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TABLE A-1. MODIFIED MERCALLT INTENSITY SCALE

IT.
ITI.

Iv.

VI.

VII.

VIII.

Not felt. Marginal and long-period effects of large
Felt by persons at rest, on upper floors, or favorﬁ 'y placed.

like passing of 119@
'‘ed as an earthquake.

Felt indoors. Hanging objects swing. Vibratioh
trucks. Duration estimated. May not be reco

Hanging objects swing., Vibration like pas:
sensation of a jolt like a heavy ball s
motor cars rock. Windows, dishes, do
Crockery clashes. In the upper range!
creak,

rof heavy trucks, or
Standing

Felt outdoors; direction estimated. Sleepers:
disturbed, some spilled. Small unstable object
Doors swing, close, open. Shutters, pictures mov
stop, start, change rate. .

Liquids
ced or upset.
ulum clocks

Persons walk
vickknacks, books,
‘hoved or overturned.
“#ing (church, school).

Felt by all. Many frighte
unsteadily. Windows, dishe
etc., off shelves. Pictures™
Weak plaster and masonry D cr
Trees, bushes shaken (visibly,

L ] of motor cars. Hanging objects
ken. Damage sonry D, including cracks. Weak

3ine. Fall ster, loose bricks, stones,

aced parapet$iand architectural ornaments).

. Waves on ponds; water turbid with mud. Small

sand or gravel banks. Large bells ring.

Difficult to stan
quiver. Furn
chimneys br
tiles, co
Some cr

.7 Damage to masonry U; partial collapse.
ry B; none to masonry A. Fall of stucco and some

i fall of chimneys, factory stacks, monuments,
rame houses moved on foundations if not bolted
hiown out. Decayed piling broken off.
Chdnges in flow or temperature of springs and
in wet ground and on steep slopes.

Some damage to
Masonry wal]s. ;

asonry D destroyed; masonry C heavily damaged,

plete collapse; masonry B seriously damaged. (General
jons.) Frame structures, if not bolted, shifted off
~ames cracked. Serjous damage to reservoirs.

pes broken. Conspicuous cracks in ground. In alluviated

are nd mud ejected, earthquake fountains, sand craters.
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TABLE A-1. {Continued)

X. Most masonry and frame structures destroyed with thei
Some well-built wooden structures and. bridges destrg¥
of dams, dikes, embankments. Large landslides. W&
of canals, rivers, lakes, etc. Sand and mud shifte
beaches and flat land. Rails bent slightly.

XI. Rails bent greatly. Underground pipelines fély out of service.

XII  Damage nearly total. Large rock masses d ted.

level distorted. Objects thrown into t

Lines of sight and

TABLE A-2. TABULATION OF SEISM

SEISMO-  HISTORIC
TECTONIC  RECORD
REGION (Years) IV-V V V-V['

Interior
Salt
Basins

Gulf
Coast

Central
Texas

Quachita

of Events® 112 4 &2 2 11 1 2 3
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To Convert
acres

cubic yards
feet

inches
miles

square miles

APPENDIX B--METRIC CONVERSION CHART

B-1

Into .

hectares (ha)

cubic meters (m3

).

meters (m)

square kil omg 2.59
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APPENDIX C

PROPOSED NRC TECHNICAL CRITERIA*

(b) Potentially Adverse Conditions

ties or natural con
“repository site, in-
itory, or provide pathways
Energy sha]l demonstrate

ratural conditions
Tons. The presence

The following paragraphs describe human
tions which can adversely affect the stability
crease the migration of radionuclides from th
to the accessible environment. The Departmen
whether any of the potentially adverse huma
are present, The Department shall documen
of any of the potentially adverse human activ
give rise to a presumption that the geologic ré&
formance objectives. The conditions and activit
less otherwise stated, to the volume of rock detenn?n, :the Department in
60.122 (a) (8).** -

(VII-2)*** (1) Potentially Ad

(i) There is or : con val.or in situ subsurface

(VII-2) (ii) Except holes drt vestigations of the geologic
repository, there been drilling for whatever
e to depths @ the Tower 1imit of the accessible

(VII-1) AEay l 1 . h are economically exploitable

zce assessment there are resources that
€r gross or net value than the average

ther areas of similar size in the region in which

gic repository is located.

(VII-1)

feasonable potential that failure of human-made
nts could cause flooding of the geologic
:repository operations area prior to decommissioning.

he policies, criteria, and regulations to be addressed

, licensing, and operating a repository. This table

yrosed criteria. Until final repository criteria are issued
is following the criteria in Table 2-1.

