“ - -
LA N .
& v -

- T . : . R \ i - .
. . .
3 ) R - )
:;’F'"t 3. / ‘ AN/ .
AP R X )
> ~;:~$:'$‘ ) )

G 1 4 . A

¢ ‘,:‘:4'2 i

e ‘ucca Mountain |
Site Characterization Projec

’
<
v

Ey——

£l Lot
p@erimanded brgl‘géaﬁm nag




/ CONTENTS —

WBS 1.2.1 Systems (CANEPA) - oo vevvveeeneeenoneassnsscacaesasesnnns 1
WBS 1.2.1.3.5 Technical Data (Lopez) .. ....cccvevenieieenecnecrencascsanns 1
WBS 1.2.1.4.6 Caisson Experiment (Springer) ........ccc0eenaa... Msesesnes 1
WBS 1.2.1.4.7 Performance Assessment Calculational Supbort (Zyvoloski) ........... 2
WBS 1.23.1 Site Management and Integration ..... et eececesssescscaanaanns 3
WBS 1.2.3.1.1 SiteManagement(Canepa)........................; ......... 3
WBS 1.2.3.1.2 Test Management and Integration (Oliver) ........cccivveeeeanens 3
WBS 1.2.3.2.1.1.1 Mineralogy, Petrology, and Rock Chemistry of Transport Pathways
(Vaniman) .......cceeiieiieieenncenooocnccsossossssssanss 4
WBS 1.23.2.1.1.2 . " Mineralogic and Geochemical Alteration (Levy) .. .vvevveee. ceeen 6
WBS 1.2.3.2.1.2 Stability of Minerals and Glasses ............. R 8
WBS 1.2.3.2.5 Postclosure Tectonics (CIOWE) .. oo vvvveviennnneeeneneeecnennn 9
WBS 1.233.122  Water Movement Tracer Tests (Fabryka-Mnrtin) ................... 11
WBS 1.2.33.12.5  Diffusion Tests in the ESF (Triay) ........ e, 12
WBS 1.2.33.1.3.1 Site Saturated Zone Ground-water Flow System (Robinson) ........... 13
WBS 1.234.1.1 Ground-water Chemistry Model (Ebinger) ..... e eeee 15
- WBS 1.2.3 4.1 2.1/3 Batch Sorptxon Studies and Sorption Models (Rogers) .........cccvunn 16
WBS 1 2.3 4.1, 2.2 onloglcal Sorptlon and Transport (Hersman) ................. ... 17

WBS 1.2.3 4 1.3 T Radlonuchde Retardatron by Prcclpltatxon Procases (Moms) ....... ... 18

WB812341.51
© WBS 1234152

_?,.... ,' o R

Integrated Data:System ereees .28

WBS 1.2.9 3 T Quamy Assurance (Bolwat)

iy Exploraiory Studres Facnhty (Kaha) L e 27

Records Managcmcnt (Sandch) O T

)



LOS ALAMOS NATIONAL LABORATORY
YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Monthly Actiwty Report
B} September 1992
WBS 1.2.1 Systems
Objective The objective of this task is to integrate systems with the Geologic Repository Program,

) to describe the Yucca Mountain Site Characterization Project Mined Geologic Disposal
-~ . .., .. System,and to evaluate the performance of the natural, engmeered barrier, and total
‘ systems for meeting regulatory standards.

Technical Data (WBS 1.2.1.3.5)

Actlvities and Reviewed AP-5.1 and AP-5.2 and provided comments on their contents.
Accomplishments )

-eae

Planned Actlivities Submit data from Activities 8.3.1 8 1.32,83.13.6.1.1, and 8 3 1.3.2.1.3 to thc
- Technical Data Base (TDB) as soon as data acceptanoe resumes. .

Submxt calcuc data to thc 'I'DB

Submxterosxonda:amthc‘l‘DB

_calsson Experlmem (WBS 12.1.46) e

L E T e ..,..,. wreenines i i T -l._: R i.,mmﬂ"ﬂ 'F"*

Activities and Staff consulted with K. Stemnbach of the Umvemt.y of chada atLas Vegas (UNLV) ‘
Accomplishments to discuss ana!yucal chemlstry support of the wssm experiment. Sample treatment - x

mterfexenoc for some metal analyses, were considered. SNL and Los Alamos staft' wnll
. : prowdeamorespecnﬁcsetofneeds andUNLVwﬂldenemmcnfthebackground s

Discussions were also held with B. Bochm about a possx’ble collaboration on acolumn
experiment at. UNLYV as it will provide an adc_i_monal length scale or comparison of

B = : ~Vu'ansport w,m dlecaxsso'n' SN s ety *»f'r o irrg,‘,‘\;ﬁ!‘%"“ﬂ'm W{

AN "'3': o ':‘sf_x':—:~nﬂ ‘;-:s‘-sa- a-.f"&‘t‘ﬁ : v : » i’
o ~ Anextended summary on the dwgn of the ca:sson expenmem was submmed o the
- .- 1993 International High-Level Radxoacuve ‘Waste Management Conference to be held .

Preliminary data—do not reference
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Planned Actlvities Fill caisson with sufficient sand to install lower-boundary device. Test porous cup
assemblies for lower boundary before installing in the caisson. Obtain material to
construct solution samplers for caisson.

Publications None . - ] )

Performance Assessment Calculational Support (WBS 1.2.147)

Activities and G. Zyvoloski met with W. Nelson of INTERA to discuss ground-water modeling

Accomplishments capabilities within YMP. They also discussed future code development of the
Los Alamos code FEHMN.
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September 1992
WBS 1.2.3.1 Site Management and Integration
Site Management (WBS 1.2.3.1.1)
Objective The objective of this task is to manage and integrate site characterization activities.
Activities and B. Carlos and S. Bolivar attended the September Sample Overview Committee meeting

Accomplishments at the Sample Managemenz Famlxty

Revnew of the executive summary of the I'I'E report was completed by teleconference
on9 September

Following the Thermal Loadmg Decision Workshop, various groups were assigned to
develop needs for specific areas. Contributions were made by Los Alamos to the liquid
transport modeling group, and Los Alamos studies and experiments that have or are
. now supporting thermal issues were included with budget information. A review of the
~ draft Thermal Loading Dec:sxon Repon was submmed through the Geochemistry -
, -_,Imegmnon'l‘mm . . s

»

N U SN

A meetmg was lxeld on 18 Septerbber in Los Alamos with the lead auditor and lead
technical specialist to determine those activities to be audlted during the upcoming
DOE audit scheduled for 2-5 November T

Los Alamos studies were ranked aecordmg to nine DOE priorities for budget allocation
purposes. This information was submitted to the M&O for consideration by DOE.

T T U T T,

Test Management and Integration (WBS 1 2.3 1 2)

a

Objective The objective of this task isto pmvnde coordmauon for Los Alamos surface-based test
- planmng and package development. L : S
SRR PR TP ST
. Activitiesand - Surfaced-based Test CoordmatiomStaﬂ' develo;ed a draft submxssxon of D&TRI to

Accomplishments. ~ YMP for the reactive tracer mtmg planned in the C-well complex._: .

.-

IR ‘Staffconﬁrfuedkepa'rﬁcibateinfl‘wtlntegfanen‘Gmup(TlG)a;eetings{‘

.
grrvefpees oiat e uenen T cen e ey f)a-r'"' o T?\""’?""’?}’G&f”\‘"‘*"" vhw—m fr’

SN AR _ESF Testing. Continued field construction and tcsnng activities as deﬁned b
TPP 92-07, “Fran Ridge Test Pit Mapping,” and its associated JP 92-7. The DRC
JP 92-7, “Field Implementation Record Package, is bemg assembled for submmal to

UL AW L v:‘ia;-.;::--‘ 2

Sry e e ¥ tss  ireass e
IR PN St LR M

B VPR B

Planned Activitles

o ESF Tcsting. Prepare test planmng packages for launch-chamber tests. Continue
. gathering tracers, fluids, and materials information. Prepare Title IT Test Planmng
Packages. Continue ESF sample and test-coordmanon elfons parti ipate in TIG &

Preliminary data—do not reference
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j S
* WBS 1.2.3.2.1.1.1 Mineralogy, Petrology, and Rock Chemistry of
j Transport Pathways
Objective The purpose of this activity is to define the important mineralogical and geochemical

variables along fracture and rock-matrix transport pathways at Yucca Mountain, in
support of performance assessment and to evaluate the impact of repository
construction on natural waste-transport barriers.

