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WORKING DRAFT #3 OF 40 CFR Part 191

NOTE: This Working Draft has been prepared for discussion within EPa.
It has not been reviewed or approved by the Agency. Various aspects may be
changed before it is published in the Federal Register for public review and
comment. In particular, some options may be eliminated and others may be
added. This Working Draft is being placed into EPA Docket Number R-89-01.for
this rulemaking for information purposes only.

Working Draft #3 has several changes from Working Draft #2 including the
following, in order of appearance:

(1) The definitions from all subparts have been consolidated and
alphabetized in Subpart A;

(2) Subpart A is now an operational standard in that the phrase
"reasonable assurance” has been deleted;

(3) Subparts A and B now call for doses to individuals to be expressed
as annual committed effective dose equivalents;

(4) Subparts A and B proffer 10-millirem and 25-millirem 1ndividual dose
limit options;

(5) The ground-water protection section of Subpart B has been removed
however, a new Subpart C, "Ground-water Protection Requirements," has been
added; it will apply to activities subject to Subparts A and B. Related to
this, the ground-water classification scheme from the 1985 standards has been
replaced;

(6) The notes to the Table in Appendix B contain two changes: (a) there
are two options for the transuranic radionuclide waste unit: one million and
three million curies and (b) Note 3 has been deleted.

(7) A new section of Appendix C which calls for iterative performance
assessments has been added; and,

(8) In Appendix C, the borehole sealing worst-case scenario from the
1985 standards has been reinstated with emphasis added that the implementing
agency may develop less severe assumptions when it is justified.

Text that has been revised from the version of the rule that was
romulgated in August 1985 is highlighted in this type face, deletions from the

thio-mannes, additions or changes from Working Draft #2 are

ma‘m_'m, and deletions from Vorking Draft #2 are WWM thi ““e'-

For further information, please contact either Ray Clnrk or Caroline
Petti at (202) 475-9633. .
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A revised Part 191 i{s hereiiy incorporated into Title 40, Code of Federal
Regulations, as follows: ...

arm

PART 191 - ENVIRONMENTAL RABIATION-PROTEGTION STANDARDS FOR THE MANAGEMENT
AND DISPOSAL OF SPENT NUCLEAR FUEL, HIGH-LEVEL AND TRANSURANIC RADIOACTIVE
WASTES -

SUBPART A - ENVIRONMENTAL STANDARDS FOR MANAGEMENT AND STORAGE

191.01 Definitions
[NOTE: The definitions from Subparts A, B, and C have been

consclidated into this section.])

Unless otherwise indicated in this Gubpart Part, all terms shall have
the same meaning as in Subpart A of Part 190,

(a) "Accessible environment” means: (1) all of the lithosphere that is
beyond the controlled area; (2) the atmosphere; (3) land surfaces; (4) surface
waters; and (5) the oceans.

(b) “"Active institutional control® means &ny control dépendent upon
man's continuing presence and actiAy at th dlsposal ste Inclucing

of the following: (1) controlling access te—a—dispesel—site by any means other
than passive institutional controls; (2) performing maintenance operations or
remedial actions at a site, (3) contrelling or cleaning up releases from &
site, or (4) monitoring parameters related to disposal system performance.

(c) "Adninistrator" means the Administrator of the Environmental
Procection Agency.

() “"Agency" means the Environmental Protection Agency.

(e) “Agreement State” means any State with which the Commission or the
Atomic Energy Commission has entered into an effective agreement under

subsection 274b of the Atomic Energy Act of 1954, as amended (68 Stat. 919).
() "Annual committed etfective dose equivalent means the committed

etfective dose equivalent resulting from a one-year intake of radionuclides

released plus the annual effective dose equivalent caused ﬁy direct radiation

ARRRARRARNRRARRAARRRARES FOR REV'EW BYEPAWORKGROUP SRARRRRARAAARRAANRER RN
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from facliities or activities subjec: s Pzrt. v

(g) "Aquifer" means an-unda. ad geological formation, group of
formations, or part of a formation 't is capable of yielding a significanc
amount of water to a well or sprirn: '

(h) "Barrier” means any mate il or structure that prevents or
substantially delays movement of wat :r or radionuclides toward the accessible
environment. For example, & barrie: asy be a geologic structure, a canister,
a waste form with physical and chemi:al characteristics that significantly
decrease the mobility of radicnuclides, or a material placed over and arcund
waste, provided that the material or structure substantially delays movement

of weter—or radionuclides Of 8 transport meditim for them, e.g., gases or water,
as appropriate .

(1) "Commission” means the Nuclear Regulatory Commission.

(j) "Contreclled ares” means: (1) & surface location, to be identified
by passive instituticnal controls, that encompasses no more than 100 square
kilometers and extends horizontally no more than five kilometers in any
direction from the outer boundary of the original location of the radicactive
wastes in a disposal system; and (2) the subsurface underlying such & surface
location.

£——tGritieal-organ’meens—the-mest—enposed—human—organ—or—tissue
enelusive—eof—the—intepumentary—systen—{siinj—and—the—cornce-

(k) "Department® means the Department of Energy.

(1) "Disposal®™ means permanent isolation of epemnt—nucleer—fuel—or

radicactive waste from the accessible environment with no intent of recovery

such fuel—e® vaste,

P

(m) "Disposal systen® means any combinstion of engineered and natural
barriers that isolate cpoai—auo%oai—iuoi;oe radicactive vaste after disposal.
(n) "Dose equivalent” means the product of IbSOl‘beg dose and

appropriate factors to account for ditferences in blological etfectiveness due to

RRRARARIAARRRNAREANREER FOR REV]N BY EPAWORKGROUP ARARARANRARAACRARER AR R



\/ -

© wakssws WORKING DRAFT #3 ##awn (/25/9]1 7u. +o PAGE 4 Of 31 *adnsnn
the quality of radiation and its spatial distribution {’ "3 body. The unit of dose
equivalent is the "rem." .

(o) "Ecologically vita! ground water* means ér&hnd water sugplying an
aquatic or terrestrial ecosystem which is located gither in a ground-water
discharge area and supports a habitat for a listed or proposed endangered or
threatened species, as designated pursuant to the Endangered Species Act, as
amended, or, on Congressionally designated Federal lands managed for the
purpose of ecological protection regardiess of the presence ot endangered or
threatened species. Discharge area Is an area of land beneath which there is a
net transfer of water from the saturated zone to a surface water body, the land
surface, or the root zone.

(p) "Effective dose equivalent® means the sum over specified tissues of
the products of the dose equivalent received following an exposure of, or an
intake of radionuclides into, specified tissues of the body, multiplied by
appropriate welghting factors. This allows the various tissue-specific health
risks to be summed Into an overall health risk. The method used to calculate
etfective dose equivalent is described In Appendix A of this Part.

(q) "General environment" means the total terrestrial, atmospheric, and
aquatic environments outside sites within wvhich any activity, operation, or
process associated with the management and storage of epent-nuelear—fuel—or
radicactive waste is conducted.

(r) "Ground water® means water which Is present below the land surface
wvaser—bolew—the—lend-surfece—in—o-sone—of—saturstion,

(s) “"Heavy metal” means all uranium, plutonium, or thorium placed into
a nuclear reactor.

(t) *High-level radicactive waste,* as used in this Part, means high-
level radicactive waste as defined in the Nuclear Waste Policy Act of 1982
(Pub. L. 97-425).

(u) “"Implementing agency,” as used in this Subpart, means the

o S AR A Al SN
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wastee—to—bo—dispesed—ef in facilities licensed by the Commission in
accordance with the Energy Reorganization Act of 1974 and the Nuclear Waste
Policy Act of 1982, and {t means the Def;artment for all other radioactive
wastes covered by this Part.

(v) “Lithosphere® means the solid part of the Earth below the surface,
including any ground water contained within it.

(w) T“Management" means any activity, operation, or process (except for

transportation) conducted tc prepare spent—nuelear—fuel-or radioactive waste
for storage or disposal or the activities associated with placing such fuel—eor

waste intO a disposal system.

(x) “"Member of the public"” means any individual except during the time
when that individual is a worker engaged in any activity, operation, or
process that is covered by the Atomic Energy Act of 1954, as amended.

.................................

(y) "Passive institutional control® means @Ry controf not dependent
upon man’s continuing presence and activity at the disposal facifity Including the
following: (1) permanent markers placed at a disposal site, (2) public
records and archives, (3) government cwnership and regulations regarding land
or resource use, and (4) other gmethods of preserving knowledge about the
location, design, and contents of a disposal system.

(z) "Performance assessment" means an analysis that: (1) identifies the
processes and events that might affect the disposal system; (2) examines the
effects of these processes and events on the performance of the disposal
systen; and (3) estimates the cumulative releases of radionuclides,
considering the associated uncertainties, caused by all significant processes
and events. These estimates shall be incorporated into an overall probabilicy

e AL SN S NS

distribution of cumulative release to the extent practicable.
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sealed.’

of piped water for human consumptlon. tf such syxtem has at laast fifteon
service connectlons or. ragularly serves atleast twenty-ﬂva lndlvldua!s. Such

(ce)
term used ta represent the_spem nuclear fuel, high-level end og transuranic
radiocactive waste @8 defined In ecevered—by this Parc, and any other radioactive
material managed or dlsposed of with these wastes.

(ff) "Sit:e" means &n area concuned within the boundary of a location

under the effective control of persons possessing or using epent—nuslear—fuel
er radicactive waste that are involved in any activity, operation, or process

covered by this Subpart.
(gg) "Spent nuclear fuel" means fuel that has been withdrawn from a

nuclear reactor following irradiacion, the constituent elements of which have

not been separated by reprocessing.

(hh) "scorage" neans retention of epent-nuelear—fuel-er radiocactive

ARERAARARRRARAREKARRRARR FOR RW‘EW BY EPAWORK GROUP RERRRARARANREARARRAARS
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(3jj) "Transuranic racdicactive waste,” as used in this Part, means waste
.containing more than 100 nanocuries of alpha-emitting transuranic isotopes,
with half-lives greater than twenty years, per gram of waste, except for:

(1) high-level radioactive waste; (2) wastes that the Department has
determined, with the concurrence of the Administrator, do not need the degree
of isolation required by this Part; or (3) wastes that the Commission has

approved for disposal on a case-by-case basis in accordance with 10 CFR Part
61.

quantity of ground water to supply a

(11) “"Undisturbed performance” means the @xpected DI
of a disposal system, including consideration of the uncertainties in
expeoted projected behavior, if the disposal system is not disturbed by human
intrusion or the occurrence of disruptive external natural events. (See

(mm) “Waste," es—used—in-—this—Subpart; means any epeant—nvelear—fuel-er
radiocactive waste isolated in s disposal systen.

(nn) "Waste form" means the materials comprising the radiocactive
components of waste and any matrix in vhich it is encapsulated or stabilized.

191.02 Applicabilicy
This Subpart applies to:

(1) radiation doses received by members of the public as a result of the
management {exeept—for-transpertation) and storage of spent-nuelesr—fuel-or
high-level-er—trensuranie radiocactive wastes at any facility regulated by the

REAKEREEAERRARAARAREARR FOR REV'EW BY EPAWORKGROUP REARERRARANRARANARERAS
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such management and storage operations are not subject to the provisions of
Part 190 of Title 40; and

(2) radiation doses received by members of the public as a result of che

managezent {@Xcept-for-trancportation} 1nd storage of epent—nuelear—fuel—or

operated by the Department of Energy and that is not regulated by the

Commission or by & Agreement States.

191.03 Scandards
(a) Management and storage of epent—nuelear—fuel-er-high—level-or

transuranie radiocactive wastee at gll facilities regulated by the Commission
or by Agreement States shall be conducted in such a manner es—te—provide

equivalent to any member of the public in the general environment resulting
from: (1) discharges of radioactive material and direct radiation from such

management and storage and (2) all operations covered by 40 CFR Part 190;

committed effective dose equivalent for purposes of this section.

(b) Management and storage of epent—nuelear—fuel-eor—high-level-eor
transuranie radicactive wastee at all facilities for—the—diopesalef—sueh—fuel

er—waste that are operated by the Department and that are not regulated by the

Commission or an Agreenent States shall be conducted in such a manner es—ee

OﬂﬁCﬂVﬁ dose

equivalent to any member of the public in the general environment resulting
from discharges of radfoactive material and direct radiation from such

millirems te—~the-—vheole—bedy—and—75—aillirens—to—any—eriticel—orgen.

ARREARRRREAARAEAAERANES FOR REV'EW BY EPAWORKGROUP t.‘ﬁtttt.tttlt.tiﬁtttttt
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necessity to comply with the requirements of Subpart C or other Fedoeral
regulations.

191.05 ¢4 Effective Date
The modifications to this Subpart shall be effective on [60 days after
publication in the FEDERAL REGISTER].

ARARRERRARARAAAR AR RSN FOR REV'EW BY‘EPAWORKGROUP CARAREERAREEARNAARARR AR
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SUBPART B - ENVIRONM: STA* "ARDS FOR DISPOSAL

191.11 aApplicsbiliey
This Subpart applies to:

(a) radioactive materials releaz into the accessible environment as a

result of the disposal of epent—nueles: Iwel-er—high-level-er—trensuranie
radiocactive wastes; aNd
(b) radiation doses received by m:mbers of the public as a result of
such disposal.+—end
€e)—radicactive—contanination—eof—ground—vweter—in—the vieiniey—of
digposal-asystems—for-sueh—fuel-eor—wastes-

However, this Subpart does not apply to disposal directly into the
oceans or ocean sediments. This Subpart also does not apply to disposal that

occurred before August 15, 198S.

191.12 33 Containment Requirements

(a) Disposal systems for epemt—nuelear—fuel-eor—high-level—or
transuranie radioactive wastee shall be designed to provide a reasonsble

expectation, based upon performance assessments, that the cumulative releases
of radionuclides to the accessible environment for 10,000 years after disposal
from all significant processes and events that may affect the disposal system
shall:

(1) have & likelihood of less than one chance in 10 of exceeding the
quantities calculated according to Table 1 (Appendix B); and

(2) have a likelihood of less than one chance in 1,000 of exceeding ten
times the quantities calculated according to Table 1 (Appendix B)

(b) Performance assessments need not provide complete assurance that the

period involved and the nature of the events and processes of interest, there
will inevitably be substantial uncertainties in projecting disposal system
performance. Proof of the future performance of a disposal systea is not to

RARRRRARNRRANRARAREAARAE FOR REV'EW BY EPAWORKGROUP ‘;ttttt.ttiti.tttttttt
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be had in the ordinary sense of the word in situations that desl with much

shorter time frames. Instead, what is required i{s a reasonable expectation

by the implementing agency, on the basis of the record before R che
implementing—egeney, that compliance with 191.13(a) will be achieved.

191.13 4 Assurance Requirements

To provide the confidence needed for long-term compliance with the
requirements of 191.13, disposal of epent-nueleer—fuel—eor—high-level—or
€rensuranie ramoacﬂve wastes shall be conducted in accordance with the
following provisions, except that these provisions do not apply to facilities
regulated by the Commission (see 10 CFR Part 60 for comparable provisions
applicable to facilities regulated by the Commission):

(a) Active institutional controls over disposal 8yStems$ should be
maintained for as long a period of time as is practicable after disposal;
however, performance assessments that assess isolation of the radioactive
wastees from the accessible environment shall not consider any contributions
from active institutional controls for more than 100 years after disposal.

(b) Disposal systems shall be monitored after disposal to detect
substantial and detrimental deviations from Wpro;ected performance.
This monitoring shall be donme with techniques that do not jeopardize the
isolation of the wastes and shall be conducted until there are no significant

concerns to be addressed by further monitoring.
(¢) Disposal 8ystems shall be designated by the most permanent

markers—reeordo—and—other passive institutional controls practicable to
indicate the dangers of the wastes and their location.
(d) Disposal systems shall use different types of barriers to isolate

the wastes from the accessible environment. Both engineered and natural

barriers shall be included.

ARARRERRARARAAEARACRARE FOR HEV'EW BY EPAWORKGROUP REERERARAARREAENRERARE



Y, S
#esesns HORKING DRAFT #3 weaws 4/25/91 «ssws PAGE 12 Of 31 ##sduas

(e) When comparing alternative sites for a dispnsal system, qualitative
comparisons of the potential releases, projected for 100,000 years after disposal,

from the undisturbed-performance-of disposal systems shall be made.

(£) When comparing alternetive sRes 10 a disposal system, places vhere
there has been mining for resources, or where there is a reasonable
expectation of exploration for scarce or easily accessible resources, or where

there is a significant concentration of any material that is not widely

available from cther sources, should be avoided %H&MW.

waters that are irreplaceable because either there is no teasonable
alternative source of: (I} drinking water available for substantial populations
or {2) water for agricuftural uSe-—end-greund—veters—thet—ere. Such places shall
not be used for disposal of the wastes covered by this Part unless the
favorable characteristics of such places Gl@arly compensate for their greater
likelihood of being disturbed in the future.

(g) Disposal systems shall be selected so that FeCOVery of most of the

wastes is not precluded for a reasonable period of time after disposal.

191.14 15 Ind{vidual Protection Reguirements
OPTION A

(a) Disposal systens for spent-nuelesr—fuel—or—high—level—or
transuranie radicactive vastes shall be designed to provide a reasonable

expectation that during—management—end—storege—end for 1,000 years after

disposal, undisturbed performance of the dilpoul ly::en shall not casuse the

annual committed effective dose squivalent FEGENEY YIFbUH

ARRRRRERARARRERREARNERE FOR REV'EW BY EPAWORKGROUP T TTTITI3 312314333 0 2 L)
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potential pathways from the disposal system tc any member of the public in the

accessible environment to exceed 10 millirems.

