chemicals, and alpha
radiation. He commented on the 1972 BEIR report estimate of 0.63 cases per 106
person-rem-year for the radon decay product risk factor for underground uranium
miners (not for members of the general population), then stated”

“Finally, it has been possible to update the U. S. uranium miners
study group to 1972 (88). ... modifying the definition of period
of risk ... to 10 years after beginning of miging ... results in a
revised absalute risk of about 2 cases/rem/10° person-years."

Radford's bibliographic reference (88) to support this conclusion is:

88. V. E. Archer and E. P. Radford, unpublished data, 1975.

Thus no supporting data have been supplied, and Radford's recommendation in 1976
has never h.d peer review. Radford did not express his risk factor in units of
WLM. The dosimetric conversion used in the 1972 BEIR report was 5 rem = 1 WLM.
Applying this to Radforg's statement would make his risk factor for uranium miners
10 cases per WLM for 10° person-years as used for the genera] public in EPA 520
4-78-013 on Florida Phosphate Lands and in the DEIS. This T10-2 per WLM - yr is
derived from a prooosal of Radford's, rather than being the concensus of any
committee of the National Academy of Sciences.

When this per-year risk estimate is integrated over a 70-year average life-
span, assuming that the per-year risk factor is independent of age and does not
diminish with time after exposure,that the rate of exposure in WLM/year is constant,
that competing causes of death 1o not shorten the average lifespan, that a 10-year
minimum latency is associated with each element of acquired risk, and that there-
fore the accumulation of risk and associited "wasted" WLM terminates 10 yrs before the
end of the 70-year lifespan, then the 12°2 risk factor per year and per accumulated
WLM integrates to an equivalent lifetime risk of 3.0 x 10~4 per accumulated WLM.

This numerical correspondence between the risk per year and the lifetime
risk is in agreement with a relationship which can be derived irom an example of
lifetime risk given in Table 10 of the Florida Phosphate Lands document EPA 520/
4-78-013. Hence we appear to be in agreement that under the assumptions listed
above, the integrated relationship is:

lifetime) _ 1[risk per)(1ife-iongexposure|/ lifetime minus \2 (5)
risk 2lyr « WLMJ\ rate in WLM/yr latency, in years)
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A second estimate of the lifetime absolute risk factor can be deduced from
the statement (page 4-9 of DEIS) that a life table analysis yields a 0.6% lifetime
risk for continuous exposure to 0.01 WL. Assuming that the 10-year latency con-
cept has been retained in this life-table analysis, the relevant lifetime exposure,
using the 27 WLM/WL yr conversion factor, from page 4-6, is

(0.01 WL)(60 yr)(27 WLM/WL yr) = 16.2 WLM,

and the lifetime risk factor would be 0.006/16.2 = 3.7 x 10°% per WLM. It is inter-
esting that the shortening of some lives by intercurrent disease or trauma, which
occurs through the use of a life-table analysis, results in a higher lifetime risk
factor rather than a lower one. Incidentally, the lifetime risk of lung cancer in
the general U.S.A. population is said to be closer to 4% than to the 2.9% stated,

on page 4-9, to have resulted from the Cook et al. computer program and life-table
analysis. The discrepancies may be related.

A third estimate of lifetime risk is implicit in the statement at the bottom
of page 4-9 of DEIS, which reads:

“A person's average annual risk from a lifetime of exposure may be
obtained by dividing the lifetime risk estimates given above by an
average lifespan of 71 years."

This_would mean that the lifetime risk is the annual risk multiplied by 71 years, or
(10°5/WLM - yr)(71 yr) = 7.1 x 10~% per WM. The integrations which lead tc Equa-
tion (5) may have been overlooked when this simple relationship was stated.

A fourth estimate of absolute lifetime risk is the statement on page 4-10
of DEIS:
¥.oe OUP f%nnest estimate is that increased levels of radon will
produce an additional 1 to 3 lung cancer deaths per year of exposure
for each 100 person-working-levels of lifetime exposure".

For 100 persons at one WL, and the conversion factors and latency already discussed,
this is a lifetime exposure of (1 WL)(27 WWM/WL yr)(70 - 10 yr) = 1620 WLM. Then
the lifetime risk factor per person would be (1 to 3 deaths/yr)(60 yr)/(100 persons)
(1620 WLM) = 3.7 to 11.1 x 10-4 per WLM .

Thus the 4 pages of the DEIS which deal with the lung cancer risk factor seem
to contain 4 different values for the lifetime absolute risk factor in units of 10-4
per WLM, namely 3.0, 3.7, 7.1, and 3.7 to 11.1. The range is nearly a factor of 4.

Update of Lifetime Risk Factor.

Fortunately this uncertainty can be resolved easily in a later version of
the EIS. As you know, there has just become available the "international concensus"”
risk-factor which resultes from a week-long workshop of invited international
specialists invited by the Nuclear Energy Agency of the Organisation for Economic
Cooperation and Develppment in Paris to convene at the EPA offices in Arlington in
1978. As you know frpm your participation, the task g-oup on radon included the
l2ading experts at the extremes of modeling (W. Jacobi) and of epidemiology (C. G.
Stewart) and all views in between. The manuscript recommendations of Archer,
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Radford, Axelson, et al. were in hand. These were rejected, as was their paper
when later independent’.y refereed and rejected by the editor of Radiation Research.

The radon task group easily rcached unanimous agreement that the upper
limit of lifetime absolute risk is 1 x 10-% per WLM for members of the general popu-
Tation. The radon task group's findings’ were accepted by the international workshop
membership as a whole, which included strong representation of the ICRP (D. Beninson,
B. Lindell, and others) and representatives of other nations besides the 4 nations
represented in the radon task group. The text of the radon task group's recommenda-
tions apparently got lost somewhe ‘¢ in the communication chain between the UECD,
IAEA, and ICRP, and did not appear anywhere in print. Following nearly 2 years of
subsequent correspondence, and a lorg series of drafts which resulted in unanimous
agreement on all final details of wording, the conclusions have at last been pub-
lished in the open literature. The reference is of course, R. D. Evans, J. H.
Harley, W. Jacobi, A. S. MclLean, W. A. Mills and C. G. Stewart, "Estimate of Risk
from Environmental Exposure to Radon-222 and Its Recay Products", Nature 290, 98-
100 (March 12, 1981). The authors noted that 10-4 per WLM was to be taken as the

upper bound, and that "the estimate of risk for low-level exposure may even include
7ero as a lower bound."

I, for one, feel that the EPA now has a clear scientifically-based mandate
to adopt 1 x 104 per WLM as its upper limit for the lifetime absolute risk factor
in all future considerations of possible radon decay product health effects.

Influence of Risk Factor on Proposed Standards.

Adoption of 1 x 1074 per WLM in place of values between 3.0 and 11.1 x 1074
per WLM will reduce all estimated health effects by a factor somewhere between 3
and 10. Standards which were proposed on the older basis of risk can be relaxed
to 3 to 10 times the proposals in FR81. This shift is in addition to, and in the
same direction as, the corrections discussed earlier for radon-decay-product dis-
persion patterns.

Updating the DEIS Text.

Incidentally, in a rewrite of the DEIS section 4.3 on lung cancer risks, it
would be appropriate to replace the references EP78 and AR79 in the opening para-
greph by a more representative selection of recert reports. archer's AR79 is an
almost inaccessible paper at a symposium, and had no peer review. His most recent
full compilation and tabulation of the USPHS study cases, in a refereed journal,
is, I believe,V. E. Archer, J. K. Wagoner, and F. E. Lundin, Health Phys. 25, 351-
371 (1973), and this would be a good basic reference. (These are most probably
the data with which Ted Radford made his recalculation of per-year risk in 1976).
Figure 4-2 on page 4-7, from Archer 79, is related to the rejected Archer-Radford-
Axelson manuscript and should be deleted because it is so misleading. The Czech,
Canadian, and Swedish data involve confounding variables and should not be plotted
with U.S. data. Two references which would enhance the bibliography in the opening
paragraph are, of course, D. K. Myers and C. G. Stewart, "Some Health Aspects of
Canadian Uranium Mining', AECL-5970, Chalk River Nuclear Laboratories (1979), and
W. Jacobi and K., Eisfeld, "Dose to Tissues and Effective Dose Equivalent by Inhala-
tion of Radon-222, Radon-220 and Their Short-Lived Daughters", GSF-Report S-626,
Institut fur Strahlenschutz, Munich (1980).
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In Summary.

The DEIS gives 4 different values for the lifetime absolute lung cancer
risk factor,ranging from 3.0 to 11.1 in units of 10-4 per WLM, i.e., per 10,000
person-WLM. These risk factors derive from unpublished data, never given peer
review, and relate only to underground yranium miners. For the low-level exposure
of the general population, not involved in underground labor, the recently pub-
Tished recommendation by six widely recognized senior specialists from four countries
should used. This is a lifetime risk with an upper bound or maximum value of
1 x 10°% per WM, and with a lower bound which may include zero.

4. WORKING LEVEL AND WORKING LEVEL MONTHS PER YEAR

The DEIS uses 27 WLM for the full time continuous exposure of members of
the general population to one WL for a year, that is 1 WL yr = 27 WLM. The month
(M) in WLM is defined correctly as 170 hours on page 4-6 of the DEIS. The correct
relationship for full time 100% occupancy is:

T WL yr = 1 WL yr(8760 hr/yr)/(170 hr/M) = 51.5 WLM (6)

The 27 WLM conversion factor was based on the fact that members of the general
population breathe fewer liters of air per month than do underground uranium miners
(CEIS, page 4-6, and page 48 of the Florida Phosphate Lands EPA 520/4-78-013).

But under the universally accepted definitions of WL (1.3 x 10° MeV of short-
lived potential alpha energy per liter of air) and of the working month, M, (170
hours, rounded from 173), the WLM unit is totally independent of breathing rate.
For example, members of the general public or miners working at an altitude of
6000 to 7000 feet will have a breathing rate about 20% greater than persons in
similar activities near sea level because of the lower density and hence lower
oxygen content per liter of air, at higher altitudes. Breathing rate is in no
way involved in WLM determinations, which are based only on the radioactivity con-
tent per liter of air multiplied by duration of exposure.

The significant difference in breathing rate between uranium miners and
members of the general public at the same altitude is only one of many parameters
which require two lung cancer risk factors, - one for uranium miners and a smaller
one for members of the general public, as discussed earlier. Breathing rate is
aiready accounted for in the maximum lifetime risk factor of 10-4 per WLM.

5. FRACTIONAL OCCUPANCY TIME

The conversion factor 1 WL yr = 27 WLM can be salvaged and justified on a
basis of fractional occupancy time. What you would need would be an average occu-
pancy factor of 27/51 = 0.53. If a work place is being considered, then the occu-
pancy factor would be about (170 working hours per month)/(730 clock hours per
month) = 0.23. Only part of the remaining fraction 0.77 of the time is spent in
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the place of residence. (The 0.75 occupancy factor for a residence as adopted in the
Florid§ Phosphate document, page 48, seems too high in spite of its distinguished par-
entage).

With respect to residences, most people do not spend a 70-year lifetime in one
residence, but rather in perhaps 5 to 10 houses. If one or two of these houses had
a substantially elevated radon decay product level, an individual's lifetime average
exposure could still be in a comfortable range. With this factor in mind, regulatory
guides on permissible WL levels in homes or work places should recognize that the
lifetime average WL exposure rate is more important than the maximum WL experienced
in a particular home or work place.

Probably an average occupancy factor in the vicinity of 0.5 or less would be
easy for you to justify, and hence to retain the 1 WL yr = 27 WLM, or even to adopt
some smaller value.

6. INDOOR RADON DECAY PRODUCT CONCENTRATION STANDARD

Remedial actions at sites designated under PL 95-604 are "... clearly directed
at potential health problems due to tailings ..."(DEIS, page 8-28). Also "... the
proposed remedial action level of 0.015 WL (including background) for occupied or occu-
piable buildings is the most protective level that can be justified for the PL 95-604
remedial action program" (DEIS, page 8-27).

The justification seems to be based on the engineering practicability of achiev-
ing levels as low as 0.015 WL, rather than on estimation of the health risk in compar-
ison with other risks regularly accepted in everyday life. It i5 also quite properly
noted that surveys of normal houses with basements in New York, New Jersey, and Grand
Junction, without tailings, indicate that (DEIS, page 8-27):

"... about 10% or more are above 0.015 WL. We have concluded that .
efforts to reduce levels significantly below 0.015 WL by removing
tailings would often be unfruitful, and the funds expended wasted."

If an action level as low as 0.015 WL for tailings remedial action were to be
extrapolated by some agency at a later time to normal homes without tailings then
several million existing normal homes in the U. S. ("about 10% or more") would become
subject to remedial action, recognizing that natural radon frem the soil is radio-
biologically the same as radon from uranium tailings or from phosphate lands.

An action level as low as 0.015 WL has an extremely high ratio of cost to bene-
fit. This is being demonstrated in Grand Junction where already some $11,000,000 of
federal and state tax money has been spent on tailings removal, and an equal additional
amount is projected.

Recall that even the long-term widespread dispersion of uranium tailings in
Grand Junction is not associated with any measurable excess in lung cancer, in leukemia,
or in all cancers (T. J. Mason, et al., "Uranium Mill Tailings and Cancer Mortality
in Colorado", J. Nat. Cancer Inst. 49, 661-664 (1972); M. Cunningham, Colorado Disease
Bulletin, 6, No. 31 (1978); and NUREG-0706, Vol. II, p. A-34).

Remedial action is taken in Grand Junction for schools and homes at 0.01 WL
above background, hence at something approximating 0.017 WL including background
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(if anybody could make measurements with such accuracy). Recalling 0.03 WL above
background as the midpoint of the Grand Junction 0.01 to 0.05 WL gray area in wiich
“remedial action may be suggested", it is interesting to note that the EPA categories
of WL as tabulated for 133 measured structures in Polk County, Florida, has its most
significant WL-category boundary at 0.03 WL including background, that is a cate-
gory from 0.01 to 0.03 WL and another at" 0.03 to 0.05 WL. No break point at 0.02

WL is discussed (Florida Phosphate Lands, page 23-25). However in the related sub-
sequent publication in FR 44, 38664-38670, July 2, 1979, the recommended remedial
action level for residences is an annual average of 0. 02 WL, rather than 0.03 WL.

My letter to you dated October 16, 1979 discussed the problems of measurement
and enforcement at the suggested 0.02 WL, and recommended that some higher value
be chosen because, among other things, the lung cancer risk factor had been over-
estimated. Now the DEIS document and FR81 have suggested a still lower action level,
0.015 WL. Thus over a span of about 3 years the EPA's suggested action level appears
to have been sequentially tightened from 0.03,t0 0.02, to 0.015 WL, whereas in the
meantime the newer scientific evidence has indicated considerably less risk per WLM
than previously assumed.

From the standpoint of the accuracy of environmental measurements or knowledge
of radiobiological effects, a standard expressed to 2 significant digits, such as
0.075 WL is unrealistic. Even a single significant digit, such as 0.02, 0.03, or
0.04 WL may imply unwarranted accuracy.

The lung cancer lifetime risk factor of 1 x 10-% per WLM, as an upper bound,
impiies that an exposure rate of 1 WLM per year carries less risk of all cancers
than does the whole body exposure to 0.5 rem per year, which is the NCRP, ICRP,
and 10CFR20 permissible level for members of the general public. Using your
1 WL yr = 27 WLM conversion, 0.04 WL corresponds to 1.1 WLM per year, and 0.03 WL
corresponds to 0.8 WLM per year. I therefore recommend either 0.03 WL or 0.04 WL,
in place of 0.015 WL, as the minimum annual average for indoor air which requires
remedial action if it is caused by "residual radiocactive materials from any desig-
nated processing site".

With the lifetime risk factor of 1 x 10~4 per WLM in view, as compared with
3 to 11 x 10~% per WLM used in the DEIS, the lifetime risk of 0.04 WL is less than
the lifetime risk which had been associated with the proposed 0.015 WL.

It should be noted that it would be incorrect to use 1/10th of the occupa-
tional level of 4 WLM/yr, that is 0.4 WLM/yr for the general population. This is
because of differences in breathing rate, environmental factors, age and sex dis-
tributions, etc., which led to the designation of 1 x 10°“ per WLM as the upper
bound of lifetime risk for the general population.

In summary, with newer risk factors and cos* effectiveness in view, an action
Tevel of 0.03 WL or 0.04 WL would involve less risk and much less implementation
cost than had been associated with the 0.015 WL proposed in FR81, 40CFR paragraph
192.12(b) and Table B.
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7. RADON FLUX FROM STABILIZED TAILINGS PILES

The total radon released from all inactive uranium tailings piles is a
minute fraction of the variations in the total radon released from ordinary soil,
rock, desert, and prairie, as discussed earlier. The level of radon-decay-product
exposure from unstabilized uranium tailings piles at distances greater than 1/4
to 1/2 mile is a minute fraction of the range of fluctuation of the natural back-
ground in the area.

Only long-term exposures very near to the pile, or directly on the pile,
actually have any possible interest as potential health hazards. Quantitatively
the DEIS estimate for the local (0 to 6 miles) 2opulation near the piles at Salt
Lake City, Grand Junction, and 4 other southwestern piles is less than 1 lung
cancer per year (DEIS, pp. 4-14 to 4-16). This is an overestimate, by more than
a factor of 3, because of the dispersion model and risk factors used. Even so, it
is insignificant compared with the unrelated expectation of about 100 lung cancer
deaths per year among the 416,000 persons living within 6 miles of these 6 inactive
tailings piles.

Thus there really is no significant health problem due to radon flux from
the unstabilized tailings piles. The piles could be stabilized and provided with
a physically sturdy and durable cover of soil and vegetation. The cover should be
designed to prevent erosion and dispersion of tailings by weather (rain, snow, ice,
and wind). A weather-resistant cover would be sufficiently thick to reduce the
radon flux by probably a fac}or of at least 10, that is from a nominal 640 pCi Rn/m-sec
to the domain of 60 pCi Rn/m¢ - sec. I know of no radiobiological reason for any
further reduction, provided that habitable structures are excluded from the imme-
diate area of the pile.

I know of no scientific basis for the proposed 2 pCi Rn/m¢ -sec. Such a
standard would involve substantially more expense and more possibility of serious
harm to workers and the general public due to the hazards of moving large amounts
of earth. With the provisions in PL 95-604 for Federal custody of disposal sites
after completion of the remedial action program, it would seem that a small buffer
zone, landscaped but without houses, around a stabilized pile would more than suf-
fice for radiological safety. Thus the purposes of PL 95-604 as stated in Section
2(a) would be fulfilled. Far from being an eyesore, a properly stabilized and land-
scaped pile could be an attractive public park. Whatever radon flux exists on the
stabilized pile has zero WL of decay products initially, and decay products are
likely to become measurable only off the pile several minutes downwind.

The problem of estimating the attenuation of radon flux from tailings mater-
ial by layers of overlying semiporous materials has been the subject of many mathe-
matical studies. Extrapolating from the pathfinding work of Kraner, Schroeder,
and Evans at M.I.T. in the early 1960's I believe that many of the recent mathematical
models and computer printouts are inaccurate. You will recall my concern that much
of the material in the NRC's April 1979 Draft Generic Environmental Impact State-
ment on Uranium Milling, NUREG-0511, was dubious. In particular, the mathematical
formulation for multilayered systems involving widely different diffusion coefficients
and porosities, as given in Appenx P of NUREG-0511, seemed impossible to accept.

That simple exponential formulation however seems to have been adopted in the DEIS
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in Chapter 4 ans Appendix B. A very much fancier theory appeared in the revision
of Appendix P found in the Final GEIS on Uranium Milling, NUREG-0706, dated
September 1980.

However I can at thic time give full support to the situation in which the
tailings material and the cover naterial have the same diffusion coefficient and
porosity. Then all formulations agree that the radon flux due to the oile will be
attenuated with exponential dependence on the thickiess of the overburden. This
special situation aliows the concept of half-valur-layer (HVL) to be used, so that
for thickness t of overburden the transmitted flux is proportional to exp(-0.693t/HVL),
as is implicit in the table and graph on page: 5-4 and 5-5 of the DE!S.

The much more complicated dependence when several layers of dissimilar over-
burden are used may eventually be clarified by full scale experiments which are in
a very early stage at the inactive Phillips and United Nuclear pile at Ambrosia Lake.

The text of FR81 is flawed with respett to thc nroposed radon emission stand-
ard of 2 pCi Rn/m2 . sec. We note that all the backup material in the GEIS operates
on a pure single exponential model, exp(-0.693t/HVL). Tne HVL is taken as a charac-
teristic of the particular overburden material.

