- — N’ S~ v
OAK RIDGE NATIONAL LABORATORY POST OFFICE BOX X

OAK RIDGE, TENNESSEE 37831
OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS, INC.

August 21, 1984
i —R2 S
-Rmmdﬂu =~ WM Project

Q 2080 0 o7 Docket No.
-t ﬁ.‘ e
g b OLNI_ PDR 1~
= o LeoR 12 (A, B,_E)
o N Distribution:
0T o ‘Brodks
8. D. J. Brooks (Return to WM, 623-55) 2
otechgzcal Branch 1

fice of Nuclear Materials Safety and Safeguards

U.S. Nuclear Regulatory Commission
623-SS

Washington, D.C. 20555

N
Dear Dave:
Attached are our comments on the draft STP on BWIP issues as requested by
your letter of July 26, 1984, This completes our review of all the docu-
ments attached to that letter. If any additional information is needed,
Please let me know.
Sincerely,
Susan K. Whatley, Manager
Engineering Analysis and Planning
Chemical Technology Division
SKW:kk
N
Attachment

cc—w/o attach: A. D. Kelmers
A. P, Malinauskas
R. G. Wymer
SKW File

e a4 0821
asgmoacel? SIBRRL
B-0287

AL g fomen b ris ot a
/43S



*.‘,~ Z D73 Bomt./
¥ | | M(Wﬁy é-—/o)aa7

AN Conmefs og/orsf/fr‘/

MAale R Comment - 'n\zdmoqub ch ‘001)'( Yegtoved %Ozaa..,{j(‘j a//ﬁ,
Vo cdigns/ pracesses foguel figns  jcleafidiect im Socfion 3.3 Amay be mucdy
j.f\{f‘lﬁ\/ T _ﬁ,m-ﬂ\ o ‘¢ avﬂ,'/aé/{’. ZSkjjaj FeVsS,om
The “ppveacih Include “The Cow,bt o Omihesis of
)Je) Vedionuclicdos and use of meosuromet, 0T limithy
i Pons omd  Boundims” valuwes Jor amy viac ‘m;/dom'!’xres
: : ITION - GEOCHEMISTRY @

SITE TECHNICAL P
ISSUES FOR THE BASALT WASTE s o7
ISOLATION PROJECT (BWIP) \;r-
L

S'GCOND MADOR COMMENT — T v(Y(ac(:aqj ..QOLA\‘,L‘ S.S)r.ﬁ)u«cf
'C'fo;veég d.‘(ﬁagf— o Laud mucl, i««‘cpv«mug{oa Tl could be
s S:TG:O(/ 64,“([0,"(\, Hv RAWIP. The various iscues ar<
) hvesed a( rhefor) cal/ ‘MSﬂ(\”"S wlu‘cﬁave

‘; TS 2 hon omsweved im Phe Qubsezah. v« Va7b))
o — T doT el er st dl This epproacth !
no VS N N /3/3 7LD
¢ sow Wrifimee Ir 15 possible it g,
O oapn e TR of This chveft documas couly
PYoss fvon, VEThimK) omd veyis;
)%n M. I wee\j IS)U\?:
X%

TG B CommeaTs 7/7/8"/ P '/.W
P e >

2 1% Cormnmg X 8/9/9Y
& -

Toswo [ ot sides (card, T, et D shocad bt wokeen similarly T-
oo (‘@mv‘a W Jaq o a,ep\:u&((-- Wasat  Us oA Mg AW arvery
Heo1 ores ann Cw{)u/;&w}» M‘s\ta‘»“\'\é. T\l
Tt discwanion o ¥ STP deeam¥ e specific b RwIP, bud Radhe
Opr-tai C. T- i Poss‘.b\& % kst o inglt P i~ jaseae é.n ol
Lided —— - AeRemBILA t  Gccount 60"
ISSUES S&P BWIP

DRAFT 07/25/84 _ \\ ocitie ddlipoats 7 0



1.0 Background........
2.0 Technical Position

3.0 Discussion........

TABLE OF CONTENTS

------------------------------------------------
------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooo

i1



2

1.0 BACKGROUND

In the review of an application for Construction Authorization for a HLW geologic
repository, the NRC is 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
1nvestigationgftgﬁgzcg1op the information needed to address these basic

technical questions.
g s

-

The investigations 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 Andlysis (SCA) for each site. NRC
single-issue technical position papers, documented site reviews, and interagency
technical meetings will precede and supplement the SCA's. Because of the
complexity and long lead times for site characterization investigations, 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 ques-
tions relevant to the geochemistry of a repository in basalt at the Basalt

Waste Isolation ?Loject (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
issue and significant conditions and processes, have their special meanings
described in the paragraphs below.



A Site Issue is a question about a specific site that must be addressed and
resolved to complete the licensing assessment of site suitability and/or
design 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 Processes, including potential adverse conditions

of 10 CFR 60 (See Appendix A), are those that must be considerégrin the assess~
ment of a performance issue and either (1) exist before repository disturbance,
(2) could cause future changes, or 53) result from change. they may be natural
(e.q., faulting) repos1tory-1nc]ud&g (e g., thermal buoyancy), and human-induced
(e.q., withdraw] of water resources). ‘~duced ?

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 design 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?
?

o ‘“‘“ﬁe’z
o .
s>

4. When and how does water contact the waste package?

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

* *



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
backfill?

9. When, how, and at what rate are radionucludes released from the
disturbed zone?
Pt g
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 radicnuclide 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 ﬁrocesses that bear on assessment of each of the
performance issues. Judgment is involived 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 and used in developing of this STP. Questions about ;;;;rJ.
O e et e e e ™ ™ — T 1,,‘7
f?w;eJ.

the significant conditions and processes as they pertain to site geochemistry ,
constitute the site issues identified in this position.

the HM{"‘(
Because the geochemistry of Bﬂiﬂr31te will significantly affect repository K
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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The sequentia] order in which issues are identified
should not be interpreted as the order of relative importance.

2.0 TECHNICAL POSITION

It is the position 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 ﬁgzhires that,

at a minimum, the following issues (and associated sub-issues) concerning site

geochemistry be addressed.

