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1.0 BACKGROUND

In the review of an application for Construction Authorization for a HLW geologic
repository, the NRC {s required to determine whether the site and design meet
the Technical Criteria of 10 CFR Part 60 (Subpart E). The NRC staff determina-’
tion will be based on the answers to, and supporting analyses of, technical
questions concerning groundwater flow, geochemical retardation, waste form and
package performance, geologic stability, and facility design. During the
process of site characterization, the DOE will perform the laboratory and field
1nvestigation?ftgﬁgggglop the information needed to address these basic
technical questions.

sof
The investfgations needed to characterize a geologic repository are complex
and require long lead times. The Nuclear Waste Policy Act of 1982 (NWPA) has
established a schedule for site characterization and selection. Specifically,
NWPA requires publication of Site Characterization Plans (SCP's) by the DOE at
an early stage of the process. Subsequent to receipt of an SCP the NRC must
prepare a formal Site Characterization Analysis (SCA) for each site. NRC
single-issue technical position papers, documented site reviews, and interagency
technical meetings will precede and suppliement the SCA's. Because of the
complexfty and long lead times for site characterfzation fnvestigatfons, it is
essential that activities be organized to make possible an NRC determination of
site acceptability. Proper organization necessitates early identification of
technical questions (speéfic issues) relevant to the specific site. Therefore,
this document establishes the NRC position as to the essential technical gues-
tions relevant to the geochemistry of a repository in basalt at the Basalt
Waste [solation gnoject (BWIP). Other Site Technical Positions will address
both NRC staff concerns regarding selected specific issues and acceptable
technical approaches for addressing those specific issues.

In identifying these essential issues, the staff has used a performance
analysis approach. In that approach, three terms, site issues, performance
fssue and significant conditions and processes, have their specfal meanings
described in the paragraphs below.



A Site Issue 1s a question about a specific site that must be addressed and
resolved to complete the licensing assessment of site suitability and/or

desfgn suitability in terms of 10 CFR 60. Site issues are not necessarily
controversial questions.

A Performance Issue is a broad question concerning the operation and long-term
performance of the various components of the repository system. A set of

performance issues are derived directly from the performance objectives in
10 CFR 60.

Significant Conditions and Process2as, including potential advec;; conditions

of 10 CFR 60 (See Appendix A), are those that must be considered in the assess-
ment of a performance issue and efther (1) exist before repository disturbance,
(2) could cause future changes, or 53) result from change. they may be natural

erive
(e.q., fau]ting) repos1tory-1nc1uded ?e g., thermal buoyancy), and human-induced

(e.q., withdrag} of water resources). ‘~luwced/

In its performance analysis approach, the NRC staff first breaks down the
performance objectives of 10 CFR 60 into a set of performance issues
corresponding to the individual performance of the various components of the
repository system. As developed in NUREG-0960, performance issues for a
geologic repository are:

1. How do the desfgn criteria and conceptual design address releases of
radioactive materials to unrestricted areaiwithin the limits
specified in 10 CFR 607

2. How do the design criteria and conceptual design accommodate the
retrievability option?

3. When and how does water contact the backfill?
nov ?
4. When and how does water contact the waste package? e

5. When and how does water contact the waste form? wJ

* X



6. When, how, and at what rate are radionuclides released from the
waste form?

7. When, how, and at what rate are radionuclides released from the
waste package?

8. When, how, and at what rate are radionuclides released from the
backfil11?

9. When, how, and at what rate are radionucludes released from the
disturbed zone?
s
10. When, how, and at what rate are radionuclides released from the far
field to the accessible environment?

11. What is the pre-waste emplacement groundwater travel time along the
fastest path of radioruclide travel from the disturbed zone to the
accessible environment?

12. Have the NEPA Environmental/Institutional/Siting requirements for
nuclear facilities been met?

The next step in the performance analysis approach is identification of the

significant conditions and processes that bear on assessment of each of the

performance {ssues. Judgment i{s involved in determining which conditions and

processes are considered significant. Knowledge gained from the staff's

review of various related technical data and documents, site visits, technical

meetings and research efforts contributed heavily to the particular selection

of significant conditions g2g‘EjEg‘12_2513122122“21‘5212/515. Questions about é;uluiu

the significant conditions and processes as they pertain to site geochemistry rigorred J

constitute the site issues identiffed in this position. et
the HM{/""{

Because the geochemistry of BW{ﬂrSite will significantly affect repository X

performance, information on geochemistry during site characterization will be

part of the total repository system information needs of the NRC staff required
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to assess the performance elements X See Appendix B). Issues i ﬁ:ed in spe
following section delineate information on geochimistry issue e needed “:‘f
- uu,v“’,
by.the NRC staff to assess adequately the performance 1ssues. Nrscer—reattd fﬂv/"7
W ._-.‘- p : AL%X300 o 2 32e B . G are

proved

The sequential order in which issues are fdentified
should not be {nterpreted as the order of relative importance.

2.0 TECHNICAL POSITION

It {s the posftion of the NRC staff that, based on our current level of

knowledge of the Basalt Waste Isolation Project (BWIP) investigations, assess-
ments of the Technical Criteria (Subpart E) in 10 CFR Part 60 r:zhires that,

at a minimum, the following fssues (and assocfated sub-{ssues) concerning site

geochemistry be addressed.

2.0 GESCCHEMT ST~ TISVES

ISSUE3.1¥ WHAT ARE THE SITE GEOCHEMICAL CONOITIONS PRECEDING REPOSITORY
DISTURBANCE AND WASTE EMPLACEMENT?

v

3.1.1 What {s the qjggzilagy/petro\ogy/chemis:ry of the disturbed zone and *

far fie“’é@}ff“ EBEk environment/(host rock/interbed material) prior

to repository disturbance and ngie‘Emplacament7 o a;(,ff SCCe day

.’n‘t"";?ﬁ\‘h"("h r,)(ulu\m/

T1.1.1 What 1s the mineralogy/petrology/chemistry of(g:éngjzz/)‘“”°k

- A v;vuwm“af
qli:rals pf “the disturbed zone and far field natural rock 4

nvironment (host rock/interbed materials) prior to
repository disturbance and waste emplacement?

X

7
.Lh("o.‘ ')

3.1.2 What are the geochemical conditions of the groundwater in the disturbed

zone and far field prior to repository disturbance and waste emplace~
ment?

'(ul. TS S TT

- e

’D', )

%.1.3 What is the mineralogy/petrology/chemistry of the backfrll/packing/ .h‘r ,
ol At € oa
seals prior>to repository disturbance and waste emplacement? ‘

J ISSUEY.2, ¥ WHAT ARE THE CHANGES IN SITE GEOCHEMICAL CONDITIONS FOLLOWING

REPOSITORY [OISTURBANCEIAND WASTE EMPLACEMENT?
¢ ONSTRUCTION

¥  ADD "5"

Qd‘h‘rr wor )‘



j co chen i:'f;/ 7
2.2.1 What are the changes in the mineralogy/petrology/chemistry of the *
natural rock environment (host rock/interbed material) under
anticipated and unanticipated repository scenarios in the disturbed
zone and in the far field, through time?
,.cl:mrTr/?
£.2.1.1 What are the changes in the mineralogy/petroloqy/chemistry of »
secondary minerals associated with the natural rock environment
under anticipated and unanticipated scenarios fn the disturbed

zone and far-field host rock, through time?
f skould we lgis‘f' what [hese av¢7-

RHAED ) Composifion, colloicls o e ., Tond P

T.2.2 What are the changes in the(geochemical conditions E’the groundwater
sitory scenarias in the

under anticipated and unanticipa
disturbed zone and in the far field, through time?

