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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 egister 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 R89-Olfor
this rulemaking for information purposes only.
Working Draft 3 has several changes from Working Draft
following, in order of appearance:

2 including the

(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 lO-millirem and 25-millirem individual 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 vrsion of the rule that was

promulgated in August 1985 is highlighted

In this type taco, deletions

from the

version of the rule that was promulgated in August 1985 are iSb4hlige*d-4
thi: m nncr, additions or changes from Working Draft #2 are Nown
manner, and deletions from Working Draft 2 are hghighted n hle

hS

For further information, please contact either Ray Clark or Caroline
Petti at (202) 475-9633.
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A revised Part 191 is hrer7 incorporated into Ttle 40, Code of Federal
Regulations, as follows:..
SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

PART 191 - ENVIRONMENTAL ILRA.DATDIO
PROTECTIOIT STANDARDS FOR THE mANAGEMENT
AND DISPOSAL OF SPENT NUCLEAR FUEL, HIGH-LEVEL AND TR.ANSURANIC RADIOACTIVE
WASTES
SUBPART A - ENVIRONMENTAL STANDARDS FOR KANAGEMENT AND STORAGE
191.01

Definitions
[NOTE:

The definitions from Subparts A. B. and C have been

consolidated into this section.)
Unless otherwise indicated in this

tibpeve Part, all terms shall have

the same meaning as in Subpart A of Part 190.
(a) "Accessible environment

means: ()

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

Snycot

dependent upon

man's contnuIng presence
and actl at th dp'osal site
~~~~~~~~~~~~~~~~~~~~~~~~~~~.
... .... ncludinany
...................................or all
otthe following:

(1) controlling access

o a diopocal oitc by any means other

than passive institutional controls; (2) performing maintenance operations or
remedial actions at a site, (3) controlling or cleaning up releases from a
site, or (4) monitoring parameters related to disposal system performance.
(c)

Administrator" means the Administrator of the Environmental

Protection Agency.
(d)

AgencyO means the Environmental Protection Agency.

(e)

Agreement State" means any State vith which the Commission or the

Atomic Energy Commission has entered

nto an effective agreement under

subsection 274b of the Atomic Energy Act of 1954, as amended (68 Stat. 919).

(f) Annual commifted effective dose equivalent means the committed
effective dose equivalent resulting from a oneyear Intake ot radlonuclidos
released plus the annual effective dose equivalent caused by direct radiation
.e*..ee.****
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s Part.

.

(g) "Aquifer" means
formacions, or part of a formation
amount of water to a well or sprinv

.d
- geological formation, group of
*t is capable of yielding a significant

;1 or structure that prevents or
substantially delays movement of wat .r or radionuclides toward the accessible
environment. For example, a barrie2 ay be a geologic structure, a canister,
a waste form with physical and chemi:al characteristics that significantly
decrease the mobility of radionuclides, or a material placed over and around
waste, provided that the material or structure substantially delays movement
(h) "Barrier" means any mate

of we*ee-e* radionuclides or atranspot medium foithem, e.g., gases or water,
as approprate.
(i)

"Commission

means the Nuclear Regulatory Commission.

(j) "Controlled area" means: (1) a surface location, to be identified
by passive institutional 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 radioactive
wastes in a disposal system; and (2) the subsurface underlying such a surface
location.
(-4 "Givieal rgon" e
teh: ease _e e. _.L _gor-ar.
emeclesive of the inte-tmenery system 'L'-'n' nd thceorc
(k) "Department" means the Department of Energy.
(1) 'Disposal' means permanent solation of
ent

r ti.__:

uelar Fuetl

r

radioactive waste from the accessible environment ith no intent of recovery

or retrieval whether or not such isolation permits the recovery *trtrlsval of
such 6%el at waste.

dispjsal

of

he

Fr

l:,

ftp*o

w7

w~~~~0j:i
irned eelegi

Ef
haftu0 te- the rpositefy a

bfilled

nsiRM3

r3itory

a-d

aeeo imc0,
3cera

hcnal

e63e-.

"Disposal system' means any combination of engineered and natural
barriers that isolate *pent uua f
or radioactive waste after disposal.
()

(n)

Dose equivalent means the product of absorbed dose and

appropriate factors to account for differences In biological effectiveness due to

FOR REnEWSBY EPAWORKGROUP*********************
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43 body. The unit of dose

equivalent Is the rem."
(o) "Ecologically vital ground water" means ground water supplying an
aquatic or terrestrial ecosystem which Is located enther 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, Qg,on Congressionally designated Federal lands managed for the
purpose of ecological protection regardless of the presence of 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 equivalenr 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 weighting factors. This allows the various tissue.specific health
risks to be summed Into an overall health risk. The method used to calculate
effective dose equivalent Is described In Appendix A of this Part.
(q) "General environment" means the total terrestrial, atmospheric, and
aquatic environments outside sites within which any activity, operation, or
process associated with the management and storage of pet
c tiOrf
radioactive waste is conducted.
(r)
I-P-Quaro

"Ground water* means water which Is present below the land surface

3%03:W Qhe lNAnd uI-66ao. in a Menu

(s)

f smtmratimn.

Heavy metal' means all uranium, plutonium, or thorium placed into

a nuclear reactor.
(t) High-level radioactive waste," as used in this Part, means highlevel radioactive waste as defined in the Nuclear Waste Policy Act of 1962
(Pub. L. 97-425).
(u)

Implementing agency,

Commission for epo vwulev* &*I

as used in this Subpart,
r high le::

eans the

o tamwenis WM
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wasters 9 bodilpoe:d of in facilities licensed by the Commission in
accordance with the Energy Reorganization Act of 1974 and the Nuclear Waste
Policy Act of 1982, and it means the Department for all other radioactive
wasteo covered by this Part.
(v) "Lithosphere

means the solid part of the Earth below the surface,

including any ground water contained within it.

(1) Man made Fadlonuellde means ny; adlonuelid csccied s
byproduet O Spoobat nuofcm matdal~uUdOF the Atemlo Eorgyf Aet ol 1354, s
omended. M 0111ROGc O OthOr FadleaotIvo matorials etord o dsposed o by
man realsto eoneldorod man made Fadlenufldoo' #F purpoocc of Wei ubpavt.
(w)

Management' means any activity, operation, or process (except for

transportation) conducted to prepare

pent nuclear fsl or radioactive waste

for storage or disposal or the activities associated with placing such fuel e
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

eny contr

upon men's continulng presence and acdftty at he dsp
following:

otdependent
.fity
Incuding the

~~~~~~~~~~~~~~~. ................................
.....
(1) permanent markers placed at a disposal site, (2) public

records and archives, (3)

government ownership and regulations regarding land

or resource use, and (4) other methods 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
system; 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 probability

distribution of cumulative release to the extent practicable.