2.0 GCEocCREMT STRY ‘:SS\:&.s*

ISSUE3.1,0 WHAT ARE THE SITE GEOCHEMICAL CONDITIONS PRECEDING REPOSITORY
DISTURBANCE AND WASTE EMPLACEMENT?

¥J

3.1.1 What is the mineralogy/petrology/chemistry of the disturbed zone and x*
far field(EEEEral rock environT52§Z£:;;;arock/interbed material) prior
to repository disturbance and waste ? P SEK04A“'3.r>of—

voek %
.ankuum%*

eo c‘\bhl'.d")'?

T1.1.1 What is the mineralogy/petrology/chemistry of (Secondary

inerals pf the disturbed zone and far field natural rock
environment (host rock/interbed materials) prior to
repository disturbance and waste emplacement?

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? 7(u}-v”*‘ erist
: p/n-—#

%.1.3 What is the mineralogy/petrology/chemistry of the bézkfli}lpacking/ bt
4( CAJ .
i\\ls prA§f>to repository disturbance and waste emplacement? o
e /‘

1 ISSUEY.2) ¥ WHAT ARE THE CHANGES IN SITE GEOCHEMICAL CONDITIONS FOLLOWING

[

REPOSITORY[EISTURBANCE)AND WASTE EMPLACEMENT?
CONSTRUCTION

-
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2.2.1 What are the changes in the mineralogy/petrology/chemistry of the -k
natural rock environment (host rock/interbed material) under
anticipated and unanticipated repository scenarios in the disturbed
zone and in the far field, through time? ,
g ee ngir?"r/ .
$.2.1.1 What are the changes in the mineralogy/petrology/chemistry of *#
secondary minerals associated with the natural rock environment
under anticipated and unanticipated scenarfos in the disturbed

zone and far-field host rock, through time? ?
shoul, ';Lvt. igsf whatThese ave
&

Cormposifion, c‘ollo,dg eTc. Tc»..dP
2.2.2 What are the changes in the(geochemical conditions of the groundwater

under anticipated and unanticipate

FEpository scenarios in the

~ disturbed zone and in the far field, through time? ,
“<]¢poéemh7?y-
3.2.3 Whz= are the changes in the mineralogy/petrology/chemistry of back- 3k

fill/packing/seals under anticipated and unanticipated repository
scenarios in the disturbed zone and in tﬁ% far field) through time?
are Thes€ 5—7he fav feld 2
ISSUEZ.3 ¥ WHAT ARE THE ANTICIPATED GEOCHEMICAL REACTIONS/PROCESSES/CONDITIONS
- AFFECTING RELEASE AND TRANSPORT OF RADIONUCLIDES TO THE ACCESSIBLE
ENVIRONMENT?

Cq’f'ajoriza'ﬁah

OZ[ Svb-jesves

i Cb"“¢f“%£dh LT ¢ { ¥1“;;> -

needs P«° *&“1
h;,é'ly%' 3.3.1 What is the expected|{solubility of/released radionuclides i lp,}'
th
L \\i\j disturbed zone and the fa d through time? weeT S~
3.3.1.1 How does precipitation/co-precipitation affect radionuclide
wa}g&'
solubility/concentration?
T.3.1.2 How does speciation affect radionuclide solubility/concen-
tration?
1,3.1.3 How do colloids affect radionucliide solubility/concentra=~
tion?
2.3.1.4 How do organics affect radionuclide solubility/concentra-
tion?
It "y onw eﬂmuj difhewlt 71O ua«w{ y Smw of Thece < [fc/s.
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3.3.2 How do—chemitceat-changes in the mineralogy/petrology/¢hemistry of
packing material/backfill/seals influence radionuclide migration/
retardation through time?

How will reaction and sorption kinetics affect radionuclide ififjj:%i
and transport?

) N
%.3.4 How do redox conditions affect radionuclide mobility? - / 3.3: | o

&3 what are the effects of gémma and alpha radiolysis on redox
-~ \ﬁ
conditions? ?ﬂc‘c‘dlyS/_S fYoJ/uc"/" €g¢c7§ IS &

bvoud [sSue  smd Chold ~wt be  coitined FO vedoY éomds s,

3.3.5 How does(diffusion affect radionuclide migration/retardation in the

. >
near-field and the far-field through time? . bed zeove
"’\"‘1 nearfne d instead of istor

32.3.6 How do colloids/particulates affect radionuclide migration/retarda~
/
tion in the qgar—fie]d,and the far-field through time?

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 initial geochemical environment of the ﬁbository,Afﬁe
geochemical baseline for the reP°Sit°r¥Q94£5iﬂ%w£ covers changes to the initial
geochemical environment, which will be(changed Bixthjlm;nipg and waste emplace-
ment, and then changed further during heating?ﬁﬁé ?Z é%é%??;g waste. Issue 3
deals with waste package/geclogical environment interactions and the trhﬁ}port
of waste radionuclides to the accessibie environment. The rationale for each
geochemistry issue is described in the subsequent discussion. In the discussion,
the broadest issuesy are those that would appear in the first tier of a hierachy
of issues and sub-issues, are related directly to the performance issues that
are listed in the Background Section above. Sub-issues are related by technical

argument to the broad issue(s).

chenisty?
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. ISSUEX.1 },V WHAT ARE THE SITE GEOCHEMICAL CONDITIONS PRECEDING REPOSITORY
DISTURBANCE AND WASTE EMPLACEMENT?
1V os;fov3 fa-«sfwcv('om

An understanding of the geochemical Sg‘?ndai{?oen;lB:S,gswg mining]and waste

emplacement is necessary,in order to Evaluatelthe e of radionuclides A
1, baseline in Lormation Lor re ,‘cf/tj
from the disturbed zone to the acces igﬁe enVirohment. Adverse conditions

within the far-field are 1ikely to remain unchanged after waste emplacement,
/
whereas favorable prewaste emplacement conditions in the disturbed zone may

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

“of the geochemical conditions prior to waste emplacement is necessary to
establish a baseline for prediction of geochemical conditions under typical __ - w%?/:
e e e z

repository scenarios. These Xbaseline’ conditions are n{?ded to evaluate 3pa‘Z;ZZ p
Performance Issues 3, 7, 8, 9, and 10. 5 by Ming
ee Jw:‘:ﬁ/ .
v

3.1.1 What is the mineralogy/petrology/chemistry of the disturbed zone and x*
far field natural rock environment host rock/interbed material prior ~-:-
e et e ™ — ™™ e A — T
to repository disturbance and to waste emplacement? V?rlvseu

one .
The host rock is,ffg primary barriendin geologic waste isolation.