,jcot‘tnfl ﬁ/ 7
3.2.3 What are the changes in the mineralogy/petro]ogy/chem;stry of back- P 3
fil11/packing/seals under anticipated and unanticipated repository
scenarfos in the disturbed zone and 1nTh\€ far field) through time?
are s Sx—7ne fav eld
/ISSUEI.Z!,S WHAT ARE THE ANTICIPATED GEOCHEMICAL REACTIONS/PROCESSES/CONDITIONS

AFFECTING RELEASE AND TRANSPORT OF RADIONUCLIDES TO THE ACCESSIBLE
ENVIRONMENT?

‘q‘fc 'rotl‘hm‘

. v
,l Svb-issves Q. m,')" Cancﬂ:}\mj('a\, /',-.,,;‘}'? V,\.-\". .
ot L’.” 3.3.1 What {s the expected(solubility of/released radionuclides ip“the # o " ’
" .
L \.] disturbed zone and the fa through time? " ‘>°J e
Next pane X,3.1.1 How does precipitation/co-precipitation affect radionuclide
’J solubility/concentration?
T.3.1.2 How does speciation affect radionuclide solubility/concen-~
tration?
T.3.1.3 How do colloids affect radionuclide solubility/concentra-
tion?
2.3.1.4 How do organics affect radionuclide solubility/concentra-
tion?

It 4;%7 prove Q{Wu(} o 6%‘“"({} Some of Thece e%‘c/%_

s ;'f Y-(q,l{l, Mf(‘(fS‘q,Yl’ ° Py,o/ove , 5 f‘acl\ of Thésre 7(\011 ?ac/] V“C/"O"ul(,/-'a/e)
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L gencheni
3.3.2 How do~chemtcst-changes in the mineralogy/petrology/ emistry of ¥
packing material/backfill/seals influence radionuclide migration/
retardation through time?
— T e e e e e ——
2.3.3 How will reaction and sorption kinetics affect radionuclide rﬁlfggsgi
and transport?
. .'“T’Tff:::::i::;",""hHW__ JSh-f'?uifa«fof;
K\E:3:4 How do redox conditions affect radfonuclide mobility? - /) 3.3. | o~ 3.3.2 2

45 T AT What are the effects of gamma and alpha radiolysis on _redox
———
conditions? Redislysis fvo&uc‘f éﬁ{cc?ﬁ 'S e

ffect radionuclide migration/retardation in the

near-field,and the far-field throu h t1me7
/, g one £ digturked ronnes
/‘ b’\w\ M“‘" ingte

?.3.6 How do colloi¢s/part1culates affect radionuclide migration/retarda-
/
tion in the ngar-fie]d.and the far-field through time?

3.3.5

3. 3.7 How do organics affect radionuclide migration/retardation in the
¢ near-field and the far-field through time?

3.0 DISCUSSION

Issue 1 covers the fnitfal geochemical environment of the ibository Xthe
geochemical baseline for the repository isipe 2 covers changes to the initial
geochemical environment, which will be(:panged Eikthj'gmniﬁg and waste emplace-
ment, and then changed further during heat1ng,Fue to decaying waste. Issue 3
deals with waste package/geclogical environment fateractions and the trhﬁ}port
of waste radionuciides to the accessible environment. The rationale for each

geochemistry issue is described in the subsequent discussion. 1In the discussion,

the broadest {ssuesy are those that would appear in the first tier of a hierachy
of {ssues and sub-issues, are related directly to the performance issues that
are listed in the Background Section above. Sub-issues are related by technical
arqument to the broad issue(s).

bvoud [sSue  bmd chold ~noF be Contfrniodd }ovce/c)‘(f(/*«c//ﬁ'mtf.
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¥ WHAT ARE THE SITE GEOCHEMICAL CONDITIONS PRECEDING REPQSITORY

. ISSUER. 1)l
DISTURBANCE AND WASTE EMPLACEMENT?

v os,bq ('usfmcv[urh
An understanding of the geochemical conditieni pr;fengg mining]and waste
Un
emplacement {s necessary,in order to valuatElth Iaasg of radfonucliides
L’ baseline in tfnn-. on Loy c¥frm
Jiroﬁment Jhdverse conditions

from the disturbed zone to the accessible en
within the far-field are likely to remain unchanged after waste emplacement,

Bl alinli i
whereas favorable prewaste emplacement conditions in the disturbed zone may

alter to potentially adverse conditions. For these reasons, an understanding

'E?“Z;; geochemical conditions prior to waste emplacement is necessary to

+

\

establish a baseline for predictfon of geochemical conditions under typical . . h%.vfs,
D e P

repository scenarios. These Xbaseline’ conditions are n{?ded to evaluate
Performance Issues 3, 7, 8, 9, and 10. . o

a,_,,,«ncm,u'/ :

y» J
3.1.1 What i{s the mineralogy/petrology/chemistry of the disturbed zone and
far field natural rock environment host rock/interbed material prior
L e e I N i

to repository disturbance and to waste emplacement?

ne T,
The host rock is tﬁé primary barrierin geclogic waste {solation.
Knowledge of the mineralogy, petrology, and chemical compgsition
wi11 lead to the necessary understanding of the(éenesis and fuia;éi
geochemical stabi11ty of the host rock, aid 1n the evaluation of the

effects of waste/rock ¥nteracticns, and provide information for inter-

preting groundwater chemistry. ’7
REtY T il,u.;“’r‘, ‘

IRV,
3.1.1.1 What {s the mineralogy/petrology/chemistry of secondary
minerals 1{n the disturbed zone and far field natural rock

T N e

environment host rock/interbed material prior to repository
e T ey

. —— o mr— —

disturbance and waste emplacement?
Area T 000"

The Grande Ronde basalts have a fractured/jointed structure

{nterspersed with vugs and possess relatively porous flow

topi/ﬁottoms These hast rock ogenings are generally filled §

withia- secondary minerals that{?re derived mostly from the
alteration of basalt by circulating ground water. These

1 -/rn. C'fli,e‘
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P
joints, fractures, and vesicular flow regions are pathways
34 YA PN o £ 1

for carrying radionuc11des leached from the
" wagge /iﬂe secondary mfnerals are expected to be a primary <’

“dis j‘""' sorption medium in the retardation of radionuclid Thus,
't' AR amcu l-f' [~ Unn{flll*

ﬂf /' o understanding)the diagenesis of aIteratfoniand secondary
vs

wer e H?")" minerals will aid in interpreting the (1) groundwater
Jc!"" “3 % ‘J chemistry and definfng the retardation properties of the

oY

oien wef
({'“:‘,J y" Lock$ "hast rock prior to waste emplacement, and (2) as a baseline
s&
" !32;;?3 for predicting any alteration that may occur as the result
—

of waste emplacement. Aqfdhderstanding og the existing
distribution of alteration ﬁ?ﬁauctS“may'ini;sate potential
release pathways of radionuclides.