Then see FR81, page 2559, column 2,

"Several ana‘lyses6 of controlling radon emission by covering piles 7
with soi. suggest that the required coxering thickness rises sharply
near an emission rate of about 1 pCi/in¢ - sec."

This statement is as obscure and meaningless as saying that for an isclated radio-
active source with @a initial activity of say 600 mCi the tiime one has to wait for
the activity to decrease rises sharply near an activity of about 1 mCi.

The fooinote-"7" is even more confusing. It reads:

"Reducing the emission rate from 10 to 9 pCi/m¢ - sec (a 0% reduction)
requireg about 1 cm of added soil:. the same size reduction from 2 to
1 pli/me « sec (50%) takes about 50 cm of added soil."

The author of these selections seems to be unclear on the behavior of exponential
systems as compared with linear systems. In this case, if a 50% reduction takes
50 cm of added soil, then the half-value-layer (HVL) is 50 an. The addition or
subtraction of 50 cm of soilwill always change the transmitted flux by exactiy a
factor of 2. This is simply bgcause exp(-0.693t/50) = 1/2 when t = 50. But for
a reduction from 10 to 9 pCi/m¢ - sec, we have 9710 = exp(-0.693t/50), from which
it follows that t = 7.6 cm (not "about 1 cn") for any 10% reduction in flux. The
numerical illustration in footnote 7 is not a misprint, it is simply Wreag.

Still in column 2, of page 2559, of "R81, we read:
"Higher control levels, say 10 -~ 40 pCi/m2 - sec aprear unjustified

because emission raies of that size can be lowerec to ? pCi/ae . sec
for about 10% additional const."
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This seems to be another example of some writer's difficulty with exporential
functions and mu]tipl}cative relationships. To reduce from even a large initial
flux of say 600 pCi/mn¢ - sec to 40, is a reduction factor of 600/40 = 15. This
requires (In 15)/C.693 = 3.91 half-value-layers. To drop from 40 to 2 pCi/m< - sec
is a reduction fictor of 40/2 = 20. This requires (In 20)/0.693 = 4.32 additional
half-value-1a§ers. Far from requiring %about 10% additional cost", going from

40 to 2 pCi/m® + sec requires 4.32/3.91 = 1.10 or 110% more material than was re-
quired to go from 600 to 40 pCi/m¢ + sec. These relationships would be true for
any covering matzrial, as long as the exponential desrement is valid.

The entire section in FR81 on Proposed Radon Emission Standards is thus
flawed by errors in mathematics and hence in reasoning.

I am not particularly troubled by these marked uncertainties and inaccuracies
concerning raden flux reduction by gverburden, becausz 2 have seen that the reasons
advanced for proposing a 2 pCi Rn/mé - sec guideline ar¢ invalid. It is not needed
radiobiologically, and it would be very expensive, cost ineffective and inflationary

to spend tens af millions of dollars reducing the flux toward such unnecessarily
Tow levels.

In summary, no radiobig]ogica] Justification is known for the propoced radon
flux Timitation of 2 pCi Rn/m¢ + sec. It is unnecessary for the “protection of the
public health, safety, and welfare, and the regulation of interstate commerce."

[ts implementation Lhrough massive translocations of earth and/or tailings would

be very expensive, would be inflationary to the economy, and would be hazardous to
the health of workers and the general public. The mathematical justifications given
in FR81 are distinctly inaccurate and hence the conclusions drawn from them are in-
valid. The underlying purposes of PL 95-604 with respect to radon flux suppression
would be fulfilled by procedures equivalent to providing a sturdy and durable cover
of soil and vegetation adequate to prevent erosion and dispersion of tailings by
extremes of weather, such as rain, snow, ice and wind, and by including a small
buffer zone without habitable buildings in the area under Federal or State custody
after completioyr of the remedial action program.

8. GAMMA RADIATION FROM TAILINGS PILES

It is true that the gamma radiation from a uranium tailings pile is small and
only offers a minute health hazard compared with the already very small health as-
pects of radon and its decay products. This is because the mean-free-nath for the
gamma rays of the radium series is only about 10 em, or 4 inches, of tailings or
dirt. Substantially all of the gamma radiation is self-absorbed within the pile.

The external gamma radiation originates almost entirely from the outer one foot of
tailings.

The attenuation of tailings gamma radiation by soil overburden is not given
correctly by Figure 5-2, on page 5-8 of the DEIS. You would want to correct this
in any later version of the EIS.
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Figure 5-2 is simply a graph of an exponential attenuation, exp(-0.693 y/0.1),
where y is the thickness of overburden in meters. However, pure exponential atten-
uation of gamma rays occurs only for a collimated beam or a point source.

In the case of an extended source, such as a flat surface on a tailings pile,
much of the radiation emerging through ‘any square centimeter of surface will have
had a diagonal path within the extended source, and will therefore have suffered
more attenuation than radiation emitted perpendicular to the surface. When the
appropriate mathematics is carried out (see R. D. Evans and R. W. Raitt, Phys. Rev.
48, 171-176 (1935)) the attenuation of the gamma radiation from a uniform semi-
infinite source by an overburden of thickness y and linear attenuation coefficient
M is given by the integral -

E,(uy) = .‘J’ e W2 ;72 4, (7)

This cannot be integrated in closed form but must be tabulated. Originally called
the Gold integral (E. Gold, Proc. Roy. Soc. Lon. A82, 43 (1909)), En(uy) is now
known as one of a family of "exponential integrals". These are involved in the
shielding of nuclear reactors. Convenient tables will be found in H.Etherington,
"Nuciear Engineering Handbook", McGraw-Hill (1958), page 1-122.

The concept of half-value-layers does not apply to extended sources. The
consequences are significant. For example the ratio of ext nded source attenuation,
E2(uy), to point source attenuation, exp(-uy) for several values of uy is:

sy 0.693 1 JONE TON
Ep(uy)/exp(-py) 0.48 0.40 0.28 0.17 0.13

Thus Figure 5-2 of the DEIS underestimates the attenuation at 0.5 meters (20 inches)
of soil by moire than a factor of 5. The effectiveness of overburden in attenuating
gamma radiation from a tailings pile is significantly greater than given in the DEIS.
This bit of radiation physics can be corrected easily in any later version of the
EIS. The 'R81 is not affected.

9. LONGEVITY OF DISPOSAL STANDARDS

The FR81 requests "... comments on whether 1000 years is the best choice."
In my view "disposal”, without any form of surveillance, is impracticable. When
the National Academy of Sciences' "Committee on Radioactive Waste Disposal" began
in 1968 one of the very first actions we took was to change the name of our com-
mittee by substituting "Management" for “Disposal". We felt that, in the very long
term, occasional surveiliance would be essential, and that a walk-away-and-lezve-
it-alone policy as implied by "disposal” was impractical. I still feel that way.
“Management" procedures and standards are practicable, "disposal" is impracticable.
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Is there any person or group of persons who can predict the course of mankind
on this continent for the next 200 years, let alone a millennium? Could George
Washington have predicted the present state of commerce, population, communication,
or the healing arts? The Pueblo of Los Angeles, California, was founded just 200
years ago, in 1781 "... with a populatipn of twenty-six 1nc1ud1ng Mexicans, negroes,
and half-breeds ... upon the site of the old Indian village, Yang-na..."(E. B. Carter,
"Hollywood, the Story of the Cahuengas", H.H.S. Press, 1926). Its LaBrea tar pits
were a death trap, but have been "managed" successfully.

The very advanced Aztec civilization in Central America could not have fore-
seen its destruction by Cortes in 1519. And even the Norman Conquest of England
("1066 and all that") and the Magna Carta (1215) were less than 1000 years ago.

At present the mortality from all forms of cancer is only about one-half of the
morbidity. Who can say what the cure rate will be in 20 years, or 200 years?

For what it's worth, with Federal or State custody of the tailings sites
planned under Section 202 of PL 95-604 after remedial action is completed, 100 to
200 years seems to me to be a more than adequate time spen.

10. RADIUM IN SOIL

The proposed 5 pCi Ra/g soil standard seems reasonable if it is intended to
apply to cover materials near the surface. But what is meant by the provision
. in any 15 cm thickness below 1 foot, shall not exceed 5 pCi/g" (para. 192.12{a))?
To what maximum depth "below 1 foot" does this proposal apply, 5 ft, 20 ft 1000 ft?
If it's to any considerable depth then the radon flux might be 5 pC1 Rn/m¢ . sec, =
another reason for dropping the 2 pCi Rn/m2 . sec concept.

11. RADIUM IN DRINKING WATER

FR81, in paragraph 192.03(b)(1) and Table A, repeats the EPA drinking water
standard for combined radium-226 and radium-228 of 5.0 pCi/liter. As you know from
prior correspondence and conversations I feel that this is unduly restrictive,
inefficient in its cost/benefit ratio, and inflationary in the expenditure of
manpower and m.ney which it is causing. Other scientists who have had significant
direct experience in the study of the radiobiological effects of radium share this
view. If this is a time for reconsideration, please consider the following.

The effects of Ra-226 and Ra-228 in humans has been under quantitative experi-
mental study for more than 40 years, and is probably the best understood of all radio-
biological responses to low, intermediate, and high level radiation. The permissibie
body burden for Ra-226 was set at 0.1 uCi in 1941 based on all the cases which we
had studied quantitatively up to that time (N.B.S. Handbook 27, NCRP Report No. 5).
Now, 40 years and 2000 studied patients later, the 0.1 uCi Ra benchmark continues
to be the solid basis for all radiation protection guides for radium in man by the
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NCRP and the ICRP (e.g., NCRP Reports No. 11 (1953), No. 22 (1959), No. 39 (1971);
ICRP Publication 2 (1959); Publication 30, Part I(1979)). This 0.1 uCi Ra stand-
ard does not depend upon any model of dose vs. response, or of estimated tissue
doses in rad or rem. The Sr-90 and Pu-239 permissible levels were based upon this
radium standard (ICRP Pub. 2). I

The 0.1 uCi Ra bench mark was based on the directly measured residual body
burden of patients, long after they had acquired a much larger initial burden,
commonly the order of at least 100 times larger. When used as a radiation protec-
tion guide the 0.1 wCi bench mark represents not a residual burden but the maximum
body burden reached during intake. Thus there is a substantial additional safety
factor of between 1 and 2 orders of magnitude built into the conventional use of
the 0.1 uCi Ra standard as the maximum body burden rather than as a residual body
burden evaluated many years after exposure (see, for example, Figure 16 in R. D.
Evans, "The Effect of Skeletally Deposited Alpha-Ray Emitters in Man". Brit. J.
Radiol. 39, 881-895 (1966)).

The ICRP has given long and careful consideration to risk analysis, and to
the risk associated with the ingestion of radium. Since the very first standards
were proposed by ICRP and NCRP for internal emitters, radium standards have been
based on the 0.1 uCi Ra benchmark while standards for other radionuclides have
been based on calculations of rad, rem, Gray, and Sievert tissue doses.

. The present ICRP occupational annual limit of oral intake (ALI) of radium
is 70,000 Becquerels for Ra-226 and 90,000 Becguerels for Ra-228 (ICRP Pub. 30,

Part 1, "Limits for Intakes of Radionuclides by Workers", page 99). For mixtures
of Ra-226 and Ra-228 we may use the average, 80,000 Bq/yr, which is 220 Bq/day, or
6000 pCi/day.

The ALI and average daily intake w2rederived by using the alkaline earth
retention model of John Marshali (ICRP Pub. 20) and determining what ALI for each
of 50 successive years would result in a final body burden not to exceed 0.1 uCi
Ra-226 (J. Vennart, Health Phys. 40, 477-484 (1981)).

This ALI of 7 to 9 x 10% Bq, or 2 x 106 pCi, already contains the consider-
able safety factor of 10 to 100 cttributable to the use of maximum burden rather
than residual burden, discussed above. If now an additional safety factor of 100
is applied for the general public as compared with radiation workers, the 6000 pCi
Ra/day becomes 60 pCi Ra/day. The standard daily intake of drinking water is less
than 1 liter/day (ICRP Pub. 23, page 360). But putting in still another safety
factor by assuming 2 liters/day, leads to a value of 30 pCi Ra/liter as a very con-
servatively safe maximum permissible concentration for Ra-226 plus Ra-228 in drink-
ing water. :

Thirty pCi Ra/liter, expressed in S. I. units is 1 Bg/liter, which is the
value adopted in Canada in 1978, prior to the publication of ALI values in ICRP Pub.
30. By coincidence, 30 pCi Ra/liter is the concentration which I recommended mostly
on grounds of dosimetry and dose-response relationships in.my 11-page commentary
dated October 4, 1975 on EPA's 40CFR141, as well as in my letter of September 8, 1980
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to William Lappenbusch of EPA's 0ffice of Drinking “ater. Those two commentaries
led to the same recommenuation as now results from ICRP's approach, which is
happily independent of dosimetry or dose-response relationships.

In summary: based on long-term gpidemiological studies and recent ICRP
recommendations on annual limits of intake, raising the EPA drinking water stand-
ard for Ra-226 and Ra-228 from 5 pCi/liter to at least 30 pCi/liter can be shown
to have a safety factor of at least 3 to 4 orders of magnitude with respect to
the international radium MPBB standard of 0.1 uCi Ra. This can be shown without
making any assumptions about the shape of the dose vs. response curve.

A1l of these comments are intended to be constructive. 1 hope they will be
helpful. I will be glad to discuss any of these matters with you and your colleagues

at any convenient time.
Cordially, Z

RDE : mms Robley D. Evans, Ph. D.
Professor of Physics, Emeritus
Mass. Institute of Technology

With best regards.
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The American Mining Congress is an association of companies
engaged in every aspect of the mining and minerals processing
industfy. As such, the AMC represents the principal domestic
producers of uranipm. Because of the potential connection between
the proposed standards for inactive uranium processing sites and
future standards for active sites, the AMC, as a representative
of its members, is an "interested person"” entitled to comment on
the proposed standards. For this reason, we express our appreciation
for this opportunity to testify.

As a preliminary matter, we call the attention of the
Agency to Executive Order 12291 (46 Fed.Reg. 13193, Feb. 19, 1981).
This order, which was effective upon its issuance, regquires
in specific terms EPA to engage in cost/benefit analysis before
promulgating any regulation. When proposing a major rule, the
Executive Order reguires the Agency to prepare a draft, and later
a final, regulatnry impact analysis to accompany che proposal
througnh the regulatory process. We believe, for reasons hereafter
stated, that the proposed inactive site standards constitute a
major rule requiring a regulatory impact analysis. We, therefore,
request that the comment period not be closed until the regulatory
impact analysis is issued and until sufficient time is allowed

for public comment upon it.



The Proposed Standards Fail to Conform to the Regquirements of
the Uranium Mill Tailings Radiation Control Act.

4. The Purpose of the Uranium Mill Tailings Radiation Control Act.

The Uranium Mill Tailings Radiation Control Act states
that 'd}anium mill tailings...may pose a potential and significant
radiation health hazard to the public" (emphasis added). From
this statement, two points must.be made. First, Congress did not
find that uranivm mill tailings present a significant hazard.
Secondly, Congress indicates that it is significant health hazards
that are of concern. Thucs, the level of public protection con-
templated by Congress is to be that which is necessary to minimize
significant health hazards.

This intention is confirmed by the direction to develop a
program "to stabilize and cont-sl...tailings in a safe and
environmentally sound manner and to minimize or eliminate radiation
health hazards to the public" (emphasis added).

B. EPA Has Failed to Establish a Need for the Proposed Standards

The Act requires the development of a program to control
tailings in a safe manner. A safe manner is not tantamount to a
risk-free manner. The Act, as reasonably construed, reguires only
the minimization ol significant risks of material harm.

EPA has not provided an adeguate assessment of the nature
and extent of the hazard, if any, posed by residual racioactive
materials. EPA's analysis is based on a series of assumptions

which conclude that some health effects may occur.



EPA ac:-s » the assumption that anyrisk is unacceptable.
However, a. indizzy»d By the decision in the Benzene case, Congress
could not have . asc.3ply intended EPA to have such authority.
Before EPA can impose specific standards, it must be established
that a 'significant risk of health hazard exists. This the Agency
has failed to do.

No comparison with other, publically accepted risks is made.
It is even admitted that at the low radiation levels involved,
the effects may not be detectable (DEID page 4-1). No clinical
evidence of medically significant effects is presented. No attempt
to realistically assess the harms and risks is made. Only a brief,
pseudo-theoretical asz2ssment of the health risks posed by the
tailings piles is discussed. Further, this assessment makes no
attempt to scientifically distinguish the various theoretical
risk estimate technigues. The estimates are based on unpublished
scientific documents which have nnt been subjected to peer review.
For example, the health effects discussion in the Draft Environmental
Impact Statement (DEIS) relies heavily upon a Florida phosphate
study which relies on an unpublished report entitled "Facts in
Exposure Response Relationships of Radon Daughter Injury" by
V. E. Archer. This unpublished highly questionable report also
is relied upon directly in the DEIS. Such use of unpublished
information is inappropriate, especially when published, peer-
reviewed information of high scientific credibility is available
e.g. BEIR III, and "Estimate of Risk From Environmental Exposure
to Radon-222 and Its Decay Procucts,” R. D. Evans, et al., Nature,
290, March 198l.

Tc put the EPA estimate in perspective, the AMC offers
the following information. The EPA ass'med estimate is about 2

premature dzaths per year. Setting aside the problem that such

. .
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a low rate would not be detectable in the population, this
assumed rate should be comparei .o other risks of fatalities.

Other risks of fatalities per year, based on clinical evidence

are: all accidents = 100,000: antcaobile accidents = 50,000;
alcohoi - 56,000; drowning - 8,000; poisons - 4,000; choking

on food - 3,000; and firearms - 2,500. Thus, the 2 assumed
fatalitiez per year from the inactive tailings sites represent
several orders of magnitude less of a danger than many other
actual risks commonly accepted by the public. NRC's Generic
Environmental Impact Statement (NUREG-0706) estimates the maximum

number of premature deaths in the U.S. from background radiation

is 8,060 per year, this, compared to 2 premature deaths from
uncovered tailings.

Thus, the entire costly remedial action standards are based
not on substantive evidence of significant risk of material harm
to be controlled, but on a series of assumptions and policy
considerations designed to justify elimination of all possible
theoretical risks which might be posed by tailings. Such standards
are contrary to the Uranium Mill Tailings Radiation Control Act and
are unreasonable and arbitrary.

DEIS Does Not Comply With the National Environmental Policy Act

The Uranium Mill Tailings Radiation Control Act requires
that +he program for control of tailings be conducted in an
environmentally sound manner. The National Environmental Policy
Act requires the consideration of the environmental impacts of the
regulations. These two acts require that an assessment of the
environmental impacts of the standards be conducted to assure that

the least environmentally disruptive alternative is selected and

that environmental mitigation measures are inlcuded where practicable.

- ;



"The environmental impact assessment provided by EPA in
the DEIS is inadequate. Only the hypothetical impacts of the
tailings are considered in any depth. No evaluation of the
detrimental environmental impacts of implementation of the
proposed standards is made.

In the arid West, where many of the sites are located,
stripping of land has very important reclamation considerations.
Delicate vegetation is destroyed by both the actual earthwork
itself and the movement of heavy equipment in the peripheral
areas. Such vegetation must be replaced. The environmental
and health effects of such actions have not been evalu:ted.

Earthwork and trucking activities involve subst~-tial
risks. For example, it has been estimated that a seven-year
remedial action program to remove tailings from Salt Lake City
will inc&r 5 fatalities and 62 injuries among the clean-up workers
(Memorandum for the Record dated March 12, 1981, U.S. House
Committee on Armed Services). Yet, EPA makes no attempt to
evaluate these actual risks to remedial action workers against
the hypothetical risks to the public from the tailings piles.
EPA dismisses these known risks from occupational hazards as
temporary an< negligible (DEIS page 6-10). For the workers killed

or injured, these hazards are not temporary or negligible.
(
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‘Other risks associated with remedial action work to the
levels in the proposed standards have not been given adequate
evaluation. No evaluation of tHe potential public exposure as
related to the exposure from other alternative standards has been made.

Moreover, the socioceconomic impacts of the standards have
not been given adequate consideration. The simplistic assessment

in the DEIS of temporary benefits does not justify the avoidance

of consideration of impacts to the local human community.
Consideration of potential impacts to the cultural/archaeological
resources of the area were also ignored, contrary to the regquire-
ments of the National Historic Preservation Act.

The Proposed Standards are Unreasonable

A. Natural Background Assumptions are Erroneous

The proposed standards are based on the erroneous assumption
that there is an "average" or "normal" background radiation level.
Due to the extremely wide range of environmental conditions which
exist in nature, the use of a computed average as the basis for
the standards is unduly restrictive. The standards should either
pe on a site-specific bas. = or, if general staniards are to be
applied, they should be within the range of natural background.
This would assure that present and future generations would not
be subjected to risks that are different in kind or magnitude

from those imposed by nature.