Activitles and - Staff continued to work on operating procedures and software for the INEL
Accomplishments microdiffractometer.

Milestone 3137, “Geologic evaluation of six nonwelded tuff sites for a surface-based
test facility for the Yucca Mountain Project,” was revised and sent to the USGS and
SNL for further modification. This report includes data on hydrologic properties

(A. Flint, USGS) and mechanical properties (C. Rautman, SNL), as well as
mineralogical and chemical data collected by Los Alamos.

i I Work continued on zeolites in fractures in existing drill holes. Chabazite was identified
; visually and by x-ray diffraction in the Prow Pass member of Crater Flat tuff in drill

’.: R core UE-25b #1h; previously, chabazite had been identified only in the basal vitrophyre
it of the Topopah Spring Member in J-13 and USW VH-1, and all known occurrences of
i this mineral were below the static water level. Samples of zeolites were prepared for

! electron microprobe analysis. An extended abstract entitled “Distribution of Fracture-

4 lining Zeolites at Yucca Mountain, Nevada”™ was prepared for the Zeolite '93
Conference (Boise, Idaho, June 1993).

T L B
3 .

Review comments were received on the paper “Fracturc-hnmg Manganese Oxide
Minerals in Silicic Tuff, Yucca Mountain, Nevada,” and minor revisions were made. It
will be resubmitted to Ckemical Geology in October.

YMPO review comments on “Mineralogy as a Factor in Radioactive Waste Transport
through Altered Pyroclastic Rocks at Yucca Mountain, Nevada™ were addressed. The
paper is being revised and will be submitted for publication early in FY93..
i JOASW D SBRGl? i il -
~ Samples from the first 530 ftof UE-25 UZ-16 were examined at the Sample
i3 : 2 w..ManagementFamhty.chnnu containing silica,.calcite, clay, zeolites, and s i32.4, -
B mangancse,-oxlde mmem!s were xequwtcd for funhcr study e ,,«h,.,\,,“; S
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Planned Activities - | *~ Work planned within the next fcw months mcludcs the followmg acnvmm. o
‘ (1) continue analysis of ﬁacmrc-coaung zeolites in exxsnng drill core and begin analysis
: Coren o of fracture-coating minerals in UE-25 UZ-16; (2) eonunue analysxs of mlcues to
. S e understandu'ansportandpreapxtauonmechamsms. Lo )

[ RS TIUPIR

SET R NEUTLTMOWLIINIAL GAVII e Sl e g

B s

SR ‘Problem Areas & w2t The electron mxcropmbe has becn nonfunctional for approxxmatcly 6 weeks. The repau'
" -date is uncertain, and the new electron mn:mprobe wxll not bc avaxlable for some time.




Milestone Progress

Publlications

September 1992

3120

30 June 1992

Calcite in the Upper Pamtbmsh Tuff
Approved by YMPO.

3130
15 December 1992
Fracture Mineralogy of the Paintbrush Tuff

In preparation.

3137

30 September 1992

Mineralogy of Calico Hills for Adu Development
In technical review.

B. Carlos, D. Bish, S. Chipera, and S. Craven
Fracture-Lining Manganese Oxide Minerals in a Silicic Tuff
Journal article, Chemical Geology

Approved by YMPO, revxsed and mubmmcd for pubhmuon.

B. Carlos, S. Chxpera,andD Blsh

- Distribution of Fracture-Lining Zeolites at Yucca Moumam, Nevada- - - =
Conference paper, Zeolite '93 '

In preparation.

G. D. Guthrie, D. L. Bish, and B. T. Mossman

. Quantitative Analysis of Zeolxte-Bearmg Dusts Using the Rietveld Method
Journal article, Science -

Submitted.

D. Vaniman, D. Bish, D. Broxton, B. Carlos, S. Chipera, and S. Levy
Mineralogy as a Factor in Radzoacuve Waste Transport Through Pyroclasnc Rocks at
Yucca Mountain, Nevada RGTRIIIINY , ,

Journal article, Journal of Geophyszcal Research

Preliminary data—do not reference" b
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September 1992
WBS 1.2.3.2.1.1.2 Mineralogical and Geochemical Alteration
Objective _ The objective of this task is to characterize past and present natural alteration processes

that have affected the potential geologic repository and to predict future effects of
natural and repository-induced alteration.

Activitles and D. Vaniman and S. Levy reviewed the draft YMPO topical report on calcite-silica
Accomplishments studies in Trench 14 and at Busted Butte and provided additional text and data tables.

Opal and zeolites from altered rocks at Harper Valley (Yucca Mountain) were |
separated for x-ray diffraction studies. A paper presenting interim results of the ongoing

studies at Harper Valley will be submitted for the fall meeting of the Materials

Research Society in November 1992. An abstract of this paper was published in the

conference proceedings.

G. WoldeGabriel prepared mineral separates of altered tuffs from the Mojave and "
Amargosa deserts for K/Ar studies, and apparent ages from authigenic feldspars and
clays will be used to evaluan: the datmg results for K-rich zeohm from these samples.

Planned Actlvities Chcm1cal and mmcralogxcal charactenzauon of samplcs fmm hydrothermal deposits
exposed at the surface will continue, as will K/Ar and calcite-silica, laminated-deposit
studies. We wﬂl continue work on the YMP topical report on calcite-silica and breccia

deposxts ~ \

Problem Areas Mechanical problems with our o!d electron microprobe have resulted in the loss of two
weeks of analytical time; fortunately, our new microprobe is close to being operational.

G o e e e

Milestone Progress 3138 S e )
300ctober 1992 . - .- fuln
Chemical Transport in Zeolmc Alteranon
60% complete : 1

T S

J L

3 141
i 31 March 1992 (dclayed dnc to paruclpauon in the issue resolution process)
- -+ Laminated Zone in Trench 14 -~ --
.65% complctc (Technical review complcte.)

o ——a ¢

3142 ET T
311ulyl992 SR

K/Ar Dating of Clays and Zeolites
In technical review, -

v e e e

eSS g

T a— E

Inprogram review,

"Fina! Report on Bedrock
.30% complete:




September 1992

Milestone Progress 3341

(cont.) 30 October 1992
Surface-discharging kydrothermal systems at Yucca Mountain - examining the
evidence
Technical review complete.

Publications D. Bish and J. Aronson
Paleothermal and Paleokydrologic Conditions in Silicic Tuff from Yucca Mountain,
Nevada
Journal article, Clay and Clay Minerals
Approved by YMPO; submitted.

S.Levy

Surface-discharging hydrothermal systems at Yucca Mountain - examining the
evidence

Conference paper, Scientific Basis for Nuclear Waste Management XVI.
Technical review complete.

S.Levy and C. Naeser

Bedrock Breccias Along Fault Zones near Yucca Mountain, Nevada.
Chapter in USGS Bulletin on Yucca Mountain studies

In USGS editorial review., I

S.Renean

Maganese Accumulation in Rock Varnishin a Desert Piedmont, Mojave Desert,
California, and Application to Evaluating Varnish Development

Journal article, Quaternary Research

Approved by YMPO.

D. Vaniman, D. Bish, and S. Chipera
Dehydration and Rehydration of a Tuff Vitrophyre ’ -
Journal article, Journal of Geophysical Researck ... . ... . .-
InYMPOapprovalprocess ‘ o

D D Vanunan,S Chxpera,andD B -
- Pedogenesis ofS:l:ceaus Calcrete:at Yucca Moumam Nevada
- Journal article, Science - .:uf o T ws T

Approved by YMPO.. :. R . B

[
e d e

C A

o prabpiate i e b ek

" Preliminary data—do ot reference
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WBS 1.2.3.2.1.2

Objective

Actlvities and
Accomplishments

T e - R e

~/ September 1992

Stability of Minerals and Glasses

The objective of this activity is to produce & model for past and future mineral
alteration in Yucca Mountain. The model is intended to explain the natural mineral
evolution resulting from the transformation of metastable mineral assemblages to more
stable assemblages and the effects of a repository emplacement.

This activity has been deferred.