Knowledge of the mineralogy, petrology, and chemical composition

help ] (E:::j—*'ggi"“‘t::s-Sonaw£¢+
wi]]nlead to the necessary understanding of the(genesis and future reJun4¢;ﬁ
geochemical stability of the host rock, aid in the evaluation of the
effects of waste/rockp#%teractions, and provide information for inter-

preting groundwater chemistry.
wcjmid’*] 7
| v J |
3.1.1.1 What is the mineralogy/petrology/chemistry of secondary *
minerals 1in the disturbed zone and far field 5553231/3355

_ =

environment host rock/interbed material prior to repository ,?745
T e ™ e e e T e y)
disturbance and waste emplacement?

V@zo.w.

Aren't Jeints 7['“' “res

/\A/\
The Grande Ronde basalts have a fractured/jointed structure

interspersed with vugs and possess relatively porous flow
topi/gottoms. These host rock ogegjngs are generally filled
withis- secondary minerals thatigre derived mostly from the
alteration of basalt by circulating ground water. These
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joints, fractures, and vesicular flow regions are, pathways
VAR o £ 1
for /g ¥ carrying radionuclides leached from the

\
" waste. /iﬂe secondary minerals are expected to be a primary
t ‘o &5“3
Is Al]itﬂﬁb ‘\sorption medium in the retardation of radiormc:dei?L Thus,

———— ¥ Somew l’dwv/qoﬂl'_
I 4 <:§E§§EEEEﬂgi§g)the diagenesis of alteration) and secondary
vs . -

wﬁvﬂj"" minerals will aid in interpreting the (1) groundwater

s

P C&é%glf for predicting any a1teratiog_phgt may occur as the result
of waste emplacement. Aqigﬁderstanding 05 the existing
distribution of alteration E;BBUtts—miy/?ne;Eate potential

release pathways of radionuclides.

3.1.2 What are the geﬂchemica] conditions of the groundwater in the<”“;ﬁwaﬁm7’

disturbed zone and the far field prior to repository disturﬁg;ce and

waste emplacement? _ .
wndw Dot st bo.e‘«r\‘- 0P i Wimtis  ImnBiRes g inpreiat
ol aster

| 2

Groundwater geochemical conditions, in particular temperature, pres-

-.sure, pH, redox conditions, ionic strength, and presence of complex-
Lﬁ¥ﬁnt_—>iﬂé'1i§éh&§f?§§§§f§iﬁ§)which chemical species of radionuclides are
most likely to form and determine what reactions are likely to occur.
Reactions of radionuclides in solution with eea¢432%1§?of the baéffjjjjﬁ
the near field and far field host rock, including adsorption and.
precipitatig;,hnplé determine the<liéi§jﬂg_gggEgggggggg§;5?:§3TE§I@
species. ,\régenéscogéitions will be necessary for determining condi-
tions in the far field, and wil] serve as a baseline for predicting
changes resulting from increased temperature and pressure in the
disturbed zone. 2t

\7@. chemi 5')7/ 7 - &

r

S ool may 40T P200iel o (RS Concentehon

*
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2.,1.3 What is the mineralogy/petrology/chemistry of the—Backfill/ ES* q/ %

(iga?;tggjgr)to repository disturbance and waste emp]acement?

Backfi]]1ng/packing/sea1§, as discussed here, referg to materials <

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 thgi§j§§§§ere for the radionuclides —
Mfﬁh;yﬁ" released from waste packages. The pathways must be blocked with

@ ' engineered barriers that provide a means of geochemical retardation

d\
ot of radionuclide migration to eliminate the short circuit to the

(,§jd§bhere.

ISSUE!.%;E’ WHAT ARE THE CHANGES IN SITE GEOCHEMICAL CONDITIONS FOLLOWING

REPOSITORY DISTURBANCE AND WASTE EMPLACEMENT?
P -
1’4 YUU mean
The geochemical conditions/properties of the host rock surrounq&ag the repogi- eﬁjme&ra{

tory will be affected by construction and the emplacement of nuclear waste fiﬂ*?y,
. 2 7
Construction and increased temperatures in the vicinity of the repository may ST
alter the properties of the basalt/secondary mineralogy to the extent that water
e e o e T e e e —  —— e —— T

is more/less accessible to the waste package and backfill (performance issues 3,4)
/\#’W\———N

~ =

’ Vu. ve.
affecting the release and transport of radionuclides to the accessible environ- and
ment (performance issues 8,9,10). (therefore
Cohfusin
j‘

/ jgac[wis'f?)/ 7
3.,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

f b zone and far field, through time.
/. [ X% XA
P \peer & WIS Vel
y Mrwg/uquﬁ CRock _and mineral stabilities giTﬁ be affected by repositorg:con truc-
i T . / htlbjn Jéco»a/a;}/
tt?n and changes induced by waste emplacement. Many minerals ex{st mienalsl
AT, s
Line ¢¢J”1n metastable states and the changes in temperature, pressure, and/or
Com in @yA
3.2 7
<. 1.\-l :

degree of saturation may alter the stability of the minerals in a rock.
Stability changes will influence the sorptive properties of the host
: jencle..,‘,ry 7
¥, 2.1.1 What are the changes in the mineralogy/petrology/chemistry of
/;;;i;:;:j;i\\\\\\\“"A’ secondary minerals associated with natural rock environment
5ec;u4¢jy mnmrab under anticipated and unanticipated scenarios in the disturbed
f‘fr ,7L-+1¢ | o zone and far-field host rock, through time.
" mifurq.l rock envirsumen’