B. One Thousand Year Effeactiveness

f ' The selection of a 1000~-year period is unreasonable. The

state-of-the-art cannot be guaranteed to be effective for at least

1000 years. A time period of 100 years, during which there would

be a reasonable expectation that the standards will be satisfied,

would be realistic and reasonable. The time period selected

should be based on what can reasqgnably be projected to provide

control. On this basis, a target period of 100 years is reasonable.

C. Radium in Soils

The proposed clean-up standard for radium-226 in soils

provides for reasonable assurance that in any 15 cm thickness

below 1 foot, the Ra-226 concentration shall not exceed 5 pCi/gm.

This standard is based upon a ccasideration of the radium-

radon exposure pathway. In its discussion, EPArelies upon two

basic assumptions. These are that (1) indoor radon decay products

in excess of 0.0l WL pose an unacceptable health hazard, and

(2) radium-226 soil concentrations of 5 pPCi/gm or greater will

result in radon decay product levels in structures in excess of

0.01 wL.

The conclusion that indoor radon decay products in excess

of C.01 WL pose an unacceptable health hazard is highly questionable.

A significant portion of structures in the U.S. exceed the proposed

limit of 0.015 WL even though they are not associated with tailings.
Radon flux rates for a given Ra-226 soil concentration are
very sensitive to a variety of conditions including, for example,
grain size distribution, mocisture content, compaction, and baro-
metric pressure. The indoor radon decay product levels are also

dependent on the type of building materials and configurations.
{



Thus, establishment of a correlation betweén radium-226 in soils
and indoor radon levels is precarious at best. 1If the radium-226
standard is founded on indoor radon decay product concentrations,
some ass;ssment of the depth/exhalation phenomenon is needed.

EPA relies on two publications for its conclusion that a
5 pCi/gm radium level correlates.with a 0.0l WL. One is the

Healy and Rogers report which makes a preliminary study of

radium-contaminated soils. The report argues, it does not conclude,
that indoor radon decay product concentrations of 0.01 WL might be
expected for soils with radium concentrations of 1 to 3 pCi/gm.

This is not a reasonably scientific foundation for standard setting.

EPA also relies on the NRC Staff Technical Position on
Interim Land Clean-up Criteria for Decommissioning Uranium Mill
Sites in-the NRC Draft GEIS. EPA uses this document to conclude
that 3 to 5 pCi/gm of radium can cauée indoor cencentrations
~of 0.01 WL. However, the table indicated radon levels inside
structures on land averaging 5.0 pCi/gm Ra-226 would range anywhere
from 0.0024 to 0.04 wi units. This wide range of radium values
points out the questionable validity of the use of a radium-226
standard for remedial action.

A comprehensive analytical study of radon flux rates that
can be anticipated under conditions typical of uranium mining
conditions in the western United States has recently been completed
by industry. This was provided to EPA as part of AMC testimony
on EPA Resource Conservation and Recovery Act Regulations
(Statement of S. Baker on March 9, 1979). The study shows that

structures with average ventilation which are situated on reclaimed



waste rock deposits having Ra-226 concentrations averaging 20 pCi/gm
to infinite depth will normally exhibit radon decay product con-
centrations on the order of 0.01 WL. Similar structures situated

on deposits having Ra-226 concentrations averaging 20 pCi/gm

near the surface and up to 70 pC%/gm below to infinite depth are
shown to exhibit decay product concentraticons no greater than 0.02 WL.
From this study, it can be seen that a 5 pCi/gm cut off used to
control indoor radon decay product concentrations to 0.01 WL is
unreasconable.

The health risk posed by tailings material on open land has
not been assessed. The highly tenuous correlation of radium-226
in soils with indoor radon decay product concentrations makes the
use of such correlation unreasonabl=z. No discussion of alternate
indoor radon controls has been made. No need for the 5 pCi/gm
radium-226 standard has been shown.

Nature exhibits an extremely wide range of environmental
conditions. Inadeguate consideration has been given to the practical
problems associated with the implementation of the proposed standard.
Current field instrumentation cannot detect radium-226 concentrations
in the specified layers. There would be no assurance that all areas
contaminated by tailings in excess of 5 pCi/gm would be identified.
Another problem is how to attribute various radium-226 levels to
tailings contamination. Considering the wide range of radium
background concentrations in the western states and that there has
been no background survey, it will be difficult to determine
whether some areas exhibit radium-226 levels in excess of 5 pCi/gm

due to tailings contamination or because of the presence of natural




pockets of high background levels. Verification that every area

of greater than 5 pCi/gm radium-226 levels attributable to tailings
has been detected and cleaned-up to standards will be impossible

to achieve.

Not only are the practical limitations of the field instru-
mentation and verification proce;s not considered, the problems
inherent in existing analysis technigques for radium-226 are ignored.
Present technigues are slow and time-consuming and lack the precision
necessary to measure low concentrations accurately.

Since the radium standard is not directly related to health
effects, an assessment of alternative bases for standards should be
considered, for example gamma flux. A flexible standard based
in part on local background concentrations may be another potential
alternative. Under the proposal, dirt removal will be reguirecd
to comply with the standards. Reclamation standards should be
- considered. Such alternatives could provide the degree of health

protection desired for the public at a much reduced cost.

D. Radon Emanation Rate

EPA has proposed that radon emanation from inactive tailings
piles not exceed an average annual rate of 2 pCi/m2 x sec. EPA's
justifications for such a standard are that it will return radon
flux to levels near baskground; that the cost of meeting the 2 pCi
limit will be only 10% more than meetinc some less stringent level
of control; and that it will avert 200 lung cancer deaths per
century.

To begin, the assertion that 200 lung cancer deaths will
result if no remedial action is undertaken is erroneous. Better
data (Evans, et al.) indicate that no more than 30 per century

will occur.
-10-



EPA's stated objective of returning radon flux te leveis
in the range of natural background is not related to health risk
and therefore is not an appropriate basis for a health standard
like the propcsed inactive site standards. As stated above, EPA's
authority under the Uranium Mill Tailings Radiation Control Act
is limited to proposing standaré; that are health based. The same
kolds true for the statement that the 2 pCi standard is reasonable,
because it will only cost 10% more than a standard of 10-40 pCi.
Ten percent of several hundred million dollars is an absurd amount
to spend if it results in very little benefit. Regquiring such an
unnecessary expenditure violates Executive Order 12291.

The inactive site standards must be based on a reasoned
evaluation of health risk. They must also be cost-effective.

Even if EPA's estimate of health effects was accurate, it is
unreasonable to spend hundreds of millions of dcllars to prevent
the equivalent of 2 estimated deaths per year from lung cancer --
a number that is totally indistinguishable from the thousands of
deaths attributed to lung cancer every year in the United States.
The EIS estimates that a radon exhalation limit of 2 pCi will
prevent 99.6% of the 200 health effects that would occur each
century if the piles were left uncovered (EIS, p. 6~7). The 1978
Uranium Mill Tailings Radiation Control Act does not mandate
total elimination of risks.

As indicated by Evans, et al., the risks associated with
radon emissions from tailings are insignificant. On this basis,
AMC proposes that no radon flux standard should be included in
the inactive site standards. This is consistent with the Uranium
Mill Tailings Padiation Control Act which reqﬁires a showing of

significant risk by EPA before it issues regulations.




E. Indoor Radon Daughter Concentrations

The 0.015 WL remedial action level for habitables buildings

was promulgated without public comment by EPA as an interim cleanup

standard. This interim standard is at distinct variance from the
remedial action level set for persons residing on Florida
phosphat~ lands, namely 0.02 WL, including background. The
citation for the source document recommending 0.015 WL in the
praft EIS is AR 79, p 4-40. The reference citation was not
accepted by peer review for publication.

The EPA is using a risk factor estimate of 1073 per WLM
for radon exposure related health events which is not generally
acceﬁted. The most scientifically based risk assessment factor
is 10'4 per WLM as an upper bound of the risk (EBvans, et. al.).
This upper bound value is based on méticulous review of all USA
ané Czeckoslovakian uranium mining epidemiclogic data. Based
on these data, there is no proper scientific basis for selecting
the unneceséarily restrictive value of 0.015 WL for the indoor
radon exposure limit, including background values. 1In the draft
EIS, the large uncertainty surrounding the risk estimate for
radon related health effects 1is freely admitted and casts
doub. upon the praobity of extending the results to the general
public.

NRC's 10 CFR 20 recommends limits for nonoccupatiocnal
radiation exposure a level of one-tenth the occupational exposure
limit, or 0.03 WL. This is a more rativnal level and has wide
acceptance in the scientific community. The Surgeon General
recommended 0.05 WL as an upper limit for cleanup in Grand

Junction buildings contaminated with uranium mill tailings.

-]2e



U.S. Radiation Policy Council advises that a generic study
of the frequency distribution of radon exposure in structures
should be made a necessary first step before Federal control
actions on more than a local, problem oriented level are
contemplated. We believe EPA should delay setting such a
standard and rely on the Surgecn General's guidelines of 0.05 WL
vpper limit for cleanup of potentially contaminated habitable
structures near inactive tailings areas.

F. Groundwater Contamination

AMC has a number of specific concerns with respect to the
ground and surface water standards. EPA has not given any
consideration to the existing or anticipated uses of the surface
and groundwater it is proposing to regulate. Because of the
shallow depths of many uranium ore deposits, it is not uncommon
for the original quality of water where a tailings disposal
site is located to not be suitable for drinking water. Rather
than acknowledging this, the proposed regulations set out to
treat virtually every water bearing formation or water body as
if it were a drinking water source.

The proposed regulations require that seepage not cause
concentrations of selected elements in groundwater to exceed the
maximum contaminant levels for particular substances under the
National Interim Primary Drinking Water Standards. This pre-
scription would in many cases make little sense. For example,
if the initial water gquality of an aquifer underlying a uranium
mill tailings pond renders it suitable only for industrial use,

what purpose would be served in prohibiting a slight increase,
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or indeed a large increase, in tle concentration of one of
the listed substances?

It appears arbitrary to lift a set of standards from one
statute applicable to drinking water supply and apply it to
another statute intended to govern groundwater absent to compelling
rationale. Such a rationale is, however, lacking anywhere
in the DEIS.

Certain criteria listed in Table A appear to be unduly
restrictive. These criteria will commonly be exceeded by normal
background conditions.

The suggested .imit of 10 pCi/liter for uranium does not
appear to have any sound scientific basis. Guidelines for uranium
in water have been promulgated by federal, state, and inter-
national agencies. NRC, based on chemical toxicity, proposed
30,000 pCi/l for workers which calculates to 3000 pCi/l after
dilution. ‘The Wyoming Department of Environmental Quality has
adopted 5 mg/l or 3400 pCi/l. Colorado Department of Health
suggests 10 pCi/l is too restrictive. The ICRP (Publication 30-1979)
established an annual intake for workers based on radiological
effects equivalent to 14,800 pCi/l for the public. This may be
conservatively low because the ICRP model may overestimate the
radioclogical bone cancer risk factor. Again, these standards
must be health based under the Uranium Mill Tailings Radiation
Control Act. EPA has not established the health need for these
groundwater standards.

The Cost of the Proposed Standards are Underestimated

A. Costs are Ignored

wld=



In Chapter 6 and the cost estimates in Appendix B of the
DEIS, AMC notes numerous omissions and inadequacies. Costs
for engineering, field supervision, or contingencies are not
considered. Provisions for reclaiming the land from which topsoil,
cover, or riprap is obtained are ;ot considered. To purchase
topsoil may be impossible, as most states require saving topsoil
for reclaiming the land from which other cover material
is borrowed. If the tailings are moved to a new location, the
topsoil at the new location will have to be excavated and
vegetation established to prevent erosion during the storage
period until the tailings are moved. Riprap is not a readily
available material, nor is it free. It will probably have to
be guarried, and we see no costs to cover this. 1In some
locations, a suitable clay at a nearby location is nonexistant
or is very scarce; or if available, only at a considerable
distance. .These costs are not considered.

The unit costs in the DEIS were compared with costs being
experienced in actual tailings dam réclamation work. The
industry experience in some instances compares favorably with
the costs in the DEIS; however, for below-grade excavation,
transportation, synthetic liners, and soil and vegetation cover,
the industry figures are 2.5 to 3 times higher.

Te evaluate the effect of the estimating methods as well
as the unit costs, estimates for two cases comparing EPA and
industry figures were made. For Option 2, reclamation in place,

industry costs were from 1.8 to 2.7 times higher than EPA's.
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By similar comparisons for moving the tailings to a new disposal

area (option 3 in the DEIS), the industry figures were from
2.7 to 2.9 higher than the EPA estimates.

The EPA estimates do not include the costs for reclamation
of the borrow sites and makes no provision for costs of cleanup
around the mill sites, remedial action at offsite locations where
tailings may have been used for fill material, survey and
decontamination of used eguipment, burial of contaminated
equipment, demolition and disposal of buildings or reclamation
of the mill site.

B. Total Cost of Project

AMC believes the total remedial costs for the 24 inactive
mill sites which EPA estimates at $200-300 million (page 5-3
and 9-8 in the DEIS) will more likely approach $1 billion if
the proposed EPA standards are adopted.

We have estimated the total cost of the 24 inactive
mill sites.assuming 17 are reclaimed in place and 7 are moved
to new below-grade disposal sites (Table 2-4, pages 2-16 and
2-17 in DEIS). Based on EPA estimates, the total costs will
vary from $50 to $200 million. This is the cost for tailings

reclamation only and does not include many other remedial

actions required as mentioned earlier. Industry estimates that
the total tailings reclamation cost could range frum $140 to

$450 million.

C. Cost-Benefit Considerations

The thicker the cover, the higher the cost, and the less
radon rele.se from the covered tailings. The DEIS states that

»...reducing an uncontrolled radon release rate of 450 pCi/m2 --
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sec to IQpCi/m2 -- sec would avert 98% of the potential effects

of radon emitted from the uncontrolled pile." Taking inéo
consideration all the inactive piles, this would theoretically
reduce the 2 premature deaths per year to 0.04 per year.

Using a more recent estimate of risk from exposure to
radon-222 as proposed by Evans et. al., the 90% reduction of

radon would reduce the premature deaths from 0.3 per year from

the uncovered piles to 0.00¢ per year. This would be eguivalent

to a cost of $2.3 million (EPA) to $17 million (industry) per
premature death averted per century. This value is, of course,
absurd.

Reducing the radon by approximately 80%, or to an
emanation rate of 100 pCi/m2 x sec, would reduce premature deaths
from 0.3 to 0.06 per year at a total cost of $50 to $360 millien.
Even this calculates to be $2 million (EPA) to $15 million
-(industry) per premature death averted per century, still an
unreasonaﬂle figure. The inclusion of a radon emanation limit
in the proposed standards cannot be justified on health effects.

In summary, we believe the total cost for the entire
remedial action project designed to meet the proposed EPA
standards will likely approach a billion dollars. This will
result in a cost-benefit ratio which, using even the lowest
figures, is greatly out of reason. Less restrictive standards
will greatly reduce costs and still insure long-term stabilization
along with reducing health risks which, even without controls,

are not now at unacceptable levels. 1In fact, for health effects
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alone, the expenditure of $300 million to $1 billlion, whatever
estimate one uses, would be far better spent on many more
eritical risk avoidance measures.

Because Congress and state legislatures must approve the
appropriations for all remedial action, it appears prudent in
these times of budget constraints to develop standards which
are reasonable and which may be accomplished at the lowest
possible cost. The magnitude of costs required to meet
EPA's unnecessarily strict standards may jeopardize the entire

program.
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BE IT REMEMBERED that on to-wit, the eleventh

day of June, 1981, this matter came on for hearing before

in the

Nambe Room, Convention Center, Albuguerque, New Mexico,

at the hour of ten forty-five o'clock in the forenoon.
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ROBLEY EVANS

was called as a witness by the U.E.S., and having
been first duly sworn, testified upon his oath as follows:

DIRECT SEXAMINATION

L

BY MR. CROUT:

Q Doctor, if vou could brisfly d:scribe the
position you held in the educational field, and what areas
of expertise you did teach and study in that area.

A Well, I'm a professor of physics emeritus
from Massachusetts Institute of Technology, whzare I was

a faculty member from 1934 to 1872. 1I've been, in terms

of radiation sa: i've been president of the Health Physidg

Society, the national society that deals with radiation

risks. And I've been national president of the Radiatioan

Research Society. I'm a life member of the National Council

of Radiation Protecticn; received my -- I began publishing
on the effects of alpha rays on humans in 1933, and I'm

still publishing. I do='t want to use up a lot of time

on telling =--

Q Yes.

A You're locking at hho's who in America or
whatever.

Q Have you received any medals or awards {rom
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the American Medical A=8ociatior? .
A Yes.
Q And what we.e these?
A I recoiyed the Hull Gold Medal award for

the study of radium and the eifects of radium on humans.

Q And are you a member of councils on radiation

provection?

?o

Yes, I am.

Qe And what is that council?

kS That's the National Council on Radiation Tro-
tection and Measurements.

Q And in terms of the number of papers you have
published over the years, approximately how many would
have been published?

R Oh, it's well above two hundred fifty. Some-
where between there and four hundred. I don't keep track.

Q And are most of those in the area of radiation

and its effects?

A A good many of them are, but they are in the

wide field of statistics, epidemiology, nuclear physics, geof

physics.

Q In terms of the regulations that this boa:d

is hearing on at this time, you have testimony that you
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you would like to present concerning them?
A Yes. I have comments which I thought would
be helpful to the board in making its decision.
Q If you would make them.
A Well, I’think the first thing to recall is

that radiation, which from the media gives us some worries,
is a thing that we all live with all the time,‘ and all

of our ancestors have. And if you consider this room, for
example, the radiation which is obvious to everyone is the
visible light from the illumination. But there is also
ultraviolet light in here from these lights, and there is
infrared.

And you know that if you set up a portable
radio, yod pick up a number of radio stations. This is
radiation. These are electromagnetic radiations, the same
type that we'll be talking abocut later.

You know that there is -- there are T.V. signa
in here. You can set up T.V. sets and pick up radiatiocn.
There are satellite signals you cculd have here. You can
get Kirtland Air Force Base material 1n this rcoem. This
room is full of radiation.

It's also full of cosmic rays. And at the

altitude of Albuquerque, it's giving each of us about fifty
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millirem per year from cosmic radiation from outer space.

Page. ..

It's also giving us local gamma radiation from the materials
of construction and from the ground to the tune of about
forty-five millirads per year.

Each of us has a certain amount of body muscle.
In the male, it's about forty percent. In the female, it's
about twenty-three percent, and potassium is tge main con-
stituent, a main constituent in muscle. Potassium is a
radicactive nuclide, so each of us is a source ¢ radiation,

Ard if you are afraid of radiation, you should
sit far apart, and don't sleep in the same bed with anybedy
else, and stay out of crowded elevators, because each of
us is a source of radiation, which is very easy to detect
with modern instruments, and can quantify it with great easc;

There is also in this room, radon, as there
is everywhere, a radiocactive gas which has been described
in various ways. It is an alpha emitter with a half period
of three point eight days. A half period, of course, means
the time required for half of the radicactive material to
have disintegrated. And in two half periods, there would
be a guarter level; and three half periods, there would
be an eighth of the driginal amount level consumed.

The daughter products, the decay products

HOWARD W. HENRY & COMPANY
General Court Repurting Service
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of radon are also in this room, and these are being inhaled
by all of us. We all have a certain number of working leveld
of radon daughters in this room, which we're all inhaling
and which we inhale at home and out on the street.

With raspect to units, there has been various
questions in the past day-and-a-half that I've listened
to about millirems and millirads. And I don't‘think
you even got to milli-Roentgen and the grey unit and the
Severt unit have not even been mentioned, but =-- and these
units, the millirem in particular, and the millirad, would
be the most likely units which would enter any discussion
or questions that you might want to ask me. .

And, of course, milli simply means one one-
thousandth of. And a rem is left over from World war II
days. The Roentgen was the original exposure unit named
after Professor Roentgen. And the new unit which came in
informally' during World War II was a rem, Roentgen egquiva-
lent Dhysical. Then there had to be added to that rem,
which means Roentgen equivalent, man, mammal or mouse, which
are you? So this is the rem unit, and it's a unit of modest
size, but the dcses which we all receive are s0 small that
usually, it's discussed in terms of millirems; that 13,

thousandths of a rem.
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For gquidance, I've already given some indi-

Page

cation of what you're getting. You're getting fifty milli-

rems. And in the case of cosmic radiation, the rad is about
the same as a rem. And for gamma rays, a rad is about the
same as a rem. ;

Those of us who are flying in and out of
Albuquerque receive a half a millirem per hour at jet alti-
tude. That's just one of the decisions that we all make.