1<PUIPO$

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

*r~epotftory occurs Whkb *Uof _hthifs

_

aiM
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Seated'.
(aa) "Public ateeyste ,m,
meani , system for the prov on to the public
of piped water for human consumpton, if such sstem has at least fifteen
service connections or regularly *wIs t aft twenty
Individuats. Such
...............
...
...
a f
term ncludes (A) any cofletion treatmnt, srend
distriution facilties
under control of the operato 't ch........Wet.eM andWse priar
with such systen, and [B) any coilociton or^'torage

l

connection
facilities not

under such control thIch ar usd primarfy-bi conntn th such ystem.
(bb) Radloactlve
used
t Par'mean radlonucildes
dtea1,'
~~~~~~~~~~~~.. .....
......
...
..........
......
.......
.....
...
.......

MC "aamnded.
subject to the Atomic Energy Acif 14
(cc)

"Radioactive waste," as used in this Part,

ea

b the generic

term used to represent the spendtnuclear fuN, high-Level e*d or transuranic
radioactive waste ai defned In sever- b this Part, and any other radioactive
material managed or disposed of with these wastes.
.

.

~~~~~~t

.

. .....

'. ._...........

..
..

.....

..

.........
..

(dti) Reotevar means the removal of adioactve waste ard the container
In which It has been retaind.
Cee) Recovery" means

e renoval of radioa ive waste and any other

material which has been contaminated by radioacve materil from te waste.
(ff) "Site" means an area contained within the boundary of a location
under the effective control of persons possessing or using spert VMlIr_
w
y
** radioactive 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 irradiation, the constituent elements of which have
not been separated by reprocessing.
(hh)

wastee In

"Storagew means retention of

a

'

ip

roadly r.cric.o radyft8 t~da
(!')
d

W.otaI
sB

t

.....

psnt

fu
''