22 (a) (8) indicates that the Department should perform a

resource assessment for the region within 100 km of the site.

***Refers to Table 2-1.
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APPENDIX C
(Continued)

(vi-1) (vi) There is reasonable potential based
and hydrologic conditions and metho
construction of large-scale impoundme
the regional ground-water flow System,

(NJC)*xkx (vii) There is indication that presen
anticipatable human activiti
the hydrogeologic framewor
ground-water withdrawals
subsurface injection of
storage facilities or i

(11-3) (2) Potentially Adverse Natural Con

(11-3) (i) There is evidence of extreme bedré jsion since the
start of the rternary period. i

(11-3) (i1) There is ev 3
features, bra P : luble residues.

(11-4) (i1i) There is eviden f , 7 thé candidate area
which could re ) ormation in the
diapirism, subsidence,

(11-2) iv) 991 itory Sperations area lies within the

(11-1) characterized by higher seismicity than
d¥ng region or there is an area in

a5 o jcations, based on correlations of
uakes wit ectonic processes and features, that

ity may increase in the future.

jdence of intrusive igneous activity since the
e Quaternary period.

here is a high and anomalous geothermal gradient
ative to the regional geothermal gradient.

11y Adverse Natural Conditions--Hydrologic.

iThere is potential for significant changes in hydrologic
conditions including hydraulic gradient, average pore

****No criterion.
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(Continued)

velocity, storativity, permeability,. A
piezometric level, and discharge pg Vi

(I11-1) on v
%-term adverse impac
associated with the OCCUpanc modification of
flood-plains. (Executive,
(11-2) (iv) There is a fault or f ‘agspective of age of

last movement which ha ength of more than

active waste.

A presumption that the
mance objective can be rebutted up
ially adverse condition does not ad¥
geologic repository. In order to mat“
first demonstrate that:

(N/C) &y Y , activity or natural condition

(N/C) - al]y adverse human activity or
hd1t1on on“the geologic framework, ground-water
nd-water chemistry and geomechan1cal integrity has
ely evaluated using conservative analyses and
and the evaluation used is sensitive to the

€tivity or natural condition;

2ffect of the potentially adverse human activity or
al condition is compensated by the presence of favorable
gteristics in Paragraph 60.122(c) of this Section; and

tentially adverse human activity or natural condition
e remedied during construction, operation, or
commissioning of the repository.
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(Continued)

(c) Fayorab1é Charcteristics.

Each of the following characteristics represent cenditions wh
enhance the ability of the geologic repository to meet the performance “ah
tives. Candidate areas and sites which exhibit as mafy favorable charact
istics as practicable are preferred. The Department ahd11 demonstrate the
degree to which each favorable characteristic is . t. The Department
shall fully document all investigations. They : ;~perfonm evaluations to
demonstrate to what extent the favorable charagterfstic conf
assuring the stability of the site and/or t
restricting the access of ground water to ¢
of the waste, or the migration of radionucli
The department shall use conservative analyses ¢
of ihe favorable characteristics. The Department §
the degree to which the favorable characteristic has
characterized, given the degree of.resolut1on achieved
The specific favorab1e character“ the following:

ate of dissolution
eologic repository.
rate the significance
¢lude evaluation of
uately
nvestigations.

(1v-1) (1) The Department shi e so that to the extent

practicable the ci

andisubsurface geologic,

Hydrologic stability since the
Period; and

(I1-5) (i) Exhibits demons
geochemical, tect
beginning of the Qu

a host roc rrounding confining units that

(111-1) -water residence times and long flow paths

£ ository and the accessible environment;

(111-1)

yater characteristics such as low intrinsic
ity and low fracture permeability of the rock

eochemical properties, such as reducing conditions which
#sult in low solubiliity or radionuclides, and near-
mal pH, or a lack of complexing agents.

partment shall select the site so that to the extent
“4cable the volume of rock--
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(I11-2)

(N/C)
(N/C)

(N/C)

(111-1)

(111-1)

(I111-1)

-General )

(vif:

Possesses the favorable characteristig:

Possesses a geologic framework that permits effe 1
sealing of shafts, drifts, and boreholes, and that
permits excavation of a stable siihsurface opening,

the emplacement of waste at a minsgum depth of 300

from the ground surface;

Possesses ground-water flow:ich ics that--
Result in a host rock Wi ary 10w water content;
Prevent ground-water intrus ¥rculation of ground

water in the host rock;

nt upward groundwaty
along shafts,

Prevent signi
hydrogeologi
boreholes;

Result in horizor
the host rock and

'cal properties that provide stability
peration, and under the 1nf1uences

n area where climatic change is not expected to have
dverse impact on the geologic, tectonic, or
drologic charcteristics.
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APPENDIX D

GLOSSARY

Alluyium--Materials deposited by a stream or other runnin§ water.