We found out yesterday that a curie is a ur t
of activity named after the Curie family. And we had to
redefine it after World War II. And I was on the inter-
national commission that redefined the curie unit. Aqd
we had quite a bit of trouble, I might say, with Marie Curie
daughter, Irene, but eventually, we had the three point
seven times ten to the tenth disinceqrations per secend,
which means a curie. And the pico curie is what you're
talking abcut here. Pico means one million millionth ten
to the minus twelve. So much for simple things of that type

The radicactivity in nature 1s everywhere.

Our medern instrumentation, oh, even twenty years ago we

could measure the radium content of anything in this room;

your necktie, your jacket, Mrs. Hyatt, anything at all.

There is a measurable amount of radium in it, because
HOWARD W HENRY & COMPANY
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instrumentation 1is very sensitive, and because ratiocactivity

Pagr .

is completely widespread, it's all over everywhere. There
are, in nature, forty-five naturally occurring radionuclides,
radioactive materials found in nature.

With respect to radium and uranium in nature,
an interesting gquideline is that it is, as I say, every-
where. And on the average per square mile of gackyard or
highway or prairie or desert, per square mile to a depth
of one foot, there is six tons of uranium and two curies
of radium-226.

So it's everywhere, and there is a lot of
it. Each person in this room has a body burden of
about a hundred pico curies of radium-226. And you also
have a hundred and thirty~-five thousand pico curies of
potassium~40. So they are pretty gocd radiocactive sources.

Your eating and your diet every day, about
two pico curies of radium per day in the ordinary diet.

Now, with respect to radon, which, of course,
is the first decay product of radium, the unit of measurement
commonly used which leads to the working level of the unit
is a hundred pico curies of radon per liter. It s a gas,
as has been said so many times, but it isn't a whole lot.

It's less than two million atams of radon per liter for a
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hundred pico curies of radon per liter. And most of the
numbers that you've Leen talking about are cne pico ' urie
per licer and so on.

In such air, the attenuation, the dilution,
the amount of radon is such that there is about one atom
of radon. This is that air with a hundred pico curies of
radon per liter=-- there is less than one atom ;f radon per
ten to the fifteenth atoms of nitrogen and oxygen. That
means one atom of radon per thousand million atoms
of oxygen and nitrogen in the air.

It's partial pressure radon. Partial pressure
in terms of barometric pressures is ten to the minus six-
teenth of the atmosphere, but is zero followed by a decimal
peint followed by sixteen zeros and a one -- fifteen zeros
and a one.

So radon is not a gas that you can see, or
that's going to create a wind or a breeze or anything like
that. It's a few atoms at a time. The radon itself, as
I think has gradually come out in the discussion, is rela-
tively innocuous in comparison with its so-called decay
products or daughter products. And all of those words mean
the same thing. These are the radiocac%tive decay products

of radon. They are radon A, B, C, C prime, the short-lived
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ones, and they are not gases, they are isotopes of solids.
They are isotopes of lead in plutonium so that the daughter
products, when they hit anything such as the wall or the
table or the inside of your lung, they lie down and stay

.
there.

They are not a gas. If you inhale the combi-~
nation of rador and radon daughters, you'll erale the radon
and you'll keep the daughter products. Mot all of them,
but about twenty-five percent of them, if you're a normal,
breathing human, but all of the health effects ralative
to radon in the lung.

I don't know how the stenotypist can put in
quote marks. All c¢f the health effects of radon so-called
is in the lung, is not from radon but from radon's daughter
products, so-called radium A, radium B, C, and C prime,
and is of common elements lead embezzlement from pluton.um,

At one working level in air, which 1s a mea-
sure of the amount of daughter products present, that's
the amount of daughter products which would be present at
full radicactive equilibrium with a hundred picc curies
of radon per litar. And it means that there is one atcm

of daughtar product per ten to the seventezenth atoms of

oxygen and nitrogen, $0 it's extremely diluted.
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2 ‘ You also need to recall that the =-- that radio-
3 [activity being everywhere is of geophysical importance. The

4 radicactivity when spoken of is six tons of uranium per

5 square mile, to a depth of one foot. Ard the corresponding
6 amount of radium gene;ates heat, and the earth’'s internal

7 | heat is due to radicactivity in the earth's crust and in

8 the underlying basaltic and inner core layers 65 the

9 earth.

10 These give up about ten to twenty-one per

11 year. And all of the energy is available for =-- all volcanods

12 and all earthquakes are due to energy from radiocactive decay
13 inside the earth. =

14 The earth's surface is not ccoling down, it's
15 heating up because of the radicactive decay in the interior
16 of the earth and the long travel time of a therma. wave

17 and cervical cord. And it's going from the center of the

18 earth out to the earth's surface.

19 One of the decay products, one of the =--'not
20 a decay prcduct, the =-- the commission, the radiation which
21 is spoken of this morning, radon emits alpha rays, alpha

22 rays such as radium. The alpha ray is a he.ium nucleus.

33 And as soon as it's stopped, which is =-- it's stopped by

24 a piece of paper, it cannot penetrate the piece of paper.
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So that all of this radiocactive decay gives rise to an accumi-

lation of helium. And this is why we have helium in gas

wells, but in the places where there isn't this geochemical
concentration of helium it's interesting to note that the
.

ordinary radiocactivity of the earth's crust is such that
the helium content of one cubic mile of earth is sufficient
to do this. ‘

So radiocactivity is everywhere, and radiation
is everywhere. We have lived with them, our ancastors have
lived with them, and our children and our grandchildren

and our great grandchildren will. The effects of radiaticn

on materials of construction and on living things is probably

the best studied of all environmental subjects.

Now, about low-level radiation, which is a
media phrase lately, there are at least three areas in tihe
world where a group of people have lived for a considerable

time, like five hundred to a thousand years, with con-

=
)
L
3
"

siderable inbreeding in China, in Brazil, and in

e
r
19
17

in arnas where the background radiation is two to t!

i’
-
@

"
‘l

w
r

or more, four or five times as qreat as it is for
of us.

So we say we double the background radiation
cf us, what will that do to us? The answer 1s nothing.
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That is, the effects have been carefully studied in China

Page

and in Brazil. It's on the east coast of Brazil, just north
a mile from the Amazon:; and in India, a coleny, a group
just south of Bombay, about fifty miles. These have been
very carefully studicé. and there is -- there are no radio-
biological effects. <vhey do not differ in any way.

For example, in India, from the éopulation
at Bombay, the same effect in China. Norman Frigerio,
fthe late Norman Frigerio of the Aragon National Laboratory
and his colleagi es, studied the effect of variations of
background radiation in the United States. You can take
an average figure for the background radiation in New Mexico,
and that will be different for the average background
radiation in California or in Massachusetts.

The numberslwill. for the forty-eight conti-
nental states, range from a hundred millirem per year to
two hundred fifty millirem per year. So you've got a range
of two-and-a-half.

Then you can take the cancer statistics, not
only all cancers, but the individual types of cancers,
leukemia, breast cancer, whatnot. And you can plot these,

plot the cancer incidence as a function of the background

radiation to which all citizens are exposed. And the
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interesting thing is that without any question at all,
statistically, the lowest cancer incidence occurs where
the radiation background is highest. The curve definitely
drops down, there is no question about it. These are the

»

data Frigerio and others presented quite widely. And there

is a brand new paper in the current issue of Health Physics
from an entirely different group headed by Ricﬁa:d Hickey
of the Horton School in Pennsylvania who's finding the same
thing.

I1f one belived this, one would have to say

that a small amount of radiation is a highly beneficial
thing. There is no question that if you live in a state,
I think, with high background radiation, you're living in
a state in which the citizens have a low cancer gncidence
compared with the rest of the United States. The effect
is indisputable.

There have been a few instances of very high
levels of radiation in which groups of persons have been
harmed. One of the earliest of these, of course, 1s the
radium dial painters back in the days of World War [. An
this is a field -- these girls swallowed radium by tax:ing
a brush, and many of them develcped bone cancers.

From 1933 to the present time, this has been
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one of my principal scientific activities, and I've studied

Page

more than a thousand such persons, and have quantified the
dose that thiey got and the medical consequences. I can
assure you that the relationship is not the linear

L

nonthreshold, and that the alpha radiation is high L.E.T.
radiation.

There is absolutely no guestion éhac there
is no linear nonthreshold model, which can conceivably fit
the data. The statistical odds against the linear
nonthreshold model in this case are one in five million.
This has been published. 1If you'd like the reference,

Radium in Man, 1974. ;

The second group are the uranium mineyss, partic

larly originating in the Sneberg and the Amconof mines

in Bohemia, and Sackscnie in the previous century. Those datha

are summarized in a paper in 1940. And the first suggested
radon and thoron permissible values for use in the United
States.

In ﬁhe wild west days of uranium mining 1in
this country, when we were at war, active war, and then
in cold war, the question arose as to whether our miners
might be being exposed to something that cculd produce lung

cancers.
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Duncan Holliday was a central fiqure in all
of this. And later, a young man joined him called Victor
Archer. I worked with Duncan Holliday on these matters.
We first went into the mines together in 1954, and Victor
Archer came out about.six or seven years later and undertock
to compile the data, but there are examples at very high
levels.

Now, those persons, the miners, who -- as
was said this morning, we're still seeing new lung cancers
which are the result of exposure twenty years ago, long
before the present standards of four working level months
per year since those were put in, as you know from the on-
going study of the uranium epidemioloéy study here at the
University of New Mexico, the lung cancer incidence among
new miners since 1961 is nil. 2 much for background.

Now, with respect to specifics which are rele-
vant, directly relevant to the issues of this hearing, let's
talk about radon flux and radcn dispersion. The radium

which is in all rocks and gravel and sand and dirt is oro-

1rst daughter

ducing radon at a constant rate. That's its
products.

So that underground where there 1s radium,

as there 1s in all the rocks, radon is produced at a constan$
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rate. The rocks, of course, have voids between crystals
of grain. The radon part of it gets out of crystal grain,
and as a gas, sits there in the interstitial between the
grains. And then it's a gas, and you see how terribly di-
luted it is. And it moves up and it moves down towards
the center of the earth, and then it moves sideways.

Some of it which comes up toward.the surface
of the earth eventually makes it before having decay, and
is exhaled from the surface. So at the soil air interface,
there is a flux of radon.

The normal, average United States radium con-
tent of soil is one pico curie of radium per gram of soil.
The normal radon flux produced by this radium is one pico
curie of radon per square metar, about a square yard per
second. 1In a typical high-level tailings pile, and you
see the uraniumore is simply a geochemical, in which this
unive;sally present yranium has by some chemical means,
through underground waters or others, been concentrated.

And 1f it's concentrated by a few hundred
or few thousand fold, it's worth mining. And then the rest
of the uranium dependent industry follows on from there.
But if you take the high -- a hign number, the flux from

typical inactive, unstabilized uranium tailings pile is

HOWARD W. HENRY & COMPANY
General Court Reporting Service

1300 Central Avenue. S W
ALBUQUERQUE, NEW MEXICO 87102
Phone 247.2224




10

11

12

13

14

16

17

13

i

Page
six hundred and forty pico curies of radon per square meter, |
six hundred forty times the ground average.

This means that from one acre of tailings
pile, there would be six hundred forty times as much radon

.
flux from one acre of tailings pile as from an acre of
ordinary land:; or from one acre of tailings pile, it would
‘e the same radon as from six hundred forty acres of ordir
nary land, but that's a square mile.

So you have a handy-dandy rule of thumb which
is that the radon flux from an unstabilized uranium tailings
pile, one acre tailings pile, corresponds to the radon flux
from one square mile of ordinary countryside, pasture,
prairie¢, desert or mountain. So it makes it very easy.

qu, in the United States, amcng the inactive
piles, there is one thousand acres of tailings with ==
some of which is stabilized. 1I'm going to take the limiting
case that none of it is stabilized. The radon flux from
the tailings pile, it comes out as radon, out of the sur-
face of the ground. There ar2 no daughter products with
it because the daughter products are scolids. They are
down in the ground, and it's only the radcn gas which comes

out. It, therefore, has nc daughter products, and tn

14

working level value is zero.
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You have to wait, and we have a concept which
is called age of air. You have to wait for the ingrowth
of the daughter products. When these daughter products
grow in for the first thirty, forty or fifty minutes, a
little bit more slowfy than linearly with time so that
in four or five minutes, you get less than, oh, around
eight or nine percent of the equilibrium daughter products
will be built up. And this is time enough for a five or
six knot wind to carry the radon from the pile, a half
a mile away from the pile before the radon daughters appear.

In terms of a question asked of a witness
yesterday as to what would be the levels on top of a .
tailings pile, the ar.swer should have been the working
levels are zero, or substantially zero, because the radon
has just come out of the ground, and it's beinqg blown away
and it doesn't have any time yet to develop its daughter
products. And it's only the daughter products that are
bothersome. So the best place to be, if you want to be
away from the daughter products, is right in the middle
of the pile.

Now, the dispersion then of the radon which

comes from the pile, it's blown in the winds. It dif. ses

by turbulents. It -- which is a vertical distribution,
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which under some studies 1s expedential, but not under
all studies. And a great deal of work has been done. The
master work, the best of it, is by Public Health Service
and A. E. C. people in 1967 and '68, Shearer and Claude
Ww. Sill. !

And their paper resulted in a Public Health

Service publication, and in a re¢ferced paver in the

open literature, Health Phvsics, Volume Seventeen, page

seventy-seven to eighty-eight, 1969. They studied the
radon -- not radon daughters, but radon itself, at a large
number of sampling staticons in four cities; Salt Lake City,
Grand Junction, Monticello and Durango. They set up sampling
devices which constantly sampled the air three feet abéve
ground level, a little more than that, five, I gquess, approxiy
mately, breathing level rfor forty-eight hours, continucusly,
and collected that sample.

They did that every three weeks fcr a year,
SO as to get an annual average value. They found that
at any distance equal to or greater than one-half mile
from any of these tailings piles, no radon from the tailings
kground

pile could be found. The ralues were back to ths ba

1
r

(9]

for the town. That is, the radon in the air is the sam

(1]

w

at a half mile as it is at twenty miles in, for example,
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Grand Junction.

And Shearer and Sill wrote explicitly, the
tailings at Grand Junction are not affecting the atmospheric
radon concentrations beyond a distance of point five miles
in the prevailing win; direction. At the other three study
locations--see, that means Salt Lake, Monticello and Duranco
at the other three study locations, the effec:.of tailings
is not observed at distances greater than one quarter to
one half mile. So that so far as radon daughter hazards
from radon eminating from a tailings pile is concerned,
if you go beyond a half mile from the pile, you can forget
it. There is no effect from either these large piles --
the Salt Lake City pile is more than a hundred acres of
very rich material, and has activities about twice the
'model mill considered in the new regqulation.

This set of measurements was repeated at
Grand Junction by E. P. A. workers in 1974 to '75 by David
Duncan and others. And their measurements, interestingly
enough, came out to aagree compl=tely with Shearsr and
Sill feor Grand Junction, except for four stations which
they inadvertently used which had local contamination where
people had used tailings from the pile and taken it to =--

the one was a chemical company, the Smith Chemical Company,
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the L.S.D. warehouse. A state police building has tailings
in it. And, of course, you can't set up a valid station
and make those measurements, but the agreement then is
excellcnt, and these measurements can be relied on.
.

I was peripherally involved in the measurements

in 1967 and '68, and I can assure you that I can personally

certify that the measurements were accurate, and that the

method of collecting the samples was satisfactory.

And, of course, in doing mcdeling as the
N.R.C. and the E.P.A. and everybody else hasz to do, the
modals do not give the same distribution of raden in the
air as a function of distance from the tailings pile as
is observed in the field.

Now, when the model and the experimental
results disagree, it is the experimental results which
are correct. And one must find the model, if possible,
which agrees with observations. So far, as far as I know,
nobody has found such a model. They all -- all of the
models that ['ve studied cverestimate the radon concentratior
at close-in distances, and by amounts as even clearly done
here in new reg--at page-- well, here's radon-222 in ther=z
on pages G-33.

And from this tailings pile, which is half --
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about half the radon release as Salt Lake City, one 1s
giving at one kilometer distance, that's about peoint sixths
of a mile, one pico curies of radon per liter.

§ill and Shearer had two measurement stations
at point three and point four miles from that very pile,
and their values were abouc tour pico curies of radon per
liter. It would have been impossible, experim;ntally.
to have overlooked the presence of cne pico curie on top
of a background of point four, if the model had been correct.
The model is simply nct correct.

This, of course, means that health effects
for persons living close to a pile which was discussed,
yesterday, are always overestimated if the radon and working
level values are based on models. One needs to go to the
actual data.

Now, we said that an acre of unstabilized,
inactive tailings is about equal in radon flux to one sguare
mile of ordinary land. There are variations, of course,
from this. The smallest I know about is around a half
of a pico curie of radon per square meter per second, and
up to five or so in my experience. But my very goecd friend,
Doctor John Rundol at the Aragon National Laboratory 1is

doing this kind of thing now in houses containing unpaved
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2 crawl spaces around Illinois.

3 And he's reporting to me openreferee literatur

g

4 values as seven pico curies per square meter per second,

< just from ordinary dirt underneath the house.

6 Now, Salt Lake City has been -- that tailings
vi pile, since it is near a large metropolitan area, has come
8 in for a great deal of discussion. It's a hundred acres.

9 That means that its radon release, by the handy-dandy rule
10 of thumb, is about the same as from a hundred square miles
13 of ordinary land.

12 Now, the great Sale Lake, which is right

13 in the front yard of Salt lLake City, had a change in its

14 water level of eleven feet between 1966 and 1976, in that
15 decade. This cut off eight hundred square miles of land

16 which were covered by water, ané therefore, the radon flux

17 was eliminated. So this natural process in Sale Lake City
18 reduced the radon flux in the vicinity of Salt Lake City

19 eight times as much as was the radon flux from the tailings
20 pile which people were so concerned about.

2L I'm saying that nature's ordinary variations

th

(r

are

fu

W

22 are vastly greater than the kind of radon fluxe
23 coming from even untreated, unstabilized, wide-open dry

24 tailings piles.
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On the national scene, the thousand acres
of inactive ur>nium tailings piles is the equivalent then
°f a thousand square miles of land. Well, how much is
a thousand square miles? It's a square thirty-two miles
on the side, or it's ; circle with a radius of eighteen
miles. It's less than one thrée thousandths of the area
of the forty-eight continental United States.

Now, we're talking about the radon release

from all -- all twenty-two or twenty-four of the unstabilized

Piles. There are, in the United States, fifty-five thousand

square miles of inland water, lakes and rivers. A two per-
cent change in the area of the inland waters changes the
national radon flux by mcre than all of the inactive, un-
stabilized tailings ponds.

You all remember the story of the little
Dutch boy who put his thumb in the dike. I hope you all
remember it. The Netherlands has gradually been diking
off the Zuyder Zee, and making land out of it.
To date, they nave created three thousand squara miles
of new land. The radon release from this is three times
the radon release from all of the unstabilized, inactive
uranium tailings piles in the United States. Who is going

to say that the Dutch boy diking off the Zuvder Zee have
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introduced a horrible lung cancer hazard in western Europe.

There are a great many other points which
could be made, but I know our time is short. It should
be pointed out that plowing of a field changes the radon

.
emission. It turns the soil over, and you've got radon
which was at high level beneath the surface.

It's the same as in a mine after‘blastinq,
growing crops brings radon through the roots from an area
of high radon concentration. And burrowing animals, gophers
and whatnot, live in a high radon and radon daughter con-
centration, which is about a thousand times what you and
I live in. g

Now, these burrowing animals are not noted
for being killed by lung cancer, but they are getting a
thousand times what any of us get, or could get from any

of these tailings piles. So that what I'm saying is that

ot
()
o
b
=
'-4
(3]
1%
0

the total radon released from all the inactive, uns
uranium tailings piles is a minute fraction of the variationd
produced by meterological conditions and aariculturs in
the total radon released by naturalorocesses from all land
areas. The level of radon decay product exposure at a
distance i3 greater than a quarter to a half a mile, is

a minute fraction of the range of fluxations of the range
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2 of background in the area.
3 And under the A.L.A.R.A. principal which =

4 7 was voiced yesterday morning, there is no substantial

5 reason to reduce that exposure further. Lung cancer risk
6 factors have been dis;ussed, and has been a pyramid of

7 inaccurate information which, if time remains, i'd be

8 glad to go into. But just to say that I'm delighted that
Y Doctor Branagan and others are Leginning their studies

.0 in this field, but there is a long ways to go.