3.1.2 What are the ge~zhemical conditions of the groundwater in the "jfh;t..

disturbed zone and the far field prior to repository disturéﬁnce and A

waste emplacement? i
Lwadtr i maT sele ‘aclr“" R N e e I R e
I‘rﬂ‘-*"“ Al !

b

Groundwater geochemical conditions, in particular temperature, pres-
sure, pH, redox conditions, fonic strength, and presence of complex-
N Lgﬁﬁni-vbing ligands,(@g}g:flﬂggwhich chemical species of radionuclides are AN

most likely to form and determine what reactions are likely to occur. ('\3
Reactfons of radionucifides in solution with ecmpégzzlg,of the backfi1l,<'sﬁ
the near field and far field host rock, including adsorption and . a
precipitation, will determine the\]im1t1ng concentratons 5f soluble *
species. Lﬁ?ﬁ?ent conéitions will be necessary for determining condi-
tions in the far field, and will serve as a baseline for predicting

changes resulting from increased temperature and pressure in the
disturbed zone.

” . ods
J S ‘_“f)“i_-';h' com o T P.:.;U:c [{] a. (.V\ \*\'\j C(’—V\(fr\.ﬂ

-~

el
V> )
o (o
g'tqlﬂ\lf f/ I.

$.,1.3 What is the mineralogy/petrology/chemistry of the. backfill/packing/ *
gseals‘grigr to repository disturbance and waste emplacement?

Backffllinq/packing/seal§/ as discussed here, refeg;/to materials A
used to fill drillholes, emplacement holes, shafts, tunnels, and
disposal rooms. The large man-made cavities and holes, including



fracturing around these cavities or holes, represent a broad and

" potentially short pathway to the;§1d§ﬁ3ere for the radionuclides —
”»bk;yﬁs released from waste packages. The pathways must be blocked with
pF* d.ﬁf engineered barrfers that provide a means of geochemical retardation
ot of radionuclide migration to eliminate the short circuit to the

(.biosphere.

ISSUET.2)’ WHAT ARE THE CHANGES IN SITE GEOCHEMICAL CONDITIONS FOLLOWING
REPOSITORY DISTURBANCE AND WASTE EMPLACEMENT?

ook ’
o fov mean

The geochenfcal conditions/properties of the host rock surroun@é;g the repogi- itrnferJ
tory will be affected by construction and the emplacement of nuclear waste T‘thy/
Construction and fncreased temperatures in the vicinity of the repository may "t ye?
alter the properties of the basalt/secondary mineralogy to the extent that water
1E_EEIE£lEEE.EEEEEflElf-t° the waste package and backfill (performance fssues 3,4);:;j0(
affecting the release and transport of radionuclides to the accessible environ- nd
ment (performance issues 8,9,10). "tiecedee

L]
L on ,1-’)..1
o

’,.-'\76 vt‘:ﬁm s'rr)/ 7
3.,2.1 What are the changes {n the mineralogy/petroiogy/chemistry of the
natural rock environment (host rock/interbed material) under
anticipated and unanticipated repository scenarios in the disturbed

& eRe zone and far field, through time.

] ’L I -
,"" & IS "\*(
n FL(vilcuﬂ¢?* * Rock and mineral stabilities wiTl be affected by repository construc~

“ b heluding SCconndyy
7

tion and changes induced by waste emplacement. Many mingrals exist

beal, minemals !
{one ¢ﬁ4‘in metastable states and the changes in temperature, pressure, and/or y
K " P
con” o degree of saturation may alter the stability of the minerals in a rock.
) 2 . t .
’3‘1“L'7 Stabflity changes will influence the sorptive properties of the host £

rock, and its ability to prevent water ingression on egressfon. ~=z7
. e e ———— T — T T .

q(ltltn;

‘7.’/ ?

- -,

pe—mee 3, 2.1.1 What are the changes in the mineralogy/petrology/chemi;try of

g . _» secondary minerals associated with natural rock environment

(.
." '(PCN h
7.-J‘r’ n“nmh under anticipated and unanticipated scenarifos in the disturbed
Sece
ot o} e zone and far-field host rock, through time.
AR 447
.-,:u—r.’"‘ ,.‘k (-vuvnn(- .



c
The secondary mineralogy associated with basalt is Mted as a -

favorable condition for the retardation of radionuclides due to
the sorptive capacity of zeclites and clays. Many minerals exist
in metastable states and the change‘é% temperature and/or pres- P
sure may alter the stabflity of the minerals in a rock. The
alteration productg,a1though often pseudomorphic after the ori- —
ginal minerals generalIy have different‘prnycEJZC?emfcal pro-

pertiesxvdﬁch a{ﬁ affect the 1n1t1a1 retardation capacity of —
the host rack. The effects will depend on the amoun!fof water} —_

Pl

Vf"‘o:b
$€2ltmce,

present, and may vary significantly depending on the amount of
water present.
. s
%.2.2 What are the changes in the geochemical conditions of the groundwater
under anticipated and unanticipated scenarios in the disturbed zone
and far field, through time.
dowT A(bvsa'f ‘raJioI\,s}_r which way 7&46&"6 s‘;ky(’ ovion s ')(vvw\ The
_ Geochemical conditions, in particular temperature, pressure, pH, ‘3’L1 i
‘¢‘f' redox conditions, ifonic strength, and presence of complexing 1igands,(3H}lF>
determine which chemical species of radionuclides are most likely to iﬂ&r
form and determine what reactions are T}ﬁ;L%‘tg”?ESPr Reactions of
ra radinuclides in solution with the existing components, of the backfill, *
| o~A the near-field and far-field host rack, will determine the limiting
concentrations of soluble species. Changes in temperature and pres-
yes: SUTE alter the geochemical conditions of the groundwater which deter-
mine the mineral stabilities and may affect radionuclide migration.
\{. An assessment of the prevafling geochemical conditions associated
\f ! with groundwater, in particular temperature, pH, redox conditions,
& l fonic strength, and aqueous specfation, will be affected by reposi-
tory-induced changes. These altered conditions will influence waste
package and host rock stability and the abflity of released radio-
nuclides to migrate. { In addition, repository construction may cause

new groundwater pathways to be formed.}' ot a 3&‘:"

r Y t[(-"f’)'
3.2.3 What are the changes in the m1neralogy/petrology/ched{;Zry of back-

fi11/packing/seals under antfcipated and unanticipated repository
scenarfos in the disturbed zone, through time?

10



~ma
&—{ncreases with the time, minerals and 19215/391291113155 y}411change

dissolve or precipitate, thereby a2ltering the mineral distribution.