3.2.2

c.
The secondary mineralogy associated with basalt is Wted as a

favorable condition for the retardation of radionuclides due to
the sorptive capacity of zeolites and clays. Many minerals exist
in metastable states and the change’é% temperature and/or pres-
sure may alter the stability of the minerals in a rock. The
alteration productg,a1though often pseudomorphic after the ori-
ginal minerals genera]]y have different{physl;zl/chemica1 pro=
pertieix:which QEﬁ affect the initia] retardation capacity of
the host rock. The effects will depend on the amoun{of water
present, and may vary significantly depending on the amount ofE;
water present.
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” «?o\rsér YaJ:o)\,sJ '4)[\ tfl ’MA\[' 7&46\(«"2 S';’ty(’ OVSM:CS 1Cvum ﬂ-e

Geochemical conditions, in particular temperature, pressure, pH, ‘3fﬁf
redox conditions, ionic strength, and presence of complexing ligands,
determine which chemical species of radionuclides are most likely to
form and determine what reactions are likely to occur. Reactions of

/ D &1—& 1S wor

radinuc11des in solution with the existing Gempeﬁgnts of the backfill,

omd the near-f1e1d and far-field host rock, will determine the limiting

concentrations of soluble species. Changes in temperature and pres-
sure alter the geochemical conditions of the groundwater which deter-
mine the mineral stabilities and may affect radionuclide migration.
An assessment of the prevailing geochemical conditions associated
with groundwater, in particular temperature, pH, redox conditions,
ionic strength, and aqueous speciation, will be affected by reposi-
tory-induced changes. These altered conditions will influence waste
package and host rock stability and the ability of released radio-
nuclides to migrate. |\ In addition, repository construction may cause

new groundwater pathways to be formed. not a 3‘1 s

Jg,..:ﬂ"’}'
What are the changes in the m1neralogy/petro]ogy/cheM/;Zry of back-

fill/packing/seals under anticipated and unanticipated repository
scenarios in the disturbed zone, through time?

10
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As the temperature of the backfill and near-field/far-field host-rock \

ddb\ <—1increases with the time, minerals and 1gﬂis’gglggjllfjsf gzxqfchange »y==EHhu .
\oo in an attempt to reequilibrate with the new conditions. Minerals may “"’Jff
° dissolve or precipitate, thereby altering the mineral distribution. *

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 radionucltides. Thus, backfill/

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

emplacement, such as changes in temperature, pressure, and degree of

oo

saturation. Changes in mineral stability may provide pathways for
increased gro‘tzj{f\gﬂter movement, and changes in sorption characteristics

~ a—f—ﬁeet-%ﬂgr;!ép i({:ory performance. 0
MEASURING ALL THE FREACTionsS/PRocESSES/CudITIONS CALLED BRI

TIHTS Sé&cnon Mpﬁ;r BRE MoST AN PoSSIBLY LARGE- Jog)
ISSU va WHAT ARE THE ANTICIPATED GEOCHEMICAL REACTIONS/PROCESSES/CONDITIONS
AFFECTING RELEASE AND TRANSPORT OF RADIONUCLIDES TO THE ACCESSIBLE
ENVIRONMENT? THe  Cowe 6 emphesis of Key vo diquuches,
s.e.) maim Coit; bu‘bvs +o Ye/t’ase\ ond use of boouiM anel //‘»n,'{,‘.,,s Sl /
Geochemical reactions, processes, and conditions at the waste package surface, be
in the backfill, the disturbed zone, and the far field will affect the release ?

and transport of radionuclides from the repository the accessible environment; >

<

and thus play an important role in assessing performance issues 8,9, and 10. R
Release involves waste package degradation and solubilization of the radio- ;§

N AV}

nuclides in the waste form. Tranpsort involves any mechanical or chemical pro- <P

cess which promotes or inhibits radionuclide migration from the repository to s \é’—
the accessible environment. During release and trwﬁspgs‘:‘ﬁ.}adionudides will S
react with the groundwater, the waste container,’gacfgfi11 and the host rock, R
A o 2

and the nature of these reactions will determine the extent of the migration Y
of each radionuclide in the waste form. . ? 9)::-‘;'
a/apavaJ wcew‘fv‘vﬁ‘w Liwit § =2
2.3.1 What is the expected .@u:“lof released radionuclides in the é“&
Mi}; near-field and the far-field through time? P &
. )

The rate at which radionuc]lides are transported to the accessible Q
environment is a function:é'ubﬂ@, the rate and path of groundwaterz_%:
movement, and the reaction;jfdionuc”des with minerals in the ~ {

CCV!M""‘"W reaol, ) 5-/««‘,'/“{, /36 -‘:h..
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conservative estimate of concentrations of ra

backfill, in fractures in the host rock, and in the host rock itself.
Dissolution of radionuc]ides fr'om the waste form into solution is

controlied by the physica'l characteristics of the waste (e.g. rgSTTUCT

ture/and surface area), ¢ F*AI 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 “1;reiﬁx‘c
'Lhyc}ides species pelete”

released into solution s that they ar& ?cﬁubf”ty H‘Er"i‘{éd"ﬁ’ﬂ r’é""‘

'

fore, in order to determine the concentrations of radionuclides in "4/;’
the near-field and the far-field (urider different geochemical condi- é‘%fé_
tions) through time, their solubilities need to be determined. ’
s
3.3.1.1 How does precipitation/co-precipitation affect radionuclide

solubility concentration?
" RLPUMB AT

Under varying geochemical conditions, radionuclides in
solution may precipitate in the presence of certain
inorganic ligands (e.dg., carbonate, hydroxyl, sulfide).
Parameters controlling precipitation include groundwater
composition, rock composition, redox conditions, and pH.

Certain radionuclides may (co~precipitatesby substitution
with non-radiocactive species such as iron.b"’"&t\"}id/ S«kﬁ%'},‘m

,3.1.2 How does speciation affect radionuclide solubility/concentra-

t1°’;)is M™is wgw AwIP s 7.7u/)ﬂ954’d;‘:) Idﬂnx]( '
I ve iC '
all vedjp J solubiS{P’C) S & Thats 4/me§f" dpogy,ye

The 1dent1t1es an ies of the solid phas
identities of the solution species likely to form under

gealogic conditions are needed in order t termine solu-

e
T olf.w}" tion concentrations of radionuclides in a repositiory

groundwater system, Oifferent species of the same element ot
will remain in solution in different concentrations and

migrate at different rates.