11 ' The authors of the B.I.E.R. III section,

12 which was quoted this morning, the authors of that section
13 was held confidential. We don't know who it was. It was
14 not subjected to peer review. It is a very bad section.
15 It has many errors of fact.

16 The work of Archer and of Axelson has

17 been mentioned this morning. That work was a complex thing,

18 but together, by Vic Archer, Ted Radford, and Axelson,

1% in early 1938, combining U. S. data on lung cancer among
20 mirers and Czechoslovakian and Canadian data, anéd Swedish
21 data with very poor regard to confounding variables. The
22 paper was submitted -- it originally had five authors,

2¥ || and those of us who have recently published the paper which

24 Doctor Schiager spoke about this morning, a Aroun of senior
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specialists from four countries, had all of those manu-
scripts available at the time of our meeting. We rsjected
them as unsound, and the manuscript then was converted.

I think this is a matter of public reccrd. I don't want

to be running anybody down, but I can tell you what the

facts are. It was submitted as a paper by Archer, Radford,

and Axelson to Radiation Research in 1978, and given peer

review and refused out of hand.
You must not put any reliance con this concept
that the dose response is any faster than linear. You'd
be talking about a dose to the one-l.alf power. We call
that a belly-up curve, like that. The pro's statement
is that at lower levels, per working level month, the risk
is greater than at higher levels. This is simply not so.
The statistical evaluation of the data used
in our paper is not based, as was stated this morning,
on lung cancer in the 1930's. It is based on the uranium

miners, particularly of the United States, and the data

collected by the U. S. Public Health Service, including |
Victor Archer. The Czech data, as is stated, gives a slightly
higher risk, but in the case of Czechoslovakian mines,

these mines are rich with arsenic and nickle and chromium.

And arsenic in particular is known to be a carcinogenic
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miners, they are now reporting incidence =-- excess inci-
dence of skin cancer.

Now, skin cancer is directly attributable,
as any dermatologist will tell you, to the systemic intake
of arsenic, so that the C2ech data which we kindly said
in this article, the Czech data imply a risk aéout three
times as great. The discrepancy is not readily explained,
period. That's all we said about it. But that this is
the explanation I'm giving you now.

The Canadian data are no good because they
are a comparison of a retrospective group of miners with
a prospective group of controls. And we've been all through
that with the Canadian authoricies.

The Swedish data are not useful because they
were in mines where they have F.E. 203 iron oxide. And
iron oxide is known to accelerate lung cancer from alpha
particles in animals.

Doctor Branagan did use, he said in examination
this morning, a risk factor of three point six times t2n
to the minus fourth. That's three point six per ten thousand
per working level month. It should be recalled that the

data he 'ised are for miners. Miners are not cnly sut‘lec.ed
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to other environmental faictors, as Doctor Schiager mentioned
this morning, such as diesel fumes and dust and whatnot,
but also, their breathing rate is quite entirely different
from our breathing rate here.

Mrs. Hiitt is now breathing at a rate of
about ten liters a minute. And a uranium miner is going
to run at twenty, twenty-rfive to thirty, dezending on how
hard he's working, so he's caking in a great deal more,
you see. And you have to correct for this in terms of
numerical values for the population.

All of these things are take: into account
in this paper. It was referred to as the paper by Dootor
Evans, and I must only say that this is a group of six
distinguished senior specialists, worldwide, and it only
happens that my name was the earliest cne on the alphabet.
We're listed alphabetically.

And the second author is John Harley, who
was for decades, director of the Environmental Measurements
Laboratery of the == of A. E. C. in Jew York.

The third auther is Weolfganqg Jacobi of
West Cermany of radiation protec :ion.

The next author is Andrew MclLean, who 1is

chief of the radiological protection board for the United
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Kingdom. :
The next one is our good friend, William

Mills, who was head of theCriteria and Standards Division

of the -~ our own E.P.A.

Ld

And the last author is C. Gordon Stewart,
who was head of the medical division of the Chalk River
Laboratories, and in charge of all Canadian raéiation
hazards works. So you have four nations. And I was going
to try to give you an estimate of how many man years are
involved here, but most of these people have been at it
for as long as radon has been of interest:; twenty, thirty,
forty years. Nineteen forty =-- my first paper was '41,
years ago. So this is a =-- to obtain a unanimous agreement
on a matter of this sort from a group of this type who
include all types -- Gordon Stewart treats these mattars
epidemiologically; Woligang Jocobi of West Germany is a
modeller, and to get those two men to agree, and the rest
of us in the middle to agree, is a fantastic thing.

All it says is that for members of the public,
the maximum value, the upper limit value is one in ten
thousand; that is, ten to the minus fourth lifetime risk

per working level month, and the value may be zero, but

it 1sn't any bigger than one in ten thcousand. .
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looked at here, N.R.C. has used a value of three point
six times, that doesn't bother me at all. The ballpark
is about the same. Drop it by a factor of three or ten
or whatnot. I don't e think that's worth arguing about.
The risks are too high for many reasons.

One is that the radon, radon dauéhte: values
close to the pile are too higqh in the models. The second
is that the risk factors are too high per working level
month, and there are other factors, but all of these can
roll up in a factor of ten or so. That would be really
something to discuss in minute detail, if this quantity
two pico curies of radon per square meter per second had
been based on health effects, but it hasn't.

Therefore, the health effects would, in fact,
not be used in det~rmining this suggestion of two pico
curies of radon per square meter per second. So the fact
that the health risks may be off by a factor of ten doesn't
bother me at all.

I do believe that they are about a factor
of ten high. Mention has been made of other radionuclides,
particularly those that might be in dust from a pile, the

Salt Lake City pile. And those of you who lived there
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in detail by the Oak Ridge National Laboratory pecple.
And in their document on thorium, ORNL-TM-5251, they report

twenty-six separate samples of airborne dust in, around,

and on the Salt Lake City pile in a full year of observationsg.

And in every instance, the activity was less than the
tabulated maximum permissible concentrations fér air, the
so-called M.P.C.A.
This is for uranium-226, lead-210, plutonium-
210, thorium-230, uranium-234, uranium-235, and uranium=236.
So that from the unstabilized, uncovered Salt Lake City
pile, with detailed studies, no danger.
What do we got? Forty-five minutes left?
MR. HLENSLEY: Doctor Evans, 1I'd caution
you that your =-- the cross examination is going to take .
some time so --
THE WITNESS: All right.
MR. HENSLEY: I know I think I could cover
forty-£five minutes with what I've got, but mine is for
an intellectual level, and not a =-=-
THE WITNESS: Well, let's see if we can
close this off.

Gamma radiation on top of a pile was discussed
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yesterday. The gamma radiation has been measured on top
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of all these piles. It runs from poin: two to one millirem
per hour, which on a yearly basis, for twenty-four-hour
occupancy, would be {}ve rem per year, which is the per-
missible value for occupational exposure.

Radon, as I've already mentioned, is low.
It's around seven pico curies of radon per litér on top
cf a pile, even with a tiny little breeze and substantially
no working levels.

Archer, Radford, and Axelson I think we've
talked about, all right. We take our lifetime risk as
a maximum of ten to the minus fourth. This is for populatiorn
you see, and it's corrected for breathing rate and Cigarette
smoking, and all that type of thing.

Well, let me read a couple of r 5
from another document that I've prepared. There are really
no significant health problem -- there really is no signifi-
cant health problem due to radon flux from the unstabilized
tailings piles. The piles could be stabilized and provided
with a physically sturdy and durable cover of soil and
vegetation.

The cover should be designed to pravant exosion

and dispersion of tailings by weather, rain, snow, ice,
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wind, dust storm. Weather resistant cover would be
sufficiently thick to reduce the radon flux by probably
a factor of at least ten; that is, from a nominal six hundred
forty pico curies of radon per square meter per second
to the demand of sixé; pico curies of radon per square
meter per second. ;

And I know of no radiobiological reason for
any further reduction, provided that habitable structures
are excluded from the immediate area cf the pile.

We've had estimates. I believe the estimate
decided on yesterday was six lung cancer deaths in the
United States, Mexico, and Canada. Was that a figure ‘you
folks gave per year on a basis of your modeling?

DOCTOR SCHIAGER: I believe that's correct.

THE WITNESS: I think that's right. If
you drop that -- now, that six per year, the lung cancer
death rate in the United States is ninety-two thousand
per year, like a hundred thcousand. If you take that six,
if you drop that with a modest cover, dropped down by a
factor of ten, and there is already a factor of ten of
overestimate. So that what we're talking about 1s, without

any three meters, no three meters of oOverburcden or anything

of that sort, just enocugh to keep the wind and water from
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ruining things. That will drop even the highest estimates
of health effects to one one-millionth of the naturally
occurring lung cancer incidences in the United States.
And I submit that th?re is no point in spending any dollars
going any farther than that.

I know of no scientific basis for the proposed

two pico curies of radon per square meter per second, such

10
11

12

16
17
13
19
20
21

22

a standard would involve substantially nJore expense and
more possibility ol serious harm to workers and the general
public due to hazards of moving large amounts of earth.
And with the provisions in Public Law 95604 for federal
custody of disposal sites after completion of remedial
action, it would seem that a small buffer zone landscaped,
but without houses around a stabilized pile, would more
than suffice for radiological safety.

* These could be public pavks. They could
be football fields, playgrounds, baseball, tennis, just
don't dig holes in them. One cof the problems with the
Monticello tailings pile, which was stabilized years ago

at A.E.C. by asking for two feet of rock and earth cover,

the contractor didn't quite make it. It's about six or
eight inches in some places. Some places, it's two feet
thick. But the main problem thev have is gophers. And
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2 the gophers go down and mine the tailings and bring them
3 up on top. But the E.P.A. won't let them poison the gophers. |
4 Well, I say I'm not particularly troubled ;
5 by these marked uncertainties and inaccuracy concerning
6 radon flux reduction'by overburden, which we haven't dis- ;
7 cussed at all, but that's a highly techincal thing.
8 I'd be gald to discuss it in the most minute
9 detail because it began in my laboratory in 1966, because
10 we've seen that the reasons advanced for proposing two
11 pico curies of radon per square meter per second guide-
12 lines are invalid. 1It's not needed, radiobiologically.
13 I. would be very expensive. 1It's cost, in effect, it's
14 inflationary on the economy. And so I'm opposed.
15 Now, the question of longevity of standards
16 has been brought up, and a thousand years has been spoken
17 of, and also thousands of y:ars has been spoken of. I
18 served for a number of years on the National Academy of
19 Sciences Committee on Radiocactive Waste Disposal. This
»20 had to do with the high-level wastes from the reactors,
21 and in particular, for military use. And our committee
22 was named the committee on radicactive waste disposal.
2% The first thing we did was to change the
24 name of the committee and change from disposal to management
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We saw no way that it was possible to properly, to sensibly
and economically take care of such things as tailings,
in this case, low and high-level wastes. We thought scme
kind of occasional surveillance, looking at it once in
a while, a month, a year, if it needs some repairs, you
repair it. But to presume that any of us can éredict what
the country or even the continent is going to be like a
thousand years from now, it seems to me tc be very interesti;
If you go back medically only a few hundred
years, in Sam Peak's time, it was the plague, and which,
as you remember, wiped out great fractions of the poleation
guite regularly. We haven't seen any plague around for
a long, long time.
Good George wéshinqton two hundred vears
agoc had predicted the state of commerce and population

and communication, and the state of the healing arts. As
of today, two hundred years later, I don't think so. The
Pueblo of Locs Angeles, California, was founded exactly
two hundred years ago, in 178l; and the histcory booxs
say with a population of twenty-six, including Mexicans,

Negroes, and half-breeds, upon the site of the old Indian

village Yangnog.
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That's two hundred years ago, and look at

Page ...

what's in the Los Angeles basin now. The Aztec civilization
in Central American, as you know, 1s tremendous, and yet
it's only -- it's less than five hundred years since Cortez
came in, in 1519 and destroyed it. The Norman conguest
of England, 1066, and all that is less than a thousand
years ago. The magna carta, which contains th; roots of all
MR. HENSLEY: Doctor Cvans, I think that
we -- I think that we appreciate the history lesson, and
we get the point.
THE WITNESS: A thousand years is too long.
One to two hundred years is enough. I'll pause at this
time and be glad to respond to any questlions.
MR. HENSLEY: Mr. Crout?
MR. CROUT: I'll defer any questions.
I believe Doctor Evans has covered anything I would have.
MR. HENSLEY: All right, sir. Yes, sir.

CROSS EXAMINATION

BY MR. STROM:

Q May I ask you a couple of questions?
A I'd be delighted.
Q If I could refer you to your statement about

no problems, or no significant changes of the Chinese,
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2 Brazilians, and Indians who lived in the area of high alpha

& Page.. . .

3 radiation emanation. Did you believe there was a sufficient

4 data base employed?

- A Yes, I do. In the case of the Chinese, 1it's
6 eighty thousand people for a number of centuries. In the
7 Brazilian case, about the same. And in the case of India,
8 it's the same. It's a religious sect which in;ermarries.
9 so that they have been constant for over a thousand years.
10 Q I meant from the standpoint of the problems

11 that they had associated with living in that high background |

12 How do you relate the statistics of no greater medical ‘
13 problems associated with this?

14 A, Oh, you look at a disease, you loock at cancer
15 incidence, for example, you look at genetics, you lcok

16 at fertility, number of children per family and so forth,

17" || you look at the sex ration of males to females. This,

18 in animal studies, is sensitive to radiation, all sorts

19 of things of that type. Does that respond to your guestion?
20 Q Well, I think so.

21 A There must be ten or fifteen different things
22 that are looked at.

23 Q And the statistics support that?

24 A Right.
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MR. STROM:
MR. HENSLEY:

THE WITNESS:

Thank you.
All right, sir.

The Chinese study was published

in the science magazine not too long ago.

MR. SCARANO: It's only about three years

or so.

CROSS EXAMINATION

BY MR. SCARANO:

Q My name is Ross Scarano, Doctor Evans. I
enjoyed your presentation quite a bit.

A Thank you.

Q Even though I've only been in this field

for about six years, I understand the complexities involved,

and I appreciate your going through the long --

MR. HENSLEY:
if you go to the microphone.

MR. SCARANO:

I think it would be better
Peor.e can't hear yc .

Okay.

Q I'm confused by the beginning of your pres2anta+

tion as opposed to the end. And I gquess I want to clarify

what I think I heard. In the first portion, I had a ques-

and I guess I'll ask anyway. Based

tion to ask of you,

on your presentation, would you advocate that no controls

be placed over tailings piles?
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A Oh, no. I think I said toward the end, I'd
like to see them covered in such a fashion that the wind
and the rain and the weather and the freezing and the thawing
and occasional flood doesn't distribute the tailings around.
The tailings are just” the same kind of material as an ore
bedy in an open pit mine, and one shouldn't get scared
about them. There is nothing mystericus about.them at
all. 1It's simply the uranium has been taken away from
it. Everything else is there.

Q But it's clear that -- that there should
be some controls placed on them?

A Oh, I think so. 1It's a dust nuisance, if

nothing eise, but it's not a radiological hazard in terms

of the dust.

Q Well, then that brings me, I guess, to my
other question. Did you =-- did I understand clearly that
you said that because you cannot distinguish the radon
concentration from the tailing pile at about a half a mile
away =--

A. That's right.

Q -=- therefore, there is no possible health
effect, or no health effect?

From the tailings pile, right.
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Q You did conclude that?

A. That's right. The fluxations and the normal
radon in any area are ten times as great as any radon that
may have come from the pile.

n But bec;use you couldn't tell what was coming
from the pile, as opposed to the normal fluxations, the
conclusion is whatever miaht be coming from thé pile is
not a health effect?

A Then perhaps I can simplify it with some
hypothetical numbers. For example, if you're in, say,

Salt Lake City, and you're out ten miles from the pile,

and your annual, average radon concentration is, say, point
four pico curies of radon per liter, and you go in to five
miles, and to two miles, and it's still the same, and you
go in to one mile and it's still the same, and you go in

to a half mile and it's still the same, and you go in to

a quarter of a mile and you see it a little bit higher.

o} But --
A And that little bit higher is from the pile.
Q But isn't it true that, you know, based on

the number of samples over what period of time, you have
so much fluxation just in the normal =--

A Uh-hum.
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Q That you may, indeed, be receiving some con-=

tribution from the pile that because of normal fluxations
you couldn't tell?

A Oh, that's true, sure. It's buried in the
statistical fluxations. 1It's insiginificart. 1It's what
some lawyers call de minimus.

Q No. I guess I don't see it that‘way, and
I guess my question was, just because you couldn't tell
that contribution from what the normal fluxations, you
seem to conclude just on that basis there was no health

effect from the radon, from the pile.

A : No health effects attributable to the pile,
right.

MR. SCARANO: Thank you.

A Whereby no =- I mean, no discernable, no

statistically important, nothing that exceeds the normal
values.

MR. SCARANO: Thank you.

A. The close-in data have been studied by the
E.P.A. in some detail, as you may know, in thelr recent
document on the inactive uranium processing sites. And
there, using their modeling, they've got a maximum estimate,

and it's probably high by about a factor, at least three,
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and probably ten of -= point eight of a cencer per year,
and the population between zero and six miles from the
Salt Lake City pile, the Mexican Hat pile, the Grand Junction
pile, the Gunnison pile in Rifle, Colorado, in Shiprock,
New Mexico. And that:s in some for more than four hundred
thousand persons. And the natural incidence of lung cancer
in that group will be more than a hundred case;.

Q Okay.

A That's why I say it doesn't matter, so why
argue as to whether the number is point eight or peint
two cases per year, Oor point one case per year. It's
negligible.

Q You did conclude that there should be some

contrnls, some cover?

A Yeah.

Q End controls?

A Make a baseball field out of it.

Q Over what time frame would you say that this

would be =-- that this would be appropriate?

A You mean how long would it last or when?

Q How long should these controls take place?

A You mean when should it be done?

Q No. How long =-- considering the long half-life
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N of the tailings, and the nuisance of the dust over a long

3 period of time, how long --

4 A Well, according to the act, this land goes

5 into federal or Aqreegent State ownership. |
6 o So it --

7 A. And as was mentioned this morning, there

8 is a fund for professional -- for perpetual care and --

9 Q So it should be controlled even at those
10 || levels over a long period of time?
11 A All you have to do is keep people from digging

12 | down and laying water pipes and gas lines and building

13 houses.

14 Q But you alsc showed us -- and we agree that

15 you can't count on the government being around for a leng

16 time to maintain those controls, is that correct?

17 A Yeah. But even so --

18 MR. SCARANO: Thank you.

19 A. -- they are not going to hurt many people.

PAY MR. HENSLEY: I fail to see the connection

21 between the government being around. Do you want to explain

22 that to me?
23 MR. SCARANO: Yes. The conclusion was that

24 we needed controls, make some parks out of it, some controls.
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And the controls, I believe, that were alluded to were

governmental controls.

MR. HENSLEY: Well, the way you make it
sound is you chink the government is going to collapse
the day after tomorrow, and [ was =--

MR. SCARANO: I hope --

MR. CROUT: I'm sure sorry I ;aid
my taxes on time.

MR. SCARANO: Mr. Chairman, I have a paycheck
tomorrow. I hope it isn't going to =--

MR. EONNER: Several more of my pecple
would like to ask a few questions of Doctor Evans, if we
could.

MR. STROM: May I ask some guestions?

RECROSS EXAMINATION

BY MR. STROM:

Q Professor Evans, I wonder if I could refer
you back to your discussion, do you believe that the con-
clusions that Frigerio reached are definitive?

A Yes, I do. 1It's good work, very sound, and
has been checked by others. He's not the only person to
have done it. And as I pointed out, the HortonSchool people

are new to the field, and have come to the same conclusion,
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and that has “ust been published in areferez journal,
SO I believe it. No question about it

MR. ROBINSON: Excuse me, Mr. Chairman. Befor

I might note I have other questions. There may be others

besides the N.R.C.'s gquestions.
MR. HENSLEY: Allright. Hub, would you
state your name for the record, please?
MR. MILLER: My name is Hubert Miller.
MR. HENSLEY: Excuse me.

CROSS EXAMINATION

BY MR. MILLER:

Q . Doctor Evans, I also appreciated your presenta-
tion. Did you say that Doctor Billy Mills was one of the
coauthors of the paper that we have discussed?

A He certainly is.

Q And is Doctor Mills the head of the criteria ant
standards group at the E.P.A.°>

A He was this morning.

Q Are you aware =-- I'm glad to ﬁea: he'
got his job. And in the E.P.A. regort that you
to a moment ago --

A Yes.