ALO--DOE Albuquerque Operations Office

Alternative Design Concept--Any disposal concep
in a mined repository.

Anhydrite--Mineral of composition CaSOa; lgdsely appli a bedded rock
{or caprock) composed of that mineral. Coffi I association with

gypsum and rock salt.

r than geologic disposal’

square kilometers). An area 1s
locations within an area.

0f:4. region. There

Backf1111ng--P]acement of origin
areas of a mine, including holes d:
accessways, and shafts. ‘

ally in the environmeht,

Background Radiation--Radiation occurri _
jve elemnents of the earth, and

including cosmic raygyithe naturally rad
radiation from th i

repository lands and reserving them from any
r qualifications as candidate sites.

Banking--Ident}
use which wouy

Barrier--Any
adjacent mater
rial, or a geolo

parates radioactive material from
, waste form, overpack, backfill mate-

olored, extrusive igneous rock, rich in iron
rained groundmass.

rea drained by a stream or lake, bordered by a
: (Sedimentary): a large, downwarped area which, over a
time receives an accumulation of sediments.

;yone at and adjacent to the earth's surface where all life
exists., (2) A11 living organisms of the earth,
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Borehole--A hole drilled into the earth, often to a great depth, &

D-2

tive o1] well or for exploratory purposes. A borehole is genergl f small

diameter, such that workers cannot work inside it, and is dril
vertically, or possibly on a slant or horizontally. A borehg
the surface, or could penetrate into the repository format

Bounding Calculation--Calculation based on an envelope of

indicate the limits of results that can be obtained.

Breach--Loss of integrity of containment or isolati
repository, a channel created for ingress and egret

Breccia--Fragmental rock whose components are a
tinguished from conglomorates, are not water

Breccia Pipe--A roughly cy11ndr1ca1 occurren

origin.

Brine--Water containing dissolved salts in greater Cut
seawater. In salt deposits, brine ‘may be present as
would be in equilibrium with the

Buffer Zone--A portion of the s
is composed of essentially undi st

Burnup--A measure of reactor fuel co
amount of thermal energy produced pe

reactor.

Canister--A containe

will remain in thi
canister affords

without @
factors.

s:In the case of a
“ground water,

and, .therefore, as dis-

sually of volcanic

tion than ordinary
glusions and
d1ng crysta111ne

ds the repository facility and .
urficial environment.

ciiy gxpressed as the
of uranium placed in the

d high-level waste. The waste
'r1a1 1n the rep051tory. A

adioactive waste, no radioactive nuclides are

ing large margins of safety against undesirable outcomes

ting adverse consequences and underestimating mitigating
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Dissolution--Di [ #als such as
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Containment--Confining radioactive wastes within prescribed bound

Cretaceous--The last period in the Mesozaic Era, extending fr

million years aqo.

Criterion--A standard, rule, or test by which a decision
based. .

Decay (Radioactive)-- The spontaneous transmutation of a radionuclide ints
another nuclide by the emission of a charged particlgidr. electromagnetic
radiation. '

Decommissioning--Activities associated with remt
vice, i.e., backfilling, shaft sealing, and th
(including demolition, dismantling, etc.).

" a reposytory from ser-
ﬁﬁ-fac111ty use

Decrepitation--The process of cracking or spal bly due to thermal

stress.

Dehydrate--To remove bound water or oxyqgen and hydroge

i®. proportion in
which they form water. ::

Denudation--The process of weari overlying matter from

unaerlying rocks.

Diagenesis--Process involving physié; ‘ﬂés in sediment after

deposition that converts it to conso}i

'n which a mobile core, Such as
verlying rock, generally

Diapir--A piercement through geological®
rock salt, has injected:ifita the more br
forming geolog1ca iclines.

1t by fluids, typically water.

. NWTS, earth sciences refers to the geologi-
1, and geochemical processes about which

hg the waste in its location for storage or disposal.

Emg]aceméﬁ
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EPA--Environmental Protection Agency

of the
Jocations.

Erosion--The general natural process which materials at the
Earth are loosened, worn down, and transported from their o

Exclusion Area--Area surrounding repos1tory site over wh:
to determine all activities.

fulfilled.