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

12
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_ Some radionuc11des,/égggz;;;;;‘;;;;;;;;;;;;jEEEE) 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 concentrations and thus the migration of
radfonuclides in solution.

7.3.1.4 How do organics affect radionuclide solubility/concentration?

Jw*ﬁx W ~ The presence of certain organic liqahds,can all some radio-
a;‘wﬁ¢ébuﬁ*k ~ nuclides to form complexes and remain in sg&ytion at coﬁ@*-
" .

“3}*' centrations(§1fferqu]than uncomplexed species.
o all muddy b
o™ - Jroally 15hev
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?

oﬂvpiff Chemical changeswig the packing material due to temperature, pressure,
0§° 0*’ ~¥ind saturation w%%11affect its ability to retard mobile radionuclide
* ()ﬂ$r species. Highly sorptive minerals in the backfill, near-field, and
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 radionuclide migration asd-retardation@
e
2.3.3 How will reaction and sorption kinetics affect radionuclide release
and transport?
v 'Hle»rmaJ)/“ amics
The occurence of reactions is predicted by chemiecal equ111brium.aJ:Uh‘4 *

(5 However, reaction rates are generally not instantaneous as predicted

rmo nenicS

dﬁy\ //, by:bquilibriu@f butykinetica]1y,control1ed (time dependent). Thug‘rate

régvireed !

v v 4_ - information is hecessary in order to predict reaction rates and the Qkﬂ¢ﬁ£?
ofx oyp &)P;>- steady state conditions expected in the repository system.
¢

‘\dﬁ’/ﬁ\;” use of So‘f(}\\"‘w vaho values 'S Cobervaive
\
o

5 if vates ave  slpw s sm/;(/;é,,/cﬁe@,ﬂ\~m
» A(.§€®al.}1.b”\a~v7 ocluvrg
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<.3.4 How do redox conditions affect radionuclide mobility?
o _ Asto T ,66“)‘ alf gaeQ‘omM,QAou-’\ .

Redox conditions wit]l be a significant determinant of radionuclide
speciation, solubility)and migration. Construction of a repository
will allow atmospheric oxygen to enter into the repository horizon
and cause oxidizing conditions. After closure, the atmospheric oxygen
may be consumed and redox conditions should return to or approach
ambient zheg1ect1ng radiolytic effects).

To Mo ﬂt:: |
/ ot W.om«f‘u

2.3.4.1 What are the effects of gaitma_and alpha _radfolysis oy, Solubitly [sappRon
redox conditions?
may jhen‘}( Stdle ov§amics £ CHy im 5ml$(w«7(é’f‘
2 There is 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.

(Z Z.3,5 How does diffusion affect radioriuclide migration/retardation in the
. near-field and the far-field through time?
s :
3pip;u,4b 09} At relatively low groundwater velocities, chemical diffusion is the
g /, dominant process for solute transport. Oiffusion is driven by a
k\/f 79}9' v / concentration gradient rather than a head gradient. Under very slow
vﬁyyp) vi}/ water velocity conditions, diffusion could be a significant process

for radionuclide retardation.
‘7@};9.’)" /__\/C/ﬁi_}:,l:fuf i/ Jroum/ud"—r fﬁur ,’rri% ” ﬁro:\/jé %—-\cﬁ”cs,
$.3.6 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 ~- 5 /{

potentially more mobile than aqueous species formed under the same eﬁpﬁdk.
conditions. The stability and mobility of colloids and particulates
R

under changing geochemical conditions need to be addressed in evalua-

ting radionuclide retardation.

14
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3% ,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
X\,@S contamination from the surface or from the host rock itself, suaHy

.\65((0".\20'—’@ Radionuclide organic complexes,f?imve different migration
\a’sk behaviors than inorganic complexes. The tikelihood of significant

N amounts of organics being present for complexation with radionuclides
™\ and radionuclide complex migration behavior should be addressed.

dw?‘ (“Sa‘/‘ Y#‘{'M"SLS 2%07% Aeve

s
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APPENDIX A
TECHNICAL AND REGULATORY IMPORTANCE OF GEOCHEMISTRY

The importance 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 radionuclides from reaching the accessfﬁble ¥
environment. The regulatory importance involves the relationship between reposi-
tory geochemistry and the need to show that the repository meets applicable
regulations and criteria. )

o

A.1 Technical Importance

The geochemistry of a radiocactive waste repository is 1mportant in two areas:
1 peswT make

(1) the chemical interactions of the rock/groundwater system @nd the waste Sewse_

package components will be largely responsible for the degradation and failure

of the package and subsequent release of radionuclides, and (2) the chemical

interactions of the egressing radionuclide-bearing groundwater will control the

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

the accessible environment. The impact of groundwater on the wastelpacgage

involves considerations such as the characteristics of the unpegiurbed (before +#

emplacement) groundwater and the effects of altered conditions (e.g., tempera-
ture, radiation) and materials (e.g., backfill, canister) on these character-
istics. The altered groundwatE[ characteristics are important, because they
control the chemical Sﬁteraf%on of the packing materials surrounding the waste
package, and eventually the rate at which radionuclides are taken into solution
and transported from the waste form. Thus, geochemical considerations affect
the mobility and transported rate of radionuclides by controlling the degree >
to which various elements are soluble in the groundwater, the extent 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.
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A.2 Regulatory Importance

The regulatory importance of the geochemical aspects of a radicactive waste
repository'derive from Title 10, Part 60 of the Code of Federal Regulations
(10 CFR 60), entitled "Disposal of High-Level Radioactive Waste in 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.
Geochemical evidence will be used to support virtually all technical or
scientific considerations in these regu]ationéf

't
The specific parts of these regulations involving 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, i.e., 40 CFR 191. 1In general terms, this standard places
an upper limit 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 lithosphere 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 is anticipated that the geochemical aspects of a repository will be
important in showing compliance with these standards because hydrologic
considerations alone do not appear adequate to demonstrate compliance in
many situations Thg geochemical aspects of relevance here are the

lnn‘kn so]ub111ty6:::*s;r;€10n of the radionuclides and the processes and effects