-~ mped . - R TR R R P R A,
! RIRTIRINE o Jh vos 2921 pna of
S A N <
A 2
e e -
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2 .
r b} - e
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Preliminary data—do not reference , 8
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WBS 1.2.3.2.5

Objective

Activitles and
Accomplishments

Planned Actlvitles

g

'T‘Work in progress. Staff prepared for an upcoming mectmg wnh the NWTRB

September 1992

Postclosure Tectonics

The ob)ecuve of these volcanism studies is to determine the hazards of future volcanic
activities with respect to siting a high-level radioactive waste repository at Yucca
Mountain.

A prehmmary draft of Study Plan 8.3.1.8.1.2, “Physical Process of Magmatism and
Effects on the Repository,” has submitted to the DOE for submission to the NWTRB.

A large trench was constructed on the north side of the Lathrop Wells center. The -
scoria mound beneath the Q4 lava, an older scoria unit (Qs7) below the scoria mound,
and a sequence of primary and reworked pyroclastic surge deposits were exposed on
the south end of this trench. On the north end, the base of the Q17 lava, which lieson a
thin interval of flow clinker and minor scoria, was exposed. The pyroclastic surge
deposit originally thought to underlie the Q17 lava was not discovered, and the trench
exposure revealed that the pyroclastic surge deposits draped the Ql7 and probably do
not underlie the lava flow. The lava flow edge of the Ql7 unit is composed of a flow
rubble, which explains the scatter obtained in the field-magnetic directions of this
unit. The trench walls were unstable so that. the deposxts could not bc descnbed and

logged..

Trace-clement data were evaluated for the Black cone and the Lathrop Wells cone. The
data for both cones show that they were formed by separate magma batches. Each
magma batch cannot be related to other magma batches by fractional crystallization.

An U-Th isochron age of 120420 ka was obtained for the Qlg lava.
Cosmogenic hclmm ages of about 65-70 ka were obtmncd for the QI3 lava.

A three-day meeting was held with the Nuclear Wastc Technical Review Board
(NWTRB). Talks were presented by the YMP, State of Nevada, NRC, USGS, and
external consultants for the first two days, and a field trip to the Lathrop Wells volcamc
center and Crater Flat was conducted on chcthnrdday St

'I!"-ﬂt‘,; RN nﬂ\ﬁr:‘:‘r’q

* A meeting was held with participants fmm DOE; Los Alzuhos. SNL and the M&O to

discuss future interactions with the NRC, possible revisions of the volcanism study - -~
plans and the interfaces bctween volcanism studies and perionnancc asscssmcnt. L

.,;.,, ‘L.. 1« FRURTELE S ,{:"-“.,., ,..'3....5-.1 &"

o

PSS APERL A

SIGETTE il

Staff continued to determine the U-Th disequilibrium ages for volcamc units of the
Lathrop Wells volcanic center.

Using the software SURFER, the volume of volcanic units of the Lathrop Wells
volcanic center was calculated.

 Further studies of the trench LW-1 wxllbccomplctcdmOctobcr B

Samplmg of Q15 and Qsl will be completed for cosmogemc helmm studm

Preliminary data—do not reference 9



Y -/ September 1992

Problem Areas We will delay field mapping of the 3.7 Ma basalt centers of Crater Flat to concentrate
on completion of the Issue Resolution Report.

Complcuon of the Issue Resolution Report has been delayed because of the large
amount of time required to prepare for the NRC wdco conference and the NWTRB
meeting. ,

The volcanism issue resolution report was originally scheduled to be completed by
June 1992. It will be completed in October 1992 because of meeting commitments with
the NRC and the NWTRB.

Milestone Progress 3174 . .
8 January 1992
Effects of . Magmatzc Disruption on the Repository (Study Plan 8.3.1.8.1.2, R0)
3034

30 September 1992
Report on Magma System Dynamics ]

3109 -
30 September 1992
" Report of Subsurface Effects

Ry T N

Tl 31 _
o ' " 30 September 1992 - -
Preliminary Geologzc Mappxng o VoIcamc Centers -

3164
30 September 1992 '
Pragress Report on nemolummescence

e

i o R482
. .300ctober 1992 .0 - > . iy poges e
IssucResoluuonReport . : SRS

JoT -,_':': Fo RIS e

Publications : B M. CI'OWC. et al '--'Z’Z‘."i,‘::' Rl Gt
: - Issue Resolution Report o
First draftcompletc St
B S G Wells,etal ELACT PN
Multiple Eruptive Events at Small Volume Basalac Ceuter: Evidence From the Cima
and Crater Flat Volcanic Fields - _
Journal article

In preparation. -

Preliminary data—do r’xotv rq‘emxce ) _ . 1
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\/ ~ September 1992

WBS 1.2.3.3.1.2.2 Water-Movement Tracer Tests

Objective

Activities and
Accomplishments

Planned Activities

. .
T

" Problem Areas

Milestone Progress

Publications

The objective of the water-movement tracer tests is (o obtain measurements of chlorine
isotope distributions to help quantify the percolation of precipitation in the unsaturated
zone. ; o

Over 20 samples from neutron-access boreholes USW N-37, N-54 and N-55 and
Midway Valley soil were prepared by Hydro Geo Chem and subsequently analyzed by
the University of Rochester and LLNL for chlorine-36 . -

Staff began to streamline the organization of data generated by Hydro Geo Chem.

Collection of cutting samples for 36C1 analysis from UZ-16 and new neutron access
boreholes continued this month.

Address study plan review comments; revise existing DPs; prepare new DPs; process
soil samples for CI/Br and 36CI/Cl ratios; process cuttings samples from neutron-access

' boreholes; collect additional soil samples from Yucca Mountain area as opportunities

anse. -

None P

3191 ' o

Procedure for Chlorine-36 Analysis of Unsaturated Zone Samples
30 September 1992

95% complete

None
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- ~/ September 1992

WBS 1.2.3.3.1.2.5 Diffusion Tests in the ESF

Objective The objective of this task is to determine in situ the extent to which the nonsorbing
tracers diffuse into the water-filled pores of the Topopah Spring welded unit.

Activities and No significant activity in this study.

Accomplishments

Milestone Progress  No Level I milestones are planned for this fiscal year.

Preliminary data—do not reference . ' 12
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September 1992

WBS 1.2.3.3.1.3.1 Site Saturated Zone Ground-water Flow System
(Reactive Tracer Testing)

Objective Experiments will be conducted at the C-Well eomplex (holes UEo25c #1, UE-25¢ #2,
and UE-25c #3) and other wells in the vicinity of Yucca Mountain using reactive tracers
to characterize retardation and transport properties at a larger scale than currently used in

laboratory experiments.

Activitles and Software Qualification. Z. Dash and B. Robinson continued to serve as temporary
Accomplishments - software configuration manager and CCB chair, respectively.

Modeling. No significant progress this month; effort was diverted to SQA and other
activities.

Two papers will be submmcd to the special edition on the Yucca Mountain Pro;ect of
. . the Radioactive Waste and the Nuclear Fuel Cycle. B. Robinson continued to prepare a
e o <« . paper,“A Strategy for Validating a Conceptual Model for Radionuclide Migration in
the Saturated Zone Beneath Yucca Mountain,” and W. Polzer submitted a paper, “The
Use of Selectivity Coefficients to Estimate Modified Langmmr Isothenn Parameters as
a Funcuon of Expenmental Condmons." for YMPO review,

Lithxum (Li) Batch Sorptxon Expenments. An addmonal suite of expenments was
B .- - conducted to examine the effect of rock-water ratio on Lx sorpuon. ’I'he data were being

analyzed. R L

Planned Actlvitles Conu'ibutc o the SQA' effort by servmg as Software Conﬁguranon Manager
v o oo & Dash) and CCB Chair (B. . Robinson), - 335t -

A . \\\y‘s’ﬂ\‘uﬂ.

SR LU DTN T T U3,

T e e

Corhp!ete documentation of lithium-bromide batch sorpuon expenments. '

T R RERENEL .“-:,_‘.Z"a SR -:'.I.L«L , -

Conunuc modchng i cld lcstdwgn usmg FEHMN."