OPTION B

(a) Disposal systems for epent-ruslear—fuel—eor—high—level-eor
srensuranie radicactive wastee shall be designed to provide a reasonable

expectation that during-management—and-etorsge—and for 1,000 years after

disposal, undisturbed performance of the. disposal system shall not cause the
annual committed effective dose equivalent received through due—sce all

potential pacthways from the disposal system toc any member of the public in the

accessible environment tec exceed 25 millirems.

OPTION C

(a) Disposal systems for spemt-nueleer—fuel-eor—high-level—or

trensurenie radioactive wastes shall be designed to provide a reasonable

expectation that during-mansgement—end-sterage-and for 10,000 years after

disposal, undisturbed performance of the disposal system shall not cause the

potential pathways from the disposal system to any member of the public in the

accessible environment to exceed 10 millirems.

OPTION D
(a) Disposal systems for epemt-nueleer—fuel-or-high—level-eorx
trensurenie radiocactive wastee ghall be designed to provide a reasonable

expectation that during-management—and-sterage—and for 10,000 years afcer

disposal, undisturbed performance of the dispossl systez shall not cause the
annual committed effective dose equivalent t@calVed thiGligh eue—ee all

ol

potential pathways from the disposal system to any member of the public in the

accessible environment to exceed 25 millirems.

ARRRRARARRARRARREAREARY FOR REV'EW BY EPAWORKGROUP ARAEARARRAREAAARARARANR
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19116 7 nstration of i |
in-general; The implementing agency shall demonstrate determine that a

disposal system Is capable of complying with all of the requirements of this
Subpant Part before any radioactive waste i& emplaced In the system.

191.16 Emplacement for Experimental Purposes

However; The implementing agency may allow temporary emplacements
of radioactive waste In the potential dlsposat system 1or expartmentat purposes
shall not occur until:

(1) there are preliminary performance assessment calculations available to
guide the experiments; and

and
(3) there are pre-estabtishod ptans and tasted procedures for the removal
of the waste; and
(4) the Administrator has concurred that the experimental placements of
waste are an appropriate component of the program to demonstrate compliance

R A A

....................................

except that thls concurrence ls not noodod when tho Implernontlng agency is the
Commission.

191.17 38 Altermative Provisions fer—Dispesal

The Administrator may, by rule, substitute alternative provisions in

(a) the alternacive provisions have been proposed for public comment in
the FEDERAL REGISTER together with information describing the costs, risks,

ARARAARREANRRAREARNERNTR FOR REV'EW BY EPAWORKGROUP RRABARRARRRARRAERRARRK
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and benefits of disposal in accordance with the alternative provisions and the

reasons why compliance with the existing provisions of Subpart B appears
inappropriate;

(b) a public comment period of at least 90 days has been completed,
during which an opportunity for public hearings in affected areas of the
country has been provided; and

(¢) the public comments received have been fully considered in

developing the final version of such alternative provisions.

In this Subp bridge the
necessity to comply with the requirements o1 Stibpart ¢ of dther Federal

regulations.

191.19 18 Effective Date
The standards in this Subpart shall be effective on [60 days after

publication in the FEDERAL REGISTER].

ERRRREERRRRARRARARARREER FOR REV‘EW BY EPAWORKGROUP SREAARRRRARSARARRANARE
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‘GROUND-WATER PROTECTION

191.21 Applicabliity
This Subpart applies to:
(a) radiation doses received by members of the publi¢ as a result of activities

subject to Subparts A and B of this Pa

19885.

19122

191.23

1133332332333 3 3212333232 FOR REV‘EW BY EPAWORKGROUP t;ttttttttﬁttttttttttt
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OPTION 8

necessny to comp]y with the requlraments of othet ng,er,a!“r_egulatlons.
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Appendix A - Calculation of Committed Effective Dose Equivalent
Dose equivalent. The calcuiation of the committed effective dose equivalent (CEDE) begins with
the determination of the dose equivalent, H, to the tissues listed in the Table A.2 below by using the
equation:
H = DQN

where D is the dose in rads to the tissue, Q is the quality factor given in Table A.1 below, and N is the
product of all other modifying factors and may be assumed to equal one.

Table A.1 Q for various types of radlation

Type of radiation @ value
X rays, vy rays, and electrons 1
Thermal neutrons 23
Neutrons, protons, and singly charged particles of rest mass 10
greater than one atomic mass unlt of unknown energy
a particles and multiply charged particies (and particles of 20

unknown charge) of unknown energy

Efiective dose equivalent. The next step is the calculation of the effective dose equivalent, Hy.
The probability of occurrence of & stochastic effect in an organ or tissue is assumed to be proportional
to the dose equivalent in the organ or tissue. The constant of proportionality differs for the various
tissues of the body, but in assessing health detriment the total risk is required. This Is taken into
account using the weighting factors, wy in Table A.2, which represent the proportion of the stochastic
risk resulting from irradiation of tissue T to the total risk when the whole body is irradiated uniformly and
H, is the dose equivalent in tissue 7, in the equation:

He = ZWrHr.
T

Table A.2 Weighting factors for calculation of

effective dose equivalent
Organ or tissue Wy value
Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid ‘ 0.03
Bone surfaces - 0.03
Remainder ‘ . 0.30

AARREEARRR A AR A AN RN FOR REVIEW BY EPAWORKGROUP LRRARAREAS AR ARARAS RSN
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NOTE: The values of w, are considered to be appropriate for protection for individuals of ail
ages, both sexes, and for members of the public. The value for gonads inciudes an afiowance
for serious hereditary effects expressed in the first two generations following the individual
exposed. The “remainder” organs or tissues are taken to be the five not specifically listed in
Table A.2 that recelve the highest dose equivalents; a weighting factor of 0.06 is applied to each
of them, including the various portions of the gastro-intestinal tract, which are treated as -
separate organs. The definition covers all tissues and organs except the hands and forearms.
the feet and ankles, the skin and the lens of the eye. The excepted tissues and organs should
be excluded from the computation of H,.

Committed dose equivalent. For internal iradiation from Incorporated radionuclides, the total
absorbed dose will be spread out in time, being gradually delivered as the radionuclide decays. The
time distribution of the absorbed dose rate will vary with the radionuclide, #ts form, the mode of intake
and the tissue within which it is incorporated. To take account of this distribution the quantity committed
dose equivalent, H,, is used and is tha time integra! of the dose-equivalent rate in a particular tissue that
will be received by an individual following an intake of radioactive material into the body. The period of
50 years is used as an average time of exposure following intake:

Hy = HE) c

fo

for a single intake of activity at time t, where H(t) is the relevant dose-equivalent rate in an organ or

tissue at time t. FOr the purposes ot thls rule, a-slagbaanual—la%ake—eq&ﬂva#ent—te
ntake : - ntake ~.the pravlously

Committed effective dose equivalent. If the committed dose equivalents to the individual tissues
resufting from an intake are muitiplied by the appropriate weighting factors wy, and then summed, the
resuit will be the committed effective dose equivalent, H o To avoid ambigutty in defining the
remainder tissues, the time integration should be caried out before selecting the relevant tissues for the
summation. This quantity gives a measure of the total risk of specified somatic and hereditary efiects to
an average individual and his progeny from an intake of a radicactive material, including the risk from

irradiation in subsequent years resulting from the intake:

to + S0y
H‘”.I l"lg(t)df.
%
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APPENDIX B - TABLE FOR SUBPART B

.......................................

TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS
(Cumulative Releases to the Accessible Environment
for 10,000 Years After Disposal)

Release Limit per

Radionuclide 1,000 MTHM or other unit
of waste (see Notes)
(curies)
Americium-241 or -243 - - - - < - 4 4 e 4 4 2 e e s . . 100
Carbon-1l4 - - - -« o « o o 2 o « o o 2 o - o = - - . . 100
Cesium-135 or -137 - - - - = = = = = - = = = - . - . . 1000
Iodine-129 - - - « - - & - ¢ o e 4 4 4 o o . s e .. . 100
Neptunium-237 - -« - « « « = & =« = = = 2 = o = o o = o & 100
Plutonium-238, -239, -240, or -242 - - - - - - - - - - 100
Radium-226 - - « = = = « = ¢ 2 o o o o o o o o = - o - 100
Strontium-90 - - - - < « . 2 o o o 4 o e 4 .. . . o - 1000
Technetfum-99 - - - - = « = « « = =« = ¢ ¢ o = ¢ = & « = 10000
Thorium-230 or <232 - - = = = = = = & = & ¢ = o = = « - 10
Tin-126 - - - = - = o o = o 2 ¢ o o o o o o o o o o - . 1000
Uranium-233, -234, -235, -236, or -238 - - - - - - - - 100
Any other alpha-emitting radionuclide

with a half-1ife greater than 20 years - - - - - - - 100

Any other radionuclide with a half-life greater
than 20 years that does not emit alpha particles - - 1000

RRRRRRARRRRAARARARRAR RS FOR REV'EW BY EPAWORK GROUP RERNAARRARRARAARARRERR
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Application of Table 1

NOTE 1: Unjir~ of Waste, The Release Limits in Table 1 apply to the
amount of wastes ir any one of the following: -

(a) an amount of spent nuclear fuel containing 1,000 metric tons of
heavy metal (MTHM) exposed to a burnup between 25,000 megawatt-days per metric
ton of heavy metal (Mwd/MTHM) and 40,000 MWd/MTHNM;

(b) the high-level radicactive wastes generated from reprocessing each
1,000 MTHM exposed to a burnup between 25,000 MWE/MTHM and 40,000 MWd/MTHM;

(c) each 100,000,000 curies of gamma or beta-emitting radionuclides with
half-lives greater than 20 years but less than 100 years {for-use—eas—diceussed

curies or OPTION B: 3,000,000 curies] of any alpha-emitters with half-lives
greater than 20 years) {fer—use—as—diseussed—inNoteS—or—with-other

radionuclidas wtth half lives 5relcer chnn 20 years.

NOTE 2: Release Limits for Specific Disposal Systems, To develop

Release Limits for a particular disposal system, the quantities in Table 1
shall be adjusted for the amount of waste included in the disposal systenm
compared to the various units of waste defined i{n Note 1. For example:

titttttttttt*titﬁttttt.l FOR REV‘EW BYEPAWORKGROUP ARARRAARAARARARRERARESE
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(a) If a particular disposal system contained the high-level wastes
from 50,000 MTHM, the release limits for tha:t”;ystem would be the quantities
in Table 1 multiplied by 50 {50,000 MTHM divided by 1,030 MTHM).

(b) If a particular disposal system co;cained 12 million curies of.

alpha-emitting transuranic wastes, the Release Limits for that system would be
the quantities in Table 1 multiplied by JOPTION Ai_ 12 (12 million curies

¢ivided by one million curies) 6f OPTION 8: 4 (12 miilion curies divided by

three miilion curies).

(¢) If a particular disposal system contained both the high-level
wastes from 50,000 MTHM and 5 million curies of alpha-emitting transuranic
wastes, the release limits for that system would be the quantities in Table 1

multiplied by 55 [or 62 2/3 under OPTION 8 for the TRU waste uni}:

50,000 MTHM 5,000,000 curies TRU
+ - 55
1,000 MTHM 1,000,000 curies TRU

- calbh - a aVa -Vae I3 - 29 s - -
TACATIA IASRAAL SR AANR “AL°S ATATATASA S ATALTANAL SR ASAIASE CAASLA AASN m1ARA AT SALL AN,

-F v,
BAAATA

NOTE 3 4: Adjustments for Reactor Fuels with Different Burnup, For
disposal systems containing reactor fuels (or the high-level vastes from
reactor fuels) eiposed to an average burnup of less than 25,000 MWA/MTHM or
greater than 40,000 MWd/MTHM, the units of waste defined in (a) and (b) of
Note 1 shall be adjusted. The unit shall be mulciplied by the ratioc of 30,000
MWd/MTHM divided by the fuel’s actual average burnup, except that a value of
5,000 MWd/MTHM may be used when the average fuel burnup s below 5,000

(2213321233323 2422337131 FOR REV'EW BY EPAWORKGROUP ARSRARARRRERAERERRNENR
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MWa/MTHM and & value of 100,000 MW3/MTHM shall be us - 1 the aversage fuel
burnup is above 100,000 MWd/MTHM. This adjusted uni. « aste shal) then be
used in determining the Release Limits for the disposal - stem.

For example, if & particular disposal system cont: 1ed only high-level
wastes with an average burnup of 3,000 MWA/MTHM, the uni of waste for that
disposal system would be:

(30,000 MWd/MTHM)
1,000 MTHM x - 6,000 MTHM
( 5,000 MWd/MTHM)

If that disposal system contained the high-level wastes from 60,000 MTHM
(with an average burnup of 3,000 MWd/MTHM), then the Release Limits for that
system would be the quantities in Table 1 multiplied by ten (10):

60,000 MTHM
R — - 10
6,000 MTHM

which is the same as:

60,000 MTHM ( 5,000 MW3/MTEM)
X - 10
1,000 MTHM (30,000 MWd/MTHM)

NOTE 4 &: TIreatment of Fractionated High-Level Wastes. In some cases,

a high-level waste strean from reprocessing spent nuclear fuel may have been
(or will be) separated intc two or more high-level waste components destined
for different dispcsal systems. In such cases, the implementing agency may
allocate the Release Limit multiplier (based upon the original MTHM and the
average fuel burnup of the high-level waste streanm) among the various disposal
systems as it chooses, provided that the total Release Limit sultiplier used
for that waste streanm at all of its disposal systems may not exceed the
Release Limit multiplier that would be used if the entire waste streanm were

disposed of in one disposal system.
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NOTE § 6: Treatment of Wastes with Poorly Known Burnups or Originel

MIHEM. 1In some cases, the records associated with particular high-level waste
streams may not be adequate to accurately determire the original metric tons.
of heavy metal in the reactor fuel that created the waste, or to determine the
average burnup that the fuel was exposed to. If the uncertainties are suéh
that the original amount of heavy metal or the average fuel burnup for
particular high-level waste streams cannot be quantified, the units of waste
derived from (a) and (b) of Note 1 shall no longer be used. Instead, the
units of waste defined in (c) and (d) of Note 1 shall be used for such high-
level waste streams. If the uncertainties in such informatiocn allow a range
of values to be associated with the original amount of heavy metal or the
average fuel burnup, then the calculations described in previous Notes will be
conducted using the values that result in the smallest Release Limits, except
that the Release Limits need not be smaller than those that would be
calculated using the units of waste defined in (¢) and (d) of Note 1.

NOTE 6 ¥: elease om v 9
33, Once release limits for a particular disposal system have been determined
in accordance with Notes 1 through 6, these release limits shall be used to
determine compliance with the requirements of §191.12 #3 as follows. In
cases where a mixture of radionuclides is projected to be released to the
accessible environment, the limiting values ghall be determined as follows:
For each radionuclide in the mixture, determine the ratic between the
cumulative release quantity projected over 10,000 years and the limit for that
radionuclide as determined from Table 1 and Notes 1 through 5. The sum of
such ratios for all the radionuclides in the mixture may not exceed cne with

+3(a)(2).
For example, if radionuclides A, B, and C are projected to be released
in amounts Q,, Q,, and Q., and if the applicable Release Limits are RL,, RlL,,

(1333333133833 822321332228 FOR REV'EW BY EPAWORKGROUP ARARRRAERRRARRRARRRRES
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and RL., then the cumulative releases over 10,000 years shall be limited so
that the following relationship8 existe:

Q Q, Q o A _
+ s 1 tor §191.12(a){1) and

RL

: . % el ST107 for $191.12(a)(2).
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APPENDIX C - GUIDANCE FOR IMPLEMENTATION OF SUBPART B

[NOTE: The supplemental information in this appendix is not an
integral part of 40 CFR Part 191. Therefore, the implementing
agencles are not bound to follow this guidance. However, it is
included because it describes the Agency’'s assumptions regarding
the implementation of Subpart B. This appendix will appear in the
Code of Federal Regulations.]

The-Ageney-believes—that The implementing agencies muse Shouid

Subpere—B by evaluating long-term predictions of disposel system performance.
Determining compliance with §191.12 33 will also involve predicting the
likelihood of events and processes that may disturb the disposal system. In
making these various predictions, it will be appropriate for the implementing
agencies to make use of rather complex computational models, analytical
theories, and prevalent expert judgment relevant to the numerical predictions.
Substantial uncertainties are likely to be encountered in making these
predictions. In fact, sole reliance on these numerical predictions to
determine compliance may not be appropriate; the implementing agencies may
choose to supplement such predictions with qualitative judgments as well.
Because the procedures for determining compliance with Subpart B have not been

fully formulated and £ully tested yet, this appendix to the rule indicates the
Agency’s assunptions regarding certain issues that may arise vhen implementing
St Most of this guidance

applies to any type of disposal system for the wastes covered by this rule.
However, several sections apply only to disposal in mined geologic
repositories and would be inappropriate for other types of disposal systems.

Consjderation of Total Disposal System, When predicting disposal system
performance, the—Agency—assunes—that reasonable projections of the protection

expected from all of the engineered and natural barriers of a disposal systenm
«i11 should be considered. Portions of the disposal system should not be

disregarded, even if projected performance is uncertain, except for portions
of the system that make negligible contributions to the overall isolation
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provided by the disposal system.

Scope of Performance Assessmencs. Section 191.12 33 requires the

implementing agencies to evaluate compliance through performance assessments

as defined in Seetion §191.01(28) 12¢e). The-Agensy—wssumes—chat Such

performance assessments need not consider categories of events or processes
that are estimated to have less than one chance in 10,000 of occurring over
10,000 years. Furthermore, the performance assessments need not evalua: in
detail the releases from all events and processes estimated toc have a greater
likelihood of occurrence. Some of these events and processes may be omitted
from the performance assessments if there is a reasonable expectation that the
remaining probability distribution of cumulative releases would not be
significantly changed by such omissions.