Q == in fact, was prepared under his -- in his
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group, is that right?
A Prepared and issued in his group, right.
Q Are you aware that the conclusion of that

report is that for the inactive uranium mill tailings piles,
that radon flux should be controlled to a level of about

two pico curies per meter squared per secord?

A Yes.

MR. MILLER: Thank you.

MR. HENSLEY: Just a minute.

THE WITNESS: Do you want a longer answer
than that?

MR. HENSLLY: Well, no. I want to know

-

why vou referred to it as saying that the two pico curies
didn't get in there, and why all of a sudden did it become
important?

THE WITNESS: Well, it's in here. Doctor Mill
is head of the criteria and standard division. Now, it seems
that in government bureaucracies, sometimes somebody higher
up on the line states what the numbers are to be, and the
staff must see to it that that i1s what comes out in the
report. I'm not citing this or any other document as being
of that type, but just saying that it does occur.

MR. HENSLZY: All right.

THE WITNESS: And that Doctoor Mills
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believes what is in this paper. And you'll have to ask
him whether he believes any of +his.

MR. HENSLEY: All right.

CROSS EXAMINATION

BY MR. BRANAGAN:
Q Edward Branagan, N.R.C. Doctor Evans, I
enjoyed your presentation quite a bit, Particularly the

information about bone cancer. In your recent oublication in

Nature, Doctor Evans, did you use the linear nonthreshold

model to estimate health effects from eéxposure to radon?

A Yes. Sure.
Q Thank you. 5
A Do you want to know where the linear non-

threshold model came from?

A No. I don't think we have to go into that.
A. Good. Don't You believe it, either.
o1 My second question, Doctor Evans, do you

agree with the mining association's contention that the

risk estimators for lung cancer from €Xposure to radon

and daughters in the G.E.I.S. is more than two orders of

magnitude too high?
A 1 didn't read that. What I said I believe

was that you folks had used three point six times ten to
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minus fourth. And I think it shouldn't be any higher than
one times ten to the minus fourth. Your value was for
miners, not for people, anyhow, and that should drop you
by a factor of three to ten. And I thought it was quite
immaterial, because yéhr regulation, your proposed regu-

lation of twe pico curies isn't based on health effects,

anyhow.

Q Doctor =-

A So I don't care what number you use for risk
factors, you aren't using it in deriving the regqulations.

Q Doctor Evans, are you familiar with the mining
association's comments on the health effects models in,
the G.E.I.S.?

A Not in any detail.

o} Thank you. One other gquestion. Earlier,
you discussed some information about some of the benefits
of radiation. I don't have the words exact but, Doctor
Evans, 1in your professional opinion, is a small amount
of e posure to radon and daughters beneficial?

A Beneficial? Oh, I would say it's -- no,
it's indifferent. For me, it's a zerc. I believe this
is personal opinion that at the low levels with which we

deal, there is no effect that the -- whatever radiological
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effects occur on the cells in the bronchialepithelium, the
basal cells, the repair mechanisms which the body has are
adequate to keep up with insults at verw low rates.

Q Okay. ?hank you. One other point you brought
up, Doctor Branagan. You referred to a study by Frigerio.

MR. HENSLEY: This is Doctor Evans.

Q Excuse me, I'm sorry, Doctor Evaﬁs -=- 2 study
by Frigerio.

A Yeah.

Q Are you aware of the B.E.I.R. III committee's
review of the Frigerio study, and their comments on that?

A No. B.E.I.R. III is wrong in a great many
places, and was not peer reviewed in the proper fashion.

MR. BRANAGAN: Thank you.

MR. FONNER: Doctor Rogers has a few questioj

CROSS EXAMINATION

BY MR. ROGERS:

2 My name is Vern Rogers. I have a question
or two that I'd like to ask.

A One of my students.

Q You mentioned some of the -- one of the Qak

Ridge reports on ORNL-TM-52S51.

A Right.
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Q And this is in relation to your statement
about models not giving the same distributions as observations

A Right.

Q But overestimating grossly. Are you familiar

L

with the modeling that was made in that report?

A Yes.

Q In the comparison there?

LS Yes. And it overestimates at all distances.
G I believe if you refer to it, it will agree

when background is taken into account, as gell, their
other reports, most of their other reports dealing with
the other major inactive piles. Are you also familiar with
G.J.T.=-22 radiation pathways and potential health impacts

from uranium, inactive uranium mill tailings?

A No. 1Is that something you wrote?

Q Yes. For your information.

A Send me a copy.

Q Okay. That one also has an agreemen: within

the experimental uncertainties there. It is true that
the form of the models used in the Sixties overestimated
near field radon.

a Yeah.

Q2 But later, the agreement is much better with
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a little better work with the models.
A Is it fair for me to have a conversation
here with Vern or not?
MR. HE!NSLEY it miqﬁt be helpful to all
of us.
A Like vhat wind speeds and what travel time

did you use for ,the development of working levels, down-

stream from the pile?

Q I'm talking about models on radon concentrations
A You're only going t» deal with radon, all
right.
o - Yeah. That's =-- .
A That's hard enough.
2 Yes.
A All right.
Q I guess I was wondering about one other thing,

when vou mentioned that, you kncw, early radeon Slux measure-
ments began in your lab. When was the -- that you were
perivherally involved in the Shearer and Sill work in '67
and '68. When was the last time that you have made, vour-
self, radon flux measurement on a pile?

A Oh, with my hands?

Q Yes.
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A Not over =--‘hot looking over somebody's shouldek?
Q Yes.
A Oh, it's been quite a while, Vern.
Q There has been guite a development, maybe,

.

since that time, and I just wanted to find out if you had
been directly involved in these recently.
MR. ROGERS: That's all I have.- Thank you.
MR. HENSLEY: Do we have somebody else?

CROSS EXAMINATION

BY MR. MARTIN:
Q Dan E. Martin. Doctor Evans, in your paper
published in Nature, did you not quote from Archer's estimate

of one thousand lung cancers per million working level

months?
A Did you say did we quote it?
Q Yes.
A Yes, we did, but notice that the bibliograpghic

references is not to a referse journal. You see, what

Vic Archer did was to go to a symposium and give the material}

and that way, you get a bibliographic reference. That's

why we did the courtesy of putting it in the bibilography.
Q Did you not in the text of that quotation

say that risk estimate could not be ruled out?
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Page
A What? Where are you?
Q The second page of the copy that I have,
the first full paragragh.
A Oh, that speaks of any of the -- you mean

Ld

out any of these estimates"?

Q Yes.

A From occupational exposure =-- our objective
to estimate risk, that's for occupational exposure.

Qe I realize that.

A You see that word? Our objective is to esti-
mate risk for the general population, and that's what this
paper is about, not about miners. This is about people.

Q But you would not rule out then a risk co-
efficient of one thousand lung cancers per million werking
level months for miners?

A Absolutely, we did. This says it's not possibl
completely to rule ocut. That doesn't mean ninety-nine
point nine percent. That means a hundred percent. You
know, there is no such thing as certainty.

Q You think that level of risk 1s a possibility
then?

A. No, I do not.
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Q But this says --

5 No, it's based on this dose to the one-half
power, the belly-up curve, it's impossible. You see, it
was -- that was studied as a tremendous amount of work
that is condensed int;‘short sentences in this paper. And
one of them is by Doctor C. Gordon Stewart, going over
all of Archer's data, and all of the material tkat went
into that, and doing a dose response curve with an arbitrary
power function on dose, dose to the nth power, to see
whether it would come out linear. So that "N" would be
one, or square law, so "N" would be two, or a belly-up
curve. So "N" would be cne-half.

And the answer to all this, as I recall it
was optimum slope. The most probable slope is point nine
seven plus or minus point one five, or something like that,
which was linear, and which definitely says that the Archer
hypothesis is invalid. And that's where that thousand
comes from, that original one. If you go to a low encugh
value, on a curve of this sort, it has an infinite slope,
but the origin -- and that means that for the first tenth
of a working level month, you've got infinite risk, all
right?

If risk is dose to the one-half power, and
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you zsk the first differential of risk with respect to

dose, you get one over dose to the one-half power, don't you?

Q I think I would like to ask another gquestion.
A Have you ever taken differential calculus?

Q I'm not’testifying.

MR. HENSLEY: He has another gquestion,

-~

Doctor Evans.
THE WITNESS: Go ahead.
Q Your estimate in this paper of one times
ten to the minus four cancers per working level months
for the general population, was that based on a conversion

factor of fifty working level months per working level?

A Fifty.

Q Fifty working level months per year per working
level?

A Oh, you're talking now about the conversion

between wc¢ cking level year, twenty-four hour, hundred percent

occupancy basis?

Q Yes.
A Yes, this 1is working level months, honest:
to goodness working level months. And any working level

month that has a breathing rate put into it should be can-

celled and thrown out immediately, because it is not part
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of the definition of the unit. And the answer is yes,
one working level year of eight thousand seven hundred
sixty hours is fifty-one working level months.

Q Are you aware that we used a different con-
version factor in the'G.E.I.s.?

A I'm sorry to say I'm aware you did that,
and I hope you quit it. :

Q Do you understand that if we had used the
fifty working level months per working level coefficient
that you used, we would have gotten a risk factor one-
half of what we arrived at?

. ~ You're getting clocse. .

Q And that would be a factor of two closer

to what you --

A. Getting better all the time.

Q -- than what you ﬁave calculated here?

A Right.

Q You agree to that?

A Sure, but it doesn't matter since you didn't,

because your rules on health effects --
MR. HENSLEY: All right. Mr. Fonner do

you have someone else?

MR. FONNER: I don't think so, no, sir. We
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are finished.

MR. HENSLEY: Mr. Robinson, I believe you
asked permission to speak.

MR. ROBINSON: Thank you, Mr. Chairman. There
is, of course, on the-brdet of ==

MR. HENSLEY: State your name.

MR. ROBINSON: Paul Robinson, Southwest Infor-

mation and Research Center. I believe there is about five
minutes left with this witness, is that our time frame, sir?
MR. HENSLEY: I think that's his time frame.

CROSS EXAMINATION

BY MR. ROBINSON:

Q When you mentioned the uranium environmental
study with the University of New Mexico --

. A Yes.

Q == you stated some results from this study.

A Well, only in very broad terms, because it's
an ongoing study, and so everything is preliminary for
a long time.

Q I believe you =--

A But the preliminary results of the status
is certainly very, very encouraging, and says radcn in

the mines 1s now absolutely safe.
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[0} So you would say that radon in mines 1is now
absolutely safe?
A At four working level months per year, yes.
Q And that is a prelimiqary statement, you feel?

\

A I feel éhat four working level months per

year in the mines is safe.

4] Based on this study?

A No. No. No. Based on all the work we did
in the Federal Radiation Council beginning in 1962, culmi-
nating in the Federal Radiation Council reports in 1967,
the joint committee on atomic energy hearings in 1967 on
radon hazards in miners, and the final reports of the Federal
Radiation Council backed by what you're saying now, and
with monitoring of all of the subsequent lung cancers,
and of the lung cancer types which have been seen by Gino
Sakomono and his colleagues at Saint Mary's Hospital in
Grand Junction.

Q With all due respect, Doctor, I enjoyed your
testimeny, as well( and appreciate your style, but we are
trying to get through a list of questions, and you do have
a time constraint. I'm trying to ask a line of questions
and would appreciate if the Chair would help me stay on

that line.
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MR. HENSLEY: We'll try, Mr. Robinson.

Q This epidemiologic study has no results
published, has it?

A No.

Q We are {ess than one latent period into the
lifetime of the miners subject to that study, is that correct

A. . wouldn't say less than. 1I'd sa} about.

Q About. So you're saying that a study which
initiates with miners in 1971, and is now in 1981, is about
the latent period of radon induced lung cancers?

A The study goes back to '61, and before.

Q ~ The -- you're saying that that study does

not eliminate miners which work in more than four working

level month mines?

A Correct.
Q Thank you.
A See, there is a new director, and the rules

are changed.

Q Yes, I know Doctor Sanders, as well. When
you discussed the B.Z.I.R. III report, you said that there
were errors in fact?

A Right.

Q I'm wondering if there are other people who
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might state that as there is controversy over that report,
and that they might feel that you had errors in fact?

A I didn't have any input into it.

Q But in terms of the scientific discussion,
I'm not stating that you have errors. I have a great deal
of respect for your work. I'm wondering if =-- whether
your statement was -- would be more properly pdt that there
is significant controversy over that report, rather than
there are errors in fact?

A There are errors of fact.

Q Of fact? Now, the chairman of this B.E.I.R.

committee is Doctor Radford of the University of Pittsburgh,

is that correct?

A I think that's where he is now, ves.

[0} Thank you. And this is one -- this Doctor
Radford is one of the coauthors of the paper by Doctor
Archer which you consented to use in your Nature paper?

A What about Nature?

Q That you used in your Nature paper.

A No. No. Ted's hame is not on that. That's
one of Vic Archer's. I believe the reference we used
was one of Vic Archer's most recent symposia attendances.

Have you loocked it up? He's the sole author, reference
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fourteen. V. E. Archer, Transactions of the American Nuclear
Society.
Q Thank you. Doctor Radford is the coauthor
of the Axelscon report which s/ou were critiquing earlier?

A Yes.

Q When you stated your rocommendation fcr stabili-
zation as keeping wind and water fr&m ruining things, I'm
wondering what levels of cover or other materials you wduld
recommend to keep wind and water from ruining things?

A Well, that's not my field, but I would suggest

that something on the order of one to two feet thick is

adequate.

Q How long do you think the one to two foot
thick material would protect from wind and water erosion?

A That's not my field.

Q Would you say that was a relevant guestion

for this forum, whether it's your field or not?
A I think one to two feet would last for quite

a while, based on what has happened with the Monticello

pile.

Qe Quite a while? How long would you sav that

quite a while would be?

A. A significant fraction of one to two hundrad
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years.

Q Is that significant at all with respect to
the lifetime of hazard from tailings piles?

A Oh, the -- well, you and I know what half-

L

period of ionium is. It's long, of course, twenty thousand

years.
Q A fraction of a hundred to two hdndred years?
A It's constant.
Qe Is a small fraction then of that lifetime

of hazard?

A The lifetime of the radium and radon in the
tailings piles should be taken for human beings such as
us, and for the next two hundred years as being infinite,
Just being constant, it's a constant level.

Q Thank you.

B And a lifetime is more than fives times the
time span since the last Ice Age. And I don't know what
the continent is gqoing to be like then.

Q Thank youp When you were introducing your
comments, you stated that the hazard was not with radon,
but with its dauqghters?

A Yes.

Q I'm wondering if it might be more properly said
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daughters, that the alpha particle and the energy release

is where the hazard occurs with respect to the lung problems,
rather than with the sulid materials. Would you agree

with that? -

A If I understood your question, I do not agree
with it. The hazard is from the solid decay ptaducts beginning
with radium A, which has a plutonium isotope of a half-
life of three minutes.

Q So you're saying that it's the plutonium
that causes the change in the bronchial epithelium rather
than the decay into plutonium that releases energy and
a particle into those cells?

A Certainly, the lung is a filler which takes
out the solid decay products that‘are floating around in
the air. It's just a filler.

0 Thank ynu. Which of the inactive piles 4did

you feel were stabilized?

A One more question. Which of the inactive =--
Q -= tailing piles did you feel were stabilized?
A Those that are listed in E.P.A. documents,

and Monticello in particular.

Q You're saying that E.P.A. reorasents those
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piles as fully stabilized?
- The word is not "fully." The word is "stabilizkd
Q Could I -~
A You go ahead whiie I'm packing.
Q under;;and the doctor has to leave. 1I've

read the same document, and the next sentence says that,

"No piles are aaequately stabilized. Some have been attemptep”

A They are adequately now, and are judgmental
matters.
Q I'm wondering whether stabkilized is something

which degrades and is maintained over time, or whether
it's an instantaneous reading, and I think that's significant]

A Grand Junction is stabilized, toco. It was
all regraded and reworked in 1970.

Qo And that stabilization is still considered
fully intact?

A Well, I suppotce that would depend on who
you asked. I think the local peoole regard it as fine.

MR. ROBINSON: Thank you. Well, I have about
ten other questions which I will just make mention of that
and leave the doctor. 1It's hard to concentrate. I just
want to leave by saying, I hope with respect to the doctor -+

I have a great deal of respect for his work, and pardon

beina blunt --
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1MS. TAYLOR: Well there be an opoortunity

Page. .

for people in the.audience to cross examination Dcotor
Evans. I have at least ten different guestions which would
take about five to ten minutes, and I think that every

.
one in the audience that wants tq cross examine should

have an opportunity to do so. I als» have one or two

questions.

MR. CROUT: Would it be possible for written

questions to be submitted to Doctor Cvans, and the board
transmit it to him, and he transmits the answer back to
the authors, and they decide whether they wish to file
it with the board or not?
MR. HENSLEY: I think the only way, ma'am =--
we knew about this constraint when we started. If you
will write your questions, we will get them transmitted
to Doctor Evans, and that we will have them back, and we

will make those answers to those guestions a part of the

record.

MS. TAYLOR: Thank you.

THE WITNESS: Mr. Chairman, there is a time
constraint on me in terms of answering. I'll be out of

town for the next two or three weeks.

MR. HENSLEY: No, it will re orior to the
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closing of the documents.
THE WITNESS: I'll do my best.
MS. TAYLOR: Does that mean that the comment

period will be exterded to incorporate this cross examination|?

>

MR. HENSLEY: Yes, ma'am.
MS. TAYLOR: What is the =--
MR. HENSLECY: I'm saying the closing of

the record. In other words, he's going to be out of town
for two or three weeks. When he gets back, he will answer
those questions, and then at that time, they will be in-
corpnrated into the record.

MS. TAYLOR: So that means that the comment
period is essentially being extend d. for thirty days after
these hearings?

MR. HENSLEY: Yes, ma'am. Well, it will
probably be for longer than that.

MS. TAYLOR: | I just wanted to make sure
that they would have enough time to get in before time

was cut off.

MR. HENSLEY: I assure you of that, that

it would be extended.

MR. ELLISTON: Elizabeth Elliston from Sandoval

County. And I would like to regret that though we have
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Page...... .
put some of the people who are going to go last, first,
the testimony that the people have been hanging around
for a long time, waiting to participate in this, and have
questions to ask, are’unable to do sc at this time.

MR. HENSLEY: Yes, ma'am, but I think that
you'll find that this is the only one that you've got that
problem with. And if you will put your questions in writing,
they will be answered.

MS. ELLISTON: I understand that, and I appre-
ciate that, but I would like to be able to talk to Doctor
Evans, and look him in the eye, and hear his answers. And
I respect his ability as a teacher, and I've learned a-.
lot from this session. Thank you very much.

THE WITNESS: I surely wish I could stay
and talk with you.

MS. TAYLOR: For purposes of the record,
my name is Linda Taylor, and I'm with New Mexico Physicians
for Social Responsibility.

MR. HENSLEY: Thank you, ma‘am. Mr. Fonner,
you may continue with your presentation, sir.

MR. FONNER: I have one document that we'd
like to put into the record It's a letter from Doctor

|}

Evans to Doctor Mills of E.P.A., pertaining tc some of the
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questions that the N.R.C. witnesses were asking Doctor
Evans. And could we put that into the record at this point,
or do you want the witness to identify it first?

MR. HENSLEY: Yes, I would like you to identify

that document, Doctor Evans.

MR. MONTANGE: While N.R.C. i3 looking at
that, this is the paper by‘Shearer and Sili th;t Doctor
Evans referred to as the evaluation of atmospheric radon
in the vicinity of uranium mill tailings, and I'd like
to submit that as an exhibit for Kerr-McGee.

MR. CROUT: The uranium environmental sub-
committee wants to introduce the article that's on your --

MR. FONNER: Excuse me, Mr. Chairman. We

think the letter is not relevant to the subject matter

of this proceeding. It deals an E.P.A. -- 40 C.F.R. 192.

MR. CROUT: This is the cne they referred td.
MR. MILLER: It's not the same s*andard
at all.
MR. MONTANGE: Very, very much is. Doctor
Evans, does this refer to the standard that you -- was

in this red bock that was discussed with the N.R.C. witnessed
Is this the same standazd =--

THE WITNESS: Well, this refers --
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MR. MONTANGE: == that N.R.C. wants New Mexico
to adopt here? :
THE WITNESS: Yes, for inactive --
MR. MONTANGE: Two pico curies per second?

THE WITNESS: For instance, to the Phillip's

pPile, yes. 1Inactive tailings piles, right.

MR. MONTANGE: The two pico curies per meter

squared per second? I move this as Kerr-McGee Exhibit --

MR. HENSLEY: Do you wish to enter an objectidn
for the record?

MR. FONNER: Yes, for the record, I'd like
to object to it. It's not relevant to the requlations
proposed.

MR. HENSLEY: It will be entered, marked.