-wsar

it th.e [r.t
~~~~~W&
LN

-*

radioactive

.,.peW4&4-4.
,
Earabfility,,-

of Such tefOf Waste.
Eins

wra

;th
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deermied by ue' of the m...o spected 1X 40 CFR Part 138.
(go)

"Transuranic radioactive wasteu 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.

(k)V"ndorgroun
portion whih

( 1) supplyl

pblc we

ysm 6

quantWt of ground. water t sup.ply'a'pubsc
.wt.........
.
supplies drinking waterfor human consumptilon; r"
10,000 mlligrams'of total dlstsed solids perlier.
(11)

uigau'fr or its

ourt'ceo driigwtnrmn.

"Undisturbed performance" means the

ot

tany

sn stdent

n, (1)c:urrently
'cota
fer than

OipO0tO4 po

tdbehavior

of a disposal system, including consideration of the uncertainties in

empeeted

projected behavior, if

the disposal system is not disturbed by human

intrusion or the occurrence of disruptive external natural events. (See

Appendix C for guldance.)
(mm)

"Waste," a

mod in thi: 6ubpart, means any epnt relar fue

or

radioactive waste isolated in a disposal system.
(nn)

Waste form* means the materials comprising the radioactive

components of waste and any matrix in which it is encapsulated or stabilized.
191.02

Alicabi=lit
This Subpart applies to:

(1) radiation doses received by members of the public as a result of the
management (efee;t farthris

and storage of cpetr einie

ual -

high level or tran.uranle radioactive waste, at any facility regulated by the
Nuclear Regulatory Commission or by oh Agreement State., to the extent that

***********************FOR REVIEWBYEPAWORKGROUP
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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 the
management (excpt

for tran6portatlon) ind

storage of spent pmelcar fuel or

or treeurnni: radloactUve wastes at any disposal facility that is

high ll

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

191.03

an

Agreement Statee.

Standards
(a)

Management and storage of opent two.loar fl

r high level or

trnnurAnio radioactive wastee at all facilities regulated by the Commission
or by Agreement States shall be conducted in such a manner a
asurenec that the combined annual CO

reca3or.

t

provide

eeive dose

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;

shall not exceed (Option A: 25] [Option
75

illivces

to the thyroid, and 25

millirems. t

If

illires

to any other

Dos currently calculated nder 40 CPRPk;'I't190
'shD'

the

hole

rititel

ody,

rgs

conved to annual

committed eective dose equivilenjtotrpurpsesicthisei'on5
(b)

Management and storage of spent nuclear fl

r high level or

tranourani3 radioactive waste* at all facilities X r the dicpool of oush fuel
o

wte

that are operated by the Department and that are not regulated by the

Commission or

n Agreement States shall be conducted in such a manner en-4

provide roaonablo 3reuranso that the combined annual

dose

equivalent to any member of the public in the general environment resulting
from discharges of radioactive material and direct radiation from such
management and storage shall not exceed
millirems as ehe

hol: bodi

[Option A: 25]

frld 75 millirama ti

.

Option

10]

erg.
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191Q04 Compliancehot

*****

Feeral Regulions

Compliance with the proisions In this Subpart do not abridge the
necessity to comply with the rqulrements of Subpart C or other Federal
regulatons.
191.05 04

Effective Date

The modifications to this Subpart shall be effective on (60 days after
publication in the FEDERAL REGISTER].

*************
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STA} .ARDSFOR DISPOSAL

Applicability

This Subpart applies to:
into the accessible environment as a

(a) radioactive materials releas
result of the disposal of
radioactive wastes;

Tw or hi h lOv1e

pent neloe&.

or

rncraurni

and

(b) radiation doses received by mA

abers of the public as a result of

such disposal. -end
I -I

.,

-

A...
I.....-

, _

i

X-CJ.f EbOlOlCelitzi.il
d4i--- ra

-1t-rmi1
of_

fr
-

_

.

-

_

iu-1-

--

I

_

--

flu-I -r
_

___

fi

_

- - .

t0Ke

. . .

viLr.ey

f

_

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

occurred
191.12 ;4

This Subpart also does not apply to

disposal that

before August 15, 1985.

Containment Requirements

(a) Disposal systems for spent nulear fl

or hih levcl or

trenouranic radioactive wastes shall be designed to provide a reasonable
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 a likelihood of less than one chance in 10 of exceeding the
quantities calculated according to Table I (Appendix

); 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
requirements of 191.12

(a)

( will be met.

Because of the long time

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 system is not to

***********************FOR REVIEWBY EPA WORKGROUP
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be had in the ordinary sense of the word in situations that deal with much
shorter time frames. Instead, what is required is a reasonable expectation

by the mplementIng agency,
implcmeneing ageney,

on the basis of the record before

t

he

that compliance with 191.13(a) will be achieved.

4 Assurance Reouirements

191.13

To provide the confidence needed for long-term compliance with the
requirements of 191.13. disposal of spent nuelear fuel et high level or

raioactie wastes

rur.-e:

shall be conducted in accordance with the

following provisions, except that these provisions do not apply to facilities
regulated by the Commission (see 10 C
Part 60 for comparable provisions
applicable to facilities regulated by the Commission):
(a) Active institutional controls over disposal

systems

should be

maintained for as long a period of time as is practicable after disposal;
however, performance assessments that assess isolation of the radioacuve
wastes 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 *mete.4 projected performance.
This monitoring shall be done 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.
(c) Disposal
arkecro, record,

systems

and

shall be designated by the most permanent

ther 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.

()Disposal syslatme hal b dcignod to rodUo2 F818aS06 to thc9
aoesosible onvirOnmon b UuIng maximum oohiovablo Gefro tohnologyj,
FOR REVIEW BY EPA WORKGROUP**********************
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taking nto 3coount 410011Ioal, oconMM1c, PUblic health and on41rnmpt
ooncldcratlonc.
(e) When comparing alternative sites for a disposal system, qualitative
comparisons of the potential releases, projected for 100,000 years after disposal,
from the undisturbod performance of disposal systems shall be made.
(f) when comaing alternativ ssis for a-disposa SySten, places where
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 other sources, should be avoided in oslceting diepvesl olmai.

rocarbon
o ntural
t
gac, geothermal r~ergyresoures,
ecologically vital grnd weter, and ground

Resources to be considered shall

reserves,

minerals, pero:l-

valuable geologic formations,

nclude btintbs mtedto h

waters that are irreplaceable because either there is no reasonable
alternative source of:(I) drinking water available for substantial populations

or (2)
water for agricultural usO, ad

grond winces chat ac

Such places shall

not be used for disposal of the wastes covered by this Part unless the
favorable characteristics of such places olo)aiy compensate for their greater
likelihood of being disturbed in the future.
(g)

Disposal systems shall be selected so that recovery of most of the

wastes is not precluded for a reasonable period of time after disposal.
191-141 1
OPTION A
(a)

Individual Protection Recuirements
Disposal systems for speat releer fal

of high lvl

f

~eret'uoie
radioactive waste, shall be designed to provide a reasonable
expectation that doriso swkeoevent erld stere; ard for 1,000 years after
disposal, undisturbed performance of the disposal system shall not cause the
annual commied effective dose equivalent

toalle-e
a

**********************FR REVEWBYEPAWORKGROUP*****
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potential pathways from the disposal system to any member of the public in the
accessible environment to exceed 10 millirems.
OPTION B
(a) Disposal systems for

pert %ioloer fl or high level

r

rvnurni: radioactive wastes shall be designed to provide a reasonable
expectation that during r.nagnest And ctora

and for 1,000 years after

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

committed effective dose equivalent

-e.
thohall

potential pathways from the disposal system to any member of the public in the
accessible environment to exceed 25 millirems.

OPTION C
(a) Disposal systems for

pet nueleer fuel or

i.

level or

trensurenie radioactive waste. shall be designed to provide a reasonable
expectation that during mrngcmnt and

tereg: and for 10,000 years after

disposal, undisturbed performance of the disposal system shall not cause the
annual committed effective dose equivalent

ceied through

eto all

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
tweleer fl_rt
se high l-or
eiveneranie radioactive wasted shall be designed to provide a reasonable
expectation that duin matement end ntrege.ad for 10,000 years after
disposal, undisturbed performance of the disposal system shall not cause the
annual committed effective dose equivalent

receive.t hr

gI

d"

ee

all

potential pathways from the disposal system to any member of the public in the
accessible environment to exceed 25 millirems.
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191.15 4 Demonstration of Capability to Comply
M geneaW, The Implementing agency shall demonstrate determfine that. a

disposal system Is capable of complying with all of the requirements of this
Subpa

Part before any radioactive waste Is emplaced In the system.

191.16 Emplacement or Experimental Purposes
140WOVOF, The Implementing agency may allow temporary emplacements
of radioactive waste In the potntal disposal system for experimental purposes
before making the the determination rqid
En t11T.1$. Such placements
shall not occur until:
(1) there are preliminary performance assessment calculations available to
guide the experiments; and
(2) there are written plans that describe (a) the propose purposes of the
experiments, (b) how the data will be
(ch
amount of radoactive
...
waste
required, and (d) provide B time schede
for ..the experiet; and
........
.............
. P.

K..

e

.. 1.... ... .

(3) there are pre-established plans and tested 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
with this Part and ttWAt-h

`

-:'oIsnio
th"'on

hav

niatory

met,

except that this concurrence Is not needed when the implementing agency s the
Commission.
191.17 4# Alternative Provisions fee DisDol
The Administrator may, by rule, substitute alternative provisions in

thIs Pat

Sbpa*-

after:

(a)

the alternative provisions have been proposed for public coumen in
the FEDERAL REGISTER together vith information describing the costs, risks,

*********************
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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