30 Septcmber 1992
Documentation for SORBEQ . PR
Delayed due to personncl msszgnmcnt. P R

3194 - - ‘:;:A' ;':,‘ . .; o T
308cptcmberl992 o LT
Batchx?orptwu ExpenmenuwzthLuhmm e

’I'112 R
22June 1992 - S
- Final Documentation for FEHMN

=+~ Delayed due to personnel msstgmnent.
13196 I Ey e T v N "i," N

27 July 1992 3
- . FRACNET Documentauon
., Delayed due to personnel reassignment.

ST AN 8

Preliminary data—do not reference . S 13
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7 - September 1992

Milestone Progress  R529
{cont.) Evaluation of Preliminary Application of FEHMN to Yucca Mountain

Completed.

Publications B. A. Robinson ' i
FRACNET—Fracture Network Model for Water Flow and Solute Transport
LA-series report
In preparation.

B. A. Robinson

: SORBEQ—A One-Dxmenszonal Model for Samulaang Column Transport Experiments
o LA-series report - -
In preparation.

B. A. Robinson
A Strategy for Validating a Conceptual Model for Radionuclide ngratzon in the
Saturated Zone Beneath Yucca Mountain
. Journal article, Radioactive Waste Management and the Nuclear Fuel Cycle Special
teoe issue on the Yucca Mountain Project

In prepamnon L ‘:__:._.. P _:' : i ._, L :-,7 .
- : WLPolzerandE.H.Essmgton IR IS
Ul The Use of Selectivity Coefficients to Estimate Modzﬁed Langmuir Isotherm Parameters
as a Function of Experimental Conditions
Journal article, Radioactive Waste Management and the Nuclear Fuel Cycle - Special
issue on the Yucca Mountain Project
Submitted to TPO.

I TP
g

'W. L. Polzer, M. G. Rao, H. R. Fuentes, and R. J. Beckman v
Thermodynamically Derived Relauonsths Between the Mod;ﬁed Langmzar lsolhenn o E
.~ ... and Experimental Parameters . ....,.o. cr~ stripe: S

* Journal article, Environmental Science and Technology
: Pubhshed. - : .

r Preliminary data—do not reference - 14



WBS 1.2.3.4.1.1

Objective

Actlvitlies and
Accomplishments:

Planned Actlvities
Problem Arcas.

~ Milestone Progress

Publicatlons

- Deiays in matenal and eqmpmcnt fdr the USGS down-hole sampler could slow

?1:\.75;1 , H IC

September 1992

Ground-water Chemistry Model

The goal of this investigation is to provide conceptual and mathematical models of the
ground-water chemistry at Yucca Mountain. These models will explain the present
ground-water composition in relation to interactions of minerals and ground-water and
will be used to predict ground-water compositions as a result of anticipated and
unanticipated environments,

Study Plan. Staff reviewed comments and conunucd to revise the Ground-water
Chemistry Mode! Study Plan, RO. - .

Other Activities. Staff continued refining the matrix for “most-active™ ground-water
modeling to categorize ground-waters by compositional variables that affect
radionuclide solubility and/or sorption properties. Variables of interest are measured Eh
potential, pH, and bicarbonate content. EQ3/6 is being used to simulate different
ground-water compositions. A letter report on these rcsults due 30 September 1992 was

L postponed to 30 Ocmber 1992

Modeling of pH and Eh stabxhty was undcrway Mxl&ctone report 3006 will be delayed
unul300ctober 1992, ... . . R

QA Activities. No additional progress to tepon on thc IMOU between LLNL and
Los Alamos. IMOU is in review in Las Vegas. -

Continue to resolve comménts on study plan. Complete letter report on “most-active™
ground-water. USGS collaboration will continue. Commue support of QA efforts.
Continue uackmg IMOU mcnnoned ahove.

al *'\t 'Hf 3 ‘.'_‘«r .. R .a'.,ﬂ ,..*-.q e .5:'1;}

progress on testing of concepmal models of gromnd-water chcmxstry at N
Yucca Mountain. - - e

3006
30 October 1992

fett .3,.0.3 mm:rwq B3 =-<x%-m.m xt;f&}‘mv

3415 " AR
30 October 1992 S e
Letter report on Most-Acave Growzd-water Chenum'y

None

P i‘pd‘q?
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WBS 1.2.3.4.1.2.1/3 Batch Sorption Studies and Sorption Models

Objective

Actlvities and
Accomplishments

Planned Activities

Problem AreaS‘

Mllestone Progress

~ Publications

None el

3(X)9

The objective of this task is to provide sorption coefficients for elements of interest to
predict radionuclide movements from the repositary to the accessible environment.

Experiments to measure batch sorption coefﬁcients of neptunium (Np) on crushed tuff
samples under a variety of pH values, CO2 partial pressures, and water compositions
continued. The reaction between the rock samples and Np-traced solutions was
completed, the solution and solid phases were separated by centrifugation, and the
amount of Np in the solution samples was determined using liquid scintillation counting.

A new type of filter for separating solution and solid (+colloidal) phases following batch
sorption expenments was evaluated. Because the filter retained over 10% of the Npin a
5 ml aliquot, it was unacceptable for measuring sorption of Np on tuff samples. (Filters
with a molecular weight cut-off of 30 000 are required by TWS-INC-DP-05, R2, but the
filters last used for this pmpose are no longer manufacmred.)

P. Rogers continued to prepare a milwone report on the influence of particle size and
water composition on sorption coefficients. This paper will be pmcnu:d at the fall
meeting of the Materials Research Society; an abstract was published in the conference
proceedings. Rogers found that grmdmg had no affect on the batch sorption coefficients
she obtained; consequently, previous experiments using particle sizes between 2 mm and
75 pm should not have been biased by the extent of grinding. (Most previous batch
expemnmsusedamﬂ'smﬁ'acnonbetween 75 and 250 um, which appears 1o be ideal
for minimizing samplmg error and sample mmeral ﬁacuonanon caused by excessive

grinding.)

Batch sorption expenmcms for Np will be com.mucd wrth emphasrs on studying the
desorption behavior of Np from the tuff samples We wrll continue to search fora -

“suitable ﬁltcr replacement.

PoaTTN aw K‘
Soat

- ...-*sd zﬁxu.ﬂﬁr

,3-308cptember 1992 ; m..x:,v L eI ;ﬂ’uh:snm o
S Vanaaou of Wa:er-Rock Raao Sorption Coeﬁaem on Zcolmc ngf
mmp e LR :’,:?,J: 4
308cptzmberl992 RSO AT

Progress Report on Smgle Minera! Expenmenzs o

oot A s,
L wbesAl B TS S e T

A. Meijer

“ A Strategy for the Denvauon and Use of Sorptwn Coeﬁicreuts in Petformance

. Assessment Calculations for the Yucca Mountain Site: -

Conference proceedings, Proceedings of the DOEYucca Moumam Site -

Characterization Project Radionuclide Adsorption Work.rhop at Los Alamos Nanonal
- Laboratory September 11-12 1990 (LA-12375-C. 1992) gt Sy N
Published. . " ' o L -:v.‘ ; ‘ S L R L

:P ROgCrS,A.M.Mcrpr,andK.l-LKun : :
Sorption Characteristics of Yucca Mountain Tufisasa szcuon of Particle Size

Conference paper, Fall meeang of the Materials Research Society, November 30 -

o Deccmber4 1992
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September 1992

WBS 1.2.3.4.1.2.2 Biological Sorption and Transport

Objective The purpose of this research is to determine whether microbial actmty can influence the
movement of plutonium in tuff. Because fluids are used extensively in the exploration of
locations for 2 nuclear repository, those micro-organisms capable of utilizing drilling
fluids as growth substrates are of special interest.

Actlvitles and L. Hersman began a year's sabbatical leave working with G. Sposito of the Soil Science

Accomplishments Department at UC Berkeley. During this time he will conduct experiments on mineral
dissolution (particularly of Fe oxides) as they are affected by soil microorganisms. The
UC Berkeley experiments are related to the siderophore work at Los Alamos because the
ligand attack of a Pu oxide may be similar to Fe oxide.

Work continued on the milestones listed below; all are near completion.

Planned Actlvmes L. Hersman will work on plutomum formation constants in Los Alamos from 8-16

e Connnue work on soil columns

—— T I e R . -

ProblemAreas Nonc o e

Milestone Progress 3080 - T R
30 September 1992 R :
Report on Chelation-
In preparation.
30 September 1992 S : .
Report on Colloida! Agglomeranon :
In preparation.