Compliance with Section 191.12 33, The-dgeney—esoumes—thet: Whenever

practicable, the implementing agency will assemble all of the results of the
performance assessments to determine compliance with §191.12 13 into a
"complementary cumulative distributi function" that indicates the
probability of exceeding various levels of cumulative release. When the
uncertainties in parameters are considered in a performance assessment, the
effects of the uncertainties considered can be incorporated into a single such
disctribution function for each disposal system considered. The—Ageney—asscumes
&hat A disposal system MAY ean be considered to be in compliance with

§191.12 13 if chis single distribution function meets the requirements of
§191.12 33 (a) and (b}.
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mnmm;.ggm *Undisturbed performance" is defined to mean

the expested ffojéctad behavior of a disposal system assuming that it is not
disturbed by human Intrusion or disruptive natural events. This term Is used In
gseveral places throughout the standards. Meﬁnmo The term
undisturbed performance* i§’inténded to M the behavior of a
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disposal system as affected by gradual processes such as expected
groundwater fiow and the thermal, chemical, and other effects caused by the
'vaste after backfiliing and sealing the disposal system. The-Agenoy-assumes
that All such gradual processes that take place within the period of interest |
should be considered under "undisturbed performance" even though their time
or rate of onset may be uncertain. On the other hand, the-Agenoy-does-rot

intend "undisturbed performance" I ot Iitaride
disruptive events such as human intrusion or fault movement, even it their

probabliity of occurrence within the period of Interest Is relatively high. Such

When the

uncertainties in undisturbed performance of & disposal system are considered,
the implementing agencies need not require that a very large percentage of the
range of estimated radiation exposures or radionuclide concentrations fsll

s o

The—Ageney—assumes—theat Compliance gy!ﬁ een be determined based upon "best

estimate” predictions (e.g., the mean or the median of the appropriate
distribution, whichever i{s higher).

agency will assume that none of the active institutional controls prevent or
reduce radionuclide releases for more than 100 years after disposal. However,
the Federal Government is committed to retaining ownership of all disposal
sites for spent nuclear fuel and high-level and transuranic radiocactive wastes

and will establish appropriste markers and records, consistent with §191.13
4(c). The-Ageney—eassunecs—thet; As long as such passive institutional
controls endure and are understood, they: (1) can be effective in deterring
systematic or persistent exploitation of these disposal sites; and (2) can
reduce the likelihood of inadvertent, intermittent human intrusion to & degree
to be determined by the implementing agency. Hovever, the—Agemey-believes

(123232224332 333 1333373 ] FOR REV'EW BY EPAWORKGROUP RENERARAREAAARARRARARRA
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thet passive institutional controls can never be assumed to eliminate the
chance of inadvertent and intermittent human intrusion into these disposal
sites.

Consideration of Insdvertent Human Intrusion into Geologic Repositories.
The most speculative potential disruptions of a mined geologic repository are
those associated with inadvertent human intrusion. Some types of intrusion
would have virtually no effect on & repository’s containment of waste. On the
other hand, it is possible to conceive of intrusions (involving widespread
societal loss of knowledge regarding radicactive wastes) that could result in
major disruptions that no reasonable repository selection or design
preceautions could alleviate. The—Ageney-believes—~thet The most productive
consideration of inadvertent intrusion concerns those realistic possibilities
that may be usefully mitigated by repository design, site selection, or use of
passive controls (although passive institutional controls should not be
assumed to completely rule out the possibility of intrusien). Therefore,
inadvertent and intermittent intrusion by exploratory drilling for resources
(other than any provided by the disposal system itself) can be the most severe
intrusion scenarioc assumed by the implementing agencies. Furthermore, the
implementing agencies can sassume that passive institutional controls or the
intruders’ own exploratory procedures are adequate for the intruders to soon
detect, or be warned of, the incompatibility of the area with their
activities.

u d Sev v [-)
Repositories. The implementing agencies should consider the effects of each
particular disposal system’'s site, design, and passive insticutional controls
in judging the likelihood and consequences of such inadvertent exploratory
drilling. However, she-Azoney—assumes—Shat the likelihood of such inadvertent
and intermittent drilling need not be taken to be greater than 30 boreholes
per square kilometer of repository area per 10,000 years for geologic
repositories in proximity to sedimentary rock formations, or more than
3 boreholes per square kilometer per 10,000 years for repositories in other

geologic formations. Furthermore, the-dAgensy-sssumes—that the consequences of
such inadvertent drilling need not be assumed to be more ssvere than:
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(1) direct release to the land surface of all the ground water in the
repository horizon that would promptly flow through the newly created borehole
to the surface due to natural lithostatic pressure--or (if pumping would be
required to raise water to the surface) release of 200 cubic meters of ground
water pumped to the surface if that much water is readily available to be
pumped; and (2) creation of a ground water flow path with a permeabilicy
typical of a borehole filled by the soil or gravel that would normally settle

into an open hole over time -- not the permeability of a carefully sealed

borehole §8a10€
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CRAPT DATED: APRIL 26, 1991 S
ENVIRONMENTAL PROTECTION AGENCY

40 CFR 191

ENVIRONMENTAL STANDARDS FOR THE MANAGEMENT AND DISPOSAL OF SPENT
NUCLEAR FUEL, HIGH-LEVEL AND TRANSURANIC RADIOACTIVE WASBTES

AGENCY: Environmental Protection Agency
ACTION: Proposed Rule

SUMMARY: The U.S. Environmental Protection Agency (EPA) is
developing generally applicable environmental standards for the
management and disposal of spent nuclear fuel, high-level and
transuranic radioactive wastes. These wastes are produced as a
result of defense activities under the jurisdiction of the U.S.
Department of Energy (DOE) and civilian activities regqulated by
the U.S. Nuclear Regulatory Commission (NRC).

sfandards were promulgated in i985 pursuang to the Agency's

authorities and responsibilities under the Atomic Energy Act of



1954, as amended, Reorganization Plan No. 3 of 1970, and the
Nuclear Waste Policy Act of 1982. Following a legal challenge,
the U.S. Court of Appeals for the First Circuit (hereinafter
referred to as the "Court"), in 1987, remanded Subpart B of the
1985 standards to the Agency for further consideration. The
proposed standards being issued today represent an attempt to
respond to the issues raised by the Court remand and to relevant
new programmatic changes and information.

Today's proposal consists of three Subparts. Subpart A
applies to radiation exposures of members of the public from the
management and storage of radioactive wastes prior to disposal.

Subpart B applies to the disposal of radicactive waste and
establishes several different types of requirements. The primary
standards for disposal are long-term containment requirements
that are designed to limit projected releases of radiocactivity to
the accessible environment for 10,000 years after disposal. A
set of qualitative assurance requirements is an equally important
element of Subpart B designed to provide adeguate confidence that
the containment requirements will be met. Finally, a set of
individual protection requirements limits radiation exposures to
individual members of the public after disposal. Accompanying
the Subpart B disposal standards in Appendix C is a set of
informational guidance for implementation of the disposal
standards to clarify the Agency's intended application of these

standards.
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Finally, today's proposal contains ; new Subpart C--
'E;vironﬁzﬁzal Standards for Grounévﬁater Protection--which limits
contamination of drinking water in the vicinity of waste
management, storage, and disposal systems.

After the Agency considers comments received on this
proposal, it will develop a final version of these standards and
promulgate them as Part 191 of Title 40 of the Code of Federal
Regulations (40 CFR Part 191). |
DATE: Public hearings on this proposed rule will be held

. Comments on the proposed rule should be

received on or before .

FOR FURTHER INFORMATION CONTACT:
Ray'CIafk or Caroline Petti:; telephoné number (202)475-9633.
SUPPLEMENTARY INFORMATION
Naturé aﬂd Hazards‘ot Spent Nuclear Fuel, High-Level and
Transuranic Radiocactive Wastes

Radioactive wastes are the result of governmental and
commercial uses of nuclear fuel and material. There are five
main categories of radioactive.wastés: spent nuclear fuel, high-
level waste, transuranic wastes, uranium mill tailings and low-
level wastes. This proposed rule covers management and disposal
of spent nuclear fuel, high-level wastes, transuranic wagtes and
any other Atomic Energy Act raﬁioacéive wastes manaéed or
disposed of with these wastes. mThe‘Agency has issued, under
separéte authorities, standa:ds'to‘cover uranidm mill tailings :

(40 CFR Part 192) and plans'to‘issdé'standatds to cover low-level
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vastes (40 CFR Part 193).

Fiséioning of nuclear fuel in nuclear reactors creates what
is known as "spent" or irradiated nuclear fuel. Sources of spent
nuclear fuel include 1) fuel discharged from commercial nuclear
power plants; 2) fuel elements genarated by government-sponsoréd
R&D programs, universities and industry:; 3) fuels from
experimental reactors (e.g., liquid metal fast breeder reaétors
and high-temperature gas-cooled reactors): 4) U.S. Government-
controlled’nuclear weapons production reactors; and 5) naval
reactor fuels and other U.S. Department of Dafense (DOD) reactor
fuels. Most spent fuel is currently being stored in water pocols
at reactor sites where it is produced.

Reprocessing of spent nuclear fuel to recover unfissioned
uranium and plutonium results in liquid radioactive wastes known
as "high-leval” wastes. Spent nuclear fuel from dafense reactors
is routinely reprocessed for use in the weapons program. Only
one commercial spent fuel reprocessing facility--the Nuclear Fuel
Services Plant in West Valley, New York--~aver operated in the |
United States and it was closed in 1972. No commercial spent
fuel is being reprogessed in the United States at this timae.
High-level wastes derived from reprocessing activities are
presently stored on, Federal reservations in South Caiolina,
Idaho, and Washington and at the Nuclear Fuel Services Plant.

Transuranic wastes, as defined in this rule, arg materials
containing elements having atomic numbers greater than 92 in

concentrations greater than 100 nanocuries of aipha-emitting
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transuranic isotopes with half-liQes greater than twenty years
per gram of waste. Most transuranic wastes are items that have
become contaminated as a result of activities associated with the
production of nuclear weapons (e.g. rags, equipment, tools, and
contaminated organic and inorganic sludges). These wastes are
presently stored on Federal reservations in Washington, Idaho,
New Mexico, Tennessee, South Carolina, Nevada and Colorado.

The Federal government is responsible for disposing of
spent fuel, high-level and transuranic radiocactive wastes. The
DOE is the Federal agency with lead responsibility for carrying
out radioactive waste management programs. The principal
activities of DOE and its predecessor agencies (the Atomic Energy
Commission and the Energy Research and Developnent
Administratioh) have been directed toward the siting and
construction of geologic repositories for waste disposal and
surface facilities for waste storage.

' The NRC is résponsible for licensing spent fuel storage and
disposal facilities for waste from commercial activities. NRC
" has developed requirements and procedures for licensing such
facilities in 10 CFR Parts 72 and. 60.

Under #uthority derived from the Atomic Energy Act,
Reorganization Plan No. 3 of 1970, and the Nuclear Waste Policy
Act of 1982, the EPA is responsible for developing generally
applicable environmental standards to govern thg managenment,
storage and disposal of radioactive wastes. Once promulgated,

these standards will apﬁly to both DOE and NRC-licensed
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facilities. NRC will ultimately incorporate these standards into
their licensing regulations. ”

Proper management and disposal of spent nuclear fuel, high-
level and transuranic radioactive wastes are essential because of
the inherent hazard of the radiocactivity they contain and the
length of time they remain hazardous. The cobjective of these
proposed standards is to provide a regulatory framework for
limiting the risks caused by thase waste materials to both
present and future generations.

National Programs for Disposal of Radioactive Waste

In 1981, the DOE, after conmpleting a'comprehensive
programmatic environmental impact statement, adopted a national
strategy to develop mined geologic repositories for disposal of
commercially generated radicactive waste (46 FR 26677).
Repositories would be constructed in suitable host media at
depths greater than 300 meters by conventiocnal mining techniques.
Wastes in canisters would be placed into holes in the mine floor
or walls. When the repcsitory is full, the holes and shafts
would be backfilled and sealed. Radionuclide releases would be
mitigated by a stable and insoluble waste form, a durable
canister, a stable host medium, and low migration potential for
radionuclides thfbugh the environment around the host rock.

In 1982} Congress passed the Nuclear Waste Policy Act (the
"act®) which atfirmed ‘the DOE's 1981 decision that mined
repositories should receive primary emphasis in .the national

program, while allowing research on other technologies to
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continue. The Act: 1) established formal procedures regarding
tne evaluation and selection of sites for geologic repositories:
2) established procedures for interacting.with affected States
and Indian tribes regarding site selection decisions; 3) provided
a source of funds for the progfam by establishing a Nuclear Waste
Fund financed by a fee on nuclear-generated-electricity: 4)
reiterated the existing responsibilities of the Federal agencies
involved in the National program to develop mined geologic
repositories, and assigned some additional tasks regarding site
evaluation:; 5) provided a target timetable for achieving several
key programmatic milestones, and; 6) required the President to
evaluate the feasibility of disposing of defense hiéh-level waste
in commercial waste repositories. Section 121 of the Act
reiterated the EPA's responsibility for develbping the oﬁerall
framework of requirements and'standards-needéd to assure
protection of public health and the environment ftdm nuclear
waste disposal, in accordance with its authorities under the
Atomic Energy Act of 1954 and Reorganization Plan No.3 of 1970.

In February 1983, the DOE formally 1dentifiéd nine
potentially acceptable sites for the first repository in the
states of Washington, Nevada, Texas, ﬁtah, Louisiana, and
Mississippi. In December 1984, three of these (Yucca Mountain,
Nevada, Deaf Smith, Texas, and Hanford, Wéshiﬁgton)zwere
recommended as tentative choices for further site investigations
or "characterization®. In April 1985, President Reagan directed
DOE to dispose of defense high-level waste together with
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commercial power plant spent fuel and high-level waste, in
civilian repositories.

In Janua;y 1986, DOE identified twelve potentially
acceptable sitesrfor a second repository in the states of
Georgia, Maine, Minnesota, New Hampshire, Nofth Carolina,
Virginia, and Wisconsin. Four months later, the Department
announced it was going to focus its efforts instead on
investigating repository sites in Washington, Nevada, and Texas
and defer any further investigation of second repository sites.

In 1987, cbngress passed the Nuclear Waste Poliqy Amendments
Act of 1987 (the "Amendments Act®). The Amendments Act
significantly changed the scope of the high-level waste disposal
program by directing DOE to investigate only the site at Yucca
Mountain, Navada for its suitability as a repository and
terminate investigations at all other potential f£irst and second
repository sites. VIt also authorized the development of a
Monitored Retrievable Storage facility for interim storage of
spent nuclear fuel. The 1987 Amendments Act did not change EPA's
responsibility for developing standards.

efense ansura tive W .

The DOE is-devaloping the Waste Isolation Pilot Plant (WIPP)
near Carlsbad in southeastern New Mexico as a deep geologic |
repository for retriaevably stored and newly generated transuranié
(TRU) radiocactive waste from various DOE defense programs.
Congress authorized DOE to build the WIPP in 1979 (Public Law 96-
164). The repository has been excavated fron a bedded salt
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formation 2150 feet underground. -

Although DOE has conducted extensive studies of the WIPP
site and the repository's expected performance, uncertainties
remain. For example, concerns have been raised over the
possibility that gas generated underground at the WIPP will, over
the long term, build up to unacceptable pressures, leading to
possible releases of radiocactivity from the repository. To
address this and other questions, DOE plans to initiate a Test
Phase at the WIPP. This period will involve jn-situ tests with
TRU wastes, as well as other investigations. Under DOE's current
plans, the in-situ tests would initially involve wastes amounting
to approximately 0.5% of the total repository capacity. DOE
expects to gather information from these tests that will be used
to assess compliance with this standard (4OVCFR 191) as well as
identify any engineering modifications that may be necessary to
comply with these standards. If the WIPP site is eventually
determined to be suitable for disposal of TRU wastes, the
underground disposal area of the WIPP will cover 100 acres, with
a total design capacity of €6.45 million cubic feet (or
approximately 850,000 barrels of waste). To date, 15 acres of
underground disposal rooms'have been mined.

DOE is also investigating the near surface disposal of
classified TRU waste from nuclear weapons programs. In 1981, a
greater confinement disposal (écb) test program was in%tiated at
the Nevada Test Site (NTS) to demonstrate the disposal of high-
specific-activity low~level radioactive waste. The GCD technique



involves emplacement of waste packages in decp boreholes at the
NTS. The boreholes are 10 feet in diameter and 120 feet deep.
After waste emplacement, the boreholes are backfilled with about
70 feet of earth overburden. Approximately 5,600 cubic feet of
transuranic waste has been emplaced at the site.

BRistory of Proposed Action

In December 1976, the Agency announced its intent to develop
Federal quidance for the management and disposal of radioactive
waste to aésure protection of the public health and the general
environment. Among EPA's first activities in developing gquidance
was a series of public workshops conducted in 1977 and 1978 in
order to gain a better understanding of public concerns and
issues associated with radioactive waste disposal.

In November 1978, the EPA proposed "Criteria for Radioactive
Wastas." 1In March 1981, however, EPA withdrew the proposed
criteria because the many different types of radicactive wastes
made the issuance of generic disposal guidance impractical.

Regulatory development efforts continued, and on December
29, 1982, EPA published a proposed rule titled "40 CFR Part 191,
Environmental Standards for the Management and Disposal of Spent
Nuclear Fuel, High-level and Transuranic Radioactive Wastes" (47
FR 58196).