,)that can circumvent these radionuclide 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.
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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 anticipated 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

¢he repository closure. The radionuclide release rate limit is at the
boundary of the engineered system, which is interpreted to mean the waste O
package-unmdved rock interface. o

7 ~

The geochemical aspects of the repository are important in showing

Sy
2
compliance with this criteria because the dominant failure modes of the <
Qgig;; package CS;SSEEEEE)EFE—Expected to result from?EéEESEs*;;;;;EEEE:E;

mechanisms and the rate of corrosion is contrnlled by the amount and N\
composition of the groundwater. Thus, grounawater characteristics such
—pas 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 accessibie 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 Eorption, could be allowed to

relax the performance objectives put on éngineered system and *
hydrology. Therefore, in those cases where DOE repository projects

petition to make some or all of the performance criteria less stringent,

it is expected that the geochemical setting would be the principal basis

for any Performance Objective %fffff;fz;rEQUESt'
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Sect. 60.122(B)(3,4); Sect. 60.122(C)(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-
cipitafion and/or sorption, and (b) inhibit the #aformation and transport
of radionuclide colloids, particulates, and complexes. Potentially
adverse conditions include: (a) geochemical conditions and processes that

could increase solubility and/or waste package degradation or reduce
radionuclide sorption, (b) conditions in the saturated zone .that are not
reducing, and (c) evidence of dissolutionin ., These favorable and
potentially adverse conditions are to be considered in the context of
providing reasonable assurance that the other criteria and‘é;andards
discussed above will be met. Thus, the geochemical aspects of the
reﬁosftory identified in items 1,.2, and 4 are pertinent here.
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APPENDIX B
GEOCHEMISTRY INFORMATION NEEDS
~ ’ llLo!o(fae/” A(J"/
: B.1 Geochemical Data Need Ao e wp? ST
5 B. ochemical Data Needs e © -’
q; e _ Us y f "&‘_/, -H.a t(v, a,AZI”'f’ é‘m.(lfnhr Lhecesses
u\ f'(’ '&/4
« There are two different classes of geochemical information of interest in the ~ =

ﬁ‘ context of an HLW repository: baseline characteristics andme r‘"g"‘"f'
\@seﬂne characteristics Wochemical condm@_i_n tmat e
control or affect chemical processes. These areé important because (a) they ‘“ec./, ond:
directly impact the performance of the HLW package, and (b) the interaction of “s.
these conditions with released radionuclides would determine the extent to Word,
which they are solubilized and the degree to which their migration is retarded <*H le
/_v-i—a—_;_o’:ption. The basel geochemical conditions include: groundwater Ih/“;é
Kwn.e,c.;, composition (undisturbed and altered), temperimed mure pH, redox

’&/wq conditions, and the petrology/mineralogy a]ong potential ‘release pathways.
,0'4""’6/1@» Sovnds %hh/-

j::t-/e The derived data are geochemical mmf the interactions of the geo-
"

Co;,{,‘.h-{:" chemical conditions with the repository and environs. In general, these are the
*us

-"?Lﬁf; / parameters that characterize the rate at which radionuclides can migrate from
e": het the repository and thus are employed as input to rep(ository performance assess- .
_ﬂ/(""fﬁ -~ents. The most derived parameters are the §oﬂbhity and sorption, ef- &Qﬂ*
: f— Other parameters of 1nterest involve colloid forma- ;&’

%g tion, particulate transport, kinetic 1imitations, and radionuclide speciation.
' ,Q/Ira. b Hoce /wa—a-ej'dr! really Ju:?"ma(/uvc/n(;j:;"y"'f'“‘”/
C will evaluate the degree to which DOE has identified "information tr{;‘{;/"ue”ts ks
¥s not available because of unresolved scientific, engineering, or technical
questions.”" The 0OE,ultimately, will facilitate the task of evaluating the

adequacy of the data in quantitative terms by assigning relative degrees of
M importance to the data. The NRC will take a position on data quality and

0;)/0}’9' reliablity of data collected by the DOE when DOE has indicated what credit it
»

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,"E‘h\ pH, groundwater composition, —

H?-;‘f& Lot
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radiation, colloid formation, solid substrate characteristics, and that these
variables change with time and space, several questions may arise:

e How mény 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
/lfake/s Nno .C'eﬁ:b +‘, me. .

° How much 1nformat10n is needed for a license app1ication7
Wouldn't “se85" oo
° By what process will necessary data @ be identified?

-
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 identification of the more important components
and the specific parameters which must be measured to obtain at least a QSESEEI ~=hroad
understanding of system component performance. It is impractical, however, to -;;;&ijﬁ
;;;;;;E;;;\Eerive and prescribe meaningful, quantitative performance requirements
02?15& before site characterization. This is due to the combination of a high level fk“wkq
yerbise. of uncertainty in both site information and understanding of relationships :1:'f f3
» between system components together with the lack of finely developed 'ﬂuq*
) site-specific performance assessment methods. For example, as documented in tf/
the NRC staff analysis of the BWIP SCR, the uncertainty in such fundamental t-
\ parameters as grouqSﬁ:ter travel time ranges over near1y six orders of < +_
. magnitude. The(@aximum travel times are on the order of several tens of years -
(1. e , far less tiﬁ? than needed for the waste to decay to innocuous levels) " :
to a m ﬁ'rgr:(;‘ga,?s (s example  doeasn aune  poevasH) Tsn't+
Hhis a./
The NRC considers that in spite of the lack of a large data base to support hydvolo
5 rigorous assessments, there is still a sound basis for identifying primary [$5ve 7
DoE information needs sufficiently well to begin a program of investigations. The
Y 0ﬁT17' basis upon which primary information needs are iggQEifieg is the iﬂgﬂiifiEEEISP -~z
Freee of the performance assessment methods that will be used to determine compliance &7"ﬁfht

arl “,J

w&” .,.‘«luwa)/.
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of the repository system of natural and engineered bartiers with 10 CFR 60
requirements. Specific data needs can be identifi€éd from consideration of the
performance assessment methods, including giﬁfﬁ’os and associated conceptual
mathematical models that will be used, the simplifying assumptions underlying
the methods, and the gggg_lgggg‘ggrgggggzz %o such models. By considering Verbose .
specific assessment methods in a systematic way (e.g., using decision tree
analysis) together with some limited quantitative sensitivity studies and
scientific judgement, the relative importance of information needs may be
established. '

” 4o
Quantative sensitivity studies will be attemptedsgyhspth NRC and DOEdidentify *
the degree of precision required in data. These‘should be perfg?med at
several 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. Thesa studies
should allow for the full range of uncertainties existing ﬁ??ﬂ'FeépSE%”%S‘Eﬁéh
parameter and in the model themselves.