. 3176 .
.. 30 September 1992 SRELE T

... Procedure forDetemunaaan of Formatxan Constants ,;;g S
Inpreparat.lon. B ERSpy i eamtlEge
3177 ST e e

30 September 1992

Procedure for Determination of Eﬁ'ecxs on Collozdal Agglomeranon

e e .
- SoeoMeL-

Publlcatlons i -‘4 I..R. Husman D.E. Hobart. and T; W Newtonw— CRERTFE BIL ATl 2 45
ST :"“ -*'Preliminary Evidence of Siderophore/Plutonium Complexation ’
- : . Journal article, Journal af Applxed and Euv:ronmemal Mzcrobwlogy

Preliminary data—do not reference . - : 17. .
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WBS 1.2.3.4.1.3 Radionuclide Retardation by Precipitation Processes

= X o=

Objective The objective of the solubility determination task is to determine the solubilities and
speciation of important waste elements.under conditions characteristic of the repository
~ and along flow paths from the repository into the accessible environment.

Actlvitles and Revisions to the study plan were completed.

Accomplishments
H. Nitsche, a task member at Lawrence Berkeley Laboratory met with Los Alamos staff

on 28 September to dxscuss scxcnuf' c and admmxsuanve aspects of his solubility
subtask.,

Speciation Studies. In preparation for Pu(TV) carbonate-speciation studies by NMR
and single-crystal x-ray diffraction, a new 1-gram batch of PuQ2 was processed to
produce an oxidation-state pure-stock solution of Pu(IV). Because only small quantities
of the 170-1abeled actinyls can be prepared, a microelectrode system will be used to

. . prepare 170-1abeled actinyl species (uranyl, neptunyl, and plutonyl) for NMR studies.
Staff also devised a method to prepare 170-labeled CO32- for carbonate-speciation
studies with all the actinides by NMR; this labeling will allow us to study Pu(IV) and
Am(TII) speciation directly with the very high molecula: structure specnﬁclty made
possible by NMR spectroscopy. -

In an effort to pin down the structure of the most lughly carbonate-complexed Pu(IV)
species (often presumed to be but never substantiated as Pu(CO3)5 ), UV-vis
absorption spectral data were obtained for Pu(IV) [0.2 M] in approximately 2 M total
carbonate. These solution conditions should favor the formation of the most highly
carbonate-complexed species, assuming the stepwise formation constants are
sufficiently large. The characteristic Pu(IV) absorption band in the midvisible region
for this sample was found at approximately 486 nm, consistent with one of the
dominate species observed in our recent PAS work in extremely dilute plutonium
solutions.

. pﬁMMmmiﬂﬁﬂwm»mm on. R .

Staff aligned the PAS dye laser to maximize the readily accessible wavelength range; ;:g:
we can now achieve extended wavelength ranges (approximately 100~200 nm) by '
simply changing the dye solutions. This is important because investigations into the ' E E
possible presence of multiple oxidation states in our solutions require an extended Y
wavelength coverage in a short time period. The multiple oxidation state issue is now ﬁ
under investigation with Pu in carbonate. E

Milestone Report 3031, “Plutonium({IV) and Plutonium(VT) Carbonate Speciation
Studies by NMR and PAS Spectroscopies,” was completed and submitted for technical
review, This paper discusses our multifaceted spectroscopic approach to detenmmng
- -~ radionuclide speciation, recent results in determining Pu(fV) carbonate speciationby -
"7 PAS, and carbonate complexanon smdxes in PnOzz"' by 13C NMR spectroscopy
A -«%;.rwnu o e sz ,n.-.-_—-f", AR Te Y 1~4/r~,,,¢ b . :
7 . Solubility Studies. The neptumum (Np) undcxsammnon expenments in UE-ZSp #1 at -
b bl U5 60°C have now run-nearly as long as the comparable-oversaturation experiments; thenr e
wim +. ;= - concentration profiles from the undersaturation experiments for the pH6 and 8.5 -~
B - . -solutions have virtually reproduced results obtained by oversaturation. This set of Np
.. """ experiments will be completed by determining the species present in the supematant, =
et m&smngtheEhofdlcsoluuons, andexammmg ﬂlcsohdphasebyx-mydxffmcuon R

T e . '\}.. ‘s‘ D o
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Activities and The plutonium undersaturation experiments in UE-25p #1 water at 60°C are
Accomplishments approaching thirty days in duration. At all three pH values, the aqueous plutonium
(continued) concentration is approximately 107 M; these concentrations agree very well with those

obtained from the oversaturation experiments at pH 6 and 7. Sampling of these
experiments will continue until steady-state is established. Samples taken in September
from the Am/Nd undersaturation experiments in UE-25p #1 at 60°C are being analyzed.
The results will be reported next month.

Milestone Report 3329, “Measured Solubilities and Speciations from Oversaturation
Experiments of Neptunium, Plutonium, and Americium in UE-25p #1 Well Water from
the Yucca Mountain Region,” detailing oversaturation experiments in UE-25p #1 well
water, was prepared. A talk, “Far-Field Radionuclide Solubility and Speciation Studies
for the Yucca Mountain Site Characterization Project,” was prepared for the 1993
Intemnational High-Level Radioactive Waste Management Conference to be held

April 26-30, 1993 in Las Vegas.

Reviewer comments were incorporated into the following detailed technical
procedures: (1) “Operating and Calibrating the Mettler H6T Analytical Balance™
(LANL-LBL-DP-14, R0), (2) “X-ray Powder Diffraction by the Debye-Scherrer
Method” (LANL-LBL-DP-03, R1), (3) “Operating and Calibrating a Low-energy
Gamma-ray Counting System” (LANL-LBL-DP-02, R1), and (4) “Concentration
Determination of Soluble Radionuclides from Data Provided by a Low-cnergy Gamma-
ray Counting System” (LANL-LBL-DP, R1). :

Planned Activities Efforts in all areas will continue.

Problem Areas None

Milestone Progress 3010
30 June 1991
Report on Measured Solubthaes of Pu, Am, and Np in J-13 Groundwater from
Oversaturation Conditions .
Submitted 7/29/91
YMPO comments were addressed.

A rLT © 3031 Srrmre g
O --PIu:amwn(IV)andPlutomum(Vl) CarbanateSpecmaonSmdwsbyNMR andPAS
- Spectroscopies - .ciT : . .

3329 T T
’ 3oscptcmw 1992 s o P e .\‘Qs.n. «.{6 P .
Measured Solubtlmes and Specmwns from Oversamraaon Expenmems of Neptumum A
"A'Plutomum.andAmencmmm UE25p #1 Well Waterfrqm the Yuéca Mountain chxon EURR

R T AR L N CLIFRR 1E3¥ AN T A . Te

SEAMERL AT

“ -‘ Barly complenon anucxpated.. S
CooSnm B, PR
' Let:chepon E e i
Spectroscopic S tudzes af the Hydralym af UCI4 Speczml Eﬁ'ects of Ltgand Exchauge
In prepara.non ,,,,,
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... Plutonium Carbonate Speciation Changes HopFtdubises. it s
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N — September 1992

D. L. Clark, D. E. Hobart, P. D. Palmer, J. C. Sullivan, and B, E. Stout
Carbon-13 NMR Characterization of Plutonyl(VI) Aqueous Carbonate Complexes
Joumnal article, Journal of the American Chemical Society

In preparation,

D. L. Clark, C. D. Tait, D. E. Morris, D. E. Hobart, S. A. Ekberg, and P. D. Palmer
Plutonium(IV) and Plutonium{VI) Carbonate Speciation Studies by NMR and PAS
Spectroscopies

LA-series report

In preparation.

D. L. Clark, J. G. Watkin, D. E. Morris, and J. M. Berg
Molecular Models for Actinide Speaatwn

LA-series report

In preparation.

L. E. Hersman, P, D. Palmer, and D. E. Hobart,
Preliminary Evidence of a Siderophore/Plutonium Complex
Journal article, Journal of Applzed and Env:ranmental Microbiology

s Inpreparanon e .

D. E.Hobart.D L.Cla.rk,P D.Palmcr.l C. Sulhvan, and B.E. Stout

Carbon-13 NMR Characterization of Amencyl(Vl) Aqueous Carbonate Complexes
Journal article; Inorganic Chemzsa'y -

In preparanon.