(0 in an attempt to reequilibrate with the new conditions. Minerals may
’W

1/‘

-

The resultant change will depend on temperature, groundwater condi-
tions and fluid flow regime (i.e., diffusion/convection or fracture
flow). Precipitation of minerals may in turn alter the fluid flow
path, and ultimately the migration of radionuclides. Thus, backfill/

ﬁgﬁt\ As the temperature of the backfill and near-field/far-field host-rock

o™

\\

~ z Strange

wer

*

packing/seals will be affected by geochemical changes induced by waste

emplacement, such as changes in temperature, pressure, and degree of
saturation. Changes in mineral stabil{ty may provide pathways for

increased groundwater movement, and changes in sorption characteristics

etbfe T
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Geochemical reactions, processes, and conditions at the waste package surface,
fn the backfill, the disturbed zone, and the far field will affect the release

and transport of radfonuclides from the repository aﬁﬁ’the accessible environment;

and thus play an important role in assessing performance issues 8,9, and 10.
Release involves waste package degradation and solubilization of the radio-
nuclides fn the waste form. Tranpsort lavolves any mechanical or chemical pro-
cess which promotes or inhibits radionuclide migration from the repository to
the accessible environment. OQOuring release and ;niﬂapgrghyr?dionuclides will
react with the groundwater, the waste container.Abacifill and the host rock, x
and the nature of these reactions will determine the extent of the migration

of each radfonuclide fn the waste form.

aﬁﬁhruj cumaﬂhuﬂm« [iwit Z

2.3.1 What {s the expected of released radionuclides in the

near-field and the far-field through time?

The rate at which radionuciides are transported to the accessible
14
environment {s a function,
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| " backfill, in fractures in the host rock, and {n the host rock itself.
Dissolution of radionuclides from the waste form into solution is
controlled by the physical characteristfcs of the waste (e.qg. ,..sm
' ture, and surface area), ¢ F”al and radiolytic properties of the
waste, composition, redox conditions and the pH of circulating waters,
temperature, and pressure. Under(slow flow or no flow conditions a ~:

e e Jnfd‘(a.t&lc
""" "conservative estimate of concentrations o onuc}ides species serete”
’v—\{\/ PP tflo Cehcan "ﬁ, J s | .

released into solution fs that they ar¢ solubthy Timited. thd ke o .

fore, in order to determine the concentrations of radionucliides fn '~/;

the near-field and the far-field (under different geochemical condi- “eolyp

tfons) through time, their solubilities need to be determined.
s

L]

3,3.1.1 How does precipitation/co-precipitation affect radionuclide

solubility concentration?
TR D um O AT

YOO o~ - qy-
CU"\C/(.A'Wf

Under varying geochemical conditions, radionuclides in
solution may precipitate in the presence of certain
fnorganic ligands (e.d., carbonate, hydroxyl, sulfide).
Parameters controlling precipitation include groundwater
compasition, rock composiuon./.r;edox conditions, and pH.

Certain radionuclides may (co-precipitatesby substitution
with non-radiocactive species such as iron. m'f’?VS'Ao’m/ S«bs‘ﬁ%%‘m

R.3.1.2 How does speciation affect radionuclide solubility/concentra-

Norxs his w&w\ ﬂWHO € J‘uﬂ/bs"t(;‘o zda;‘,(

AL J solubiff’c,ps'z 77faf' Q/’“o ndposﬁ)'ye }

The identities an ies of the soHd phases,

fdentities of the solution species likely to form under

geologic conditions are needed 1n order to_determine solu-
T z.l.w}"e / tion concentrations of radionucHdes in_a repositiory

groundwater system. Different species of the same element? S~
%
will remain in solution in different concentrations and )A

migrate at different rates.

3,3.1.3 How do collofds affect radionuclide solubility/concentra-
tion?

12
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_ Some radionuclides,/€§E;;1a1ly hydrolyzable EEEE) may readily
form colloids or pseudocolloids under certain geochemical
conditions. These colloids may result from interactions
with the waste package. The formation of colloidal species
may affect the céncentrations and thus the migration of

radionuclides in salution.

7.3.1.4 How do organics affect radionuclide solubility/concentration?
e L The presence of certain organfc ligands can allow some radfio-

5% by =
e w ™ nuclides to form complexes and remain 1n sg&ytion at cone’-

Q’F-OJ' ~N

QA gt centrations(@iffereqi]than uncomplexed species.
o et thal| A b

o™ Jraally muh hisher
Z.3.2 How do chemical changes in the outermost packing material and the
mineralogies of the backfill, and the near-field, and far-field host
rock influence radionuclide migration through time?

2t

R n}.‘
R Chemical changes in the packing ‘material due to temperature, pressure,

o ¢¢A -~*4nd saturation w;317affect its ability to retard mobile radicnuclide
or” species. Hi;l.ly sorptive minerals in the backfill, near-field, and

%

. - *‘
<4>, bynequilibriuq,'but kinetically, controlled (time dependent). Thug‘rate

far-field host rock may cause significant retardation of radionuclides.
A good estimate of the location, volume, and accessibility of minerals
along the likely flow paths is necessary to assess the effects of
mineralogy on radfonuclide migration and-retardation®..

-

b >

2.3.3 How will reaction and sorption kinetics affect radionuclide release
and transport?
v _{{IC,AOJ‘,"MIICS
The occurence of reactions is predicted by chemical equilibrium. *

L astsuimey

,5 However, reaction rates are generally not instantaneous as pr

rmodranics

réec, reed

r .. )
4, - information 1s necessary in order to predict reaction rates and the “Kiaeti 2

5 ¥
oyl W .}- steady state conditions expected in the repository system.

3 .
B ¥ use of Sot/J(}\‘m V~I\0 v [ueg 1S cm\few.zg('ue
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2.3.4

2.

How do redox conditions affect radionuclide mobility?

Ao 257 ofpS a8 godionudlidter

o -
Redox conditions witl be a significant determinant of radionuclide

speciation, squb111ty)and migration. Construction of a repository
will allow atmospheric oxygen to enter into the reposftory horfzon
and cause oxidizing conditions. After closure, the atmospheric oxygen
may be consumed and redox conditions should return to or approach
Candr Rons
ambfent theg]ect1ng radfolytic effects). . —
A

3
- ~o~1 o~

P cend 'br a M{-.o-\qf«t-u

3.4.1 What are the effects of gamma and alpha radiolysis ofy CcutaNithy fsezphies
redox conditions?

Moy Génevile shile  ovgemics From CHy im syolefuwater

.3,5

N

There 1s evidence that radiolysis may affect redox conditions,
causing generation of hydrogen, oxygen, and other species,

and thus affect anticipated reactions. These conditions

may influence radionuclide speciation and transport.

How does diffusion affect radiorduclide migration/retardation in the
near-field and the far-field through time?

vyv\} :

& b Y
‘S?._y"y/. v

At relatively low groundwater velocities, chemical diffusifon 1s the
dominant process for solute transport. ODfffusion is driven by a
concentration gradient rather than a head gradient. Under very slow
water velocity conditions, diffusion could be a significant process
for radionuclide retardation.