(c) the public comments received have been fully considered in
developing the final version of such alternative provisions.

191.18 Compiancewit other F6deraT' ""ula.o.
Comp. ancwith the provisions -it'
necesi to complyith theequremens
,a
regulations.

Subpart

o
abride the
or ther'
o feeral

191.19 44 Effective Date
The standards in this Subpart shall be effective on [60 days after
publication in the FEDERAL REGISTER).
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OPTION B
(a) Dsposal systems for radioact& waste ShD b digd
to provide a
reasonable expectation that 10,000 years of una
pefomanc
e
*.M A COE
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Appendix A - Calculation of Committed Effective Dose Equivalent

se eauhtalerit. The calculation of the comm/ted effective dose equvalent (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 DON
where D Is the dose In rads to the tissue, 0 is the qualty factor given In Table A below, and N is the
product of all other modifying factors and may be assumed to equal one.
Table A1 0 for various types of radiation
Type of radiation
X rays, rays, and electrons
Thermal neutrons
Neutrons, protons, and singly charged particles of rest mass
greater than one atomic mass unit of unknown energy
a particles and multiply charged particles (and particles of
unknown charge) of unknown energy

Qvalue
I
2.3
10
20

Effective dose eaufvatent. The next step Is the caiculation of the effecDive dose equivalent, He.
The probably of occurrence of a 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 13 taken into
account using the weighting factors, wr 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
HT Is the dose equivalent In tissue T. In the equation:

HS

a

£ wr Hr.

Table A2 Weighting factors for calculaton of
effective dose equivalent

Organ or tissue

we value

Gonads

0.25

Breast
Red bone marrow

0.15
0.12

Lung

0.12

Thyroid

0.03

Bone surfaces

0.03

Remainder

0.30
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NOTE: The values of we are considered to be appropriate for protection for nd~iduais of all
ages, both sexes, and for members of the public. The value for gonads Includes an allowance
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 receive 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 ens of the eye. The excepted tissues and organs should
be excluded from the computation of He.

Committed dose eautvalent. For internal Irradiation from Incorporated radlonuclides, 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. its form, the mode of intake
and the tissue within which it Is ncorporated. To take account of this distribution the quantity committed
dose equivalent, H... Is used and is the time integral of the doseequivalent rate In a particular tissue that
will be received by an Individual following an Intake of radioactive materal to the body. The period of
50 years Is used as an average time of exposure following intake:

H

H(t) dt

=

to

for a single intake of activity at time t0 where H(t) Is the relevant dose-equivalent rate in an organ or
tissue at time t. For the purposes of this rule, acinle annUal Intake quivalent to

the annualintake

_.a. be.gcI

d

to be _.__.__
annua
.
itake.the Pe .previously

mentioned single intake may be consdred to be the annul Make provided t
occurs consistently at the same duw ach year th
H
is.

Committed effective dose eoulvalent. if the committed dose equivalents to te idividual tissues
resulting from an Intake are multiplied by the appropriate weighting factors wr and then summed, the
result will be the committed effective dose equhWent. H, w To avoid ambiguity in defining the
remainder tissues, the time Integration should be carried out before sctng the relevant tissues for the
summation. This quantity gives a measure of t total isk of specifled somatic and hereditary effects to
an average Individual and his pogeny from an inake of a radioactive matrial. Including the risk from
irradiation In subsequent years resulting from the Intake:
Lto,+ W
to
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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
1,000 MTHM or other unit
of waste (see Notes)
(curies)

Radionuclide

Americium-241 or -243 - - - -

- . . . . . .

Carbon-14

- . . . . .

- - - - - - - - -

Cesium-135 or -137
Iodine-129

- - - - -

. .

. .

100

.

100

- . . . . . . . .

1000

- . . . . . . .

100

Neptunium-237 - - - - - - - - . . .
Plutonium-238, -239, -240, or -242

'

. . . . . . . .

100

. . . . . . . . .

100

Radium-226

. .

100

Strontium-90

- - - - - - - - -

- - - - - - - - -

.

.

.

- - - - - - - -

Technetium-99 - - - - - - - Thorium-230 or -232Tin-126 - - - - - Uranium-233,

-

-

-

-

-234, -235, -236, or -238

. . . . .

- . . . . . . .
- . . . . . . .
.. . . . . .

1000
10000
10

- . . . . . . . .

1000

I . . . . . . -.

100

. . . .

100

- -

1000

Any other alpha-emitting radionuclide
with a half-life greater than 20 yea Irs Any other radionuclide with a half-life greater
than 20 years that does not emit alpha particles
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Aplication of Table 1
NOTE 1:

2aji.fj

of Waste.

The Release Limits in Table 1 apply to the

amount of wastes irn any one of the following:
(a) an amount of spent nuclear fuel containing 1,000 metric tons of
heavy metal (KTHM) exposed to a burnup between 25,000 megawatt-days per metric
ton of heavy metal (Mwd/MTHM) and 40,000 MWd/MTHH;
(b) the high-level radioactive wastes generated from reprocessing each
1,000 MTHM exposed to a burnup between 25,000 KWd/KTHM

and 40,000

Wd/MTMH;

(c) each 100,000,000 curies of gama or beta-emitting radionuclides with
half-lives greater than 20 years but less than 100 years 14fo

un

a

disvucse4

ttorila
Sho
CommISSon or tho
Depaftment iegu!res to b dposed el wilth high levelo Of trWncUrMIo Fadlaaetivo
in Ko ta 5 or W irh

WS:~te6

other radiootivc

har arc idontifiod by tho Counizaion o high lol

in eccordenee wieh peart B of the definitio

radioaotivo wec

of high level wast

i

hc !;;tPAI;

(d) each 1,000,000 curies of other radionuclides (i.e., gamma- or betaemitters with half-lives greater than 100 years or

curies or OPTION B: 3,000,000tcldos
greater than 20 years) Effr usc a

radoaGtIV'e'O

ch [OPTIONK

of any alpha-emitters with half-lives

disetieed in tTot:

or with

OtheF

acriala the Commission Or tho Dcpwrtment requirce to be

d!posed of with high teV81 O WneUrM10 adloeotiUo Wa.to
iden~tified by th: C;miiar
with

,M00,000

a

art B ef th: ideir~tier"

high level radioa;tive
f hi

aste in eeeerda.ee

wesee in the NW

ll

(e) an amount of transuranic (RU)

1,000,000 c~si'br

that aro

OU

wastes containing

:$,00,00

uIa

or

of alpha-emitting transuranic

radionuclides with half-lives greater than 20 years.
NOTE 2:

Release Limits for Secific DisRosal Systems.

To develop

Release Limits for a particular disposal system, the quantities in Table 1
shall be adjusted for the amount of vaste

ncluded in the disposal system

compared to the various units of vaste defined in Note

.

For example:
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(a) If a particular disposal system contained the high-level wastes
from 50,000 THM, the release limits for that system would be the quantities
in Table 1 multiplied by 50 50,000 MTHM divided by 1,010 MTHM).
(b) If a particular disposal system contained 12 million curies of
alpha-emitting transuranic wastes, the Release Limits for that system would be
the quantities in Table 1 multiplied by [OPTlON P- 12 (12 million curies
divided by one million curies)

of OPTION 9: 4 (12 millon curieos Civided by

three million curies).
(c) If a particular disposal system contained both the high-level
wastes from 50,000 WTHT
#nM 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

50.000 MTHM

for IN TRU wads uniti:

5,000.000 curies TRU
-

+

1.000 MTHM(

55

1.000,000 curies TRU

Wjfft The 1MPleoRSontAn gGoo' Rod AMt OO GFoloaco limit RMutpilOF ma!!cF
then on (). lHowVc'OF, I the amoG 1APtomenting agenoe he jurledletion ever

WrOF MMa the MUMtPlioF that WoUld
looatcd in one dsposal sys'temn
NOTE 3 4:

apply; I

all f the SpOnt US! O Wascte

Adjustments for Reactor Fuels with Different

urnuD.

Wcrc

For

disposal systems containing reactor fuels (or the high-level wastes from
reactor fuels) exposed to an average burnup of less than 25,000 KJd/MTH or
greater than 40,000 H~d/HTHW,
the units of vaste defined in (a) and (b) of
Note 1 shall be adjusted. The unit shall be multiplied by the ratio of 30.000
divided by the fuel's actual average burnup, except that a value of
5,000 KWd/KTHK may be used when the average fuel burnup i below 5,000

KWd/MTH
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00.000 Md/fHM shall be u

burnup is above 100,000 KWd/MTHM.

i the average fuel

S

This adjusted uni'.

aste shall then be

used in determining the Release Limits for the disposal
For example, if a particular disposal system contz
wastes with an average burnup of 3,000

stem.
led only high-level

Wd/KTHK, the uni

of waste for that

disposal system would be:
1,000 MTHM

(30,000

Wd/MTHM)

( 5,000

Wd/KTHM)

x

-

6,000 MTHM

If that disposal system contained the high-level wastes from 60,000 MTHM
(with an average burnup of 3,000 Wd/MTHT), then the Release Limits for that
system would be the quantities in Table I multiplied by ten (10):
60,000 KTHH
10
6,000 MHH
which is the same as:
60,000

THM

( 5.000 KWd/HTHM)
x

1,000 KTHK

NOTE 4 6:

-

(30,000

10

Wd/MITHM)

Treatment of Fractionated High-Level Wastes.

a high-level waste stream from reprocessing spent nuclear fuel

In some cases,
ay have been

(or will be) separated into two or more high-level waste components destined
for different disposal systems.

In such cases, the implementing agency may

allocate the Release Limit multiplier (based upon the original HH

and the

average fuel burnup of the high-level waste stream) among the various disposal
systems as it chooses, provided that the total Release Limit multiplier used
for that waste stream at all of its disposal systems may not exceed the
Release Limit multiplier that would be used if the entire waste stream were
disposed of in one disposal system.
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Treatment of Wastes with Poorly Known

urnuos or Original

In 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 such

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 highlevel waste streams.

If the uncertainties in such information 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 (c) and (d) of Note 1.

NOTE 6:
-jj,

'Use of Release Limits to Determine Compliance with

191.12

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 1191.12 I3 as follows.

In

cases where a mixture of radionuclides is projected to be released to the
accessible environment, the limiting values shall be determined as follows:
For each radionuclide in the mixture, determine the ratio 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 one with
regard to

191.1

4(a)(1) and may not exceed ten

ith regard to f191A2

44(a) (2).