D. E. Morris and D. L. Clark

Spectroscopic Studies of the Hydrolysis of UCly: Spectral Effects of Ligand Exchange
LA-series report.

In preparation.

D. E. Morris, C.D. Tait, S. A. Ekberg, and P. D. Palmer
Speciation of Plutonium in Carbonate Media
Conference abstract, Matenals Research Soczety ‘
ApprovedbyYMPO g s e
‘H.Nitschc,R.C Gam E M.Standxfer,s C. LecA.Mller TPrussm
--*R. 8. Deinhammer; H.Maurer; K. Becraft, S.Leung; and S. A. Catpentcr G

‘.Aziu nian (3 sudui « Measured Solubilities and Speciations of Neptunium, Plutonmm,andAmenawnma‘ L

Typical Grouud-water (J-13) from the Yucca Mountain Regwn R

"LA-series report - ° B
InYMPOrevnew o i i
“C.D. Tait, D. E. Momis, J. M. Berg and W. H Woodraff . 327 S5t for et

v Evaluation of Alternative Detection Schemes in Photoacousac Spectroscopy

.f'}. <4: =:Journal article; Analynca! Chemmry o Reviews of Scientfic Instrumentation
. v‘:vInpreparanon. RTRK RIS Sttt CF SER TR & T BRI NP SRR

* C.D.Tait, 5. A. Exberg, and P. D, Palmer, and D. E. Moris. - s

"'EQ"“ ST TR,
i 3 ..;:.;A.:.::,A"

b
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WBS 1.2.3.4.1.4 Radionuclide Retardation by Dispérslve, Diffusive, and
Advective Processes

Objective The objectives of this task are to determine the rate of radionuclide movement along the
potential flow paths to the accessible environment and to examine the effect of
diffusion, adsorption, dispersion, anion exclusion, sorption kinetics, and colloid
movements in the flow geomcmw and hydrologlc conditions expected to exist along
the flow path to the accessible environment in the scenarios used for perform
assessment. .

Activitles and We completed the neptunium (Np) transport experiments using crushed-tuff columns

Accomplishments and Np batch sorption experiments with tuffs G4-1530 and G4-275 and ground-waters
from USWH-3, UE-25p #1, and J-13. We also completed batch sorption experiments
with Np solutions and pure mineral separates found in the following: hematite,
montmorillonite, clinoptilolite, and quartz. The results of these studies will be reported
next month.

A letter report entitled “Far-Field Transport of Carbon Dioxide: Retardation
Mechanisms and Possible Validation Experiments” was prepared by A. Meijer and
appears in the Appendix. He describes the retardation mechanisms for C-14 at Yucca
Mountain, evaluates potential experimental efforts to.determine C-14 retardation, and
makes recommendations for site characterization activities and modeling studies. He
identified three main chemical retardation mechanisms for C-14 as carbon dioxide in
Yucca Mountain: equilibration with carbonate species in ground-water, isotope
exchange with carbonate minerals, and sorption on non-carbonate minerals. He also
recommended the followmg' experimental evaluation of C-14 retardation should
include batch sorption experimeats, column expenments and field experiments; batch
sorption experiments with pure minerals (such as iron oxides, oxyhydroxides,
aluminum oxides and clays) as well as wffs should be performed; and column
experiments should be carried out under unsaturated conditions at near-atmospheric
pressure. The following additional data will be required for a more detailed modeling of
C-14 transport at Yucca Mountain: alkalinity distributions in unsaturated zone waters,
spatial distributions of matrix and fracture minerals critical to C-14 transport, and “ >
accessibility of C-14 to critical minerals. Based on a review of published models,
. .. Meijer recommended a more comprehensive chemical models for C-14 transport in”
Yucca Mountain that includes probability distributions for C-14 retardation factors s
" based on probability distributions for alkalinity in Yucca Mountain waters, sorption
potenua!s as measured in representative whole-rock samples, and a ncar-ﬁeld calclte
precipitation model coupled thh a waste container failure model. T

Aletter report entitled “Measurement of Unsaturated Hydrauhc Conductmty in Yucm
Mountain Tuff” was prepared by J. Conca and is in internal technical review. :
. Experimentally determined hydraulic conductivities were reported as a functionof ...
water conteat, and the feasibility of applying an innovative unsaturated-flow technique
(using usaturated-flow apparatus) to transport studies was evaluated. (This reportis
listed as Milestone 3044, “Letter Report on Assessment of Available Techniques for -
Unsaturated Column Transport Expenmcms.") 4

7~ Th staff contmued ‘to orgamzc"the Collond Workshop o be held on 3-5 May in
' ;_':'.ZA.‘.'SamaFe,NM , s, : o :

~

Pianned Activities - Contmue all work dmussed above.

Problem Areas Nonc

Preliminary data—do not reference 21
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Milestone Progress

Publications

- September 1992

3040
15 November 1992
Kinetics of Sorption on Columns of Pure Minerals

In preparation.

3044

31 August 1992

Letter Report on Assessment of Available Techniques for Unsaturated Column
Transport Experiments

In preparation.

L R. Triay

Radionuclide Migration in Tuff under Diffusive Conditions

Conference Paper, Proceedings of the Migration ‘91, Jerez de la Frontera, Spain,
14-18 October 1991

Approved by YMPO.

L. R. Triay, A. J. Mitchell, and M. A. Ott ’

Radionuclide Migration Studies for Validating Sorption Data—Past, Present, and
Future

Conference paper, Proceedings of the DOEIYucca Mountain Site Characterization
Project Radionuclide Adsorption Workshop at Los Alamos National Laboratory
September 11-12, 1990 (LA-12325-C, 1992)

Published.

L R. Triay, M. A. Ott, A. J. Mitchell, and C. M. Overly
Transport of Np through Yucca Mountain Tuffs

Conference paper, Proceedings of the fall meeting of the Materials Research Society,

November 30 - December 4, 1992 .
In preparation.
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WBS 1.2.3.4.1.5.1

Objective

Activities and
Accomplishments

Planned Activities =

Problem Areas

Milestone Progress

Publications

-/ e September 1992

Retardation Sensitivity Analysis

The objectives of this task are to construct a geochémical/geophysical mode! of Yucca

Mountain and to use this model to examine the physxcal and chemical comrols on radionuclide

transport along flow paths to the assessable environment.

QA and Programmatic Certification of TRACRN continued. The Implementation Phase
Baseline was submitted and is under review. Four final verification runs, which
compared results from TRACRN and FEHMN for unsaturated flow and transport
problems in two and three dimensions, were conducted.

Certification of FEHMN and GZSOLVE continued. G. Zyvoloski worked with
B. Robinson and Z. Dash (C-Wells Reactive Tracer Task) on documentation and .
verification of these software applications.

Continue certification of TRACRN.

None

3052
30 September 1992
Baseline Documentation for TRACRN

K. Birdsell, K. Eggert, and B. Travis

Three-Dimensional Simulations of Radionuclide Transport at Yucca Mountain
Journal article, Radioactive Waste Management and the Nuclear Fuel Cycle - Special
issue on the Yucca Mountain Project

Approved by YMPO; submitted.

K. Birdsell, K. Campbell, K. Eggert, and B. Travis

Sensitivity Analysis of Integrated Radionuclide Transport Based ona Tlxree-dzmen:wr:al
Geochemical/Geophysical Model

Conference proceedings, Proceedings of the DOEYucca Mountain Site
Characterization Project Radionuclide Adsorption Workshop at Los Alamos Naaonal
Laboratory September 11-12, 1990. (LA-12325-C, 1992)

Published.

Preliminary data“do not reference 23
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o/ / September 1992

WBS 1.2.3.4.1.5.2 Demonstration of Applicability of Laboratory Data

Objective

Actlvitles and
Accomplishments

Pianned Activities

Problem Areas

'Mnes:one Progress

Publications

The purpose of this study is to design and conduct experiments to evaluate the
applicability of laboratory data and to test models used in the Radionuclide Transport

‘Program to determine far field radionuclide transport. Both intermediate- and

field-scale experiments and natural analogs will be assessed for their potential to
provide the required data.

Comments on the USGS study plan entitled “Saturated Zone Modeling and Synthesis™
were verified.

The annual pmgmss report has been complewd and is included in the Appendix.

Continue to develop study plan.

Nore

" No FY91 milestones.