Alore l'~/-rfnf i/ J:ow-J--‘" ;//’u.u °n,i¢,~ - ."A/r-vl» P vres,
How do colloids/particulates affect radionuclide migration/retarda-
tion in the near-field and the far-field through time?

Under certain geochemical conditions, radionuclides may form colloids,

pseudocolloids, or particulates. Colloids and particulates are
T N— o~ e — ~ oz S‘-u,{

potentially more mobile than aqueous species formed under the same erplnin
conditions. The stability and mobility of colloids and particulates /
—TNN——

under changing geochemical conditions need to be addressed in evalua-

ting radifonuclide retardation.

14
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7 .3.7 How do organics affect radionuclide migration/retardation in the
near-field and far-field through time?

Organics may be introduced into a repository during construction by

~

£V55 contaminatfon from the surface or from the hostwfock {ftself,(usually
O O —(_ in finterbeds.) Radfonuclide organic complexesﬁ%ave different migration
kf:;k& behaviors than inorganic complexes. The likelihood of significant
. amounts of organics being present for complexation with radionuclides

and radionuclide complex migration behavior should be addressed.
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APPENDIX A
TECHNICAL AND REGULATORY IMPORTANCE OF GEOCHEMISTRY

The fmportance of geochemical parameters can be described in two contexts:
technical and regulatory. The technical importance involves the relationship
between repository geochemistry and the overall purpose of the repository, which
is to prevent hazardous levels of radfonuclides from reaching the access/ﬁble <
environment. The regulatory importance involves the relationship between reposi-
tory geochemistry and the need to show that the repository meets applicable
regulations and criteria.

s

A.l Technical Importance

The geochemistry of a radfoactive waste repository fis 1mportant in1two areas:

Qucl ™ do(S- m«ake
(1) the chemical finteractions of the rock/grouncdwater systenlébd the waste Sesse
package components will be largely responsible for the degradation and failure
of the package and subseguent release of radionuclicdes, and (2) the chemical

fnteractions of the egressing radionuclide-bearing groundwater will control the

f

extent to which the radionuclides remain soluble and the sorption retardation Verseads
which 1imits the quantity and relative rate at which they are transported to _

the accessible environment. The impact of groundwater on the waste package

involves considerations such as the characteristics of the unpeﬁgu;ééa (before -

emplacement) groundwater and the effects of a'tered conditicons (e.g., tempera-
ture, radiation) and materials (e.g., backfill, canister) on these character-
{stics. The altered groundwatEI characteristics are important, because they
control the chemical eqe;agxén of the packing materials surrounding the waste
package, and eventually the rate at which radionuclicdes are taken into solution

and transported from the waste form. Thus, geochemical consicderations affect

the mobility and transported rate of radfonucliides by controlliing the degree -
to which various elements are soluble in the groundwater, the exteant to which

the transport of solubilized radionuclide elements is retarded by sorption,

and the possibility that radionuclides could be transported by colloids,

supersaturated solutions, particulates, or organic complexes.

A-16



A.2 Regulatory Importance

The requlatory importance of the geochemical aspects of a radiocactive waste
reposftory derive from Title 10, Part 60 of the Code of Federal Regulations
(10 CFR 60), entitled "Disposal of High~Level Radfoactive Waste {n Geologic
Repositories Technical Criteria." These criteria include the EPA standards
contained fn Title 40, Part 191 of the Code of Federal Regulations
(40 CFR 191), that are currently being circulated in draft form .for comment.
Geochemfcal evidence will be used to support virtually all technical or
scientific considerations in these regulations.

1 g
The specific parts of these regulations fnvolving geochemistry are discussed
below with reference to the pertinent portions of 10 CFR 60.

1. Sect. 60.112 == This section requires that the repository meet applicable
EPA standards, 1.e., 40 CFR 191. In general terms, this standard places
an upper 1imit on the amounts of radionuclides that can be released to the
accessible environment. The accessible environment includes the atmosphere,
land surfaces, surface waters, oceans, and parts of the l{thosphere more
than 10 km in any direction from the original location of any of the radio-
active wastes in the disposal system. Limits are placed on both “reasonably
foreseeable releases" (more than 1% chance of occurring in 10,000 years)
and "very unlikely releases" (less than 1% chance of occurring in
10,000 years).

It s anticipated that the g2ochemical aspects of a repository will be
important {n showing compifance with these standards because hydrologic
considerations alone do not appear adequate to demonstrate compliance in
many situations, The geochemical aspects of relevance here are the

I:nrkA solubilify,:35~s:fgifon of the radionuclides and the processes and effects

jthat can circumvent these radfonuclide transport retardation mechanisms.

These aspects are, in turn, controlled by the overall geochemistry of the
repository system, especially groundwater composition and the reactions

expe;ted under perturbed repository conditions.

A-17



Sect. 60.113(a)(1) -~ This section states the NRC criteria concerning the
engineered barrier system (principally waste package) performance. This

system must be designed so that, assuming anticfpated processes and events,
there is reasonable assurance that (a) containment of the radionuclidesy
within the engineered barrier system will be substantially complete for a °
period ranging between 300 and 1000 years, and (b) that radionuclide
releases rate after this containment period will be no greater than 10-%,yr
of the radionuclide inventory calculated to be present 1000.years after

the repository claosure. The radionuclide release rate limit {s at the
boundary of the engineered system, which 1s interpreted to mean the waste

package-unmdved rock interface. o

?

. 0
The geochemical aspects of the repository are important in showing e
Q
$

compliance with this criterfa because the dominant failure modes of the .-

ééife package compongﬂEEjEFE“E;pected to result froﬁiéégsggs corro%jéﬁ:f)

mechanisms and the rate of corrosion is contrylled by the amount and K\

&;-compos1tion of the groundwater. Thus, grouncwater characteristics such

&

qas chemical constituents, pH, flux and redox conditions, both undisturbed

and altered, are directly relevant to the performacne of the waste
package.

Sect. 60.113(a)(2) -~ This section, which involves geochemical aspects
only directly [see Sect. 60.113(b) below], sets forth the criterion of a
minimum 1000 years pre-waste emplacement groundwater travel time from the

disturbed zone to the accessible environment.