I,.,,,,.,/',w Enjl,';L.
In view of the lead role of the DOE in gathering data (as prescribed in the Act)
and assessing relative amounts of credit it will take for data in a license
application, NRC will assess independently, through sensitivity analyses, the
relative signi of conditions and processes affecting repository performance.
For example, although NRC cannot prescribe accuracy requirements before DOE has
developed specific testing plans and indicated how much reliance it will place
d¢~/ on certain data, NRC can provide guidance to DOE during site characterization |

planning and investigations through assessing the impact of numerical values Kﬁ%ﬁe

v ﬁa“m in selected performance criteria of 10 CFR 60 on compliance with the EPA standard. ) cond

¥ preadesn
In adhering to the intent of the Act, the NRC has adopted a systematic,

iterative approached to identification of the data and the quality of data ¥

required for licensing during the interim period following site screening and ‘“’=ﬂ"’9

prior to detailing site characterization. worded,

The initial element in the systematic, iterative process is to establish the
present level of understanding about the site. This is followed by the
o identification of the performance issues which eventually must be addressed to

This senlence says n./».pr["ﬂp Same 'ﬂ:v
Hot is said in Be st seatnce on ). £-24.
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determine whether the site and the engineered system will comply with NRC
regulations. These issues are the basis for the development of specific

assessment methods includfng conceptual, mathematical, and numerical models. C::Zi:fir
Inputs and assumptions to these models help determine the information needs /¢¢nraz/
that must be addressed during site characterization. 114.13, ﬁ/
- p B-2z.
Of all the steps in the jterative process, overall system and component level
sensitivity studies are a critical element since they can be congucted qé Ob?u&/
several levels using a variety of methods to determine what are the essential ;;¢,gk
.. -
information needﬁ. 0’11 &i;:fgéiﬁjﬁﬁﬁz;;;L

R
In some areas, it is also necessary for DOE m to establf¥h initial

(preliminary) component requirements in parallel with the developfment of
assessment methods and sensitivity studies. These requirements should evolve

Im,ro er
sentence

mu&%"f r's

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 obtuse
these requirements can be inferred directly from the performance issues, and , and_
once they have been established, they also make an essential contribution to Verhise,
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 various components.

Are Tiere

- The elements described up to this point all contribute to identifying issues ™ ;ssves f;’
for which information will be needed. Once these issues have been identified, 54(;4 _
the establishment of test plans and procedures follows directly and forms the 'L :::‘°“
basis for generating data and determining the uncertainties associated with heeded 7
them. These data and uncertainties can be then used to upgrade the sensitiyity
studies and the assessment methods and refine the component requirements. This _ _
process by its nature must be an evolving, iterative one. It must start with T4/
E;;—;;;‘;F/;;Ei;;;?;T—3:;;;;;;;:—;;T;;;;;;;—;;;;TE—;;E;T;, and spares informafx:A;i::z”
5132 As the program proceeds and more data are gathered, the process and its ,rcn,,/
steps will become more refined until acceptable level of uncertainty can be
fiifhed and finding made.
\(?\ ‘ how 18 &Dj
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B.2 Programmatic Considerations

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
or required. One of the spectrum &og erst os&izg)ﬂro&ld require essentially
complete mechanistic understanding of egch geochemical
for each element through location and time.
fty limits were to be employed in support of repository licensing, then the
solubility of p]uﬁ{onium species and any other interacting elements would have
to be understood sufficiently to permit solubtlity values to be synthesized fo
relevant repository conditions/}’fﬁe—other end of the spectrum (knowledge) would «f:ZZ°
require only that the relevant parameter (e.g., plutonium solquTity) be obtained 7
under relevant conditions and that some assurance be available that the value

is conservative through time. This type of information acquisition would likely

be the result of a large, integral experiment (laboratory or in situ 10231:e¢ad\}6"zY

of being synthesized from@]ed mechanistic d@ Thergﬂre, of course, B

various intermediate combinations of the two approaches. Cursory analysis of coSywmin

Svuno(_s
,llk & o
Nen
";Vi‘fur
To me.

o be employed
For example, if plutonium solubil-

~ =

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

A vop- '"all of the aspects of each geocemical parameter to oﬁ emp]oyed 1n repository *
Pyl o nves

e Iicensing is far greater than that required investigafion gf a wide variety of

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

have been fgnored and to fully quantify these effects. Thus, an 'understanding"

N of geochemical parameters is not generically required, and will only be neces-
%g sary if needed to show that the values obtained are representative or conserva-
- yu""
tive. vod e gpvouct | o> shelemint dor
—-"7¢r.r/}'fe«‘f7 j ﬂ F 9 RSV ?Q{)\Uf‘\ga e ‘,,..,u

A persistence issue concerning geochemical repository parameters is whether

the parameter values must be expressed probabilistically (i.e., as a probability
distribution function) as opposed to deterﬁpistica11y (1.e., a single value or X
a range). It is clear that many radionuclide transport and waste package per-
formance assessment methodologies employ probabilistic methods, typically

involving sampling from probability distribution functions (PDFs) for the input
parameters.
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Complete utilization of these methodologies would indicate that the ,
geochemical parameters should be available in the form of PDFs. 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 if the conservative end
of a range of values fulfills the data requirements.