C. Loeven

A Summary and Discussion of Hydralogtc Data from the Cahco Hdls Nonwelded
Hydrogeologic Unit at Yucca Mountain, Nevada (LA-12376-MS 1992)
LA-series report

In press.

Preliminary data—do not reference . 24
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WBS 1.25

Objective

Management and
integration

Study Plans

September 1992

Regulatory and Institutional

The purpose of this task is to coordinate the regulatory and institutional Project
requirements within the Los Alamos programmatic structure. The focus of this
coordination effort is on the integration of the technical work within the regulatory and
institutional framework.

Support for the erosion topical report cominued.

Water Movement Test, R1 (8.3.1.2.2.2). Review comments on Rev. 1 of the study
plan were received from the YMPO in May 1992; they are now being addressed.

Diffusion Test in the Exploratory Studies l"'acihty, RO (8.3.1.2.2.5) In April 1992
this study plan was accepted by DOE; in June 1992 it was submitted to the NRC for
review.

* Testing of the C-Hole Sites With Reactive Tracers, R0 (8.3.1.2.3.1.7). In February

1990 DOE/HQ issued the study plan as a controlled document; it was then sent to the
NRC for comments. In January 1992 we were requested by DOE to review revised
NRC comments addressed by the USGS. The revmon was completed and all
comments were accepted by Los Alamos. -

Ground Water Chemlstry Modelmg, RO (8.3.1.3 l.l) This study plan was returned
in May 1992 with review comments by YMPO; these comments are now being
addressed.

Mineralogy, Petrology, and Chemistry of Transport Pathways, R0 (8.3.1.3.2.1).
In August 1992 we were requested to make final word processing changes to Revision
0 of the study plan; thosechangesaxemproglms. '

History of Mineralogy and Geochemical Alterauon at Yucca Mountain, R0
(8.3.1.3.2.2). YMPO approved the study plan on 18 December 1991 and submitted it to
the NRC on 31 Januaxy 1992,

Natural Analog Hydrothermal System in Tuff (8.3.1.3.3.1) Tlns isan out-ywr

- activity. .. RN

Kinetics and Thermodynamlcs of Mineral Evolution and Conceptual Model of
Mineral Evolution, R0 (8.3.1.3.3.2; 8.3.1.3.3.3). No progress dunng the xecordmg
period becanse of a lack of funding.

o Sorptnon Studies and Sorption Modelmg, R0 (8.3.134.1; 8.3. 1.3.4.3) Anewstudy
" plan has been issued for internal review. The review was completed in August 1992 ‘,.f,‘. R I
- and returned to the prmcxpal mvemgator t'or oomment lesoluuon L

Bnologlcal Sorption and Transport, RO (8.3. 1.3.4.2) A revision addressmg the

exploratory shaft design was submitted in September 1992. -

Preliminary data—do not reference 25
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Study Plans
(continued)

Dissolved Species Concentration Limits, and Colloid Formation and Stability, R0

(8.3.1.3.5.1; 8.3.1.3.5.2). All YMPO comments on the study plan were resolved by the
principal investigator in September 1992. Rev. 0 will be submitted to YMPO for
comment resolution verification and approval.

Dynamic Transport Column Expériments, R0 (8.3.1.3.6.1): All YMPO comments
on the study plan were resolved by the principal investigator in September 1992. Rev.
0 will be submitted to YMPO for comment resolution verification and approval.

Diffusion, RO (8.3.1.3.6.2) All YMPO comments on the study plan were resolved by
the principal investigator in September 1992. Rev. 0 will be submitted to YMPO for
comment resolution verification and approval.

Retardation Sensitivity Analysis, R0 (8.3 1.3.7. l) This study plan was approved by
the DOE and sent to the NRC for review in July 1992,

Demonstration of the Applicability of Laboratory Data to Repository Transport
Calculations, RO (8.3.1.3.7.2). This study plan is in preparation.

Gaseous Radionuclide Transport Calculations and Measurements, 8.3.1.3.8.1).

_Fundshavenotbecnallomtcd. Ll Im

Probabihty of Magmatlc Dlsruptxon of the Reposntory. RO (8.3.1.8.1.1). A detailed
technical review was complete in July 1992 by the NRC. In August 1992, a one-day
video conference was held with the NRC to discuss their technical review comments.
These comments are now bexng addressed.

Physical Processes of Magmatisim and the Effects on the Repository, RO
(83.1.8.1.2). A draft study plan was completed in September 1992; it will be submitted
to the DOE in October 1992. .. .

PRRY S -..L\~.~~x.a|,

| Characterlzatxon of. Volcamc Featuros, RO (8.3.1.8.5.1) Acoeptcd by NRCon4

Cp e Bl A T R nitieia

S vy 3:*31’ na-i" ‘E <MJ.£§»’.'.,"‘

Septcmber 1990.
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September 1992
WBS 1.2.6 Exploratory Studies Facility
Objective These Exploratory Studies Facility (ESF) tasks address the-issues and information

needs associated with the ES-based characterization of Yucca Mountain to determine
the suitability of permanently isolating high-level nuclear waste from biosphere in a
geologic repository.

Actlvities and Staff continued to gather information on the use of tracers, fluids, and materials {TFM)

Accomplishments used at the Yucca Mountain. Waste isolation impact and test interference analysis for
the TFMs were requested from CRWMS M&O and SNL. Staff continued to support
M&O efforts to develop a position paper on prototyping. Staff prepared briefings for
biweekly ESF management meetings and attended biweekly ESF Engincering
Development Division (ED&D) meetings.

Pianned Activities Continue to develop definitive design-related information for tests to be performed in
: " the launch chamber. Support integration meetings such as ESF design, TIG, SMF, and
"7 ¢ surface-based testing and its interface with ESF testing. Support the ED&D effort in
justifying the prototype test facility and preparing ESF budget options and strategies.
Develop interfaces for testing and the ESF design.

%,

Revise and update the PSAR as required. Begin to identify IDS needs. Develop new
networks for ESF testing. ,

Participate in biweekly ED&D ESF Management Review Meetings.

Finalize abstracts for high-level waste management conference and 34th Rock
Mechanics Symposium at Madison, Wisconsin. Prepare paper on the IDS for the ESF
for the 2nd International Symposuxm on Mine Mechanization and Automationin
Sweden.

—

Problem Areas _ None

Milestone Progress : No milwones for FY91

- :_: ‘~'.' t.:
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WBS 1.2.6.8.4

Objective

-Activitles and .

Accomplishments

\— - —/ September 1992

Integrated Data System

The integrated data system (IDS) supports the Exploratory Studies Facility (ESF) test
program by providing a central facility to automatically measure and control aspects of
the ESF tests. The primary purposes of the IDS are to assist the principal investigators
(PI's) in acquiring high-quality test data in a uniform, controlled fashion and to transfer
those data to the PI's organizations for data management and analysis.

This activity has been deferred.
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September 1992
WBS 1.2.98.14 Records Management
Objective The objective of this task is to manage records and documents related to the licensing

of a geologic repository for the disposal of high-level radioactive waste by developing,
implementing, and maintaining a comprehensive, automated, and integrated
information management system.

Activities and Thirty-seven records and/or record packages were received by the RPC; nine of these
Accomplishments rem.med to thc ongmators fq;' cor:ecnons :

&G

The CRF rejected two records and/or records packages; the RPC resubmitted eleven

corrected records to the CRF.

-

Staff conducted inventories and interviews to update the Records Inventory Disposition
A Schedule (RIDS). It was determined that approximately 1071.26 cubic feet of YMP
e : records and/or nonrecord material were in possession of Los Alamos and Los Alamos
= *: : contractors. YMPO will determine the records disposition schedule at a later date.
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WBS 1.2.9.3

Objective

Activities and
Accomplishments

Planned Activities

Problem Areas
Milestone Progress

Publications

_ None

B No milwtonm for FY91

S L. Bohvar and J L. Day

The Role of the Los Alamos National Laboratory Quality Assurance Liaison for the
Yucca Mountain Site Characterization Project

Conference paper, Proceedmgs of the AS QC Enery Dmswn Almual Meeting

) Pubhshed. A

September 1992

Quality Assurance

The Quality Assurance (QA) Progmm supports Los Alamos Yucca Mountain Site
Characterization Project participants and ensures that their efforts provide data and
evidence admissible for the repository-licensing process.