I have here atmosohere of mill tailings,
a document which they've entered to be placed into evidence.
Do you have any objection to that?

MR. DAVIS: My name 1s Ted Davis, and
I'm a physician here in Albuquerque. I also would like
to object to the inability of myself to cross examine in
person, Doctor Evans. I think that's unfortunate, and
I wish I had an opportunity. I will try and submit questicny

but it would certainly be more appropriate to have a dialogue
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while he's here.

MR. MONTANGE: Mr. Chairman, I‘d like to
note that one of the reasons that we don't have time for
full cross examination of any of the witnessts is that*
N.R.C. is pushing so gard to get the state to adopot these
requlations by a time certain, that there simply isn't
time tc have sufficient proceedings to conduct all the

cross examination of any of the witnesses which any of

the parties, including oursclves, would like.

MR. HENSLEY: Is Doctor Evans a local residend:
MR. STROM: He's from Arizona.

MR. HENSLEY: He's from Scottsdale. I was
going to say that he said he was going to be out of town
for two or three weeks. I would like, and I share -- that's
like I said, I had enough up here to last forty-five minutes
by myself, but I did not get mine in, either. I would
like some time -- as I said, I was leaving the record open.
If we could get Docter Evans back for you pecple who weren't
allowed to cross, I would love to get him back, too, but
that's one we'll have to cross. And if you'll leave your
name and address and all of this, we'll see if we could
get that done.

MR. ROBINSOM: Mr. Chairman, in response
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to Mr. Montange's last statement, I believe that one will
find that the lenthiest part of this hearing so far has
been the operator's testimony of witnesses, and that it
is th» state which has proposed the rules for hearings,
.

not the N.R.C.

MR. HENSLEY: It has been their cross of

witnesses that hes been put on. It has not been their

testimony. It has been their cross.

MR. ROBINSON: I thought I said "questioning,"
but I just wanted %o make that brief statement.

MR. HENSLEY: Yes, sir.

MR. FONNER: We have no objection to t?is
document. We would just like to object for the record
that this S. D. Shearer and Sill study is already pretty
old, but we have no objection to it.

MR. HENSLEY: So noted.

(THEREUPCN, Kerr-McGee Exhibits One and Two

were marked for identification.)

MR. HENSLEY: This one is what?

MR. CROUT: Uranilum Environmental Subcommis<
Exhibit B.

(THEREUPON, Uranium Environmental Subcommittee Exhxb:q

B was marked for identification.)
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MS. TAYLOR: I'm sorry to keep harping
on the lack of cross examination of Doctor Evans, Mr. Chairma
but I'd like to make one more request. Would it be possible
to have our gquestions answered by Doctor Evans in the context
of where he finished his presentation, so that they are
not stuck in the back of ti.e hearing transcript, because
much of the gquestions that I had contradicted ;ubstantially
the statements that were made by "iim today. And if they
are stuck in the back, I don't think people reading the
hearing transcript would have the benefit, particularly
the general public.

MR. HENSLEY: I think that we can mark --
we will mark within that it would have to go into the exhibidg
and there will be a -- we can place into the record at
this point that the exhibits should be examined for con-

tinuation of written answers to questions submitted by

people within the audience. ¢
MS. TAYLOR: Thank you very much.
MR. FONNER: Could we ask --

(THEREUPON, a recess was held.)
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Radiation and Hazardous Wastes Control Division
Colorado Department of Health

4210 E. 11th Avenue

Denver, Colorado 80220

Attention: Frank A. Traylor, M.D.
Executive Secretary, Colorado Board of Health
Re: Comments on Proposed Revisions to Colorado
Radiation Control Regulations and Related
Documents

The attached comments are submitted on behalf
of the Colorado Mining Association and the members of
that Association which are or which contemplate engaging
in uranium milling in the state of Colorado. These
comments address the proposed revisions to the Colorado
Radiation Control Regulations which are before the
?gggd for action at the hearing scheduled for June 17,

The present revisions have been proposed by
the Radiation and Hazardous Wastes Control Division of
the Department of Health and were greviously submitted
to the Board. The proposals have been made availatle
to the Colorado Mining Association and the members of
that Association engaged in or contemplating uranium
milling. The proposals have been carefully analyzed,
and the comments represent the combined effort and
careful consideration by technical, administrative and
legal representatives of all the concerned companies.

placed upon
of Public

We are very aware of the mandate
the Department of Health by the provisions
Law 95-604 and the guidance and directives furnished to
agreement states by NRC in connection with that statute.
We are also aware of the intensive work done by the
Division of Radiation and Hazardous Wastes Control in
preparing these proposals under the strictures of the
federal action. Ve are appreciative of the efforts

Build Colorado Mining

DENVER COLORADO 80202
TELEPHONE (303) 534-1181
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made by the Division to reconcile the state program

with the. federal requirements. It should be noted,
however, that many of the substantive provisions included
in the proposed revisions are currently being challenged
by CMA members in the federal courts (see, e.g. Kerr-McGee
Nuclear, et al. v. N.R.C., C.A. No. 80-2043, USCA-10).
Although CMA members favor continuation of Colorado's
agreement state status, we cannot take a position with
respect to the state regulations which is inconsistent
with our position regarding similar NRC requirements.
Accordingly, we intend to pursue all available adminis-
trative and judicial remedies in challenging regulations
which we believe to be illegal or inappropriate.

Our comments will follow the following format:

Comments on the proposed rationale
for the regulations.

II. Comments on the pro, osed fiscal
impact statement.

III. Comments on the proposed revisions
to the regulations.

IV, Comments on proposed Part III,
Schedule E, of the regulations.

Thank you for the opportunity to present our
comments .

Sincerely,

DRC/z



e COMMENTS ON PROPOSED RATIONALE.

The draft rationale inaccurately reflects the
COLORADO standard for agreement state conformity with the program
MINING of the United States Nuclear Regulatory Commission subsequent
ASSOCIATION to the enactment of the Uranium Mill Tailings Radiation

_ Control Act of 1978 (Public Law 95-604).
330 Denver Hilton

Office Building

‘Prior to the enactment of Public Law 95-604,
1515 Cleveland Place

the Atomic Energy Act of 1954 required that the programs

Denver, Colorado of agreement states be "compatible" with that of NRC, in
80202 order that agreement state status be maintained. Public
(303) 534-1181 Law 95-604 is a statute which is aimed directly and

specifically at management, control and disposition of
uranium mill tailings. In the amendment, the standard
for agreement state conformity with the NRC program is
stated in terms of "equivalency'". The equivalency test,
however, is applicable only to "byproduct material' which
is redefined by Public Law 95-604 to include uranium mill
tailings. For aspects of agreement state programs other
than those relating to byproduct material as redefined,
the standard for conformity remains that contained in the
Atomic Energy Act of 1954, to-wit: compatibility.

 § COMMENTS ON PROPOSED FISCAL IMPACT STATEMENT.

The Colorado Administrative Procedure Act,
§24-4-101, et seq. C.R.S. (1973) obligates state agencies
to evaluate the economic impacts of their rule-making
activities. See, e.g §24-4-101.5, C.R.S. (1973).
Pursuant to this requirement, all rules proposed by the
Department and adopted by the Board must be accompanied
by a fiscal impact statement identifying the persons or
groups who will bear the cost of the rule.

Pursuant to the foregoing requirements of the
APA, the Division has appended a fiscal impact statement
to the proposed regulations. Simply stated, the Division
is taking the position that the proposed regulatory
changes will have virtually no fiscal impact, with the
exception of certain license fee increases.

Contrary to the Division's estimates, the cost
increases to licensees resulting from the revised regulations
will be dramatic, to say the least. Licensees will be
forced to bear increased costs in the following areas:

3 License fees
r Sureties
- R Reclamation, Decommissioning & Long-term Care
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4. Administrative & Legal
. Consulting fees

In the case of operations currently conducted
by two licensees operating mills in Colorado (Union
Carbide Corporation and Cotter Corporation), the revised
regulations will result in cost increases in excess of
$50 Million. Such cost increases will occur in the
following areas:

Present New
Regulations Regulations Difference
1. LICENSE FEES $295, 500 $452,500 +$160, 500
2. SURETIES $230,000 $2,115,000 +$1,885,000
3. RECLAMATION,
DECOMMISSIONING

& LONG TERM CARE §5,875,000 $56,850,000 +$50,975,000

4. ADMINISTRATIVE/
LEGAL $312,250 $1,043,000 +5730, 750

5. CONSULTING FEES
(cover design &
placement, ground
water monitoring,
air emission con-
trols, and prepara-
tion of expanded

ER) $950,000 $2,450,000 +$1,700,000

TOTAL: $7,462,750 $62,910,000 +$55,447,250
III. COMMENTS ON PROPOSED REVISIONS TO THE REGULATIONS.

Our comments on the proposed revisions to the
regulations are in the following format:

A. Recitation of the particular rule or
portion thereof being addressed;

B. CMA's proposed revisions to the rule, or,
where appropriate, proposed additions where no rule has
previously existed; and

c. Comments on the proposed revisions or
additions.



RH 3.9.4.1

An applicant may be required to furnish financial
surety arrangements to insure the protection of

ﬁﬁhﬁgﬁoo the public health and safety in the event of
ASSOCIATION abandonment, default, or inability of the

. licensee to meet the requirements of the Act,
330 Denver Hilton these regulations, and the license including

Office Building decontamination,and decommissioning of the
1515 Cleveland Place “facility.

Denver, Colorado

22202 PROPOSED REVISIONS:

(303) 534-1181

An applicant may be required to furnish financial
surety arrangements to insure the protection of
the public health and safety in the event of
abandonment, default, or inability of the
licensee to comply with decontamination, decom-
missioning, and reclamation requirements imposed
as a condition of licensure.

COMMENT:

As presently worded, proposed RH §3.9.4.1 would
allow CDH to draw against a licensee’s financial
surety arrangement (bond, letter of credit, or
certificate of deposit) based on any alleged
violation of the license, or of the Radiation
Control Act and CDH regulations. RH 3.9.4.1
will thus function as a prepaid civil penalty
provision, enabling CDH to draw against the
surety whenever it determines that a license
violation has occurred. Proposed RH §3.9.4.1
goes far beyond the ~nforcement powers delegated
to CDH by the Colorado Radiation Control Act,
which does not give CDH the power to impose
civil penalties for license violations. It is

a well established rule in Colorado that a
regulation issued by an administrative body, in
order to be valid, must be within the scope of
the statutory delegation of authority which
underlies the regulation. See, e.g., Dixon v.
Zi-L, 179 Colo. 278, 500 P.2Zd 130 (I972).
Proposed RH §3.9.4.1 is clearly inconsistent
with its underlying statutory authority, and
thus is unlawful. It should be noted that an
attempt to amend the Radiation Control Act to
grant CDH the power to impose civil penalties
(H.B. 1263) was defeated in the General Assembly
during the present session. The Department
cannot gain powers by rulemaking which the
General Assembly has refused to delegate by
statute.



RH § 3.9.4.2

The financial surety arrangement required by

COLORADO 3.9.4.1 shall be furnished to and in 2 form
MINING approved by the Department prior to the issuance
ASSOCIATION of a license, or any amendment or renewal of an
' existing license, as required by the Department.

g""m’a";'d;‘"“ The applicant shall furnish such evidence of

O Er——— ‘initial and continued financial surety responsi-
1515 Cleveland Place bility sufficient to maintain the financial
Denver, Colorado surety in force, as required by the Department.
80202 The amount of funds to be insured by such
(303) 534-1181 surety arrangements shall be based on Department

approved cost estimates. Self-insurance, or
any arrangement which essentially constitutes
self-insurance will not satisfy the surety
requiremenc.

PROPOSED REVISIONS:

Change the last sentence to read as follows:
Self-insurance, or any arrangement which essen-
tially constitutes self-insurance, will not
satisfy the surety requirement, provided, that
self-insurance shall be authorized for the
long-term care requirements of §3.9.5, and
provided further, that certain types of self-
insurance, such as collateral bonding may be
acceptable, where the licensee's assets are of
sufficient size to warrant this type of surety.

COMMENT :

Self-insurance may be appropriate particularly
for long-term care requirements. During the
period of active operations, long-term care
requirements are not necessary. This is recog-
nized by the NRC rules and guidelines as well
as the final GEIS. Although this section
purportedly applies only to the "performance
surety'" requirements, clarification should be
added to allcw self-insurance for long-term
care requirements during operations and before
decommissioning. Self-insurance is also a
viable means of providing surety in cases where
the licensee is a major corporate entity with
extensive financial assets. There is no reason
to prevent large corporate licensees from using
their own assets as collateral to secure per-
formance of reclamation or long-term care
requirements.



RH 3.9.4.2.5

Such other evidence of initial and continued

financial responsibility as may be required by

aahgzmo the Department, including financial surety
ASSOCIATION previously provided to any state or federal

, agency concerning activity subject to license
gﬁgr:mafm°" under these regulations, or the amount, terms

» .and conditions ©of such surety have been estab-
1515 Cleveland Place lished to the satisfaction of the Department,
Denver, Colorado provided such arrangements are considered
80202 adequate to satisfy these requirements and that
(303) 534-1181 portion of the surety which covers the decom-

missioning and reclamation of the facility and
associated areas, and the long-term monitoring
and maintenance are clearly identified.

PROPOSED REVISION:

Add a new RH 3.9.4.2.5 which would read as follows:
A contractual lien on all buildings and structures
on the affected lands. Such lien shall be
accompanied by information on the estimated

costs of removal of the buildings and structures,
and information on the salvage value of the
materials and components.

Re-number existing RH 3.9.4.2.5 to RH 3.9.4.2.6.

COMMENT :

This revision will add another element of
flexibility for providing acceotable surety
which will be less costly tn the operator while
ensuring the availability »f funds tc the
state.

RH § 3.9.4.5

The licensee's sure*e meshanlsm will be reviewed
annually by the Department anc Le adjusted to
recognize any increases or decreases resulting
from inflation, changes ia engineering plans,
activities performed, and any pther conditions
affecting costs. »n appsopriate porticn of
surety liability s%a'l pe retaimed unti]l final
compliance with the reclagstion plan is derer-
mined.

PRCPOSED REViIS1ON;

The l1licensce's surety mechanism will be reviewed
annually by the Departmer# and be adjusted to
recHgnize any increases or deccreases resulting
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from inflation, chauges in engineering plans,
reclamation and other activities performed, and
any other conditions affecting costs. An
appropriate portion of surety liability shail
be retained until final compliance with the
reclamation plan is determined.

COMMENT :

“The addition of "reclamation and other" activities

specifies one added major item affecting surety
costs.

RH § 3.9.5.4.1

The final disposition of tailings or wastes
should be such that the need for ongoing active
maintenance, as defined in the fina% generic
environmental impact statement on uranium
milling, is not necessary to preserve isolation.
As a minimum, annual site inspections shall be
conducted by the government agency retaining
ultimate custody of the site where tailings, or
wastes ars stored to confirm the integrity of
the stabilized tailings, or waste systems and

to determine the need, if any, for maintenance
and/or monitoring. Results of the inspection
shall be reported to the U.S. Nuclear Regulatory
Commission within 60 days following each inspection.
The U.S. Nuclear Regulatory Commission may
require more frequent site inspections if, on
the basis of a site-specific evaluation, such a
need appears necessary due to the features of a
particular tailings or waste disposal systen.

PROVIDED REVISION:

The final disposition of tailings or wastes

should be such that the need for ongoing active
maintenance is, to the maximum extent practicable,
eliminated. As a minimum, anrual site inspections
shall be conducted by the government agency
retaining ultimate custody of the site where
tailings, or wastes are stored to confirm the
integrity of the stabilized tailings, or waste
systems and to determine the need, if any, for
maintenance and/or monitoring. Results of the
inspection shall be reported to the U.S. Nuclear
Regulatory Cormission within 60 days following
each inspection.



COMMENT :

This amendment is proposed in order that the

responsibility of the regulator and the obligation
Sm..gzwo of the licensee comport with reality. Just as
ASSOCIATION there is no such thing as "zero discharge" from
_ an impoundment, there is no method of disposal

63"2‘0';":.""'“‘"‘ which absolutely assures that no need for

S Eeny maintenance might occur hundreds of years in
1515 Cleveland Place the future. To create a requirement contrary
Denver, Colorado to that reality may well give rise to false
80202 expectations and to findings required by the
(303) 534-1181 license issuer which cannot in honesty be made,

and which, if made, produce protracted litigation
seeking to overturn the licensing action.

The language proposed for deletion is a statement
of the regulatnry program of USNRC. It has no
applicability to the operations or requirements
of the State of Colorado, and no relevance to

the performance of a licensee in an agreement
state. The statement is enlightening but
irrelevant to a regulation dealing with the
licensing and operation of uranium milis in
Colorado.

RH § 3.9.5.4.2

A fund shall be established based on Department
approved cost estimates, and for source material
millin% operations shall not be less than
$250,000 (1978 dcllars). The funds provided by
the licensee shall yield interest in an amount
sufficient to cover the average annual cost of
monitoring and maintenance of the site based on
an assumed 17 annual res interest-rate. An
annual review of the inflation rate and interest
yield will be accomplished by the Department

and necessary changes made in the long-term

care agreement with the licensee. The inflation
rate to be used is that indicated by the change
in the Consumer Price Index published by the
U.S. Department of Labor, Bureau of Labor
Statistics.

PROPOSED REVISIONS:

A fund shall be established based on Department
approved cost estimates, after consultation
with the licensee. The fund shall not in any
event be less than $250,000. The funds provided
by the licensee shall yield interest in an
amount sufficient to cover the average annual
cost of monitoring and maintenance of the site
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based on an assumed 2% annual real interest
rate. An annual review of the inflation rate
and interest yield will be accomplished by the
Degartmcnt and necessary changes made in con-
sultation with the licensee in the long-term
care agreement with the licensee.

COMMENT :

This provision has been changed to prevent
automatic and unilateral amendment of the
license by the state. Reference to an automatic
index for inflation adjustment eliminates
requisite flexibility for the operator as well
as the state. In any given year, the Consumer
Price Index (CPI) may bear little or no relation
to the actual inflation rates prevalent in the
mining and milling industries., These adjust-
ments must be allowed to remain the subject of
yearly negotiations between operators and the
state. An automatic adjuster, particularly the
CPI, is totally arbitrary and inflexible.
Commentors further request that a 27 annual
real interest rate be used rather than the
proposed 1% rate. The basis for this request

is that a 27 annual rezl interest rate is a
more accurate reflection of the historic earning
power of investments. Research performed by
Union Carbide Corporation's corporate finance
group has shown that the average domestic
corporate bond yield over the last 30-year

eriod (1950-1980) exceeds the GNP deflator by

%. Supporting data on the research performed
by Union Carbide Corporation's corporate finance
group will be sugplied as an appendix to these
comments at the hearing on June 17, 1981.

RH § 3.9.9.2.1.3

The matters of fact and law asserted or to be
considered.

PROPOSED REVISION:

The matters of fact and law asserted or to be
considered, to the extent then known.

COMMENT :

This amendment is proposed in order to eliminate
the interposition of hi%hly technical appeals
based upon assertions of inadequate notice.
License notice and hearing process established

in the regulation contemplates and even er.courages

alls



the formulation and refinement of issues even
after notice has issued. This process could
easily be thwarted and perverted if the notice

provision is lacking in flexibility. OCne of
S'O.:.'?“RIADO the most common grounds of administrative
ASSOCIATION appeal is based upon claims of inadequate
pos “donilh notice resulting in deprivation of due process.
SO Suliing RH § 3.9.9.3.2 N
1515 Cleveland Place
Denver. Colorado Application for party status must identify the
80202 individual or group applying, state an address
(303) 534-1181 or phone number where they may be contacted,

state the nature of their interest in the
hearing, and the specific ground on which they
claim to be affected or aggrieved, and state
the specific aspects of the hearing to which
they wish to address.

PROPOSED REVISION:

Application for party status must identify the
individual or group applying, and its address
and telephone number. The application shall be
signed by the party or his authorized represen-
tative, or by an attorney having authority with
respect to it. The capacity of the person
signing, his address, and the date shall be
stated. The signature of a person signing in a
representative capacitg is a representation
that the document has been subscribed in the
capacity specified with full authority, that he
has read it and knows the comments, that to the
best of his knowledge, information, and belief
the statements made in it are true, and that it
is not interposed for delay. If a document is
not signed, or is signed with intent to defeat
the purpose of this section, it may be stricken.
The appgication document must include the
following elements:

The nature and extent of the applicant's
property, financial, or other interest in the
proceeding, and the specific ground on which
the applicant claims to be affected or aggrieved;

2. The possible effect of any order
which may be entered in the proceeding on the
applicant's interest;

- ¥ The specific aspects of the hearing
which the applicant intends to address. If the
applicant objects to certain conditions in a
proposed license, the proposed alternative
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condition(s) must be included in the appli-
cation;

4, The general nature of the testimony
and/or evidence which the applicant intends to
present at the hearing.