Circumstances under which the NRC can specify values other than those
contained in the criteria in sect. 60.113 (see items 2 and 3 above).
Among the factors that the NRC may take into account is "The geochemical
characteristics of the host rock, surrounding strata and groundwater..."
(Sect. 60.113(b)(3)]. Thus, a repository site having superior geochemical
attributes, such as low solubility and high sorption, could be allowed to
relax the performance objectives put on qéngineered system and
hydrology. Therefore, in those cases where DOE repository projects
petition to make some or all of the performance criteria less stringent,
it {s expected that the geochemical setting would be the principal basis
for any gerfOfmaﬁgg 02;25:1ve %fseption request.
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Sect. 60.122(B)(3,4); Sect. 60.122(€)(7,8,9,10) ~- These criteria outline
both favorable and potentially adverse conditions relevant to siting an
HLW repository. Favorable conditions: (a) promote radionuclide pre-
cipftation and/or sorption, and (b) inhibit the iaformation and transport
of radionuclide collofds, particulates, and complexes. Potentially
adverse conditions include: (a) geochemical conditions and processes that
could increase solubflity and/or waste package degradation or reduce
radionucliide sorption, (b) conditfons in the saturated zone.that are not
reducing, and (c) g!iggggg\gfzgiizglggigglgg,7 These favorable and
potentially adverse conditions are to be considered in the context of
providing reasonable assurance that the other criteria andLQ;andards
discussed above will be met. Thus, the geochemical aspects of the
reﬁository {dentified in {tems 1.'2, and 4 are pertinent here.
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// APPENDIX B

(:‘ GEOCHEMISTRY INFORMATION NEEDS

a !
3 p o e W‘(f s
: or [ .
42 B.1 Geochemical Data Needs US‘}: ié”'f:f’ji;:,!;o ,.tm.r'f’~f’h'"r’iﬂ2?’“3
:\ There are two different classes of geochemical information of interest 1n’£23 ~ =
Dr context of an HLW repository: baseline characteristics and derived data. The n"f?‘-*
*(Egég1iff_5hgracteri<t1cs ézsffﬁg\ggpchemical condit{éﬁ}p1n tﬂ;‘:;;32723?§\{3at te
control or affect chemica) processes. These are important because (a) they “*<.7, — i
directly impact the performance of the HLW package, and (b) Ebgu;EEEEBQSIF" of ~27

these conditions with released radionuclides would determine the extent i Word,,
which they are so1ub111ged and the degree to which their migration is retarded Conid e
7~ via sorption. The basé"&éochemical conditions include: groundwater LT
" mean composftion (undisturbed and altered), temperatuie pressure, pH, redox

wvy dis

cha, conditions, and the petrology/mineralogy-along potential release pathways.

' mvicfian, JS— Sovads —»uaz,

::: The(derived data are geochemical m;;:;;::;i?€55>of the interactions of the geo-
.%<; '[ chemical conditions with the repository and environs. In general, these are the
Ty, Pparameters that characterize the rate at which radionuclides can migrate from
hes the repository and thus are employed as input to repository performance assess-

?ck.f.ns-ents The most eavilgjderived parameters are the §of3b?31ty and sorption, ef- jtd}
:"nb, xhe—fad+enuclnmLéQ£meazdL Other parameters of interest invelve colloid forma=

"‘

*\\;:? tion, particulate’ transport, kinetic limitations, and radionuclide speciation. fﬁ

. . , o , :
E firew'? tove “rovewmelers” road N‘T‘“mt‘l'kuu{e Treaiperf tan

’ f
ey [ 'l‘“&m cf: o.: /"'*'0,‘:‘.

“ovin i The NRC will evaluate the degree to which DOE has identified "information that
v'””z_‘js not avallable because of unresolved scientific, engineering, or technical
5>"questions." The DOE,ultimately, will facilitate the task of evaluating the
MG}P adequacy of the data in quantitative terms by assigning relative degrees of
{ importance to the data. The NRC will take a position on data quality and
. p. relfablity of data collected by the DOE when DOE has indicated what credit it
b).’pﬂ intends to take for various data in a license application.

When considering some of the geochemical variables that can affect repository
performance, including temperature, pressure.'fh\ pH, groundwater composition, —

Hig:zé;;;mﬁ3
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radfation, colloid formatfon, solid substrate characteristics, and that these
variables change with time and space, several gquestions may arise:

e How many variables exist that can determine geochemical aspects of
repository performance?

° How many combinations of these variables can exist when they all vary at
the same time? .
T — T /’la_kc: ne SCase +, me .

e How much information is needed for a license appHcadon"
Lc . [,,.:cr wvrwl

We v/q’n !'f ”5“’

° By what process will necessary data be identified?

7/ The significance of the parameters in repository performance must be taken into
/ account. Obviously, more needs to be known about features that are critical
|  to performance than about features that are less critical. To some extent,
Judgement and experience lead to {dentification of the more important components

!
and the specific parameters which must be measured to obtain at least a general ~ 7%~
TTN— .':Ao-u."¢4".

understanding of system component performance. It {s impractical, however, to —_—
e — T T TN

—

rigorously derive and prescribe meaningful, quantitative performance requiremen s%
a, /

.1{';‘ before site characterization. This {s due to the combinaticn of a2 high level .l‘" e
wbrse. [ of uncertainty in both site information and understanding of relationships fas. e
/ between system components together with the lack of finely developed 4-,.““‘:: .

f site-specific performance assessment methods. For example, as documented in .'3"-

the NRC staff analysis of the BWIP SCR, the uncertainty in such fundamental
parameters as groundwater travel time ranges over nearly six orders of S—f.

™
magnitude. The@aximum travel times are on the order of several tens of years

\(1 .e., far less time than needed for the waste to decay to innocuous levels) ' '

to a mﬁﬁi?nqnar?s (#i wrample doeasy wvm  peleva™) Tsu'#+ s
T“;J G‘/
The NRC considers that {n spite of the lack of a large data base to support ryarele
> rigorous assessments, there fs still a sound basis for identifying primary [dsue s
€ information needs sufficiently well to begin a program of investigations. The

f"‘f"’ basis upon which primary information needs are identified is the identification ~ -
f, e~ N —— T -

IICJC"

rl
Ll'l"
well ‘“‘1"'“)'

of the performance assessment methods that will be used to cdetermine compliance &'/"“'E-.
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"ﬁwﬂiﬁ t;:LJS'Awf?wt:L*"&"
/’7) oot et
of the repository system of natural and engineered b}r?iers with 10 CFR 60
requirements. Specific data needs can be identifiéd from consideration of the
performance assessment methods, including {EEE;;?OS and associated conceptual
mathematfcal models that will be used, the simplifying assumptions underlying
the methods, and the qggﬁ_iggg&_ggggggﬁg:é %o such models. By considering Verbose..
specific assessment methods in a systematic way (e.g., using decision tree
analysfs) together with some limited quantitative sensitivity studies and
scientific judgement, the relative fmportance of information neegs may be
established.
x 4o
Quanggtive sensitivity studies will be attemptedSEyHBOth NRC and DOEnidentify *k
the degree of precision required in data. These‘should be perfg}med at
severa) different levels: at the overall system level as well as at the level
of individual system components, or at a level which evaluates selected

important aspects of the program such as groundwater flow. These, studies
TN——TT  —— .