In parallel with the public review and comment on the
proposed rule, the Agency conducted an independent scientific
review of the technical basis of the proposed 4@ CFR 191

standards through an ad hoc committee of the Agency's Science
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Advisory Board (SAB). The SAB transmitted its final report to
the Administrator in February 1984. Although the SAB review
found that the Agency's analyses in support of the proposed
standards were comprehensive and scientifically competent, the
report contained several findings and recommendations for
improvement. The public was notified of the availability of this
report and encouraged to comment on its findings and
recommendations (49 FR 19604). On September 19, 1985, the final
40 CFR 191 was published in the Federal Register (50 FR 38066).

In March 1986, several petitions for review were filed by a
number of States and environmentalvgroups. They were
consolidated in the U.S. Court of Appeals for the First Circuit
(the “Court") in Boston. The Court issued its ruling on July 17,
1987 (NRDC_v. EPA, 824 F. 2nd 1258; 1st Cir. July 1987). In
general, the Court: ’

1. remanded the Individual and Ground Water Protection

Requirements (Sections 191.15 and 16) for further

consideration of their inter-relationship with Part C

of the Safe Drinking Water Act and for further

explanation of the 1,000-year time frame for the

requiréments:

2. remanded the Ground-Water Protection Requirements

(Section 191.16) for further notice and comment; and

3. femanded the entirety of 40 CFR 191 even though all

but two secpions were either unchallenged or upheld.

The ruling was appealed by the Department of Justice which asked
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for reinstatement of all sections except 191.15 and 191.16. 1In
September 1987, the Court reinstated Subpart A but left the

entirety of Subpart B in remand.

The next step in the evolution of 40 CFR 191, is occurring
today: the proposal of revised standards and guidance for
implementation.

Objective and Implementation of the Standards

This regulation limits exposures of membars of the public to
radiation and radionuclide releases from the management, storage
and disposal of spent nuclear fuel, high-level and transuranic
radioactive wastes and any other radiocactive material managed or
disposed with these wastes.

The Agency developed the various elemeﬁts of this proposed
rule and selected the level of acceptable risk which underlies it
by balancing several considerations. First, the Agency
considered the expected capabilities of waste management and
disposal technolocgies. Expected risks to public health and the
environment were examined through a number of generic performance
assessments of the potential waste facilities. A second
consideration, where applicable, was consistency with other
related Agency standards for radiation exposure. A third factor
was evaluation of various benchmarks to assess the acceptability
of the residual risks that might be allowed by the rule. This
was particularly important for the disposal standards, where
there were few precedents to guide the Agency's. judgments.
Finally, the Agency placed considerable emphasis on public
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comments and concerns expressed throuqhout the various phases of
this rulemaking, particularly where these concerns involved
addressing the substantial uncertainties inherent in the
unprecedented time periods of interest. Today's proposed rule
reflects a combination of all these considerations.

The NRC and the DOE are responsible for implementing these
standards. The NRC has promulgated procedural and technical
requirements in 10 CFR Part 72 for storage and in 10 CFR Part 60
for disposal of high-level wastes in mined geologic reposit§ries
(46 FR 13971, 48 FR 28194). The NRC will ascertain compliance
with 40 CFR 191 before issuing licenses to the DOE, in accordance
with 10 CFR Parts 72 and 60, at variocus steps in the construction
and operation of such facilities. Under current authoriﬁy, DOE
is solely responsible for demonstrating compliance with the
standards at defense waste disposal facilities not licensed by
the NRC. Both the NRC and the DOE will review their regulations
to determine what specific changes are needed to properly
implement the final version of 40 CFR 191.

Description of Proposed Action

This proposed rule differs in a number of respects from the
final rule published in the Federal Register on September 19,
1985. This section describes major provisions and changes being
proposed in this rulemaking.

Definitions (8S8ection 191.01)

Definitions from Subparts A, B and C are consolidated in

alphabetical order into one section appearing at. the beginnihg of
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the proposed rule. The only significant change to this section
from the 1985 standard is in the definition of "radioactive
waste."

The Agency proposes to define the term "radioactive waste®
to include any radioactive materials that might be managed and/or
disposed with spent fuel, high=-level or transuranic radioactive
wastes. There may arise circumstances where the implementing
agency determines it is appropriate that materials not presently
classified as spent nuclear fuel, high-level, or transuranic
wastes, as considered by this rule, be managed or disposed with
these wastes. For instance, the NRC recently issued a final rule
requiring disposal of "greater-than-Class C" low-laevel
radioactive wastes in a deep geologic repository unless disposal
elsewhere has been approved by the Commission (54 FR 22578).
nGreater-than-class C" wastes are wastes which exceed certain
radionuclide concentrations specified by the NRC (10 CFR 61). The
Agency's proposed change would ensure that exposures and/or
releases from "greater-than Class C" or any other radioactive
materials commingled with spent nuclear fuel, high-level and/or
transuranic radioactive wastes would be covered by this Part.
Standards for Management and 8torage
(8ubpart a)

Subpart A applies to management of radiocactive waste and
includes storage, preparation of the wastes for disposal and
emplacement in a disposal system. Subpart A does not cover the

transportation of these materials. - Waste management and storage
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facilities regulated by the NRC (for example, monitored
retrievable storage facilities) would be covered by this Subpart.
Waste management and storage facilities operated by the DOE at
disposal sites are also covered by this Subpart.

Upon surveying the expected performance of the technologies
planned for the management, storage, and preparation of these
wastes for disposal, the Agency found that likely exposures to
members of the public would generally be very small.

Subpart A of the 1985 standard limited annual doses to
members of the public to 25 millirems to the whole body, 75
millirems to the thyroid, or 25 millirems to any othgr organ from
exposures associated with management, storage and preparation for
disposal of any of these materials at facilities regulated by the
NRC. These limits applied to the combined exposures from all
NRC-licensed facilities covered by this Part and 40 CFR Part 150,
the Agency's standards for the commefcial uranium fuel cycle.
The combined exposures to an individual from all of the NRC-
licensed facilities covered under Part 190 and Subpart A of Part
191 could not exceed these limits. Subpart A 6fvthe 1985
standards also limited annual doses to members of»the public from
management and storage operations at DOE disposal facilities not
regulated by the NRC to an annual 25 millirems.to the whole body
or an annual 75 millirems to any other organ.

Although Subpart A was reinstated by the qOurt, the Agency
is, nonethelesé, proposing several changeé}' Toaay's broposal

contains the following changes from the 1985 stﬁnddrds:
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Adopts the effective dose equivalent concept

Since 1985, when EPA first issued dose standards for
radioactive waste disposal systems, a different methodology for
calculating dose has come into widespread use, the effective dose
equivalent (EDE). 1In 1987, EPA, in recommending to the President
new standards for all workers exposed to radiation, accepted this
methodology for the regulation of doses from radiation. The
methodology was originally developed by the International
Commission on Radiolocgical Protection (ICRP). In the past, EPA
dose standards were specified in terms of limits on specific
organ doses and the "whole body dose," a methodology which is no
longer in keeping with current practices of radiation protection.

The EDE is simple, is more closely related to risk, and is
recommended by the leading national and international advisory
bodies. By changing to this new methodology, EPA will be
converting to the internationally accepted method for calculating
dose and estimating risk.

The EDE is the risk weighted sum of the doses to the
individual organs of the body. The dose to each organ is
weighted according to the risk that that dose represents. These
weighted organ doses are then added together and that total is
the effective dose equivalent. In this manner, the-risk of
radiation exposure to vérious parts of the body can be controlled
by a single numerical standard. The weighting factors for the
individual organs are listed in Appendix A. EPA risk assessment

models used for standards development and impacﬁ assessment
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differ from those underlying the ICRP recommendations. This is
primarily due to advances in the field of radiation risk
estimation since the ICRP recommendations were published. &as a
result, the estimates of risks calculated by EPA are not strictly
proportional to the EDE derived using ICRP quality factors and
organ weighting factors. A discussion of the basis for the EPA
factors is included in the Background Information Document
prepared in support of this standard.

For purposes of demonstrating compliance with Subpart‘A,
doses currently calculated under 40 CFR 190 shall be converted to
effective dose equivalent so that exposures can be added.

Offers two annual exposure limit options for comment

The Agency is seeking comment on two opﬁions pertaining to
annuai exposure limits for NRC-licensed and DOE waste management
and storage facilities. Option 1 would limit the annual
committed ede from the intake of all radionuclides in a given
year plus the ede from any external exposure to 25 millirems.
This represents a maximum lifetime risk of premature fatal cancer
to a member of the public in the general environment of about 7 X
107 kseven in ten thousand). This is the same level of
protection from whole body exposures as the 1985 stﬁndard:
however, the total risk to individuals is higher in cases where
radionuclides concentrate in single organ systems. In many of
the evalﬁations performed for radioactive waste facilitiés,
exposures that are essentially whole body have dominated.

option 2 would limit the annual committed ede from the
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intake of all radionuclides in a given year plus the ede from any
external exposure to 10 millirems. In those instances where
single organ exposures dominate, the 1985 standard limit of 25
millirems per year to the whole body or to any organ is more
closely equivalent, on a risk basis, to a 10 millirems ede
standard. However, for instances of exposure to the whole body,
10 millirems ede represents a significant reduction in allowable
lifetime risk (from a 7 in ten thousand chance of contracting
fatal cancer to a 3 in ten thousand chance of contracting fatal
cancer) .
Changes BSubpart A from a predictive standard to an operational
standaraq

Subpart A of the 1985 standard was written as a design
standard. It required the implementing agency to conduct waste
management and storage opefations in such a manner "as to provide
reasonable assurance" that specified doses will not be exceeded.
By deleting that phrase, the Agency's proposed revision converts
Subpart A to an operationai~standard. That is, in any giveh year
of waste management operations, doses to members of the public
cannot exceed the limit speéified by the Agency (i.e.,‘lo
millirems ede or 25 milliiéﬁs ede depending on the bption
ultimately selected). This is appropriate in the case of waste
management and storage operations which are only expected to
occur over short time frames (i.e., not the thousands of years
asgociated with disposal operations). Monitoriﬁg and remediél

actions are clearly possibie ovaer these short timeframes.
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S8pecifies the need to comply with the requirements of other
applicable Federal regulations

The Agency proposes to add a new subsection which would
clarify that exposures from management and storage of radioactive
waste shall be in keeping with any other applicable Federal
regulations ahd not just the requirements of 40 CFR 190. For
instance, exposures resulting from air emissions shall not exceed
any of the limits found in 40 CFR 61--EPA's National Emission
Standards for Hazardous Air Pollutants (NESHAPs) for
Radionuclides.
Deletes "Alternative Standards® section

The Agency‘p:oposes to delete the whole of Section 191.04
(Alternative Standards for Waste Management and Storage) of the
1985 standard. This section is no longer consistent with the
Agency's approach to standard setting. It should be noted that
omitting this section does not preclude future changes to the
standards through rulemaking procedures.
standards for Disposal
(Subparts B and C) |

Environmental protection standards for the disposal of spent
fuel, high-level and transuranic radiocactive wastes require far
different considerations than those for management and storage.
For example: V

1. The intent of disposal is to isolate the wastes from the

enQironment for a longer time than any period over &hich active

controls, such as monitoring the disposal site to detect releases
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of radioactivity, can reasonably be relied upon for protection.

2. Disposal systems will be designed so that very little, if
any, radioactivity is released to the environment if the system
performs as intended. Thus, the principal concern is the
possibility of accidental releases, either due to unintended
events or due to failure of parts of the disposal system to
perform as expected.

These considerations have several ramifications for
developing environmental protection standards. First, the
requirements we establish can only be implemented by NRC and DOE
in the design phase--by setting design principles or by
analytically projecting disposal system performance. The more
familiar concepts of implementation involving monitoring of
emissions or ambient levels of pollutants are not sufficient
bacause such surveillance cannot be relied upon for the long
periods involved.

Second, the standards must address unplanned releases such
as those resulting from human intrusion or geologic faulting.
Their provisions must be applicable to a variety of disposal
strategies because the Agency does not have the authority to
specify details of disposal method designs. Regulations
developed by the NRC or DOE, as appropriate, will control
specific designs.

Third, the standards must accommodate large uncertainties.
These include uncertainties in our current knowledge about

disposal system performance and the uncertainties inherent in
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trying to predict the distant future.

Our proposed disposal requirements address these issues by
combining several different types of standards. The primary
standards are containment requirements thét limit expected and
accidental releases of radiocactivity to the accessible
environmnent and the associated risks to populations. Equally
important is a set of assurance requirements chosen to provide
additional confidence that the containment requirements will be
met. In addition, annual exposures to individuals and
radioactive contamination of ground water in the vicinity of the
disposal facility are limited.

Although developed primarily through consideration of mined
geologic repositories, these disposal standards apply to disposal
of spent fuel and high-level and transuranic radiocactive wastes
by any method--with one exception. The standards do not apply to
ocean disposal or disposal in ocean sediments because such
disposal of high-level waste is prohibited by the Marine
Protection, Research and Sanctuaries Act of 1972. If this law is
ever changed to Allow such disposgl (DOE continues to study the
feasibility of this technology, consistent with the NWPA), the
Agency will develop appropriate fegulations in accordance with
the different authorities that apply. _

Also these disposalvstandards do not apply to wastes that
have already been disposed of. The various provisions of
Subparts B and C are intended to be met through.a combination of

steps involving disposal system site selection,'design, and

21



operational techniques (i.e., engineered barriers). As a result,
a vital part of implementation will be the use of adequate
models, including the probabilities of unplanned events, to
relate appropriate site and engineering data to projected
performance. Therefore, the Agency believes it is appropriate
that these disposal standards only apply to disposal occurring
after the standards have been promulgated--so that they can be
taken into consideration in devising the proper selection of
controls.

The major provisions of proposed Subparts B and C are as
follows:

Containment Requirements (Section 191.12)

The containment requirements in today's proposal are
designed to limit the total projected release of specific
radionuclides over a 10,000-year periocd after disposal. Disposal
in compliance with the containment requirements is projected to
cause no more than 1,000 premature cancer deaths over the entire
10,000-year period from disposal of all existing high-level
wastes and most of thée wastes yet to be produced by currently
operating reactors. This overall level of residual risk to
future generations is comparable to the risks that those
generations would have faced from the uranium ore used to create
the wastes if the ore had never been mined. Actual risks will
probably be significantly lower because of the complementary
protections afforded by the other provisions of Subparts B and C

and because carefully selected and designed disposal systems
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would likely perform better than the generic repositories upon
which this risk level is based.

To develop the iong-term cqntainment requirements, we
assumed that we can predict some aspects of the future well
enough to use the predictions for comparing and selecting
disposal methods. Thus, we evaluated ways that radionuclides
might be released from a generic mined geologic repository,
developed analytical models to predict potential releases and
their distribution throughout the ecosystem over 10,000 years,
and estimated the possible risks that could result from these
releases if they occurred in an environment similar to today's.

In our assessments of geologic disposal, we identified
expected and accidental scenarios which could result in releases
of radioactivity froﬁ a generic model of a repository. Our model
repository contained 100,000 MTHM of spent reactor fuel, about as
much as wouid be generated during the operating lifetimes of 100
reactors of current design.

We examined the capabilitieé of waste canisters, waste
chemical forms, repository designs, and geologic media to prevent
or delay the release of radionuclides. We selected reasonably
achievable characteristics for each portion of the disposal
system. For accidental releases, we estimated the probabilities
of events leading to releases. Intentional disruption or
sabotage of the disposal system was not considered.

Radionuclides were considered to be released from the

disposal system if they reached the "accessible ‘environment,”
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which includes surface waters, land surfaces, the atmosphere, the
oceans and all of the lithosphere beyond the controlled area
including any ground water contained within it. It does not
include the lithosphere (and the ground water within it) that is
below the "controli-4 area" surrounding a disposal system. The
standards are formulated this way because the properties of the
geologic media around a mined repository are expected to provide
much of the disposal system's capability to isolate these wastes
over these long time periods. Thus, a certain area of the
natural environment is envisioned to be dedicated to keeping
these dangerous materials away from future generations and may
not be suitable for other uses. This "controlled area" is not to
exceed 100 square kilometers and is not to extend more than five
kilometers in any direction from the original emplacement of the
wastes in the disposal system. The implementing agencies may
choose a smaller area if appropriate.

Oour regqulations and the assessments on which we base them
cover releases of radionuclides to the accessible environment for
a period of 10,000 years after disposal. We believe that a
disposal system capable of meeting these requirements for 10,000
years will continue to protect people and the environment beyond
10,000 years. We selected 10,000 years as the assessment period
for three prima:y reasons:

1. It is long enough for releases through ground water from
poorly selected and designed facilities to reach the accessible

environment. If we had selected a shorter time, such as 1,000
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years, our estimates of long-term risks in the accessible
environment could be deceptively low, because radionuclide
releases may not occur at any sites within 1,000 years. Choosing
10,ooo'years for assessment encourages selection of sites where
the geochemical properties of the geologic formations can
significantly impede and reduce releases of radioactivity.

2. Major geologic changes, such as development of a faulting
system or a volcanic region, take much longer than 10,006 years.
Thus, the likelihood and characteristics of geologic events which
might disrupt the disposal system are reasonably predictable over
this period.

3. Compliance with quantitative standards for a
substantially longer period would entail considerably more
uncertain calculations. This is not to say that times beyond
10,000 years are not important, but the Agency feels that a
disposal system capable of meeting the proposed Containment
Requirements for 10,000 years would continue to protect people
and the environment well beyond 10,000 years. The SAB
Subcommittee reviewed and supported these technical arguments for
limiting the Containment Requirements to a 10,000-year period.