COMMENT :

JSee comments on RH § 3.9.9.3.3 infra.

RH § 3.9.9.3.3

The Department, or the hearing officer, will

grant or deny party status based on the nature

and extent of the person's property, financial

or other interest in the hearing and the possible
effect of any order which may be entered as a

result of the hearing on the person's interest.

Any person applying for a granted party status

may, by motion to the hearing officer or Department,
as appropriate, challenge the right of any

other person to be a party.

PROPOSED REVISION:

The Department, or the hearing officer, will
grant or deny party status based on consideration
of the following factors:

1. The nature and extent of the applicant's
roperty, financial, or other interest in the
earing;

2. The possible effect of any order
which may be entered in the proceeding on the
applicant's interest;

- The extent to which the applicant's
interest will be represented by existing parties;

4, The extent to which the applicant's
participation may reasonably be expected to
assist in developing a sound record;

- A The availability of other means
whereby the applicant's interest will be protected;
and

6. The extent to which the applicant's

participation will broaden the issues or delay
the proceedings.

»1 0=



COMMENT :
The proposed changes in §§ 3.9.9.3.2 and 3.9.9.3.3

COLORADO concerning elements of the application for
MINING party status, and the criteria for granting
ASSOCIATION party status, are taken from the NRC's procedural
, rules (10 C.F.R. 2.708-2.714), and the Rules of
ou&gmrmon Procedure Before the Colorado Water Quality
o "9 Control Commission, both of which govern requests
1818 Clovelang Place for party status and intervention in administra-
Denver, Colorado tive hearings. While commentors have no objection
80202 to the provisions of the proposed rule, we
(303) 534-1181 believe that the procedural and substantive

criteria for party status should be more fully
developed to insure against frivolous applica-
tions by persons who generally are opposed to
nuclear power as a fuel source and would seek
to appeal or intervene in licensing proceedings
on that basis.

RH § 3.9.9.3.4

Parties and persons who have applied to become
parties shall have the right to initiate discovery.
Parties shall have the right to make motions or
objections, present evidence, cross-examine
witnesses, and appeal from the decision of the
hearing as provided by the Colorado Administrative
Procedure Act, 24-4-101 et seq. C.R.S. 1973 as
amended.

PROPOSED REVISICN:

Parties shall have the right to initiate discovery.
Parties shall have the right to make motions or
objections, present evidence, cross-examine
witnesses, and appeal from the decision of the
hearing as provided by the Colorado Administra-
tive Procedure Act, 24-4-101 et seq. C.k.o.
1973 as amended.

COMMENT :

The provision that persons who are not and may
never become parties may exercise the right of
discovery, one of the most significant rights
of a party, is an invitation to misrule and
abuse. The Department defends the proposal on
the grounds that the rights of those who may
become parties to participate fully must be
preserved. This concern can be addressed
adequately by amendments to the party provisions
(3.9.9.3.1) shortening the 20-day period for
application for party status, and prescribing

-,



action upon such agp!ication by the hearing
officer within a short period, perhaps five
days, thereafter (3.9.9.3.3).

COLORADO

MINING RH § 3.9.9.4.2.1

:m:::: A brief summary of the nature of the claim of
Office Building the party and t?e basis therefor:

st PROPOSED REVISIONS:

Denver, Colorado

— A brief summary of the contentions and evidence
et to be offered in the case in chief of the party

and the basis therefor:
COMMENT:

These are editorial comments which are self-
explanatory.

RH § 3.9.9.5.1

Any party or person who has applied to become a
party may initiate discovery in the form of
interrogatories to another party, requests for
admission to another party, requests for produc-
tion of documents to another party, or depositions
of any persons: or any combination thereof.

The Colorado Rules of Civil Procedure, to the
extent not inconsistent with the State Administra-
tive Procedure Act shall apply. Such discovery
may be modified by a motion for protective

order filed with the department or hearing

officer within seven (7) days of receipt of the
notice of request for discovery. Motions for
protective order shall set forth the grounds in
support thereof and shall be ruled upon immediately.
Discovery shall be completed no later than ten
(10) days preceding the hearing date, except as
og?erwise ordered by the department or hearing
officer.

PROPOSED REVISION:

Any party may initiate discovery in the form of
interrogatories to another party, requests for
admission to another party, requests for production
of documents to another party, or depositions

of any persons: or any combination thereof.

The Colorado Rules of Civi1l Procedure, to the
extent not inconsistent wich the State Adminis-
trative Procedure Act shall apply. Such discovery
may be modified by a motion for protective

order filed with the department or hearing
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officer within seven (7) days of receipt of the
notice of request for discovery. Motions for
protective order shall set forth the grounds in
support thereof and shall be ruled upon immediately.
Discovery shall be completed no later than ten
(10) days preceding the hearing date, except as
o;?erwise ordered by the department or hearing
officer.

L

COMMENT :

The comment to this proposed change is the same
as that made in connection with section 3.9.9.3.4.

RH § 3.9.10.1.3

Consideration of alternatives to the activities
to be conducted, including alternative sites
and engineering methuds;

PROPOSED REVISION:

Consideration of alternatives to the activities

to be conducted including alternative sites and

engineering methods, but excluding consideration
of generic as opposed to project specific

issues relating to energy choices, economics

and the like;

COMMENT:

RH § 3.10.

The purpose of the suggested limitation is to
avoid involving the Department in generic
considerations which represent societal, political
or economic judgments beyond the statutory duty
and expertise of the Department.

6.1.6

Site and project alternatives.

PROPOSED REVISION:

Site and Project alternatives excluding, however,
alternative modes of energy production or other
alternative considerations involving societal,
political or generic economic judgments.

COMMENT :

The comment made in connection wi*h the modifi-
cation proposed to 2.9.10.1.3 is applicable
here.

13-



Amendment of licenses at request of licensee.
Applications for amendment of a license shall

:ﬁhﬁgﬁbo be filed in accordance with RH § 3.8 and shall

ASSOCIATION specify the respects in which the licensee
desires his license to be amended and the

gﬁoﬂrm;“mm grounds for such amendment. (No revisions

e proposed by CDH).

1515 Cleveland Place

Denver, Colorado PROPOSED REVISIONS:

80202

(303) 534-1181

Amendment of licenses at request of licencee.
Applications for amendment of a ITicense shall
be filed in accordance with RH § 3.8 and shall
specify the respects in which the licensee
desires his license to be amended and the
grounds for such amendment. For purposes of
this section, the term "license amendment"
shall be defined as a process change which
results or has the potential to result in a net
increase in routine operational releases of
radioactive particulates and/or radon gas from
the licensed facility.

COMMENT :

No change in this regulation has been included
in the proposed revisions. Commentors believe
that the present RH 3.17 is deficient, and the
proposed revisions should include a change in
this section. This section is deficient in
that it contains no definition of the term
"amendment'". Thus, it could be argued that any
process modification in a facility--no matter
how insignificant the change--will force a
licensee to comply with the application and
environmental report requirements of RH § 3.8.
Commentors urge that RH § 3.17 be revised to
include a definition of the term "amendment",
and that this concept be limited to process
chianges of sufficient significance to warrant
the expense and delay incidental to the
processing of an application under RH § 3.8.

Y-
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IV. COMMENTS ON PROPOSED PART III, SCHEDULE E,
OF THE REGULATIONS.

format.

These comments will follow a slightly different

Proposed deletions from the proposed rule are

slashed, and proposed additions are underlined.

CRITERION 1

(a)

(b)

(e)

(d)

In selecting among alternative tailings disposal
sites ¢F Judging tWé ddéddddy of éxXIgring
ta1Yivgé diréé, the following site features
which would assure meeting the broad objective
of 1£3Y4¢1dg tWhé CALYIngs Ardd Asdddéldréd
¢oRrAnindvied fron didn ddd £Hé éAvidddoiénr In
thé ARSrY rérn Ard foY fUSUEdddE oF yédrd
WitHodr dvgding Aérivé vdldréddAéé reducin
harmful emissions from the tailings during
operations and over the long-term without
ongoing regular maintenance shall be considered:

(1) Remoteness from populated areas:

(2) Hydrogeolo_ic and other environmantal
conditions conducive to continu:d immo-
bilization and isolation of cortaminants
from usable groundwater sources: and

(3) Potential for minimizing erosion, disturbance,
and dispersion by natural forces over the
long term.

The site selection process shall be an optimization
to the maximum extent reasonably achievable in
terms of these features.

In the selection of disposal sites, primary
emphasis shall be given to isolation of tailings
or wastes, a matter having long-term impacts,
as opposed to consideration only of short-ternm
convenience or benefits, such as minimization
of transportation or land acquisition costs.
While isolation of tailings will be a function
of both site characteristics and engineering
design, overriding consideration shall be given
to siting features given the long-term nature
of the tailings hazards.

Tailings shall be disposed of in a manner such
that no active maintenance is required to
preserve the condition of the site.



COMMENT :

The first deletion is suggested as application

of this criterion retroactively to existing sites is
aﬁ;ngno not appropriate or lawful. This criterion could not
ASSOCIATION have been anticipated or planned for at existin

sites and could easily destroy the economic viagility
of existing projects, especially considering the
present economic state of the uranium industry. How
would it be possible to make any selection when the

330 Denver Hilton
Office Building

1515 Cleveland Place

Denver, Colorado site is already in use?
(303) 534-1181 The second deletion and addition are made as

this more concisely states the reasonable broad
objective of tailings stabilization. A regulation
that calls for actions to be effective for thousands
of years is unrealistic. 1In its proposed disposal
standards for inactive uranium processing sites (46
F.R. 2556, January 9, 1981), EPA has recognized the
impracticality of the imposition of remedial action
standards for periods in excess of one thousand
years (see EPA's comments on proposed rules, 46 F.R.
at 2560) particuarly where, as here, site-specific
evaluation of the need for a longer period is not
present. In comments on remedial action for uranium
processing sites (40 CFR 192) prepared by Robley D.
Evans at the invitation of Dr. William A. Mills
(Director, Criteria and Standards Division, Office
of Radiation Programs, U.S. EPA) Evans points out
that "even 100 to 200 years seems more than an
adequate time span".

Evans a.so states that, "Disposal' without any
form of occasional surveilance is impracticable.
"Management"”, not "disposal", is a more realistic
plan". 1lr. Evans said in a telephone call that
"surveilance" included inspection and maintenance.

It should be noted that uranium mill tailings
constitute only a potential hazard. While they
contain some toxic materials, they are not hazardous
unless the toxic components reach human subjects.

CRITERION 2

To avoid proliferation of small waste
disposal sites, radioactive material from i#
$IvA éxXvrderion opérdriond, #uéi A€ rédidvés
fron $SIUEion éYdAporarion or ¢odrdmindréd
CONLYP] Procésddésd, dnd vwddrésd frYonm small remote
above ground extraction operations shall prefer-
ably be disposed of at existing large mill
tailings disposal sites: unless, considering
the nature of the wastes, such as their vslume



[ and specific activity and the costs and environ-
mental impacts of transporting the wastes to a
large disposal site, such offsite disposal is
demonstrated to be impracticable or the advantage

aghazfoo of onsite burial ¢]¢é47Yy outweigh the benefits
ASSOCIATION of reducing the perpetual surveillance obligations.
330 Denver Hilton d

SherBurang”  COMMENT: :

1556 Clavainos.. “to0e The criterion is clear enough without these

Denver, Colorado excess words. When attempting to apply this criterion
80202 to a specific site, several facts must be considered.

S e Operators of in-situ and small remote above-ground

extraction operations may not also operate existing
large mills. Therefore, before their wastes could
be disposed of at the tailin%s disposal sites of
large mills, the operators of the mills would have
to be persuaded to accept them. Questions of pro-
portionate costs ard liability would have to be
considered. Existing mills may have planned for
only enough tailings capacity for the tailings from
their mills. Also, the wastes from the small sites
may not be compatible and could lead to instability
of the tailings impoundments.

CRITERION 3

Tvé YPYivié Qpeidd/ foY Aidpddd]l oFf tdlllngé
1¢ plAdédiérr Veldw grddé, ¢Iriér Inh dinéé of
fpecidl]ly éxddvidréd plrs.

In order to meet the objective of reducing
harmful emissions from tailing areas during
operations and over the long-term, the evaluation
of alternative sites and disposal methods
performed by mill operators in support of their
proposed tailings disposal program shall reflect
serious consideration of fHé 114pdd4d]l wmod¢é
full or partial placement be.ow grade, as appro-
priate. In some instances below-grade disposal
may not be the most environmentally sound
approach, such as mi%ht be the case if a high
quality groundwater formation is relatively
close to the surface or not very well isolated
by overlying soils and rock. Also, geologic
and topographic conditions might make full,
below-grade burial impracticable: for example,
bedrock may be sufficiently near the surface
that blasting would be required to excavate a
disposal pit at excessive cost, and more suitable
alternate sites are not available. VHéré full
Pelow grddé PUridl 14 nét prac¢ricablé, rhé gird
of rérénrion Srldérvirésd, dnd #17¢é dnd fréepnéss
of Alopéd oF Adddd1dréd éxXpddéd évmbdniknénrs,




FHAT] Bé DIAIAIZEd By EAEAVALIOR 18 LWé hAXIvidd
GLLEAL YEARORADIY ACHIEvADIE or Appropridreé
given theé ged1dgl¢ And Wydrogédlogic ¢dndirisns

COLORADO At 4 #1ré. In LHédé dddés, Ir wdidr Bé dédddsrrdréd
MINING thar Ad APdvesgrddé didpddd]l progran will
ASSOCIATION providé Yeéddondply éduivalénr 14014ridn of Fihé

PALYIVEE Yo Ad/UYA] éXddiond] fordeés.

330 Donver Hilton

Office Building COMMENT :

1515 Cleveland Place ———— "

Denver, Colorado We have stated the health goal to be achieved
0002 in the first addition and have removed reference to
(303) 534-1181 a "prime option". Establishing a "prime option" is

not appropriate since it creates a presumption in
favor of one technique for tailings disposal. The
criterion should only require disposa. adequate to
meet the health goal, through the use of whatever
method is most suitable for each specific site. The
mill license applicant should not be required to
compare and contrast other techniques that are not
suitable to the specific mill site.

We have deleted the last portion of the proposed
criterion as the department has created a '"Catch 22"
which should be removed. In cases where below grade
disposal is impracticable, the alternative method
must provide "reasonably equivalent isolation of the
tailings'". However, if below grade disposal is
impracticable, it literally cannot be accomplished
and therefore, there is no way of determining if the
alternative disposal method provides 'reasonably
equivalent isolation of the tailings".

CRITERION &

The following site and design criteria
shall be adhered to whether tailings or wastes
are disposed of above or below grade:

(a) Upstream rainfall catchment areas must be
minimized to decrease erosion potential
and the size of the maximum possible
flood.

(b) Topographic features shall provide good
wind protection.

(c) Embankment and cover slopes shall be
relatively flat after final stabilizarion
to minimize erosion potential and provide
conservative factors of safety assuring
long-term stability. The broad objective
should be to contour final slopes to
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grades which are as close as possible to
these which wou!d be provided if tailings
were disposed of below grade: this could,
for example, lead to slopes of about 10
horizontal to 1 vertical (10h:lv) or less
steep. In general, slopes should not be
steeper than about JWU/]I¥ 2.5h:lv. Uhere
steeper slopes are proposed, reasons why a
slope less- steep would be impracticable
should be provided, and compensating
factors and conditions which make such
slopes acceptable should be identified.

(1) Where a full vegetative cover is not
likely to be self-sustaining due to
climatic conditions, such as in
semi-arid and arid regions, rock
cover shall be employed on slopes of
the impoundment system. The Department
will consider relaxing this requirement
for extremely gentle slopes such as
those which may exist on the top of
the pile.

(2) The following factors shall be considered

in establishing the final rock cover
design to avoid displacement of rock
particles by human and animal traffic
or by natural processes, and to
preclude undercutting and piping:

(a) Shape, size, composition, gradation
of rock particles, excepting
bedding material, average particle
size shall be at least cobble
size or greater:

(b) Rock cover thickness and zoning
of particles by size: and

(c) Steepness of underlying slopes.

(3) IddividdAl rod¥ frdgnérrd gVdY] pé
dévdé, dovnd, Avnd reédidrdnr 19 d¥rddion,
Avid AUAI] Pé fréé frov €YAdKd, déang,
And SrWér défédré rHAL vwodld rénd rd
vriduly Indrdddé thélr désryvérion by
viarér Avd frodr Adridvg. SHdlé, rock
latiddtéd with gWdlé, Avd ERérrsd
sHdll ot Vé vséd. Site specific
erosion standards shall be established
for each license which will a.low the
use of native rock fragments in a manner

and amount to the end that erosion will
be minimized.

ola



p

COLORADO
MINING
ASSOCIATION

330 Denver Hilton
Off: e Building

1515 Cleveland Place

Denver, Colorado
80202

(303) 534-1181

(e)

(£)

(4) Rock covering of slopes may not be
required where top covers are very
thick, on the order of 10 meters or
greater: impoundment slopes are very

entle on the order of 10h:1lv or

ess: bulk cover materials have
inherently favorable erosion resistance
characteristics: and there is negligible
drainage catchment area upstream of

the pile, and there is good wind
protection as described in points (a)
and (b) of the criterion.

(5) Furthermore, all impoundment surfaces
shall be contoured to avoid areas of
concentrated surface runoff or abrupt
or sharp changes in slope gradient.
In addition to rock cover on slopes,
areas toward which surface runoff
might be directed shall be well
protected with substantial rock cover
or rip rap. In additioun to providing
for stability of the impoundment
systems itself, overall stability,
erosion potential, and geomorphology
of surrounding terrain shall be
evaluated to assure that there are no
ongoing or potential processes, such
as gully erosion, which would lead to
impoundment instability.

The impoundment shall not be located near
a capable fault that cc 1d cause a maximum
credible earthquake larger than that which
the impoundment could reasonably be expected
to withstand. As used in this criterion,
the term "capable fault" has the same
meaning as defined in section III(g) of
Appendix A of 10 CFR Part 100. The term
"maximum credible earthquake'" means that
earthquake which would cause the maximum
vibratory ground motion based upon an
evaluation of eartlquake potential con-
sidering the regional and local geology
and seismology and specific character-
istics of local subsurface material.

The impoundment, where feasible, should be
designed to incorporate features which
will promote deposition. Foi example,
design features which promote deposition
of sediment suspended in any runoff which
flows into the impoundment area might be
utilized; the object of such a design
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feature would be to enhance the thickness
of cover over time.

COMMENT :

A. Criterion 4 specifies several '"site and
design criteria" which "shall be adhered to whether
tailinﬁs or wastes are disposed of above or below
grade. The various. criteria are contradictory in
Part. For exanmple, one criterion requires that
'upstream rainfall catchment areas must be minimized,"
while another provides that "topographic features
should provide good wind protection.” The best, and
perhaps only, way to minimize upstream catchment
areas is to place tailings on mesas or other elevated
sites. Such sites, of course, do not provide good
wind protection. This contradiction should be
resolved by assigning relative weights or preferences
to the two factors, given the site specific features
of the applicant's proposed mill site and proposed
alternatives thereto.

B. The requirement of Criterion 4 that slopes
be no steeper than 5h:lv is unreasonable and unsupported.
Depending upon the nature of the layers of cover and
natural surrounding topographic features, slopes of
2%h:1v will provide adequate protection against
erosion. Additionally, the establishment of a
vegetative cover will significantly reduce erosion
potential.

c. The specifications for "individual rock
fragments" to be used in the rock cover required by
Criterion 4 are unreasonable and unrealistic. For
example, the criterion forbids the use of '"weak,
friable, or laminated aggregate' or ''shale, rock
laminated with shale, and cherts'". In many areas
surroun”’’'ng existing mills, the only native rock
cover reasonably available is "friable" (e.g.,
sandstone) 'laminated aggregate," or '"shale (cr)
rock laminated with shale." These specifications
should be deleted and an erosion performance standard
substituted for them which will simply allow licensees
to use native rock fragments in whatever manner and
amounts they find necessary to meet that standard.

CRITERION 7

(a) WIY1idg opérdcidvd AUAI] Bé ¢ondudréd g0 Mill opera-
tors should make every reasonable effort to assure
that all airborne effluent releases are reduced
to as low as is reasonably achievable. The
primary means of accomplishing this shall be by
means of emission controls. Institutional

T



controls, such as extending the site boundary
and exclusion area, may be employed to ensure
that offsite exposure limits are met but <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>