Fault--A fracture or fracture zone along which g
the sides relative to each other parallel to t;
the continuity of a rock formation is accom
placement on one side or the other. What
veins are separated or displaced vert1cal1y
faulting.

as been displacement of
& Such a break in

Flood Basin--Flat areas between the sloping low plai: :
river Tands on the other side, occupied by heavy soil§:g
either no vegetation or a strictlyiswampy vegetation.

ne side and the
aomonly having

Folding--Bending or undulating , usually caused by
compression,
Fractures--This general term includ

caused by mechanical
failure resulting from stress, whet

Fuel Cycle--All of thé i stups i i ying and using fuel materials
for nuclear power: i : i Led:waste management operations.

Geologic Isofa P1a # waste in a deep stable geologic
formation.

i dynamic processes.

urvey which involves probing the earth from measurement

‘e, Among the rock properties which are commonly mea-
resistivity, self-potential, gamma radiation (both
, density, acoustic velocity, and magnetic and gravimetric

Geosphere--Th&:solid portion of the earth synonymous with the 1ithosphere.

Gneiss--A coarse-grained rock in which bands rich in granular minerals
alternate with bands in which materials predominate.
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Gradient--Slope,'particuiarly of a stream and land surface. In m”"hématical
terms, a change in value of one variable with respect to anothe; iriable.

Gravity Survey--The systematic measurement of the gravity .a spec1fied
area; useful for determining the distribution of rocks 1n<
based on density variations.

Ground Accelerat1on--V1brat1on of the earth s crust caused by earthq
has both horizontal and vertical components. :

Ground Water--Subsurface water existing in the zq *saturation, a subsurs
face zone in which all the interstices are fill, '
greater than that of the atmosphere. Even if, ¥one cogtains gas-filled
interstices or interstices filled with fluid '

considered saturated.

Gypsum--A mineral, CaSO4 2.H20." A possible

Half-Life--The time required for the digihtégratio }f the atoms of some

High-Level (Radioactive) Wastes; i3r. wastes resulting FEom reprocessing of
spent fuel. They are charactef enetrat1ng Fadiation and by
high heat generation rates. Un isters, such as shipping
casks, high-level wastes must be .

HLW--High-Tevel waste

Host Medium--The geologic material, su€j ick salt or granite, in which the

05t medium
waste 1s emplaced.

ited by a sta fluid at a given level owing to
level; groundiwater tends to flow from areas of

Hydraulic Head-
the height of

ominately of two elements, carbon and

Hydrocarbon-«

hydrogen, such™
-he occurrence, distribution, and movement of the
. 'd’by cooling and solidification of molten

s crust of below. !

if water, such as ponds, confined by a dam, dike,
frrier.

Intrusion--(1) The process by which molten igneous material penetrates sur-
rounding rock; (2) the entrance into an area or space by humans or their
artifacts.
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Isolation--Segregating wastes from the biosphere to the extent reg

Jurassic--The second period in the Mesozoic Era, extending f

Karst--A type of typography that is formed over limestod
by d1ssolv1ng or solut1on, and that is characterized by

Licensing--The process of obtaining the permit,
sponsible federal, state, and local regulato

'paring requ1red
t.espond1ng to agency
®cessary at public
statutory require-
or to the commence-

documentat1on, submitting it to the appropr
requests for additional information, and tes
hearings. Within the licensing framework, as de
ments, approved permits or licenses must be availat
ment of the activity involved.

Lithology--The physical charact$‘: f rocks as detérm;

study.

“by microscopic

Location--Land contained within 3
kilometers) surrounding a repositof

Migration--The movement of fluids thig poiEs and permeable rock in
geologic formations. k

Model--In applied m&
or quantification
that system,
models. Det
models.

Operationg 7ipd--The period during which a nuclear installation is being
tfended purpose until it is shut down and decommissioned.

Outer Control Zone--Area around the repository (a 2- to 3-mile radius) which
would have restrictions on surface and subsurface activities, including
drilling or mining.
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existed within a formation since its formation.

Permeability--In hydrology, the capacity of a rock, sedimen
transmitting fluids. Permeability depends on the size ang
pores, the size and shape of their interconnections, and:{
latter, It is measured by the rate at which a fluid of stan

move a given distance through a given interval of tlme. The unit of pe#
ability is the darcy.

Piezometric Level--The level to which the water f “given aquifer will ris
under its full head. (See Hydraulic Head) ,

Plasticity--The property of a material, e.g. :
undergo permanent deformation without appre ange or elastic
rebound, and without rupture.

rock or soil to its total volume, usually expressed 4 entage.