We estimated the amoﬁnts of radioactivity that could reach
the accessible environment over this time period under various
circumstances. We used our estimates of releases and their
1ikeiihoods to seleét limits oﬁ total releases of radiocactivity
over 10,000 years. Limits were set for two categories of

releases in terms of their probabilities--releaées caused by
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likely disruptions of a disposal system and releases by more
unlikely disruptions.

Our assessments of repository performance gave estimates of
the possible health effects expected from releases after
disposal. These estimates can vary considerably depending upon
the assumptions used and the geolcogic media considered. For the
various generic repository types, these assessments indicate that
disposal of radiocactive wastes from 100,000 metric tons of
reactor fuel would cause a population risk ranging from no more
than about ten to a little more than one hundred premature deaths
over the entire 10,000-year period, assuming that the existing
provisions of 10 CFR Part 60 regarding engineered barriers are
met.

According to our models, at well-chosen repository sites
more of the projected risk from releases iﬁ due to possible human
intrusions th;n from releases by geolcgic processes--if we make
the assumptioh that passive institutional controls have no effect
in deterring or limiting inadvertent human intrusion for more
than 100 years after disposal. Predicting human actions is much
more uncertain than predicting natural events._ In particular, we
can only guess-at the frequency of some aétioné (such as drilling
for resources). . |

As a basis for comparison, the Agencyiglso evaluated other
sources of radiation risks to present and }utu:e generations. We
looked at fhe radiation risks from natural'baciéround radiation,

from commercial nuclear power generation and frbm fallout from
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previous atmospheric testing of nuclear weapons. The Agency also
evaluated the health risks that future generations'may face from
the amount of uranium ore needed to produce 100,000 metric tons
of reactor fuel, if this ore had not been mined to bégin with.
Population risks ranging between 10 and 100,000 premature cancer
deaths over 10,000 years were associated with this much unmined
uraniﬁm ore, depending upon the natural variability of the
formations and the analytical assumptions made.

ve otectio

These analyses reinforce the Agency's conclusion that
limiting radionuclide releases to levels associated with no more
than 1,000 premature cancer deaths over 10,000 years from
disposal of radioactive waste in a repository is appropriate as a
speéific basis for our p:oposed containment requirements.

This level of protection satisfies two important objectives.
First, it provides a level of protection that appears reasonably
achievable by the various options that have been considered
within the national program for commercial and defense wastes if
siting, construction, and operational activities are conducted
with care. Second, the Agency believes that such a limitation
would clearly keep risks ;o future populations at acceptably
small levels, particularly since it appears to limit risks to no
nore ﬁhan the logarithmic midpoint of the range of estimated
risks that future generations would have been exposed to i: the
uranium ore used to create the wastes had nevef:been mined. Thus,

because mined geologic repositories appear capable of providing
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such good protection, the Agency has decided to establish
containment requirements that meet these two objectives.

We then used this level of protection as the basis for
calculating the release limits specified in Table 1 of the
proposed Containment Requirements.

To select the specific release limits for the various
radionuclides in a disposal system, we first estimated the health
effects that might be caused by these releases. For these
calculations, we used very general models of environmental
transport and a linear, non-threshold, dose-effect relationship
between exposure and premature deaths from cancer. This
relationship assumes that the number of cancers induced in a
population is proportional to the total dose received by the
population, even at very low individual doses. At the low levels
of exposure that might be associated with releases from a mined
geologic repository, actual health effects may be lower than
those calculated by this relationship, and certainly would not be
distinguishable from natural occurrences of cancer. However, the
Agency believes that health impact estimates using a linear, non-
threshold relationship is a prudent approach to developing
radiation protection requirements.

The release limits in Table 1 were daveloped by estimating
how many curies of each radionuclide would cause 1,000 premature
deaths over 10,000 years if released to the environment. The
limits were then stated in terms of the allowable release from

1,000 metric tons of reactor fuel (so that the actual curie
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values in Table 1 correspond to a risk level of 10 premature-
deaths over 10,000 years). All of these limits have been rounded
to the nearest order of magnitude based on the logarithmic
midpoint of the range because of the approximate nature of these
calculations. For particular disposal systems, release limits
based upon the amount of waste in the system will be developed
and will be used in a formula that ensures that the desired risk
level will not be exceeded if releases of more than one
radionuclide are predicted.

For some of the wastes covered by this rule, 1,000 metric
tons of reactor fuel is not an appropriate unit of waste. 1In
these situations, the various Notes to Table 1 provide
instructions on how to calculate the proper release limits. For
example, this is the case for‘high-level wastes from reactor
fuels that have received substantially different uses in national
defense applications (and contain much different amounts of
radioactivity) than is typical of most reactor fuel used to
generate electricity.

For a partiqular disposal system, the release limits and
corresponding health impact of the containment requirements
depend upon the amount of waste in that disposal system measured
in terms of the units of waste defined in Note 1 to Table 1. For
example, the unit of waste for spent nuclear fuel is-1,000 metric
tons of heavy metal (MTHM). 1If, for instance, a disposal systen
is ultimately used to dispose of 70,000 MTHM, the release limits
for the faéility would be the limits of Table 1.times seventy
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(70,000 MTHM divided by 1,000 MTHM).

Since the promulgation of 40 CFR 191 in 1985, questions have
been raised concerning the equivalency of the 1985 transuranic
waste unit (one million curies) found in Notes 1(d) and (e) with
the spent nuclear fuel unit (1,000 MTHM) found in Note 1(a).
Commenters have argued that because of the way these units were
configured, the standards, in effect, allow approximately three
times the fractional release from a TRU waste repository as from
a spent nuclear fuel repository and that this ratio gets worse
over time due to the ingrowth of various radionuclides. This is
allegedly the case because EPA improperly equated one million
curies of TRU waste with 1,000 MTHM of spent nuclear fuel waste;
1,000 MTHM, it is argued, more properly corresponds with between
3 and 4 million curies of TRU.

EPA's own analyses found that there are approximately 3.5
million curies of transuranic nuclides (with half-lives greater
than 20 years) in 1,000 MTHM one year after discharge from a
typical commercial power reactor. This value increases to about
6 million at 100 years and then declines to 0.4 million at 10,000
years. Based on this analysis, it seems that the 1985 waste unit
for transuranic waste may not be consistent with the spent
nuclear fuel waste unit and allows for éfhighér release for TRU
waste disposal systems than for spent nuclear fuel waste disposal
systems.

on the other hand, some argue that EPA has improperly
confined the TRU wﬁste unit to TRU nuclides witﬁ half-lives
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greater than 20 years and that the unit should be revised to
include additional nuclides likely to be a part of transuranic
waste inventories.

In light of these arguments, fhe Agency is proposing two
options pertaining to the TRU waste unit: Option A would keep
the 1985 unit of 1,000,000 curies. Option B would revise the
unit to 3,000,000 curies. To be most helpful, comments should
focus on how best to configure the waste units in Note 1 so that
they 1) properly reflect the standards' overall level of
protection (i.e., 1,000 health effects over 10,000 years, and 2)
are properly consistent with one another.

Implementation

Compliance with the contaiﬁment requirements will be
achieved if the projected releases from a diqusal system do not
exceed the release limits found in Table 1. Compliance is
established in two steps. |

First, the release limits are calculated in accordance with
Notes 1 through 6 to Table 1 and compafed to those releases that
are projected to occur with a éumulative probability greater than
0.1 (1 chance in 10) during the 10,000-year period over‘which
these disposal standards apply. This includes the total releases
fromn those processes that are expected éo occur as well as
relatively likely acute disruptions (which thé Agency assumes

will primarily include predictions of inadvertent human

intrusion).
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Second, these release limits are multiplied by ten and
applied to all of the releases projected to occur with a
cumulative probability greater than 0.001 (1 chance in 1000) over
the 10,000~-year period. This probability level was selected
because of the anticipated uncertainties in predicting the
likelihood of these natural phenomena. Greater releases are
allowed for events of this likelihood because they are so
unlikely to occur. The Agency expects that this will include
releases that might occur from natural disruptive events, such as
fault movement.

Finally, the proposed containment requirements place no
limits on releases projected to occur with a cumulative
probability of less than 0.001 over 10,000 years. Probabilities
this small would tend to be limited to phenomena such as the
appearance of new volcanoces outside of known areas of volcanic
activity. The Agency believes there is no benefit to public
health or the environment from trying to regulate the
consequences of such very unlikely events.

The containment requirements call for a "reasonable
expectation" that their various quantitative tests will be met.
This phrase reflects the fact that unequivocal numerical prcof of
compliance is neither necessary nor likely to be obtained.
Because they address such a long time period and because they
include unplanned releases, the containment requirements can be
implemented only through analytical projections:of disposal

systen performancé. There will be many uncertainties in making
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such long-term performance projections. Accordingly, our
proposed standards require a "reasonable expectation™ that these
containment requirements will be met. A similar qualitative
test, that of "reasonable assurance," has been used with NRC
regulations for many years. Although the Agency's intent is
similar, the NRC phrase has not been used in 40 CFR Part 191
because "reasonable assurance" has come to be associated with a
level of confidence that may not be appropriate for the very
long-term analytical projections that are called for by §191.12.
The long-term performance of a given disposal system cannot be
determined to the degree of precision possible for the man-made
components of a nuclear power plant. The use of a different test
of judgment is meant to acknowledge the unique considerations
likely to be encountered upon implementation of these disposal
standards.

The Agency believes that the proposed containment
requirements provide an objective framework that requires very
stringent isolation while allowing the implementing agencies
adequate flexibility to handle specific uncertainties that may be
encountered.

Within this framework, the possibility'of inadvertent human
intrusion into or neaf a repository requires special attention.
Such intrusion can significantly disrupt the containment afforded
by a geologic répository and repositories should be selected and
designed to reduce the risks from such potentiai disruptions.

However, aséessihg the ways and the reasons that people might
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explore underground in the future--and evaluating the
effectiveness of passive controls to deter such exploration near
a repository--will entail informed judgment and speculation on a
site-by-site basis. It will not be possible to develop a
"correct" estimate of the probability of such intrusion. The
Agency believes that performance assessments should consider the
possibilities of such intrusion, but that limits should be placed
on the severity of the assumptions used to make the assessments.
Appendix C describes the considerations about the likelihood and
consequences of inadvertent intrusion that the Agency assumed
were the most pessimistic that would be reasonable in making
performance assessments. The implementing agencies may adopt
these assumptions or develop and justify ones of their own.
However, as indicated under the discussion of institutional
controls, the Agency does not believe that institutional controls
can be relied upon to completely eliminate the possibility of
inadvertent intrusion.

We considered setting separate containment requirements that
would limit the radioactivity that could be released by any one
likely human intrusion, in order to avoid having to estimate such
frequencies. However, we did not do this because: (1) setting
separate requirements for natural and human events would not
place an upper limit on risk; and (2) setting separate
requirements for individual intrusion# in addition to the total
combined requirements would not appreciably increase confidence

that the overall requirements would be mat unless we made limits
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on individual intrusions unreasonably low.

The containment requirements in Section 191.12 were derived
with the assistance of performance assessments of long-term
repository performance. When these requirements are applied to a
particular disposal system, some of the procedures we used in our
assessments must be retained to ensure that the intent of our
containment requirements is met. On the other hand, some of the
assumptions we made should be replaced with the specific
information developed for each particular systemn.

We based our performance assessments on relatively simple
models of generic repositories and the data that was available
for such models. Where information was uncertain, we made
conservative assumptions that should tend to overestimate the
long-term risks of disposal. However, we do not intend that the
implementing agencies should use all of the same models, data,
and assumptions that we did in making performance assessments.
Instead, the implementing agencies generally should use the best
information available for each particular disposal site.

In particular, the assumptions we made about the frequency
of human intrusion were conservative because they ignored the
protection that passive institutional controls sbcuid offer. The
performance assessments made for specific sites by the
implementing agencies do not need to be as pessimistic with
regard to human intrusion. Because of the uncertainties of
controls requiring the active participation of people over a long

time, performance assessments should not assume that active
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institutional controls can prevent or reduce releases beyond one
hundred years after disposal. However, because the Federal
Government is committed to retaining control over these disposal
sites in perpetﬁity, passive institutional controls should reduce
the chance of inadvertent human intrusion well beyond this
period. These passive éontrols should not be assumed to prevent
all possibilities of inadvertent intrusion, because thére is
always a chance that the controls will be overlooked or
misunderstood. However, such measures should be effective in
deterring systematic or persistent exploitation of a disposal
site. Furthermore, the chance of human intrusion should be very
small as long as the Federal Government retains passive control
of disposal sites.

In developing the standards for disposal, we considered the
overall protection which should be achievable by the combination
of barriers in a geologic repository. Accordingly, the analyses
used by NRC and DOE to evaluate compliance with our requirements
should consider realistic assessments of the protection provided
by all of the engineered and natural barriers of a disposal
system. For example, performanéé assessments of a geolcgic-
repository system should inélude the protection afforded by
geochenical retardation‘of fadionuclides and by the limited
solubility of radionuclides in ground water, provided that
reasonable evidence is Aevelopéd to support such mechani;ms for

that particular site.
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Assurance Requirements (8ection 191.13)

Closely associatedrwith our numerical containment
requirements are a set of qualitative requirements we believe are
essential for developing the needed confidence that our long-term
release limits will be met. nThese assurance requirements address
and compensate for the uncertainties that necessarily accompany
plans to isolate these dangerous wéstes from the environment for
a very long time. No matter how promising the analytical
projections of disposal system performance appear to be,
radiocactive wastes should be disposed of in a cautious manner
that reduces the likelihood of unanticipated types of releases.

Because of the inherent uncertainties associated with these
long time periods, the Agency believes that the principles
embodied in the following proposed assurance requirements are
important complements to the containment requirements and should
help ensure that the level of protection desired is likely to be
achieved:

(i) Disposal systems shall not rely upon active institutional
controls to isolate the wastes beyond'e'ﬁundred years after
disposal of the wastes. AlthoughAective institutional controls,
such as guarding and maintaining a disposal site, should be
encouraged, in calculating potential disposal site releases
implementing agencies shall nof assume they will exist as
controls beyond 100 years after disposal.

This requirement does not mean we think society will lose
all knowledge of radioactivity, nuclear energy,'radicactive
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wastes, or even specific disposal sites after a hundred yeafs.

on the contrary, we believe that such information is likely to
survive, even without the extensive markers and records called
for by another of our assurance requirements. However, merely
having this knowledge does not guarantee that it will be widely
disseminated or effectively acted upon. We believe it is prudent
to assume that society may not retain active controls over
disposal systems for very long, and that unrelated activities may
resume at a disposal site even though the presence of radioactive
waste is documented.

In today's society there are numerous examples of the
failure to maintain waste facilities even into the decades. It
is expected that repositories for nuclear waste will receive
special attention but there is no basis to expect that proper
human controls will be reliable beyond 100 years. This
assumption met with general support in pre-proposal discussions
with interested parties.

(ii) Disposal systems must be monitored to detect substantial
changes from their expected performance until the implementing
agency determines that there are no significant concerns to be
addressed by further monitoring. The proposed requirement
stipulates against using monitoring techniques which could create
escape pathways for the radionuclides.

(iii) sites where diébosal systems are located must be identified
by permanent markers, widespread records, and other passive

institutional controls to warn future generations of the dangers
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and location of the wastes.

(iv) Disposal systems shall reduce the consequences of possible
mistakes in selection, design, or construction by using several
different types of engineered and natural barriers against
release of the wastes, and by taking full advantage of the
protection each has to offer. With this redundancy, the
unexpected failure of one or more barriers will be compensated
for by other barriers. Different kinds of engineered barriers
may be appropriate, depending upon the type of waste involved.
They could indlude canisters, the physical and chemical forms of
the waste itself, waste package overpacks, or other structures
within the disposal system that will prevent or substantially
delay release of the waste to the envirénment.

(v) Sites for disposal systems should be selected to avoid places
where resources have previously been mined, where there is a
reasonable expectation of exploration tor scarce or easily
accessible resources, or where there is a significant
concentration of any'material vhich is not otherwise available
from other sources.

(vi) Recovéry of most of the wastes must not be precluded for a
reasonable period after disposal if unforeseen events require
this in the future. The various isolation requirements of these
standards would make recovery after disposal very difficult,
expensive and'probably dangerous. . Revgtthelesé, because some of
our scientific understﬁnding may pfove to be wrbng in a way that

would produce much greater risks than we expect; future
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generations should be able to recover the wastes if they deem it
necessary. An important implication of this requirement is that
the physical location of most of the wastes must be reasonably
predictable after disposal.' Current plans for mined geologic
disposal would meet this requirement. However, some possible
disposal methods, such as deep well injection of liquid wastes or
rock melting concepts, may not.

Each of the proposed assurance requirements was chosen to
reduce the potential harm from some aspect of our uncertainty
about the future. Designing disposal systems with limited
reliance on active institutional controls reduces the risks if
future generations do not maintain suveillance of disposal sites.
On the other hand, long-term monitoring helps reduce the chances
that unexpectedly poor performance of a disposal system would go
unnoticed. Using extensive markers and records and avoiding
resources when selecting disposal sites both serve to reduce the
chances that people may inadvertently disrupt a disposal system
because of incomplete understanding of its location, design or
hazards. Designing disposal systems to include multiple types of
barriers, both engineered and natural, reduces the risks if one
type of barrier performs more poorly than current knowledge
indicates. Finally, designing disposal systems so that it is
feasible for the wastes to be located and recovered gives an
opportunity to rectify the situation if new discoveries indicate
compelling reasons (which would not be foreseeab;e novw) to change

the way these wastes are disposed of.
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In addition to the six assurance requirements described
above which were part of the standard promulgated in 1985, the
Agency is proposing to add an additional requirement. It would
require the implementing agency, when comparing alternative sites
for disposal systems, to evgluate potential releases over a
100,000-year time span after disposal and to take the results of
these evaluations into account when making final site selections.
The intent of this requirement is to provide an additional basis
for site selection that considers longer-term consequences. The
Agency believes it is important, early in any site selection
process, to provide a longer-term assessment and comparison of
the sites' potential strengths and weaknesses and provide some
indication that a site will perform adequately beyond the 10,000
year time frame required by the quantitative standards. Since
natural barriers are expected to provide the primary protection
for such long time frames, this provision should allow for
appropriate consideration of longer time periods without
requiring the absolute values of these very uncertain
calculations to meet a specific quantitative test. This proposed
provision is similar to requirements found in DOE's General
Guidelines for the Recommendation of Sites for the Nuclear Waste
Repository (séction 960.3-1-5).