S.n,e,uA lvf VGJ"‘! ‘(""7‘:

In the context of this section, "bounding value" (is meant to denote)that the

result employed in the performance analyses will be representative of the
conservative end of the range of values for a particular parameter and that

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

conservative bounding value is not meant to imply that absolute 1imiting

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 experimentai'and 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, appropriate for use in performing analyses. To continue the example, cyé¢,¢)

the use of a bounding value does not mean that plutonium has to be assumed to )/

be infinitely soluble. o differedd
eauﬁwﬁg_

It should be noted that, for many parameters, it may not be immediately

evident which end of the range is conservative, or the ef{%ect of varying a ¥

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. \Y/
(3]
vaﬁT’-Pl‘Ekga(flp

It 1s theoretically possib1e'to calculifs/some of the value®~for geochemical
parameters such as geochemical conditions, solubility, and{(sorption.) In
practice, attempts to calcuiate geochemical values have been restricted to the
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nﬁdk' o&”‘&e data ;xé a time-consuming process. The completeness of the thermodynamic k.

ghv

U-

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

.m o Ao

data for all of the poten%iET—EEEETEE 1n solution and solid materials in the
system, and (2) some geochemical 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 repositories, they are known to suffer from the following deficiencies:

1.

u(

2.

: ow “"/(b ‘
The minimum condition for acceptable results is that the thermodynamic ol nd acevrile

(iazzgibase be both complete and accurate.) Obtaining accurate ther‘modynamic"%""(""'.ﬂ'p

vestion,

data base cannot be conclusively demonstrated, since it 1§“§1ways possible
that an important, but presently unknown species will manifest itself and
significantly change the results.

The currently existing calculational methods assume that the geochemical

system being presented is in equilibrium and that equilibrium (different

from the beginning) will be maintained throughout the perturbat?;;;\'/‘K:?

;;Z:;Eazea—g;~;;e\éonstruction of the repository and the emplacement of

the waste. Kinetics would suggest that this would not be true for all 3

reactions and(j:ii>act, experimental evidence has shown that many natural

systems are not in equilibrium with respect to their major constitutents

even after millions of years. & fowever, wetactalle Zw/r[mm, hu,,é,;;{
I/ stealy- -state condlirous hq/ be

Colmoaplece .,
The situation with respect to calculation of sorption values is much 1é§

cerla
sophisﬁ?éatig eg result of (1) the fact that “"sorption" is a really combina- ¥
Lall
tion of chemica]t 6ﬁysica1 mechanisms, and (2) the lack of a firm the{oreti- ¥

cal basis for the calculational approach. Thus, the values cbtained 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.
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As a resu]t of these considerations, the values obtained as a result of P }
xf theoretical or semi-empirical calculations are not acceptable for use as 1nput FF/’/"‘/
? to repository performance assessments, unless the results have been
g‘} :ip’e_rimentaﬂy verified under conditions within the range of those anticipated

\3; ’\~ in the HLW repository. However, the geochemical parameter values obtained
N
§ \g from experiments simulating anticipated repository conditions are acceptable Sentence
$
N

for use as input to repository performance assessments, subject to peer review, ‘f"{"#"'&

é; * and independent reproducibility for quality control purposes. werdin
J ? ) 2 could
3’ N PRESCT i rwu‘
¢ Demonstrating compliance with applicab]e regulations will require a;;esf/en Ra»n&&
§§ of waste repository performance over a time span of at least 10,000 years. ;TKJEQt;JfJfL
Q& Thus, it will be necessary to provide geochemical values for 1ﬁ35t to the @n.wﬂno :uuu
~ performance assessment over the same time frame. Clearly, it is 1mpossib1e to
perform real-time experiments to measure the required values. Additiona]]y, «—Ye5
as noted earlier, calculated geochemical values that cannot be verified‘(y°' °{7
experimentally t ~ = wordsy
ESiéEﬂiElE,EEESEEQ: Acceleration of experiments does not appear feasible cooll §, ]
since the required accelerations (presumably brought about the temperature iﬁ,nwel.
Q’;:TE; increases) would be so large that EﬁSSS,ﬁEElS,ES_EE\EEEEEEEEE_EEEE/EEE Sowu»aQQA**-
bit mit o geochemical processes would be the same as those that would actually occur :() :ff‘ﬂm“iét
cerfainty. Therefore, the extrapolation of geochemical values obtained as a result o *w
short-term experiments should be accomplished by igsgélfgjpg conservative e
U bounding values for the necessary parameters dﬂg:gEE_Sfriﬂéiégggy/TE;;——‘j%?ommaﬁue, )

identification can be accomplished by (a) invoking theoretical arguments to exanples |
supplement the experiments or calculations, and/or (b) employing sensitivity

studies to show that there is reasonable assurance that projected repository
conditions 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 word;
short-term experiment and to justify using this limit oxgz,the Tong term by ;1“J3J
showing thermodynamically that the radionuclides w;th either retain that ﬂ" A
solubility 1imit or react to form species haJ{gg Tower (and, thus, more tmpre?
conservative) solubilities.

8-27



Demonstrating the validity of the geochemical values to be used as input to

w qf dr[oft'
repository performance assessments requires that the values be reproducible ci:anﬁV”
and accurate. Reproducible means the different investigators should be able Mwbt,v

to calculate or measure the same value using the same methods or by emp]oying These velves
different methods that should theoretically lead to the same result (e.g., buay Jyata/
different experimental technique or a different numerical method). AcceptabIe"f “é¢yrdk.
methods for showing reproducibility include repetitive experiments and
calculations, alternative experimental and calculational methods, and
independent round-robin tests involving well-e%&\ill;?ei’aiito;2;:+‘ (oo ok may %ﬁj
: sy fromm some pable.

The accyracy of geochemica1 values is related to the degree to which the
method o 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 reegzitory is the basis on which the entire
performance assessment rests s;ace the predicted performance can be no more x
accurate than its input data. Unfortunately, demonstrating accuracy of any
experimental or calculational method requirefindependent observationfof the #
"real" system over the time frame of interest and under the conditions of

interest for absolute certainty. This is clearly impossible in the case 0° a

HLW reposi&g;xx fghus reasg;:bls assurance of accuracy will have to be the
nesul%—ef comparisons w%%h somewhat-similar natural analegs, conformance to

expert opinion, and the extent to which the results can be satisfactorily

rationalized/explained.
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