For example, if rdionuclides A, B, and C are projected to be released
in amounts Q., %,

and Q, and if the applicable Release Limits are

L,, Rib,

**********************FOR REVIEWBY EPA WORKGROUP*,*********
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and RL., then the cumulative releases over 10,000 years shall be limited so
that the following relationshipS existe:

1
9^+
Rla

RLb

-

R.<

-

+

RL

or 6191.12(a)(1) and

R

--

v:RI.
0

10

f:t
r s191.12(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
agencies 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 believeo that The implementing agencies swat
determine compliance with S§19112 4,
Subpere

191.14 +6, and

Should

UbpaNrt C

i4o4i-. e

by evaluating long-term predictions of disposal system performance.

Determining compliance with 1191.12 44 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 peveleat 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 &ly tested yet, this appendix to the rule indicates the

Agency's assumptions regarding certain issues that may arise when implementing

seetens

191.12 4, 191.14

4. and

bbidb
10.043U.

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.
Consideration of Total Disposal System
When predicting disposal system
performance, the Ageney as--e

het reasonable projections of the protection

expected from all of the engineered and natural barriers of a disposal system
w444

should

disregarded,

be considered.

Portions of the disposal system should not be

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 Assessments,

Section 191.12 44 requires the

implementing agencies to evaluate compliance through performance assessments
as defined in

eestin 1191.01(18) 194s

.

geny saeuems

;he

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 to 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 44.

;he

er y

se tWt, Whenever

practicable, the implementing agency will assemble all of the results of the
performance assessments to determine compliance with 1191.12 44 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
distribution function for each disposal system considered.
he gogecy assames
teha

A disposal system

may

emm be considered to be in compliance with

§191.12 i4 if this single distribution function meets the requirements of
§191.12 44 (a)

ndlb).
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he ther are mltple modes applicbleto -'tie 'pYeorman
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Undisturbed Performance. Undlsturbed performance Is defined to mean
the expeoed O-6led behavior of a disposal system assuming that It Is not
disturbed by human Intrusion or disruptive natural events. This term s used In
several places throughout the standards. TheAgney Intonde The term
wundlsturbed performance" 4:1tnW to

**********************

the behavior of a
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disposal system as affected by gradual processes such as expected
groundwater flow and the thermal, chemical, and other effects caused by the
"aste after backfilling and sealing the disposal system. The Agono'; ocumc3
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, theAgency (10es-Rit
intend undisturbed performance"s not B
e to Include the effects of
disruptive events such as human ntrusion or fault movement, even if their
probability of occurrence within the period of Interest Is relatively high. Such
events are Intended to be evaluated under Geotln 191.12 4, "Containment
Requirements."
Compliance with Sections 191. 14

and SbpaC 404.44.

When the

uncertainties in undisturbed performance of a 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 fall

below limits established in 191.14 41 and
The Ageny assumesh-. Compliance

maiy

BubpMrtC444-46, respectively.

en be determined based upon "best

estimate" predictions (e.g., the mean or the median of the appropriate
distribution, whichever is higher).
Institutional Controls.

To comply with 11911.3

4(a), the implementing

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 radioactive wastes
and will establish appropriate markers and records, consistent with 191.13
X14(c). The Agrieny ne>
thet, As long as such passive institutional
controls endure and are understood, they: (1) can be ffective in deterring
systematic or persistent exploitation of these disposal sites; and (2) can
reduce the likelihood of inadvertent, intermittent human-intrusion to a degree
to be determined by the implementing agency.

However.

tL1fteery-; h:ieves
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zh.# passive institutional controls can never be assumed to eliminate the
chance of inadvertent and intermittent human intrusion into these disposal
sites.
Consideration of Inadvertent 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 a repository's containment of waste.

On the

other hand, it is possible to conceive of intrusions (involving widespread
societal loss of knowledge regarding radioactive wastes) that could result in
major disruptions that no reasonable repository selection or design
precautions could alleviate.

The

.genoy belioes that 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 intrusion).

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 scenario assumed by the implementing agencies.

Furthermore, the

implementing agencies can assume 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.
FrequencX and Severity of Inadvertent Human Intrusion into Geologic
Repositories,

The implementing agencies should consider the effects of each
particular disposal system's site, design, and passive institutional controls
in judging the likelihood and consequences of such inadvertent exploratory
drilling.

However, the hgency

ama

-esa 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

gensy aP-mso

that the consequences of

such inadvertent drilling need not be assumed to be more severe 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 permeability
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 saled 'F 0880Fdanee With the ioart protootl9 PFOticoc totiowxd b

e~p1oratrFY drFltor (ot thO POFRrOMblINY Of boroholo OWRYff seecd to
MIAImAiEG Fe!0868 fom the F8p9o14Itora,',cmo the 1ntrUdorc ma'; not make sUch a3n
e

med). The nlptemen ng agency may dve.tp bs seere mumptIons than

these, Including justiflcatlon, forS paricular dis posal

"e

as appropriate.
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ENVIRONMENTAL PROTECTION AGENCY

40 CFR 191

ENVIRONMENTAL STANDARDS FOR TEE MANAGEMENT AND DISPOSAL OF SPENT
NUCLEAR FUEL,

HIGH-LEVEL AND TRANSURANIC RADIOACTIVE WASTES

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 regulated by
the U.S. Nuclear Regulatory Commission (NRC).
Standards were promulgated in 1985 pursuant to the Agency's
authorities and responsibilities under the Atomic Energy Act of
-1

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 radioactive 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 radioactivity 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 adequate 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.

2

Finally, today's proposal contains a new Subpart C-Environmental Standards for Ground Water 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 Clark or Caroline Petti; telephone number (202)475-9633.
SUPPLEMENTARY INFORMATION
Nature and Hazards of Spent Nuclear Fuel,

High-Level and

Transuranic Radioactive Wastes
Radioactive wastes are the result of governmental and
commercial uses of nuclear fuel and material.
main categories of radioactive wastes:

There are five

spent nuclear fuel, high-

level waste, transuranic wastes, uranium mill tailings and lowlevel wastes.

This proposed rule covers management and disposal

of spent nuclear fuel, high-level wastes, transuranic wastes and
any other Atomic Energy Act radioactive wastes managed or
disposed of with these wastes.

The Agency has issued, under

separate authorities, standards to cover uranium mill tailings
(40 CFR Part 192) and plans to issue standards to cover low-level
3

wastes (40 CR Part 193).
Fissioning 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 generated by government-sponsored
R&D programs, universities and industry: 3) fuels from
experimental reactors

e.g., liquid metal fast breeder reactors

and high-temperature gas-cooled reactors]: 4) U.S. Governmentcontrolled nuclear weapons production reactors; and 5) naval
reactor fuels and other U.S. Department of Defense (DOD) reactor
fuels.

Most spent fuel is currently being stored in water pools

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-level" wastes.

Spent nuclear fuel from defense 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--ever operated in the
United States and it was closed in 1972.

No commercial spent

fuel is being reprocessed in the United States at this time.
High-level wastes derived from reprocessing activities are
presently stored on,Federal reservations in South Carolina,
Idaho,

and Washington and at the Nuclear Fuel Sovices Plant.

Transuranic wastes, as defined in this rule, artj. materials
containing elements having atomic numbers greater than 92 in
concentrations greater than 100 nanocuries of apha-emitting
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transuranic isotopes with half-lives 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 radioactive 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 Development
Administration) have been directed toward the siting and
construction of geologic repositories for waste disposal and
surface facilities for waste storage.
The NRC is

responsible 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 authority 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 the management,
storage and disposal of radioactive wastes.

On;e promulgated,

these standards will apply 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, highlevel and transuranic radioactive wastes are essential because of
the inherent hazard of the radioactivity they contain and the
length of time they remain hazardous.

The objective of these

proposed standards is to provide a regulatory framework for
limiting the risks caused by these waste materials to both
present and future generations.
National Programs for Disposal of Radioactive

aste

In 1981, the DOE, after completing a comprehensive
programmatic environmental impact statement, adopted a national
strategy to develop mined geologic repositories for disposal of
commercially generated radioactive waste (46 FR 26677).
Repositories would be constructed in suitable host media at
depths greater than 300 meters by conventional mining techniques.
Wastes in canisters would be placed into holes in the mine floor
or walls.

When the repository 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 through the environment around the host rock.
In 1982, Congress passed the Nuclear Waste Policy Act (the
"Act") which aftirmed'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

the 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 program 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 high-level waste
in commercial waste repositories.

Section 121 of the Act

reiterated the EPA's responsibility for developing the overall