The proposed rule makes the assurance requirements
applicable only to disposal facilities that are not regulated by
the NRC. EPA and NRC have agreed that NRC will modify 10 CFR 60

where necessary to incorporate the intent. of the assurance
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requirements, rather than have them included in 40 CFR Part i91
for NRC-licensed disposal facilities. EPA will provide NRC with
all of the comments received on the assurance requirements during
this rulemaking, and will participate in the NRC rulemaking. The
Agency will review the record and outcome of the 10 CFR 60
rulemaking to determine if any subsequent modifications to 40 CFR
Part 191 are needed.

Individual Protection Requirements (Section 191.14)

The Agency believes that the containment requirements in
Section 191.12 will ensure that the overall population risks to
future generations from disposal of these wastes will be
acceptably small. However, the situation with regard to
potential individual doses is more complicated. Even with good
engineering controls, some wastes may eventually (i.e., several
hundreds or thousands of years after disposal) be released into
any ground water that might be in the immediate vicinity of a
geologic repository. Since ground water generally provides
relatively little dilution, a person using such contaminated
ground water in the future could receive a substantial radiation
exposure (e.g., several rems per year or more). This possibility
is inherent in collecting a very large amount of raﬁioactivity in
a small area.

The proposed rule issued for comment in 1982 did not contain
any numerical restrictions on such potential individual doses
after disposal. Rather, it relied on the qualitative assurance

requirements to reduce the likelihood of such exposures. 1In
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particular, the assurance tequirement calling for extensive
permanent markers and records was intended to transmit
information to future generations about the dangers of intruding
into the vicinity of a repository. The assurance requirement to
avoid sites with significant resources was intended to reduce the
possibility of human intrusion evén if the information
transmitted about the existence of a disposal system was ignored
or misunderstood. And the assurance requirement to use multiple
barriers, both engineered and natural was intended to encourage
reduction of releases to ground water beyond that needed to meet
the containment requirements--further reducing the potential for
harmful individual exposures.

This approach to potential individual exposures was
highlighted for comment when 40 CFR 191 was issued as a proposal
in 1982. Comments received, however, did not offer information
that changed the Agency's perception of some of the'problems
associated with individual dose limitations for &isposal.

First, relying only upon an in&i#idual dose standard for
disposal could encourage dispdsal methods that would enhance
dilution of any wastes released. Thus, disposal sites near
bodies of surface water or large sources of ground water might be
preferred--which the Agency believes is an inappropriate policy
that could lead to overall increases in population exposures.

Second, disposal systéms have to isoiaté radiocactive waste
for much longer time spans than institutional controls cgn be

guaranteed to be effective. Any individual exposure limit could
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only be applied at some distance from a repository, or it would
have to ignore the risks from unplanned events such as
inadvertent intrusion. This is because individuals who fail to
understand passive warnings and penetrate directly into or close
to a disposal system (through exploratory drilling for water or
mineral resources, for example) could receive very large
exposures.

Lastly, the disposal standards have to be applied through
analytical performance projections--implementing such standards
through environmental monitoring and potential remedial actions
over thousands of years is not a credible approach. When we
compared the analyses needed for compliance with release limits,
we found that release limits are likely to be easier to implement
than exposure limits. Predicting radionuclide releases avoids
the need to make uncertain predictions of pathways and living
patterns that are associated with predicting individual doses.

After receiving many recommendations in favor of
incorporating individual dose limits, the Agency decided the best
approach would be to add individual dose criteria rather than
replace the proposed containment requirements.

The individual protection requirements in this proposed rule
limit the annual exposure to radiation from the disposal systenm
to a member of the public. These limits apply to the expected
performance of the disposal system, including consideration of
the uncertainties in expected performance, assuming that the

disposal system is not disturbed by human intrusion or the
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occurrence of disruptive external events. 1In assessing the
performance of a disposal system with regard to individual
exposures, all pathways of radioactive material or radiation from
the disposal system to people nust be considered. In particular,
the assessments must assume that individuals consume all of their
drinking water (2 liters per day) from any portion of an
underground source of drinking water outside of the "controlled
area" surrounding the disposal system. (More information
regarding the definition of "“underground sources of drinking
water" is provided later in thé discussion on the Subpart C
Ground Water Protection Requirements.)

The Agency has not required these individual protection
provisions to assume ground water use within the controlled area
because geologic media within the controlled area are an integral
part of the disposal system's capability to provide long-term
isolation. (But if the implementing agency plans to allow
individuals to use ground water within the controlled area, such
planned use would have to be considered within the pathways
evaluated to determine compliance with § 191.14.) The potential
loss of ground water resources is very small because of the small
number of such disposal facilities contemplated.

Devising individual protectidn requirements gives rise to
two primary considerations. The first is the length of time over
which the requirements would apply. The second is. the
appropriate dose level. The Agency is seekingICOmment on various

options related to these considerations.

45



1. Time frame of Individual Protection Requirements

The individual protection requirements in the final rule
issued in 1985 limited annual exposures to individuals from a
disposal system over the first 1,000 years after disposal. To
assist in selecting an appropriate time period for these
requirements, the Agency examined the effects of choosing
different time periods. As 10,000 years was chosen for the
containment requirements because it is long enough to encourage
use of disposal sites with natural characteristics that enhance
long-term isolation, 1,000 years was chosen for the individual
protection provisions because the Agency's assessments indicated
it was long enough to ensure that particularly good engineered
barriers would need to be used at potential sites where sonme
ground water would be expected to flow through a mined geologic
repository. Use of a time frame much shorter than 1,000 years
would not call for substantial engineered barriers even at
disposal sites with a large ground-water flow.

On the other hand, demonstrating compliance with individual
exposure limits over time frames much longer than 1,000 years
appeared to be quite difficult because of the analytical
uncertainties involved. It would require predicting radionuclide
concentrations~-even from releases of tiny portions of the
waste--in ground-water pathways flowing in all directions from
the disposal system as a function of time over many thousands of
years. At some disposal sites, the only certaiﬁ way to comply

with such requirements for periods on the order of 10,000 years
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appears to be to use very expensive engineered barriers that
would rule out any potential releases over most of this period.

Based on these considerations, the Agency decided that a
1,000-year duration was adequate for quantitative limits on
individual exposures after disposal. In 1986, the Natural
Resources Defense Council and others challenged EPA's decision to
limit the duration of the individual protection requirements to
1,000 years as arbitrary and capricious.

Petitioners argued that the Agency erred in: 1) setting a
1000-year period that ensures that the new numerical standards
will not apply at the precise moment in time when significant
contamination of the accessible environment is expected to occur
(i.e. as engineered barriers begin to degrade); 2) impermissibly
considering population risk in setting the time limit; and 3)
considering the likelihood of delay in the construction of a
disposal system and in concluding, without record support, that a
duration longer than 1,000 years would lead to prohibitive costs
and difficulties in demonstrating compliance with the standards.

The Court ruled on this matter and others on July 17, 1987.
The Court held that the Agency's choice of a 1,000-year design
criterion was arbitrary and capricious and remanded that portion
of the regulations to the Agency for reconsideration or, "at the
very least" a more thorough explanation of the reasons underlying
the choice of 1,000 years.

In light of this Court ruling, the Agency is presenting two
options pertaininé to time frame in this proposal: a 1,000-year
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and a 10,000-year duration for the individual protection
requirements. Our own analyses show that either time frame is
achievable for geologic repositories in a variety of geologic
media if the repository is carefully sited and designed. While
individual exposures may be difficult to estimate over timeframes
longer than 1,000 years, individual risks might be significantly
reduced if the duration of the protections are extended.
Furthermore, incorporating a 10,000-year time frame in the
individual protection requirements would make them consistent
with the Eontainment requirements of this Part and other EPA
regulations (for example, underground injection and RCRA no-
migration requirements). The Agency solicits comments on these
options and hopes that commenters will include any substantiating
analysis with their views.

Dos s in_ the dividua otect e ement

The individual protection requirements in the final rule

issued in 1985 limited annual doses to members of the public in
the accessible environment to 25 millirems to the whole body or
75 millirems to any organ. The Agency chose these limits because
it believed they represented a sufficiently stringent level of
protection for situations where no more than a few individuals
are likely to receive this exposure. If such an individual wvere
exposed to this level over a lifetime (which seems particularly
unlikely given the localized pathways through which waste might
escape from a geologic repository); the Agency estimated this

would cause about a five in ten thousand (5 X 10™") chance of
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incurring a premature fatal cancer.

Similar to Subpart A in today's proposal, the Agency is
seeking comment on two options for individual dose limits in
Subpart B. Option 1 would limit the annual committed effective
dose equivalent from the intake of all radionuclides plus the
effective dose equivalent from any external exposure to 25
millirems per year. The Agency estimates that this would cause
about a seven in ten thousand (7 X 10™*) chance of incurring a
premature fatal cancer.

Option 2 would limit the annual committed effective dose
equivalent from the intake of all radionuclides plus the
effective dose equivalent from any external exposure to 10
millirems per year. The Agency estimates that this would cause
about a three in ten thousand (3 X 10™*) chance of incurring a
premature fatal cancer. This 10 millirems ede limit is
consistent with Agency requirements under 40 CFR 61, NESHAPS for
Radionuclides. While the NESHAPS standards only pertain to
exposures received as a result of air emissions, a lower limit
may be justified as a means of ensuring that the predicted
radiological risks are sufficiently low as to allow for the’
uncertainties associated with estimating long-term exposures and
also to allow for the possibility of future nuclear activities
which might affect the same individual. On the oﬁher'hand; there
is the need to be ablé to impiement standards witﬁéut causing

excessive costs.
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Also, similar to our approach in proposed Subpart A, we have
added language to clarify that the provisions of this section are
not intended in any way to abridge or supersede other applicable
Federal regulations.

Demonstration of Capability to Comply (Section 191.15)

Since 1985, there has been considerable confusion over the
timing of demonstrations of compliance with 40 CFR 191. The 1985
standards did not specifically identify a point in the facility
development process that the implementing agency was obliged to
demonstrate compliance. In an attempt to clarify this issue, two
new sections patterned after requirements in Section 113(c) of
the Nuclear Waste Policy Act of 1982 are proposed.

Compliance with 40 CFR 191 Subparts B and C is demonstrated
through long-term modelling projections of disposal system
performance. Proposed Section 191.15 would require implementing
agencies to perform these analyses and determine compliance with
the standards before any radioactive waste is emplaced in the
system. The Agency recognizes, however, that there may be some
instances where temporary emplacements of waste are necessary for
gathering information relative to the compliance analysis
required by this Part. Such temporary emplacements would be
permitted under the following conditions:

(i) The implementing agency has prepared preliminary performance
assessments. The assessments should highlight the uncertain
aspects of the analyses and indicate their potential impact on

long-term performance. Taking this step will help guide the

v

50



expefiments and provide a basis for determining the relative
importance of various performance-related issues.

(ii) The implementing agency has prepared written plans that
describe the purposes of experiments, the ways in which the
results of the experiments will be used in assessing compliance
with this Part, the amount of radioactive waste required and a
time schedule for experiments. Written plans provide a means for
assessing whether or not planned experiments will yield
information that will be useful for assessing long-term disposal
system performance.

(iii) The implementing agency has prepared plans and tested
procedures for the retrieval of radioactive wastes from the
disposal system in the event of a determination of non-compliance
with the standards.

(iv) The Administrator has concurred that the experimental
placements of waste are an appropriate component of the program
to demonstrate compliance with the- standards and that the
conditions of this section have been satisfactorily met. This
concurrence is not needed when the implementing agency is the
Commission.

Alternative Provisions (S8ection 191.17)

In developing the proposed standards, the Agency‘has had to
make many assumptions about the characteristics of waste
management and disposal systems that have nct.been built, about
plans for wﬁste ﬁanagement and disposal that are only now being

formulated, and about the probable adegquacy of technical
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information that will not be collected for many years. Thus,

although the Agency believes that the standards being proposed
today are appropriate based upon current knowledge, we cannot

rule out the possibility that future information may indicate

needs to modify the standards.

In recognition of this possibility, Section 191.17 sets
forth procedures under which the Administrator may develop
modifications to 40 CFR 191, should the need arise. Any such
changes would have to proceed through the usual notice-and-
comment rulemaking process, and Section 191.17 stipulates that
such a rulemaking would require a public comment periocd of at
least 90 days. Although such procedures are common practice in
rulemakings of this type, they are not required by the statutes
relevant to this rule (Administrative Procedures Act mandates can
be satisfied by a comment period as short as 14 days). Thus
191.17 insures an opportunity for significant public interaction
regarding any proposed changes to the disposal standards.

There are several areas of uncertainty the Agency is aware
of that might cause suggested modifications of the standards in
the future. One of these concerns implementation of the
containment requirements for mined geologic repositories. This
will require collection of a great deal of data during site
characterization, resolution of the inevitable uncertainties in
such information, and adaptation of this information into
probabilistic risk assessments. Although the Agency is currently

confident that this will be successfuly accomplished, such
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projections over thousands of years to determine compliance with
an environmental regulation are unprecedented. If--after
substantial experience with these analyses is acquired--disposal
systems that clearly provide good isolation cannot reasonably be
shéwn to comply with the containment requirements, the Agency
will consider wheﬁher modifications to Subparts B or C are
appropriate.

Another situation that might lead to suggested revisions
would be if additional information were developed regarding the
disposal of certain wastes that appeared to make it inappropriate
to retain generally applicable standards addressing all of the
wastes covered by this rule. For example, the DOE is considering
disposal of some defense wates by stabilizing them in their
current storage tanks, rather than relocating them to a mined
repository. The Agency has not assessed the ramifications of
such disposal yet, and it is certainly péssible that it could be
carried out in compliance with all the provisions of Subpart B
and C being proposed today. However, it ié also possible that
there may be issues associated with such disposal that would
warrant changes in Subparts B or C for these situations or types
of waste. If ;o, Sectioﬁ 191.17 would govern the cénsideration
of any such revisions.

Other examples of developments that might offer reasons to
consider alternative provisions in the future ipclude: the use
of reactor fuel cycles or utilizations substantially different

than today's; new models of the environmental transport and
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biological effects of radionuclides that indicate major changes
(i.e., approaching an order of magnitude) in the relative risks
associated with different radionuclides and the level of
protection sought by the disposal standards; or information that
indicates that particular assurance requirements might not be
needed in certain situations to insure adequate confidence of
long~term environmental protection.
Environmental Standards for Ground Wataer Protection (Subpart C)
In response to comments received on the proposed radioactive
waste standard issued in 1982, the Agency decided to include
ground water protection requirements in the final standard issued
in 1985. These requirements limited radionuclide concentrations
in water withdrawn from any "special source of ground water" in
the vicinity of a disposal system to concentrations similar to
those established for the output of community water systems in 40
CFR Part 141: (1) 5 picocuries per liter of radium-226 and
radium-228; (2) 15 picocuries per liter of alpha~-emitting
radionuclides (including radium-226 and radium-228 but excluding
radon); or (3) the combined concentrations of radionuclides that
emit either beta or gamma radiation that would produce an annual
dose equivalent to the total bedy or any internal organ greater
than four millirems per year if an .individual continuously
consumed two liters per day of drinking water from that source of
water. If the preexisting concentrations of radiocactivity in the
special source of ground water already exceeded any of these

limits at a particular site, then §191.16 limited any jincreases
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in the preexisting concentrations to the above concentration

limits.

"Special sources" was defined to include those Class I
ground waters--identified in accordance with thewAgency's Ground-
Water Protection Strategy published in 1984--that (1) were within
the controlled area or near (less than five kilometers beyond)
the controlled area; (2) were supplying drinking water for
thousands of persons as of the date that the Department selects
the site for extensive exploration as a potential location of a
disposal system; and (3) were irreplaceable in that no reasonable
alternative source of drinking water was available to that
population.

Like the individual protection requirements of the 1985
standard, the ground-water protéction requirements applied to
undisturbed performance of the disposal systen fog the first
1,000 years after disposal. Unlike the individual protection
requirements, the ground water requirements applied to "special
sources" of ground water both inside and outside the controlled
area. The intent was to deter the siting of disposal facilities
in locations containing these valuable gfound-water resources.

Shortly after the final standard was issued in 1985, the
Natural Resocurces Defense Council (NRbC), sevéral states and
others filed a petition for review in the First Circuit Court of
Appeals in Boston, Massachusetts. The'centra1 thrust of their |
challenge was that the individual and ground-wéter ﬁrotéction

requirements'found in §191.15 and 16 violated the requirements of
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the Safe Drinking Water Act (SDWA). Petitioners argqued that
since emplacement of radiocactive waste in a geologic repository
constitutes underground injection and since underground injection
is regulated under the SDWA, any standard promulgated by the
Agency to cover radioactive waste emplacement in a geologic
repository must be no less stringent than the requirements of the
SDWA.