1
Sin & ﬁer.‘.7J 158 e
t

o each

’

should allow for the full range of uncertainties existinq\;qth respect
parameter and tﬁ-shi\fffflﬁffffigllii' )
\I-.,w./'-a Eﬂj““ )

In view of the lead role of the DOE in gathering data (as prescribed in the Act)
and assessing relative amounts of credft it will take for data in a license
application, NRC will assess independently, through sensitivity analyses, the
relative signi 1aq;¥ of conditions and processes affecting repository performance.
For example, a}?ﬁbugh NRC cannot prescribe accuracy requirements before DOE has
developed specific testing plans and indicated how much reliance it will place

u/hl on certain data, NRC can provide guidance to DOE during site characterization ™

W planning and investigations through assessing the impact of numerical values *%43
(S 3
\;“J in selected performance criteria of 10 CFR 60 on compliance with the EPA standard. vy
»U\Lu\
In adhering to the intent of the Act, the NRC has adopted a systematic,
fterative approached to identification of the data and the quality of data ¥
e T e
required for licensing during the interim period following site screening and ~ = feerly
prior to detailing site characterization. worded.

The fnitfal element in the systematic, fterative process is to establish the
present level of understanding about the site. This is followed by the
L fdentification of the performance issues which eventually must be addressed to

This seattnce says elmest die same Thin

Hat 12 said im te Jast scatenia sa r £-af.
T‘hc/"‘, His Commestar, is *elct."}f:'rur_
t

B-22



determine whether the site and the engineered system will comply with NRC
regulations. These issues are the basis for the development of specific

S/ailar
assessment methods including conceptual, mathematical, and numerical models. e

-
Comment cr)/

Inputs and assumptfons to these models help determine the information needs 77@4,; on

that must be addressed during site characterization. The Yop e
£ B-2a.

Of all the steps in the iterative process, overall system and component level N

sensftivity studies are a critical element since they can be conducted q} g:”“’

. L
severa)l levels using a variety of methods to determine what are the essential ) verkese.
fnformation needs. 1 pf ofsrest + et .

. MU ds \ww“‘,\,,as
e | Co

Rre ~ In,rr ar
In some areas, it is aiso necessary for DOE @nd NRC) to establ f8h fnitial N seatede
e e e o e e e '“\hﬂMW :.&‘}b &
(preliminary) component requirements in parallel with the develop[ment of steee g’
assessment methods and sensitivity studies. These requirements should evolve
along with the program and therefore will be adjusted as the whole process is "
repeated when new information or methods are developed. The nature of many of /...,
these requirements can be inferred directly from the performance issues, and , 4 Qan
once they have been establfshed, they also make an essential contribution to verbesd

identifying information needs. Acceptable levels of uncertainty are also
established here, and directly affect the amount performance contributions
(trade-offs) are adjusted to compensate for uncertainties in varfous components.

e . '4"( "q(f'
The elements described up to this point all contribute to identifying issues “

FAILCS S

for which information will be needed. Once these issues have been identified, "~ ¢a ‘
the establishment of test plans and procedures follows directly and forms ihe f’vri"'"

basis for generating data and determining the uncertainties associated with needaeq !
them. These data and uncertainties can be then used to upgrade the sensitivity
studies and the assessment methods and refine the component requirements. This

process by its nature mu<5_25_£ﬂ_evolving. iterative one. [t must start with 7.,

""" e e e e ™™ s

the use of sustantial judgement, relatively simple models, and spares informa- ¢"“’ ceCn
'\/\——— .l‘ ‘(

tion. As the program proceeds and more data are gathered, the process and {ts

—~ ”cr"'/

steps will become more refined untfl acceptable level of uncertainty can be
reached and finding made.
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B.2 Programmatic Considerations
N

NN

?%3 One of the key factors to be decided in obtaining geochemical information is
the degree to which understanding of a particular geochemical process is needed

X or required. One of the spectrum (un erstandi g) would require essentially

ffJ complete mechanistic understandigavgg e eﬁ.geocie;'£5f‘process to be employed o s Sivads
'\‘for each element through location and time“//?or example, 1f plutonfum solubii- 'f:: ®
23 ity 1imits were to be employed in support of repository licensing, then the ':’;wfur
;} solubility of plug{onium species and any other interacting elements would have e e
é! to be understood sufficiently to permit solubility 13l!EE\ES_EE=EZEEE§;L£§S.i9’ ~ =
Straage

relevant repository cond1t1ons‘j’fhe other end of the spectrum (knowledge) would wordd

S

;g require only that the relevant parameter (e.g., plutonium soluﬁmqity) be obtained
3 under relevant conditions and that some assurance be available that the value

E% ts conservative through time. This type of information acquisition would likely

be the result of a large, inte ral ex er{ment 1aborator or 1n situ) instead
g 3 P ( {4 ot wgif conbe VERY _

of being synthesfzed from detailed mechanfstic data. Therg are, of course, B et
- »
various intermediate combinations of the two approaches. Cursory analysis of (udg“ﬁ,kﬁi

these two approaches indicates that the amount of work required to "understand"

—a
Avse e=all of the aspects of each geogsmical parameter to be employed in reposftory A
o Y0 ineesTigaTe b,

“!M. :
\ fotace licensing {s far greater than that required invest1gation of a wide variety of

{

; species, processes, and conditions in order to ensure th@b no significant effects

\\ have been ignored and to fully quantify these effects. Thus, an "understanding”

14 PSS S

\ of geochemical parameters is not generically required, and will only be heces-

: sary {f needed to show that the values obtained are representative or conserva-
'""“~¢-uo TAeasT e -

tive. {(K‘({ c(/)d-)votl(/['] 9 o

toyus &KLY .

- - RO 'qu“‘ e Mat
> ',’lr.!-t.-’- . .

A persistence fssue concerning geochemical repository parameters is whether

the parameter values must be expressed probabilistically (i.e., as a probability
distribution function) as opposed to deter@nistically (i.e., a single value or A
a range). It §s clear that many radionuclide transport and waste package per-
formance assessment methodologfes employ probabilistic methods, typically

involving sampling from probability distribution functions (POFs) for the input

parameters.
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Complete utilization of these methodologfies would fndicate that the
geochemical parameters should be available in the form of POFs. On the other
hand, the generation of enough data to formulate reasonably accurate PDFs for
the large number of geochemical variables in a complex, interdependent
geologic system requires a very large amount of resources and time. Thus, the
data needed for determining PDFs may not be necessary {f the conservative end

of a range of values fulfills the data requirements. /
v ;.p,gul. lr yedsn "/“‘“‘.

-————————
P ™~

In the context of this section, "bounding value" (Is meant to denogg)that the
result employed in the performance analyses will be representative of the

conservative end of the range of values for a particular parametar and that

reasonable assurance is available that this is, in fact, the case. A

conservative bounding value is not meant to imply that absolute limiting

values need to employed or that absolute assurance must be given that values

less conservative than the bounding value will never manifest themselves. For

example, the best-estimate solubility limit for plutonium under certain

geochemical conditions may be, say 10-10M. However, if the range of plutonium

solubilities under the varying geochemical conditions anticipated along the

flowpath range from 10-12M to 10-8 M, and experimentalvand calculational

evidence or theoretical arguments indicate that values are unlikely to fall

outside this range, then the 10-8 M value would constitute a conservative

bound, approprfate for use in performing analyses. To continue the example, ")‘:lc‘,/

the use of a bounding value does hot mean that plutonfum has to be assumed to )+,

be infinitely soluble. a a2/-¢“
e"‘/}a:/e..