framework of requirements and standards needed to assure
protection of public health and the environment from 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 identified nine
potentially acceptable sites for the first repository in the
states of Washington, Nevada, Texas, Utah, Louisiana,
Mississippi.

and

In December 1984, three of these (Yucca Mountain,

Nevada, Deaf Smith, Texas, and Hanford, Washington) were
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
7.

commercial power plant spent fuel and high-level waste, in
civilian repositories.
In January 1986, DOE identified twelve potentially
acceptable sites for a second repository in the states of
Georgia, Maine, Minnesota, N
Virginia, and Wisconsin.

Hampshire, Noth Carolina,

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, Congress passed the Nuclear Waste Policy 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, Nevada for its suitability as a repository and
terminate investigations at all other potential first and second
repository sites.

It 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.
Defense Transuranic Radioactive Waste

The DOE is

developing the Waste Isolation Pilot Plant (WIPP)

near Carlsbad in southeastern New Mexico as a deep geologic
repository for retrievably stored and newly generated transuranic
(TRU)

radioactive waste from various DOE defense programs.

Congress authorized DOE to build the WIPP in 1979 (Public Law 96164).

The repository has been excavated from 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 radioactivity from the repository.

To

address this and other questions, DOE plans to initiate a Test
Phase at the WIPP.

This period will involve in-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 (40 CFR 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 (GCD) test program was initiated at
the Nevada Test Site (TS)

to demonstrate the disposal of high-

specific-activity low-level radioactive waste.
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The GCD technique

involves emplacement of waste packages in deep 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.
History of Proposed Action
In December 1976, the Agency announced its intent to develop
Federal guidance for the management and disposal of radioactive
waste to assure protection of the public health and the general
environment.

Among EPA's first activities in developing guidance

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
Wastes."

In March 1981, however, EPA withdrew the proposed

criteria because the many different types of radioactive 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 40 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 environmental groups.

They were

consolidated in the U.S. Court of Appeals for the First Circuit
(the "Court") in Boston.
1987 (NRDC v

The Court issued its ruling on July 17,

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
requirements;
2. remanded the Ground-Water Protection Requirements
(Section 191.16) for further notice and comment; and
3. remanded the entirety of 40 CR 191 even though all
but two sections 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.

In

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 members 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 radioactive material managed or
disposed with these wastes.
The Agency developed the various elements 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 technologies.

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 throughout 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 repositories
(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 various steps in the construction
and operation of such facilities.

Under current authority, 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 (Section 191.01)
Definitions from Subparts A, B and C are consolidated in
alphabetical order into one section appearing at. the beginning 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-level
radioactive wastes in a deep geologic repository unless disposal
elsewhere has been approved by the Commission (54
"Greater-than-Class C

R 22578).

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 Storage
(Subpart A)
Subpart A applies to management of radioactive waste and
includes storage, preparation of the wastes for disposal and
emplacement in a disposal system.
transportation of these materials.
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Subpart A does not cover the
Waste management and storage

facilities regulated by the

RC (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 other 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 190,
the Agency's standards for the commercial uranium fuel cycle.
The combined exposures to an individual from all of the NRClicensed facilities covered under Part 190 and Subpart A of Part
191 could not exceed these limits.

Subpart A of the 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 Court, the Agency
is, nonetheless, proposing several changes.

Today's proposal

contains the following changes from the 1985 standards:
15

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).

In 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 Radiological 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 various 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 impact assessment
16
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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 options pertaining to
annual 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
10'

(seven in ten thousand).

This is the same level of

protection from whole body exposures as the 1985 standard;
however, the total risk to individuals is higher in cases where
radionuclides concentrate in single organ systems.

In many of

the evaluations performed for radioactive waste facilities,
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 Subpart A from a predictive standard to an operational
standard
Subpart A of the 1985 standard was written as a design
standard.

It required the implementing agency to conduct waste

management and storage operations 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 operational standard.

That is, in any given year

of waste management operations, doses to members of the public
cannot exceed the limit specified by the Agency (i.e., 10
millirems edo or 25 millirems ede depending on the option
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
associated with disposal operations).

Monitoring and remedial

actions are clearly possible over these short timeframes.
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Specifies 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 and 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 CR 61--EPA's National Emission
Standards for Hazardous Air Pollutants (NESHAPs) for
Radionuclides.
Deletes

Alternative Standards" section

The Agency proposes 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 radioactive wastes require far
different considerations than those for management and storage.
For example:
1. The intent of disposal is to isolate the wastes from the
environment for a longer time than any period over which active
controls, such as monitoring the disposal site to detect releases
19

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
because 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
20

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 that limit expected and
accidental releases of radioactivity to the accessible
environment 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 radioactive 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 disposal (DOE continues to study the
feasibility of this technology, consistent with the

WPA), the

Agency will develop appropriate regulations in accordance with
the different authorities that apply.
Also these disposal standards 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
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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

91.12)

The containment requirements in today's proposal are
designed to limit the total projected release of specific
radionuclides over a 10,000-year period 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 the 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 long-term containment 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 theyoccurred 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 from a generic model of a repository.

Our model

repository contained 100,000 MTH of spent reactor fuel, about as
much as would be generated during the operating lifetimes of 100
reactors of current design.
We examined the capabilities 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

control 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.
Our regulations 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 primary 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

10,000 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 10,000 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

ontainment

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 amounts of radioactivity that could reach
the accessible environment over this time period under various
circumstances.

We used our estimates of releases and their

likelihoods to select limits on total releases of radioactivity
over 10,000 years.

Limits were set for two categories of

releases in terms of their probabilities--releases caused by
25

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 geologic media considered.

For the

various generic repository types, these assessments indicate that
disposal of radioactive 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 CR Part 60 regarding engineered barriers are
met.
According to our models, at well-chosen repository sites
more of the projected risk from releases is

due to possible human

intrusions than from releases by geologic processes--if we make
the assumption 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 actions (such as drilling
for resources).
As a basis for comparison, the Agency also evaluated other
sources of radiation risks to present and future generations.

We

looked at the radiation risks from natural background radiation,
from commercial nuclear power generation and from 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 begin with.
Population risks ranging between 10 and 100,000 premature cancer
deaths over 10,000 years were associated with this much unmined
uranium ore, depending upon the natural variability of the
formations and the analytical assumptions made.
Level of Protection
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

specific basis for our proposed 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 to future populations at acceptably
small levels, particularly since it appears to limit risks to no
more than the logarithmic midpoint of the range of estimated
risks that future generations would have been exposed to if the
uranium ore used to create the wastes had never 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, nonthreshold relationship is

a prudent approach to developing

radiation protection requirements.