In July 1987, the Court ruled that EPA had, indeed, been
"arbitrary and capricious" in its promulgation of the radioactive
waste standard because the Agency had failed to reconcile its
requirements with the more stringent requirements of the Safe
Drinking Water Act and had not adequately explained the reason
for the discrepancy. 1In addition, based on a challenge brought
by the State of Texas, the Court ruled that the ground-water
protection requirements were invalid because the Agency had
failed to provide proper notice and opportunity for comment as
required by the Administrative Procedure Act, 5 U.S.C. § 553(c).
The standard was remanded to the Agency for reconsideration.
Summ o) 987 Cou

In order to fully.understand the Court's ruling, it is
necessary to have an understanding of the Safe Drinking Water Act
and its requirements. The SDWA was enacted in 1974 to assure
safe drinking water supplies, protect valuable aquifers, and
protect potential sources of drinking water from contamination by
the underground injection of waste materials. The law requires

EPA to promulgate standards for protecting public health by
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specifying either (1) maximum contaminant levels for pollutants
in a public water supply, or (2) a treatment technique to reduce
the pollutants to an acceptable level if the maximum contaminant
level is not economically or technologically attainable. Maximum
contaminant levels are to be set at a level having no known or
adverse effect on human health, with an adequate margin for
safety. 1In 1976, EPA established maximum contaminant levels for
radionuclides at 40 C.F.R. §141.15 and 16. The SDWA's only
provision for directly regulating pollution-causing activities is
found in Part C, 42 U.S.C. § 300h. Part C prohibits the
"endangerment® of actual and potential underground sources of
drinking water by underground injections. It requires EPA to
promulgate regulétions governing State underground injection
control programs which ensure that those State programs prevent
underground injections which endanger drinking-water sources.

The SDWA defines underground injection broadly as "“the
subsurface emplacement of fluids by well jinjection." (Emphasis
added.) EPA, in its regulations enacted pursuant to the SDWA,
defined the terms "fluids" and "well: injection." Well injection
is the "subsurface emplacement 6f fluids through a bored, drilled
or driven well; or through a dug well, where the depth of the dug
well is greater than the largest surface dimension." EPA
defined the term "fluids" as: "[any) material or substance which
flows or moves whether in a semisolid, liquid, sludge, gas or_any
other form or state." (Emphasis added.) - The Agency took these
definitions almost directly from the legislative history
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accompanying the SDWA which made it clear that "[t]he definition
of 'underground injection' is intended to be broad enocugh to
cover any contaminant which may be put below ground level and
which flows or moves, whether the contaminant is in semi-solid,
liquid, sludge, or any other form or state.”

Thus, a disposal system constitutes underground injection
if: (1) the wasté disposed of is a material or substance in a
semisolid, liquid, sludge, gas or any other form or state; (2)
the waste is emplaced underground in a bored, drilled or driven
shaft, or a dug hole whose depth is greater than the largest
surface dimension; and (3) the waste flows or moves.
Petitioners, NRDC, et al., argued that since disposal of
radiocactive waste in a repository meets each one of thesé
criteria, it should therefore be construed as underground
injection.

Intervenors on behalf of EPA, the Arizona Nuclear Power
Project, et al., disagreed. They argued that disposal of high-
level radioactive waste in a repository is fundamentally
different from the type of underground disposal that Congress was
concerned with when it enacted Part C of the SDWA. Wastes
disposed of by well injection are injected into the natural
subsurface and allowed to disperse freely into the environment.
In contrast, geologic repositories developed pursuant to 40 CFR
191 are mined containment areas and waste will be packaged in
containers and will be surrounded by both engineered and natural

barriers designed to isolate it from the environment. Part C of

58



the SDWA, they argued, does not apply to this type of disposal
system.
The COu;t was not persuaded:
"While Congress may have been especially concerned with
a different type of hnderground disposal when it passed
Part C of the SDWA, this does not negate its overall
intent to protect future supplies of drinking water
against contamination. Unusable ground water is
unusable ground water no matter whether the original
source of the pollution arrived in a loose, free form
manner, or in containers injected into the ground. We
find no language in the SDWA showing that Congress
meant to regulate only certain forms of undergfound
pollution, while overlooking other fdrms of
contamination of ground water via injection.®
As further confirmation, the Court pointed to the legislative
history of the SDWA indicating that Congress intended the phrase
“underéround injection which endangers drinking water sources" to
have the broadest applicability:
"It is the Committee's intent that the definition be
liberaIIY construed so as to effectuate the
preventative and public health protective purposes of
the bill. The Committee seeks to'protect not only
currently-used sources of drinking water,?put also
potential drinking water sources for the future. . . .

The Committee was concerned that its definition of
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"endangering drinking water sources" also be construed
liberally. Injection which causes or increases
contamination of such sources may fall within this
definition even if the water source would not by itself
cause the maximum allowable levels to be exceeded. The
definition would be met if injected material were not
completely contained in the well, and if it may enter
either a present or potential drinking water source,

and if it (or some form into which it might be

converted) may pose a threat to human health or render

the water source unfit for human consumption.™
H.R. Rep. No. 1185, 93d Cong., 2d Sess., reprinted in 1974 U.S.
Code Cong. & Admin. News at 6484.

The Court's conclusion on the question of whether or not
disposal of radicactive waste in a repository constitutes
underground injection was as follows:

"We believe that the narrow and constrained reading of

Part C of the SDWA advocated by intervenors would do

violence to the intent of Congress. We decline that

reading.

We conclude that the primary disposal method being
considered, underground repositories, would likely
constitute an "underground injection® under the SDWA."
Once the Court had established that deep geologic disposal

of radiocactive waste in repositories could consﬁitute underground

injection, then the issue became whether or not-diéposal of
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radioactive waste carried out pursuant to EPA's radioactive waste
standard could "endanger" underground sources of drinking water.

The SDWA defines the term "endanger" to include any
injection which may result in the presence "in underground water
which supplies or can reasonably bé expected to supply any public
water system of any contaminant. . . if the presence of such
contaminant may result in such system's not complying with any
national primary drinking water tégulation."‘ Petitioners NRDC,
et al., argued that EPA, in promﬁlgating the radiocactive waste
standard, had violated the "no.ehdangerment" mandate of the SDWA
because the standard allowed underground injections that could
cause the levels of contaminants‘in underground sources of
drinking water to exceed drinking wvater regulations.

First, while the ground-water protection provisions
included in the standard impred the same concentration limits as
those required by the SDWA, théy applied only to "special
sources" of ground water. Special sources of ground water
represent a far narrower class of ground waters than the actual
and potential sources of drinking water protected nnder the SDWA.

Second, the individual proteéction reqﬁi:ements’included in
the standard tolerated levels of ¢ohtamination td underground
sources of drinking water beybnd th;t permitted under the SDWA's
"no endangerment® provision. EPA's National Primary Drinking
Water regulations specify that drinking water éhall not produce
an annual dose equivalent to the total body or ﬁny internal organ

greater than 4 millirems/year. In contrast, the individual
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protection requirements found in the 1985 standards limited
annual exposures to 25 millirems/year to the whole body, and 75
millirems/year to any organ.

The Court's conclusion on the question of whether or not the
radiocactive waste standard violated the "no endangerment" mandate
of the SDWA was as follows:

"While the individual protection requirements thus

provide a level of protection, they also tolerate

levels of contamination of drinking water sources well

in excess of primary drinking water standards

established by EPA under the SDWA, thus permitting

"endangerment" of such sources as defined in the SDWA."

The Court speculated on whether or nof there might be explanation
for EPA's failure to reconcile the inconsistency between the
radiocactive waste standard and the SDWA:

“Perhaps if it were scientifically impossible to meet

the goals of the NWPA except by reducing the standards

for sources of drinking water near a repository, this

would justify a deviation from the SDWA. Or perhaps

there are good reasons reconciling the apparent

inconsistency between the two standards. But the

Administrator nowhere states that compliance with the

SDWA is impossible or inconsistent with the goals of

the NWPA, nor does he offer any explanation of why he

deems the lesser standard in the HLW rules to be.

adequate to protect the public although he .does not
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find it adequate under the SDWA."

Accordingly, the Court declared the 1985 rule "arbitrary and
capricious" and remanded it back to the Agency for either a new.
rule or for explanation of the grounds for a less stringent
standard than is required under the SDWA.

Geologic Spos (o] adjocactive Waste derground Injection?

In light of the 1987 Court ruling, the Agency has given the
subject of whether geologic disposal of radicactive waste
constitutes underground injection considerable thought. 1It is
the Agency's conclusion that disposal of radiocactive waste in
geologic repositories operated in the manner envisioned by the
DOE does not constitute underground injection.

First, EPA believes that the time to assess whether the
material flows or moves is the time of emplacement and the term
"injection" itself connotes delivery by flow. Congress focused
on injection practices when directing EPA to control underground
injection (H.R.Rep. No. 1185, 93d Cong. 2d Sess. 32 (1974)
reprinted in sla e sto of the Safe Wate c
at 563). EPA's regqulatory program has also focused on the
identification and control of injection practices. Focusing on
the practice of injectidn ﬁies the concept of a fluid directly to
the emplacement. This connection is expressed practically by
examining the material at the time of injection and, if the
injected material flows into the well, then the well is subject
to the requirements of Part C of the SDWA. Therefore, even if

deep geological repositbries wére considered to be wells within
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the meaning of the SDWA, Part C would not apply. The process of
lowering solid (not even liquid or semi-solid) materials down a
shaft on an elevator or some human-controlled conveyance and,
upon reaching the disposal horizon, either emplacing or
transporting them via some form of mechanical transport to their
emplacement locations, is not considered to be well injection
because the waste is not fluid at the time of injection, i.e., it
does not flow into the disposal location. It follows that if it
is not well injection, it is not subject to Part C of the SDWA.
E oach to Ground-Water Protec

Ground-water contamination is of particular concern to the
Agency because of its potential impact on sources of drinking
water. Over 50 percent of the U.S. population draws upon ground
water for its potable water supply. Approximately 117 million
people in the U.S. get their drinking water from ground water
supplied by 48,000 community public water systems and
approximately 12 million individual wells. The remaining people
get their drinking water from 11,000 public water systems drawing
from surface water sources. About 95 percent of rural households
depend on ground water, as does a still larger proportion (97
percent) of the 165,000 non-community public water supplies (such
as camps or restaurants serving a transient population).
Finally, 34 of the 100 largest U.S. cities rely completely or
partially on ground water.

Once contaminated, ground water presents éarticularly

difficult problems for monitoring and clean—up.i In many ways
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ground water is far more difficult to manage than air or surface
water because it is not directly accessible. Ground water is
slow-moving, with velocities generally in the range of 5 to S0
feet per year. Large amounts of a contaminant can enter an
aquifer and remain undetected until a water well or surface water
body is affected. Moreover, contaminants in ground water--unlike
those in surface water--generally move in a plume with relatively
little mixing or dispersion, so concentrations remain high.

These plumes of relatively concentrated contaminants move slowly
through agquifers and are typically present for many years--
sometimes for decades or longer--potentially making the resource
unusable for those periods of time. Although opportunity exists
for chemical or biological transformation, changes in the
concentrations of contaminants occur slowly so that they may not
be readily discernible in the sghort-term. Because an individual
plume may underlie only a very small part of the land surface, it
is difficult to detect by aquifer-wide or regional monitoring.
From the Agency's perspective, it is necessary to protect the
resource from contamination in the first place, rather than rely
on clean-up after the fact.

In January 1990, EPA .completed development of a strategy to
guide future EPA and State ;activities in ground-water protection
and cleanup. Two papers were developed by an Agency-widé Ground
Water Task Force and were issued for public rev;ew: an EPA
Statement of Ground-Water Principles and an options paper

covering the issues involved in defining the Federal/State
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relationship in ground-water protection. These papers and other
Task Force documents have been combined into a draft final "EPA
Ground-Water Task Force Report."

This report is intended to set forth an aggressive approach
to protecting the Nation's ground-water resources and will direct
the course of the Agency's efforts over the coming years. It
will be reflected in EPA policies, programs, and resource
allocations and is intended to guide EPA, States and local
governments, and other parties in carrying out ground-water
protection programs.

A key element of EPA's strategy for ground-water protection
and cleanup is a statement of "EPA Ground-Water Protection
Principles" that has as its overall goals the prevention of
adverse effects on human health and the environment and
protection of the environmental integrity of the nation's ground-
water resources. Ground water should be protected to ensure that
the nation's currently used and potential sources of drinking
water, both public and private, are preserved for present and
future generations.

In carrying out its programs, the Agency will use
Maximum Contaminant Levels (MCLs) under the SDWA as "reference
points" for water-resource protection efforts when the ground
water in question is a potential source of drinking water. Best
technologies and management practices should be_relied upon to
protect ground water to the maximum extent practicable.

Detection of a percentage of the reference point at an
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appropriate monitoring location will be used to trigger
consideration of additional action (e.g., additional monitoring:;
restricting, limiting use or banning the use of the pdtential
contaminant). Reaching the MCL would be considered a failure of
prevention. | |
escription o oposed Ground-Wate otectijio e ements

EPA proposes to add a new Subpart to the 40 CFR 191
standards--Subpart C, "Ground Water Protection Requirements."
These requirements will apply to radioactive waste management,
storage and disposal facilities and are designed to parallel the
dose-limit requirements under Part C of the Safe Drinking Water
Act.

A number of factors went into deciding upon this approach.
First, it is consistent with the Agency's overall approach to
ground-water protection; that is, to prevent the contamination
of current and potential scurces of drinking water. Second, we
think there is merit in the environmental and risk objecti&es of
the ground-water protections developed by the Agency under the
SDWA. Therefore, divergence from the dose-level requirements in
the SDWA regulations is not appropriate. This couéiusion,
however, does not change the Agency's view that emplacement of
radioactive waste in a repository does not constitute underground
injection.

A basic premise of the ground-water protedtion requirements
presented in today's proposal is that a release from a

radioactive waste management, storage or disposal facility should

67



not cause a present or future community water supplier to have to
implement a treatment that was not otherwise necessary. If
radioactive waste activities cause, or are expected to cause,
migration of radionuclides in excess of the levels established by
EPA uhder the SDWA, the implementing agency must take appropriate
action to prevent the migration. Past history has shown that it
is much more cost-effective to prevent the contamination of an
aquifer than to clean it up later. It should also be noted that
unless this approach is followed, the management, storage or
disposal system is likely to find itself subject to the clean-up
requirements under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (Superfund).

The SDWA requires that EPA promulgate regulations for
protecting drinking water sources, i.e., "underground water which
supplies or can reasonably be expected to supply any public water
system." Accordingly, proposed Subpart C limits radioactive
contamination in both public and private "underground sources of
drinking water™ to the Maximum Contaminant Levels (MCLs) found in
the Agency's National Primary Drinking Water standards (40 CFR
141). Consistent with the 1987 Court ruling, the proposed
standard pertains to drinking water sources located ocutside the
controlled area surrounding these facilities.

Proposed Subpart C protects what is known as an “underground
source of drinking water." The definition of "underground source
of drinking water", and indeed all of the definitions pertinent

to proposed Subpart C, are taken directly from the Agency's
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underground injection control regulations found in 40 CFR Parts
144-146. These definitions reflect the spirit, if not the
letter, of the SDWA requirements.

The definition of "underground source of drinking water"
received extensive discussion in the legislative history of the
SDWA. The Committee Report to the Act instrucﬁed EPA to construe
the term liberally: both currently-used and potential d:inking
water sources warrant inclusion in the definition.

As a guide to the Agency, the Report suggeSted that aquifers
with fewer than 10,000 parts per million (or milligrams per
liter) of total dissolved solids (TDS) be included {H.R. No.93-
1185, p.32). The Agency has reviewed the current information on
the drinking water use of aquifers containing high levels of
total dissolved solids. This review found that the use of water
containing up to 3,000 milligrams per liter TDS is f#irly
widespread. The Agency has also found that gound water
containing as much as 9,000 mg/l TDS is currently supplying
public water systems. EPA also believes that technbldgy for
treating water containing high levels of TDS is advancing.
Therefore, based on this review and the legislative history of
the SDWA, the Agency believes that it is reasonable to'protect
aquifers containing water with fewer than 10,000 milligrams per
liter TDS as potential sources of drinking water.

The ground water protectionsAfound in today's proposal apply
to all aquifers or their portions which are cufténtly p:oviding

drinking water and, as a general rule, all aquifers or their
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portions with fewer than 10,000 milligrams per liter TDS.

Proposed Subpart C prevents any degradation of both public
and private underground sources of drinking water beyond the
concentrations established by the Agency for public water systems
under 40 CFR l141--National Primary Drinking Water Regqulations.
As of the date of publication of this proposed rule these
concentrations are as follows: (1) 5 picocuries per liter of
radium-226 and radium-228; (2) 15 picocuries per liter of alpha-~
emitting radionuclides (including radium-~226 and radium-228 but
excluding radon): or (3) the combined concentrations of
radionuclides that emit either beta or gamma radiation that would
produce an annual dose equivalent to the total body or any
internal organ greater than 4 millirems per year assuming an
individual is continuously consuming 2 liters per day of drinking
water from that source of water.

EPA's Office of Water is currently considering revisions to
the Maximum Contaminant Levels (MCLs) found in 40 CFR 141.
Proposed Subpart C is fashioned in such a way that any changes
made to the radionuclide MCLs in 40 CFR 141 will automatically
take effect in 40 CFR 191. In the case of radioactive waste
management énd storage facilities, the implementing agency must
comply with the radionuclide limitations found in 40 CFR 141 even
if it means upgrading the facility to assure compliance. 1In the
case of waste disposal facilities, making atteréthe-fact changes
to the facility may not be possible. Hence, inidemonstrating

compliance, the pfoposed standard requires the implementing
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agency to demonstrate a reasonable expectation that the
radionuclide MCLs found in 40 CFR 141 at that time will not be
exceeded.