Porous--Containing voids, pores,s
may not interconnect.

Quaternary--The most recent geol o
ago to the present.

rom 3 million years

: offitgptaminated with radionuclides
i mpt quantities established by
is no foreseen use.

Radioactive Waste--Any material conté
at concentrations or activities greater:
the competent authoritigs..and for which”

miles of Tt
states.

Region--Severals “ﬁ ithin the U.S. that may

incTude all or pé&

f,. .1 format1on about the earth by the use of
tude photography or side-looking

radar.

ologic formation in which to store radioactive
ined and isolated from the biosphere.

h spent fuel from a reactor is separated into
*be reused as nuclear fuel.

ardation Facto
slows the mig

3--A component of the hydrological or geochemical regime
ition or transport of a radionuclide.

y 1 branch of mechanics concerned with the response of rock to
the force (thermal, mechancial, hydrological) of its physical

environment,
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generally due to diapirism,

Seal--A. device mechanism, or material ut1l1zed or emplag
of liquid or gas.

Seismic--0f or related to natural or artificially gen¥
motion.

Seismic Reflection Method--A seismic explorati
graphic cross-sectional representation of the
subsurface; based on the reflection of artifii
subsurface formations.

n1que which produces a
#rock units in the

ing the depths to various rock formations; based 0 §§JOHS in the velocity
at which artificially generated seismic waves travel ‘tH

Shaft--An excavation of small cr
made for finding or mining ore
hoisting and lowering men and ma:
Often specifically applied to app®
from an incline or inclined shaft. ¢
enough to permit workers to have accCess:d Q. WORK Fefated to the placing of
seals.

ing water, ore , Féck, or coal;
iaclng underground work1ngs.

yredominantly of fine-grained
)ck fragments.

Shale--Laminated cons ed rock consi
clay minerals, quar, her mineral

Short-Term--The fter c1osingﬁ_rrepository.

ry land nominally 10 square miles (about
darground repository itself and about
1ed surface area where radioactive

There ¢an be one or more sites at a location.

Sorptign--A:hroad tern ng to reactions taking place within pores or on
Y : ise avoids the problem of technical distinction

i and adsorﬁ dn reactions. ABSORPTION is generally used to

aking place largely within the pores of solids, in which

he solid is proportional to its volume. ADSORPTION

ing place on solid surfaces so that the capacity of a

to its surface area. An example of the latter is ION

“occupying charged sites on the surface of the solid are

“solution

““fuel that has been irradiated and subsequently removed
It contains uranium, plutonium and other actinides, radio-
or oducts, and other nuclides.

from the re
active fiss
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Stratigraphy--(1) That branch of geology which treats of the fo:
sition, sequence, and correlation of the stratified rocks as
earth's crust. (2) By extension, the arrangement of strata it
position and chronologic order of sequence.

Subsidence--A local movement downward as in settling oc
the earth's surface with little or no horizontal motion

Syncline--A fold in rocks in which the strata dip imward from both sid
toward the axis. i i

Tectonic--0f, pertaining to, or designating the
forms re su]t1nq from the deformation of the g3
ated with earthquakes and volcanic activitys ‘earthquakes, it is
used to describe shocks not caused by volgi 2] the collapse of
caverns or landslides. Refers to those procassasiby whteh rocks of the

eart? s crust and upper mantle are deformed (¥ ctured, folded,

etc ‘ :

m1l|ion.years aqo.

Thermal Loading--The quantity §
area or volume (e.g., kilowatts

Transport Time--Time required for
radionuclide from the repository to*

Transuranic HWaste q alpha emitting transuranic
elements with H*1 , :, in excess of 10 nanocuries per
gram. Transurafi : 1 iclude 233!l anif:ithe nuclides of all elements
above uranium: ‘ i Gfs; ¥

Triassic--’
million year

‘Survey of the Nepartment of the Interior

Yve waste, in either treated or untreated condition, in-
hinder, or stabilizer, (Waste can be specially formed to
oses, e.g., high-level waste can be fixed in a vitrified
leaching waste.)
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Whipstock--The use of a long wedge-shaped steel .
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Waste Inventory--Qhantity of waste in a repository at any given 1

Waste Package--A system of engineered components designed to
waste within the region of initial placement for an extende
It must preserve the ability to retrieve the wastes througf
retrieval period, and must act as a barrier to radionucli
release into the geologic system over long periods of tim

penetrated.

along its inclined face, placed in an oil well
deflect and guide the drill bit toward the d
grooved surface is facing. To use a whipstd
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