The release limits in Table 1 were developed 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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K'
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.

In

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 particular 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).

If, for instance, a disposal system

is ultimately used to dispose of 70,000

THM, the release limits

for the facility 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 l(d) and (e) with
the spent nuclear fuel unit (1,000 MTHM) found in Note

(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 MTHH 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 a higher 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 waste unit to TU nuclides with 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, the Agency is
options pertaining to the TRU waste unit:
the 1985 unit of 1,000,000 curies.
unit to 3,000,000 curies.

proposing two

Option A would keep

Option B would revise the

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 containment requirements will be
achieved if the projected releases from a disposal 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 compared to those releases that
are projected to occur with a cumulative 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

from those processes that are expected to occur as well as
relatively likely acute disruptions (which the 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 volcanoes 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 proof 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
system performance.

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 near a repository requires special attention.
Such intrusion can significantly disrupt the containment afforded
by a geologic repository and repositories should be selected and
designed to reduce the risks from such potential disruptions.
However, assessing 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 intrusions in addition to the total
combined requirements would not appreciably increase confidence
that the overall requirements would be met 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 system.
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 should 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 perpetuity, passive institutional controls should reduce
the chance of inadvertent human intrusion well beyond this
period.

These passive controls should not be assumed to prevent

all possibilities of inadvertent intrusion, because there 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
Furthermore, the chance of human intrusion should be very

site.

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, performance assessments of a geologic

repository system should include the protection afforded by
geochemical retardation of radionuclides and by the limited
solubility of radionuclides in ground water, provided that
reasonable evidence is developed to support such mechanisms for
that particular site.
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Assurance Requirements (Section 191.13)
Closely associated with 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.

These assurance requirements address

and compensate for the uncertainties that necessarily accompany
plans to isolate these dangerous wastes from the environment for
a very long time.

No matter how promising the analytical

projections of disposal system performance appear to be,
radioactive 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 a hundred years after
disposal of the wastes.

Although active institutional controls,

such as guarding and maintaining a disposal site, should be
encouraged, in calculating potential disposal site releases
implementing agencies shall not 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, radioactive
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wastes, or even specific disposal sites after a hundred years.
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 disposal 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 include 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 environment.
(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 for scarce or easily
accessible resources, or where there is a significant
concentration of any material which is

not otherwise available

from other sources.

(vi) Recovery 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.

Nevertheless, because some of

our scientific understanding may prove to be wrong 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.

Designingdisposal 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 foreseeable now) 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 evaluate 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 (Section 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 CR 60

where necessary to incorporate the intent of the assurance
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requirements, rather than have them included in 40 CFR Part 191
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 radioactivity 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.
42

In

particular, the assurance requirement 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 even 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 disposal.
First, relying only upon an individual dose standard for
disposal could encourage disposal 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 systems have to isolate radioactive waste
for much longer time spans than institutional controls can 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 system
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.

In 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 must 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 the 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 protection requirements gives rise to
two primary considerations.

The first is the length of time over

which the requirements would apply.
appropriate dose level.

The second is

the

The Agency is seeking comment on various

options related to these considerations.
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1. Time frame of Individual Protection Reguirements
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 some
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 certain 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

,ooo-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 pertaining 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 containment requirements of this Part and other EPA
regulations (for example, underground injection and RCRA nomigration requirements).

The Agency solicits comments on these

options and hopes that commenters will include any substantiating
analysis with their views.
2. Dose Limits in the Individual Protection Requirements
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 were

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-)
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chance of

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

ESHAPS 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 theuncertainties 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 other hand, there

is the need to be able to implement standards without 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 CR 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
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experiments 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 (Section 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 not been built, about
plans for waste management and disposal that are only now being
formulated, and about the probable adequacy 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-andcomment rulemaking process, and Section 191.17 stipulates that
such a rulemaking would require a public comment period 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
shown to comply with the containment requirements, the Agency
will consider whether 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 possible that it could be
carried out in compliance with all the provisions of Subpart B
and C being proposed today.

However, it is also possible that

there may be issues associated with such disposal that would
warrant changes in
of waste.

If

Subparts B or C for these situations or types

so, Section 191.17 would govern the consideration

of any such revisions.
Other examples of developments that might offer reasons to
consider alternative provisions in the future include:

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.
Enviro=ental Standards for Ground Water 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 body 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 radioactivity-in the

special source of ground water already exceeded any of these
limits at a particular site, then 5191.16 limited any increases
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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 the Agency's GroundWater 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 protection requirements applied to
undisturbed performance of the disposal system for 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 ground-water resources.
Shortly after the final standard was issued in 1985, the
Natural Resources Defense Council (NRDC), several states and
others filed a petition for review in the First Circuit Court of
Appeals in Boston, Massachusetts.

The central thrust of their

challenge was that the individual and ground-water protection
requirements found in

191.15 and 16 violated the requirements of
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the Safe Drinking Water Act (SDWA).

Petitioners argued that

since emplacement of radioactive 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.

In 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.
Summary of 1987 Court Ruling
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
56

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.

In 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 regulations governing State underground injection
contol'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 inlection."
added.)

(Emphasis

EPA, in its regulations enacted pursuant to the SDWA,

defined the terms "fluids" and "well-injection."

Well injection

is the "subsurface emplacement of 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."
defined the term "fluids" as:

"any]

EPA

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 enough 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 waste 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
radioactive waste in a repository meets each one of these
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.
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Part C of

the SDWA, they argued, does not apply to this type of disposal
system.
The Court was not persuaded:
"While Congress may have been especially concerned with
a different type of underground 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 underground
pollution, while overlooking other forms 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