As with the individual protection requirements contained in
this proposal, the Agency is soliciting comment on two options
pertaining to the duration of the ground-water requirements at
radioactive waste disposal facilities: a 1,000-year and a
10,000-year time frame. In the case of waste management and
storage facilities, implementing agencies will be required to be
in compliance with the requirements of this Subpart for as long
as these facilities continue to operate. In the case of disposal
facilities, however, implementing agencies will demonstrate
compliance by making long-term projections of the dispoéal systenm
performance. Making these evaluations will involve the up-front
use of models to relate site and engineering information to
projected performance. As'such, the disposal standards in this
Subpart, and indeed in this Part, are design standards. The
inplementing agency must have a reasonable expectation that the
natural and engineered features of a disposal facility will
prevent undue degradation to any underground source of drinking
water outside the controlled area. Forecaéting poténtial .
contamination to ground water may be difficult 6ver'timeframes
longer than 1,000 years. On the other hand, degradation of
ground-water quality could be significantly reduced if the
duration of the protections were increased.

It is not the Agency's intent in this proposal to solicit
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comment on the UIC program requirements. Most of these
requirements were promulgated in the 1970's and 1980's and were
subject to extensive notice and comment procedures at that time.
The Agency is not revisiting these requirements as part of this
rulemaking. Instead, the Agency solicits comment on the broader
issues of the appropriateness and desireability of making the
ground-water protection provisions found in 40 CFR 191 consistent
with the UIC program requirements and on the specific question
raised by the Court: Is there justification, in this case, for
promulgating a less protective standard than what the SDWA
prescribes?

Guidance for Implementation (Appendix C)

This supplement to the proposed rule is based upon some of
the analytical assumptions that the Agency made in developing the
technical basis used for formulating the numerical disposal
standards. These analytical assumptions incorporate information
assembled as part of the technical basis used to develop the
proposed rule. In particular, Appendix C discusses: (1) the
consideration of all barriers of a disposal system in performance
assessments; (2) reasonable limitations on the scope of
performance assessments; (3) timing of compliance assessment:

(4) the use of average or "mean" values in expressing the results
of performance assessments; (5) the types of assumptions
regarding the effectiveness of institutional controls; and (6)
limiting, worst-case, assumptions regarding the frequency and

severity of inadvertent human intrusion into geologic
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repositories. It is emphasized that these "worst-case"
assumptions are not being recommended but are, rather, the most
release-prone conditions that need to be consi&ered by the
implementing agency. It is expected that siﬁe-specific
circumstances and evaluations will provide a basis for supporting
whatever assumptions the implementing agency may choose.

The final rule, to be published'in:the Code of Federal
Regulations, will include this informational appendix as guidance
to the implementing agencies. Although those agencies are not
bound to follow this guidance, EPA recommends that it be
carefully considered in planning for the application of 40 CFR
191. The Agency will monitor implementation of the disposal
standards as it develops over the next several years to determine
whether any changes to the rule are called for to meet the
Agency's objectives for these standards.

Health Impacts of 40 CFR 191

Waste Management and Storage. Waste management and storage
activities conducted in accordance with the 25 millirems ede
option found in proposed Subpart A will result in a maximum
lifetime risk of premature fatal cancer to a member of the public
in the general environment of about seven in ten thdﬁsand (7 X
10"*). Waste management and storage activities condﬁcted in
accordance with the 10 millirems ede option found in proposed
Subpart A will result in a maximum lifetime risk of premature
fatal cancer to a member of the public in the génerai environnent

of about three in ten thousand (3 X 107). Of course, risks
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this large woul® exist only for an individual continuously
exposed to the full amount of the dose limits over his or her
lifetime. Because the Agency believes that such continuous
exposure is very unlikely, the actual risks to individuals are
expected to be much lower. It is theoretically possible under
the proposed rule that an individual could be exposed to_both an
NRC-licensed and a DOE facility not licensed by NRC, for a total
exposure equal to the limits from each. However, the Agency
believes that this is highly improbable and does not foresee a
significant public health impact from this possibility.
Population Risks. A disposal system complying with Subpart B
would confine almost all of the radioactive wastes to the
immediate vicinity of the repository for a very long time.
Because the wastes would be so well isolated from the
environment, the Agency is confident that any risks to future
populations would be very small. The Agency has estimated the
potential long-term health risks to future generations from
various types of mined geologic repositories using very general
models of environmental transport and a linear, non-thresho;d
dose~effect relationship between radiation exposures and
premature deaths from cancer. Food chains, ways of life, and the
size and geographical distributions of populations will 1
undoubtedly change over a 10,000-year period. Unlike geological
processes, factors such as these cannot be usefully predicted
over such long periods of time. Thus, in making these health

effects projections, the Agency found it necesséry to depend upon
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very general models of environmental pathwaysrand to assume
current population distributions and death rates. The SAB
Subcommittee evaluated these modeis carefully, and, although a
number of specific changes were recommended for particular
parameters, the Subcommittee endorsed the general approach. As a
consequence of using these generalized models, EPA's projections
are intended to be used primarily as a tool for developing
appropriate regulations and for comparing the risks of waste
disposal with those of undisturbed ore bodies. The results of
these analyses are uncertain and are probably not the "real" or
absolute number of health effects resulting from compliance with
the disposal standards. |

These health risk models were used to assess the long-term
health risks from several different model repositories, each
containing the wastes from 100,000 MTHM--which could include all
existing wastes and the future wastes from all currently
operating reactors. The Agency estimates that this quantity of
waste, when disposed of in accordance with the preposed
standards, would cause no more than 1;006 premature deaths fronm
cancer in the first 10,000 years after dispesalz an average of
no more than one premature death every lo.years.' Most of the
model repositories considered had projected population risks at
least a factor of ten below this, or about 100 deaths ovef 10,000
years. The projections for the actual repositories that are
constructed are expected to be closer to this lewer figqure. Any

such increase in fhe number of cancer deaths would be very small
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compared to today's incidence of cancer, which kills about
350,000 people per year in the United States. Similarly, any
such increase would be much less than the approximately 6,000
premature cancer deaths per year that the same linear, non-
threshold dose-effect relationship predicts for the nation due to
natural background radiation.

Individual Risks: With regard to exposures to individuals,
the Agency examined the potential doses to persons who might use
ground water from the immediate vicinity of a repository at
various times in the future. For these analyses, only the
expected undisturbed performance of the repository was considered
(e.g. there was no evaluation of exposures that might occur if a
repository was disrupted by movement of a fault or human
intrusion). 1In most of the cases studied, no exposures occurred
for more than one thousand years after disposal. After that,
these analyses predict that significant exposures (on the order
of a few rems per year in the vicinity of the repository over the
next several thousands of years) may appear for some of the
geologic media considered. These projections are similar to
those contained in a 1983 report published by the National
Academy of Sciences (National Academy of Sciences--National
Research Council, A Study of the Isolation System for Geologic
Disposal of Radiocactive Wastes, Report of the Waste Isolation
System Panel, Board of Radiocactive Waste Management, Washington,
D.C. 1983.) The Background Information Document accompanying

this proposai contains more detailed descriptions of the Agency's
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individual dose calculations.

Intergenerational Risk: As described earlier, the Agency has
chosen provisions that limit risks to populations as the primary
standards for the long-term performance of disposal systems.
Although the projections of the residual population risk are
clearly very small, the discontinuity between when the wastes are
generated and whén the projected health effects manifest
themselves makes it difficult to determine what level of residual
risk should be allowed by these disposal standards. The
difficulty arises because most of the benefits derived in the
process of waste production fall upon the current generation,
while most of the risks fall upon future generations. Thus, a
potential problem of intergenerational equity with respect to the
distribution of risks and benefits becomes apparent. This
problem is sometimes referred to as the intergeneraﬁional risk
issue, and it is not unique to the disposal of high-level
radiocactive wastes. If the Agency tried to ensure that these
standards fully satisfied a criterion of intergenerational equity
with respect to the distribution of risks and benefits, some may
feel that no risk should be passed on to future generations.
This is a condition which the Agency believes cannot be met by
any foreseeable disposal technologies. There is one additional
factor which has reinforced EPA‘'s decision about the
reasonableness of the risks permitted under the disposal
standards. This "is the following evaluation offthe risks
associated with undisturbed uranium ore bodies. Additionally,
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for the purpose of comparing the risks permitted under the
standards to other radiation risks to which people are currently
exposed, a brief discussion of the risks from other natural
sources of radiation is included.

Uranium Ore: Most uranium ore in the United States occurs in
permeable geologic strata containing flowing ground water.
Radionuclides in the ore, particularly uranium and radium,
continuously enter this ground water. EPA estimated the
potential risks from these undisturbed ore bodies using the same
generalized environmental models that were used for releases from
a waste repository. The effects associated with the amount of
ore needed to produce the high-level wastes that would fill the
model geologic repository can vary considerably. Part of this
variation corresponds to actual differences from one ore body to
another; part can be attributed to uncertainties in the
assessment. After revising the population risk models in
accordance with the recommendations of the SAB Subcommittee,
these estimates of the risks from unmined ore bodies ranged from
about 10 to more than 100,000 excess cancer deaths over 10,000
years. Thus, leaving the ore unmined appears to present a risk
to future generations comparable to the risks from disposal of
wastes covered by these standards.

variations in Natural Background: Radionuclides occur
naturally in the earth in very large amounts and are produced in
the atmosphere by cosmic radiation. Everycne is exposed to

natural background radiation from these natural radionuclides and
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from direct exposure to cosmic radiation. Individual exposures
average about 100 millirems per year, with a range of about 60 to
200 millirems per year or as high as 1006 millirems or more per
year if exposures from radon gas are‘inqluded. These naturﬁl
background radiation levels have remained rélatively constant for
a very long time. According to the same linear, non-threshold
dose effect relationship used in EPA‘'s other analyses, an
increase of one millirem per year in natural background in the
United States would result in about 100 additional deaths per .
year, or 10 million over a 10,000-year period.

Natural Radionuclide Concentrations in Ground Water: One
source of exposure to natural background radiation comes from
naturally occurring radionuclides found in ground water. Radium
is the most important of the naturally occurring radioactive
materials likely to occur in public water supply_systems, but
natural uranium is also found in ground waters. Surveys of
radionuclides in ground watér4systems indicate: a United States
range of 0.1 to S50 picocuries (pCi) per liter’fbr radium-226
(with isolated sources exceeding 100 pCi per liter); up to 74 pCi
per liter for all alpha-emitting radionuclides other than ﬁranium
(although most of the alpha-emitting concehtrationé are below 3
pCi per liter); and up to 650 pCi’per liter for total uranium
concentrations. Elevated radium-226 concentr#tions are found
along the Atlantic coastal region and in fhe Midwest: low levels
are usually found in the western States."Elevated uranium and

alpha-emitting radionuclide concentrations are generally limited

79



to the Rocky Mountain region and Maine and Pennsylvania in the
east.

The Agency's primary drinking water regulations (40 CFR 141)
limit the contamination levels for radium-226 and radium-228 to S
pCi per liter and the levels for total alpha-emitting
contamination (excluding radon and uranium) to 15 pCi per liter.
Elevated concentrations of radium in drinking water are generally
a problem associated with smaller community water systems, with
an estimated 500 systems exceeding the 5 pCi per liter. The
Agency's risk assessments indicate that continuous consumption of
water containing the maximum amount of radium allowed may cause
between 0.7 and 3 cancers per year per million exposed persons.
Environmental Impacts

A Draft Environmental Impact Statement (EIS) was prepared
for the December 1982 proposed rule, in accordance with the
Agency's procedures for the voluntary preparation of EIS's (30 FR
37419). However, section 121(c) of the NWPA subsequently
exempted this action from preparation of an EIS under section
102(2) (C) of the National Environmental Policy Act of 1969 (NEPA)
and from any environmental review under subparagraph (E) or (F)
of section 102(2) of the NEPA. Accordingly, an EIS has not been
prepared for promulgation of this rule. The potential health
impacts of this action are summarized above, and much of the
information that would have been contained in an EIS is
documented in the Background Information Documebt that

accompanies this proposed rule.
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- Questions for Public Comment

In describing our proposed environmental standards, we have
highlighted several areas where we particularly seek comment.
For convenience, we summarize these areas here:

1. Two opfions are presentéd in Sections 191.03 and 191.14
pertaining to maximum exposures to individuals in the vicinity of
waste management, storage and diséosal‘facilities: a 25
millirems/year ede limit and a 10.millirems/year ede limit.
Which is the more appropriate choice and why? ‘

2. A new assurance requirement is presentéd in Section 191.13
that would require a qualitative evaluation of expected releases
from potential disposal systems'over a loo,boo-year timeframe.
Are such evaluations likely to provide useful information in any
future selecting of preferred disposal sites?

3. Two options are presented in Section 191.14 and 191.23
pertaining to the length of time over which the individual and
ground water protection requirements would apply: a 1,000-year
duration and a 10,000-year duration. Which is the more
appropriate timeframe and why? ‘

4. In Subpart C the Agency proposes to prevent degradation of
“underground sources of drinking water" beyond the concentrations
found in 40 CFR 141-~-the National Primary Drinking Water
Regulations. The Agency is aware, however, that there may be
some types of ground waters that warrant additi#nal protection
because they are of unusually high value or are .more susceptible

to contamination. Should the Agenéy develop no-degradation
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requirements for especially valuable ground waters? If so, what
types of ground waters warrant this extra level of protection?

5. Two options are presented in Notes 1(d) and (e) of Appendix B
pertaining to the transuranic waste unit: a 1,000,000 curies
option and a 3,000,000 curies option. Which is the more
appropriate TRU waste unit and why?

6. The Agency is investigating the impacts of gaseous
radionuclide releases from radioactive waste disposal systems and

whether, in light of these releases, changes to the standards are
appropriate. To assist us in this effort, we would appreciate
any information pertaining to gaseous release source terms,
chemical forms, rates, retardation factors, mitigation techniques
and any other relevant technical information.
List of Subjects in 40 CFR Part 191

Environmental protection, Nuclear energy, Radiation

protection, Uranium, Waste treatment and disposal.
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TO: Those Interested in the Repromulgation of 40 CFR Part 191, Environmental
Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes

This is to inform you that the Agency is considering a proposal for a fundamental
change in Part 191 which is not included in Working Draft #3 of the standards. It was
suggested by the staff of the Nuclear Regulatory Commission (NRC) and involves an
alternative approach to the probabilistic section of the containment requirements. The
language as being considered is given in the attachment.

The draft language in the attachment is presented for comment along with
Working Draft #3. Comments should be received by June 14, 1991 at the following
address:

Part 191 Project

Waste Management Standards Branch
Office of Radiation Programs (ANR-460)
U.S. Environmental Protection Agency
Washington, DC 20460.

Thank you for your interest. We are looking forward to your comments.



The potential change to the probabilistic approach, as suggested by the Nuclear
-Regulatory Commission stafY, follows.

191xx Containpment Requirements

Disposal systems for spent nuclear fuel or high-level or transuranic radioactive
wastes shall be designed to provide a reasonable expectation that, for 10,000 years after
disposal:

(a) anticipated performance will not cause cumulative projected releases of
radionuclides to the accessible environment to have a likelihood greater than one chance
in 10 of exceeding the quantities calculated according to Table 1 (Appendix B); and

(b) the projected release resulting from any process, event or sequence of
processes and events that have a likelihood between one chance in 10 and one chance in
10,000 will not exceed ten times the quantities calculated according to Table 1 (Appendix
B).

The wording of the 1985 standards required the implementing agency to estimate
both the probabilities and the sizes of all potential releases with likelihoods greater than
one chance in 1,000 over 10,000 years. That formulation of the standards has been
questioned within the technical community because of doubts about the implementing
agency’s ability to produce the required individual probability estimates for releases due
to rare geologic events and for many possible human-initiated releases. This proposal is
a rewording of the containment requirements in a way that would achieve the same
general level of safety as the 1985 standards, while treating the probabilities of unlikely
_ releases in a manner which more accurately reflects the uncertainty involved in
estimating low probability events.

The proposed rewording of the containment requirements retains the previous
probabilistic formulation for relatively likely releases, i.e., those events with probabilities
of one chance in 10 or greater over 10,000 years. For such releases, a comprehensive
analysis of both the probabilities and the consequences of all scenarios contributing to
the releases would be required, as was the case with the 1985 standards. However, for
less likely releases an alternative standard is being considered. That standard consists
solely of a limit on the sizes of potential releases. Probability estimates for scenarios
leading to such releases would only need to demonstrate that the scenarios are credible,
i.e., with a likelihood between one chance in 10 and one chance in 10,000 over 10,000
years. Because precise numerical probability estimates would not be required for
unlikely scenarios, the major concerns about implementability of the standards should
be alleviated.

It is important to note that no change in the level of overall safety is being
proposed. Likely releases would be limited to the same table of release limits as in the
1985 standards, and unlikely releases would be limited to ten times the table valqes. The
proposed rewording of the containment requirements refers to "the release resulting
from process, event, or sequence of processes and events." The phrase “sequence of
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-processes and events” include any combination of processes and/or events that would
constitute a credible release scenario (e.g., climate change followed by fault movement).
The release caused by any credible scenario would be limited to ten times the table
values, as was the case with the 1985 standards. The only change from the 1985
standards is that precise probability estimates for unlikely release scenarios would no
longer be required.

Commenters are particularly requested to discuss their views, along with the bases
for those views, on the impacts of this approach upon the stringency of the standards.