[t should be noted that, for many parameters, it may not be immedfately

evident which end of the range {s conservative, or the eff}ect of varying a o

parameter may be conservative or nonconservative, depending on the situation.

In these cases, obtaining a deterministic bounding value will require that

both ends of the range be bounded and that sensitivity studies be conducted to

examine the impacts of parameter variability.

e | o it ?(waw"

It is (g;éisticaily possib]e to calcg;;;;\%ome of the vaf333\§9r geochemical

-

parameters such as geochem1cal conditions. solubility, and(igzption., In
practice, attempts to calculate geochemical values have been restricted to the
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0L&wh3“5 data grt a time-consuming process. The completeness of the thermodynamic

oY

U

o —

wf (:Bata base be both complete and aCCU(EEE:) Obtaining accurate thermodynamic'ﬂ‘ri‘

* tion of chemical

determination of solubility values and, occasfonally, a limited set of jeo-
chemical conditions. The input to these calculations comprises (1) thermodynamic
Tmpefikondt onts only

data for all of the poteat¥al species in solution and solid materials in the
system, and (2) some geochemfcal conditions, the number of which depending on

the type of calculational approach employed. Although these methods have been
employed to calculate solubility values for use in analyzing the performance

of HLW reposftories, they are known to suffer from the following deficiencies:

o
. X 3 “AFA
o Hows ot
1. The minimum condition for acceptable results is that the thermodynamic and ace¥’

<

9¢JT—‘."‘»

*

is
data base cannot be conclusively demonstrated, since it 1§‘§1ways possible

that an important, but presently unknown species will manifest itself and
sfgnificantly change the results.

2. The currently existing calculatifonal methods assume that the geochemical
system being presented is in equilibrium and that equilibrium (different
ﬁzom the beginning) will be maintained throughout the perturbat;:;;:~/—]{7
1n;:;a;EZE—E;\EE;\Eonstruction of the repository and the emplacement of '
the waste. Kinetics would suggest that this would not be true for all *
reactions and(‘?%,fact, expe ental evidence has shown that many natural
systems are nozﬂin equilibr - with respect to their major constitutents

even after m{1lfons of years. )\ Howeser, wefestetle .(/.ul/erlbn/ mauifesiey
17‘.;_7"{.; c-nd{lrl'bf/ ""'/' [c.
COnmenglace .
The situatiog with respect to calculation of sorption values is much 1é§s
T Cortala 4
soph1st7cat€9 af Z ;esgIt of (1) the fact that "sorption" is a really combina- *
- AATisyatTery!
nd 6hysica1 mechanisms, and (2) the lack of a firm theforeti- ¢
cal basis for the calculational approach. Thus, the values obtained from such
_calculations to-date have been uncertain estimates at best and, as a result,
;have found 1ittle application in providing input to repository performance

assessments,

1)/ IT&‘-('/'
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As a result of these considerations, the values obtained as a result of P /ﬁL 2

- =z
«

Q‘ theoretical or semi-empirical calculations are not acceptable for use as inputsp

e

J to repository performance assessments, unless the results have been

3' experimentally verified under conditions within the range of those anticipated

:% ~1n the HLW repository. However, the geochemical parameter values obtained \t>
N

g from experiments simulating anticipated repository conditions are acceptable S

S} ¢

>

v

Senltnee.
for use as input to repository performance assessments, subject to peer review, Jﬁ:“fW%

) and independent reproducibility for quality control purposes. _ : u~;$~
I s 8 prese e ! “:“’j“'{‘
Q Demonstrating compliance with applicable regulations will require asseSSmen R&Jnfgx "
§’ of waste repository performance over a time span of at least 10,000 years. ;:;:1::;02 oat
1 Thus, 1t will be necessary to provide geochemical values for 1ﬁ35t to the bn 18,000 (LORS,
performance assessment over the same time frame. Clearly, it 1s“impossib1e to
perform real-time experiments to measure the required values. Additiona1ly,l ;;1:;?
as noted earlier, calggl?ted/geochemical values that cannot be verifled"'°"‘fc"
experimentally have such greater r uncertajnties that ! theiﬁh!fljdity is not A s wnds,
re“°"£§1§_ﬁ?§2£3d Acceleratfon of experiments does not appear feasible celi §, ]
> since the required accelerations (presumably brecught about the temperature Iﬂ/nfto
toeyer fncreases) would be so large that there would be no assurance that_the som cligart.
r el a geochemic;l processes would be the same_iguﬁhggg_}hat would_igggilly occur ;1,3:Sﬂ:ffﬂun
wfanty. Therefore, the extrapolation of geochemical values obtained as a result of ® -

short-term experiments should be accomplished by 1dentify1ng conservative

bounding values for the necessary parameters and use of analogs?® This ;‘f,f::ﬁn
identification can be accomplished by (a) invoking theoretical arguments to ans/e ?
supplement the experiments or calculations, and/or (b) employing sensitivity

studies to show that there {s reasonable assurance that projected repository

conditfons do not result in geochemical parameters assuming values that result

in unacceptable performance. An example of the first option would be to

experimentally determine the solubility limit for radionucludes in a e
short-term experiment and to justify using this limit oyer, the long term by ,g,!i)
showing thermodynamically that the rad1onuc]1d?s with ;i;;er retain that b
solubility limit or react to form species hav1ng lower (and, thus, more ‘”f
conservative) solubilitfes.

nvv(/A .
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to calculate or measure the same value using the same methods or by employing -These palves

t 1.
different methods that should theoretically lead to the same result (e.g., a 9y~ 1,,U!

different experimental technique or a different numerical method). Acceptab1e"f accvral?.

Demonstrating the validity of the geochemical values to be used as fnput to Eg
repository performance assessments requires that the values be reproducible

and accurate. Reproducible means the different investigators should be able

methods for showing reproducibility include repetitive experiments and
calculatfons, alternative experimental and calculational methods, and

independent round-robin tests fnvolving we]]-e?@ab11s?eiﬂe::to;:l:; ke desb may asd

sy from seme publent
The acc¢ racy of geochemical values ‘s related to the degree to which the

method \se 10 obtain the values represents the actual situation which the
experiment or calculation is intended to simulate; i.e., the extent to which

the results conform to reality. The accuracy of geochemical values (or any

other values) relevant to a HLW repository i{s the basis on which the entire

ccavs®
performance assessment rests simce the predicted performance can be no more »
accurate than its input data. Unfortunately, demonstrating accuracy of any
experimental or calculational method require]independent observation®of the 3

"real"” system over the time frame of {nterest and under the conditions of
interest for absoiute certainty. This is clearly impossible in the case o¢ a
HLW reposifogz‘ fIhus. reasop:?ls assurance of accuracy will have to be the
result—of comparisons with “Somewhat-similar natural analogs, conformance to
expert opfnfon, and the extent to which the results can be satisfactorily

rationalized/explained.
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