"underground injection which endangers drinking water sources" to
have the broadest applicability:
"It is the Committee's intent that the definition be
liberally 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, but also
potential drinking water sources for the future. .
The Committee was concerned that its
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.

definition of

"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 radioactive 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 radioactive waste in repositories could constitute underground
injection, then the issue became whether or not disposal of
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radioactive waste carried out pursuant to EPA's radioactive waste
standard could "endanger" underground sources of drinking water.
The SWA defines the term "endanger" to include any
injection which may result in the presence "in underground water
which supplies or can reasonably be 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 regulation."

Petitioners

RDC,

et al., argued that EPA, in promulgating the radioactive waste
standard, had violated the "no endangerment" 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 water regulations.
First, while the ground-water protection provisions
included in the standard imposed the same concentration limits as
those required by the SDWA, they 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 under the SDWA.
Second, the individual protection requirements included in
the standard tolerated levels of contamination to underground
sources of drinking water beyond that permitted under the SDWA's
"no endangerment" provision.

EPA's National Primary Drinking

Water regulations specify that drinking water shall not produce
an annual dose equivalent to the total body or
greater than 4 millirems/year.

ny internal organ

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
radioactive 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 not there might be explanation
for EPA's failure to reconcile the inconsistency between the
radioactive 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 beadequate 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.
Is Geologic DisRosal of Radioactive Waste Underground Injection?
In light of the 1987 Court ruling, the Agency has given the
subject of whether geologic disposal of radioactive waste
constitutes underground injection considerable thought.

It is

the Agency's conclusion that disposal of radioactive 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 Legislative History of the Safe Drinking Water Act
at 563).

EPA's regulatory program has also focused on the

identification and control of injection practices.

Focusing on

the practice of injection ties 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 repositories were 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,
does not flow into the disposal location.

i.e., it

It follows that if it

is not well injection, it is not subject to Part C of the SDWA.
EPA Approach to Ground-Water Protection
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 particularly
difficult problems for monitoring and clean-up.
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In many ways

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 50
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 aquifers 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 short-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-wide Ground

Water Task Force and were issued for public review: 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 groundwater 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 potential
contaminant).

Reaching the

CL would be considered a failure of

prevention.
Description of Proposed Ground-Water Protection Requirements
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 sources of drinking-water.

Second, we

think there is merit in the environmental and risk objectives 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 conclusion,

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 protection requirements
presented in today's proposal is that a release from a
radioactive waste management, storage or disposal facility should
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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 under 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 outside 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 instructed EPA to construe

the term liberally: both currently-used and potential drinking
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
1185, p.32].

H.R.

o.93-

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
widespread.

fairly

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 technology 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 protections found in today's proposal apply
to all aquifers or their portions which are currently providing
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 141--National Primary Drinking Water Regulations.
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 alphaemitting 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 (CLs)

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 CR 191.

In the case of radioactive waste

management and storage facilities, the-implementing agency must
comply with the radionuclide limitations found in 40 CR 141 even
if it means upgrading the facility to assure compliance.

In the

case of waste disposal facilities, making after-the-fact changes
to the facility may not be possible.

Hence, in.demonstrating

compliance, the proposed 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:
10,000-year time frame.

a 1,000-year and a

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 disposal system
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

implementing 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.

Forecasting potential

contamination to ground water may be difficult over 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:

()

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 considered by the
implementing agency.

It is expected that site-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 CR 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 thousand (7 X
10-').

Waste management and storage activities conducted 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 general environment
of about three in ten thousand (3 X 10').
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Of course,

risks

this large wound 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-threshold
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
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 necessary to depend upon
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very general models of environmental pathways and to assume
current population distributions and death rates.

The SAB

Subcommittee evaluated these models 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 proposed
standards, would cause no more than 1,000 premature deaths from
cancer in the first 10,000 years after disposal:

an average of

no more than one premature death every 10 years.

Most of the

model repositories considered had projected population risks at
least a factor of ten below this, or about 100 deaths over 10,000
years.

The projections for the actual repositories that are

constructed are expected to be closer to this lower figure.

Any

such increase in the 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, nonthreshold 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).

In 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 res 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 Radioactive Wastes, Report of the Waste Isolation
System Panel, Board of Radioactive Waste Management, Washington,
D.C. 1983.)

The Background Information Document accompanying

this proposal 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 when 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 intergenerational risk
issue, and it is not unique to the disposal of high-level
radioactive 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 of the risks

associated with undisturbed uranium ore bodies.
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Additionally,

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

atural Backgrounds

Radionuclides occur

naturally in the earth in very large amounts and are produced in
the atmosphere by cosmic radiation.

Everyone is

exposed to

natural background radiation from these natural radionuclides and
78

v'

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 1000 millirems or more per
year if exposures from radon gas are included.

These natural

background radiation levels have remained relatively 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 water systems indicate:

a United States

range of 0.1 to 50 picocuries (pCi) per liter for radium-226
(with isolated sources exceeding 100 pi per liter); up to 74 pCi
per liter for all alpha-emitting radionuclides other than uranium
(although most of the alpha-emitting concentrations are below 3
pci per liter); and up to 650 pCi per liter for total uranium
concentrations.

Elevated radium-226 concentrations are found

along the Atlantic coastal region and in the Midwest; low levels
are usually found in the western States.

Elevated uranium and

alpha-emitting radionuclide concentrations are generally limited
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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 5
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 Document 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 options are presented in Sections 191.03 and 191.14
pertaining to maximum exposures to individuals in the vicinity of
waste management, storage and disposal 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 presented in Section 191.13
that would require a qualitative evaluation of expected releases
from potential disposal systems over a 100,000-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 additional protection
because they are of unusually high value or are more susceptible
to contamination.

Should the Agency develop no-degradation
Evq

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

(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 CR 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
Standardsfor the Management and Disposal of Spent Nuclear Fue4 High-Level and
TransuranicRadioactive 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.

JI

The potential change to the probabilistic approach, as suggested by the Nuclear
'Regulatory Commission staff, follows.
l91.xx Containment 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, ie., 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 senarios
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 values. The
proposed rewording of the containment requirements refers to the release resulting

from process, event, or sequence of processes and events! The phrase Sequeace of
1
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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.