Software. One meeting of the Configuration Control Board was held. A new
configuration manager was selected.

Records/Document Control. Two quality adminisuaﬁve pmoedures (QPs), QP 024,
R1, “Management Assessment,” and QP 16.2, R2, “Trending,” were approved and
distributed. One detailed technical procedure, DP 131, R0, “Cameca SX-50 Electron
Microprobe Operating Procedure,” was approved and distributed.

Training. M. Clevenger attended training programs m software quality assurance (QA)
and Framcmalcer software, ,

Program Development. Eighteen QPs are in various siages of revision. S. Bolivar,

J. Day, and T. Morgan attended the 19th Annual National Energy and Environmental 3
Quality Division Conference, and they presented a paper on the role of the QA liaison. :

Audits/Surveys. YMPO conducted a scoping meeting for the November DOE audit,
and appropriate corrective action for CAR-057 was verified at this time. An amended
response for CAR-058 was also approved by the YMPO. The LANL-AR-92-11 audit
pian (Hydro Geo Chem) is in preparation. The report on the annual management
assessment of the Los Alamos QA program is in review by the TPO.

A software configuration management status report will be distributed, and a new QAL
will be assigned to replace T. Morgan, who is leaving YMP. An internal audit of
Hydro Geo Chem will be conducted. The audit schedule will be revised because of
conflicts, and an outstanding internal audit and survey reports will be completed. QP
revisions will continue; comments on the notebook procedure (QP 03.5) will be
resolved.
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Annual Progress Report for FY 1992
. SCP Study 8.3.1.3.7.2

Demonstration of Applicability of Laboratory Data to
Repository Transport Calculations

by Everett Springer
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Introduction

a
E_—I

During FY92, staff from Lawrence Berkeley Laboratory (LBL) and Los Alamos (LANL) developed a
conceptual design for the Calico Hills drift program in the Exploratory Studies Facility (ESF); to
better organize the study, four separate activities were created. At midyear, the Project began
Mission 2001, and this study was scheduled and resource-loaded through 2001. Lack of funding
precluded further progress on the study plan in FY92.

Study Plan

To better organize, manage, and provide visibility for this study within YMP, on 6 February a change
request to revise the Site Characterization Program Baseline was submitted and approved. In
accordance with the revision, the study plan for this task will be based on the following four activities:

Activity 8.3.1.3.7.2.1—Intermediate-scale experiments

Activity 8.3.1.3.7.2.2—Field-scale experiments to study radionuclide transport at
, Yucca Mountain

Activity 8.3.1 3 72. 3——Natura1 analog studres of radionuclide transport

Activity 8.3.1.3.7.2.4 —Data on radionuclide transport from other DOE sites
(anthropogenic analogs). :

Accomplishments

During FY92, staff from LBL and LANL developed a conceptual design for a field test to be conducted
in the Calico Hills drifts of the ESF. This design was presented informally to the DOE in March and
April, and a formal presentation was made during the OCRWM site tour of Los Alamos on 28 May.

A schematic design, which is based on the assumption that relatively fast flow paths will exist in
conjunction with discontinuities (for example, faults, fracture zones, bedding planes, and lithologic
changes such as the vitric/zeolitic interface) in the Calico Hills, is presented in Fig. 1. The test blocks
may vary in size, but the initial target will be a cube with dimensions of 10 x 10 X 10 m. As soon as a
test location is confirmed, two boreholes will be drilled from the access drift, and a series of
geophysical, geological, and hydrological tests to determine if the site is suitable for further testing
will be conducted. (The criteria for suitability have not been determined.)

| . . .
- E m .——.‘4!: m* ; m ) \ -
. PP - st on .,

£

When a location is ruled acceptable for further testing, the test gallery (see Fig. 1) will be

constructed, and intensive characterization of the test block will take place: a series of boreholes,
which will be used for geophysical, hydrological, and tracer tests, will be drilled across the test block, .
and to enable staff to sample any tracer breakthrough, an alcove beneath the test block will be mined.
" Following borehole testmg. the testgallery area can be reoonﬁgured for a.lcove-to-alcove testmg of

' solute transport.

- ‘l'he sequence of borehole and alcove testmg wr]l penmt dxfferent spaual and temporal scales to be Ve
characterized, and data from borehole tests can be nsed to predict the response in alcove tests, thus
increasing confidence in our ability to characterize the given mass of rock. The length of time of the. -
tests will vary as a function of the penmeability of the porous medium. For the complete sequence,

. s
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tests are expected to last between five and ten years; because of the time span, the water content of
the rock will have to be increased, particularly for the alcove-to-alcove tests.

To design and carry out these tests we have identified the followlng tasks

. Prepare study plan. The study plan requires mformatron from quanutatrve expenmental
3 design, laboratory studies, field development, and modeling and inversion (see below).

. Prepare quantitative experimental design. To determine the type of data and sampling
frequency for each phase of the field test, this activity will use the best available data and
stmulauon models for the Calico Hills

Measure physical and chemxcal properttes of the rock in the laboratory. This task will
determine procedures and define equipment to measure parameters and propemes required for
hydrologic, geochemical, and geophysical models. (In order to ensure consistency, the
procedures will be based on procedures used by other site characterization studies in the
Pro;ect as much as possrble.) . - .

Model flow and tranSport response and perform inversron analysrs of these data. This
task will provrde algonthms to analyze hydmlogrcal chemrcal and geophysrcal responses )
T ‘from the expenrnent. o i

Design field equipment and write procedures for its use. Field equipment, including packer
strings, water and tracer application and monitoring systems, and geophysical instruments
will be designed, fabricated, and tested before the field tests begin. This task will provide the
necessary quality assurance for deployment.

- Use geological reconnaissance to locate potential sites for field testing. Once the drifts
to the Calico Hills are constructed and available, we will use geological reconnaissance to
locate potermal sites for the ﬁeld application.

g T

: Implement test ln the fi eld. 'I'hxs task wrll provrde on-srte support for the ongoing tests.

. Eyalnate field test. Thxs task will analyze the data usrng codes developed in the modelmg

‘I'hrs study, which wrll be coordmated wrth other Pro_]ect laboratory srte charactenzanon studres and
‘computer simulations of radionuclide transport, addresses a key question: With regard to radionuclide
- transport, what is the efficacy of data collected by the Project in making predictions about site .
performance? In view of the fact that many the site characterization studies are now at capacity, this

“ study will include the capability to determine properties and/or parameters in the ﬁeld or laboratory if
other resources wrthm the Pro_|ect are not avaxlable to support Us. s v s

: nfcnm
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Summary and Conclusions

During FY92, we prepared a conceptual design to test radionuclide transport concepts in the
unsaturated zone, and a resource-loaded schedule was completed.

The importance of this field test has been questioned in various forums this year. It is relatively easy
to respond to questions by stating that the test described above is important, and a license will not be
achieve without it; however, this statement is entirely not true. We believe confidence in the
computer-generated models and laboratory studies will only be achieved when field tests can
demonstrate that they adequately predict behavior at Yucca Mountain.

The importance of a study is determined by licensing strategies employed at Yucca Mountain, and
because of its hydrologic and geochemical properties. the Calico Hills is considered a primary barrier
to radionuclide transport. To confirm this, it is very important that fields tests are used to supplement
laboratory tests of flow and transport. -

Emphasis has been placed on the Calico Hills because of knowledge of its ambient conditions
obtained from measurements made by previous and ongoing Yucca Mountain studies. A shift by the
Project away from an emphasis on the Calico Hills because of an increased emphasis on thermal
loading, waste package design, or the saturated zone could reduce the need to conduct an extensive
series of field tests there. Field-testing is necessary to gain confidence in the models and parameters
used at Yucca Mountain, but the scope and locanon of these tests should not be determined until
some fundamental issues are resolved.
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FAR-FIELD TRANSPORT OF CAREON DIOXIDE: RETARDATION MECHANISMS AND POSSIBLE
VALIDATION EXPERIMENTS

By Arend Meijer, INC-9, Loe Alamog National Laboratory

A. INTRODUCTION

According to preliminary performance assessment calculations for the potential
repository at Yucca Mountain (Barnard et al., 1992), gas phase releases of
may exceed the regulatory limite specified by the NRC in 10CFREO for the
engineered barrier eystem and by the EPA in 40CFR191 for the accessible
environment. The calculations presented in Barnard et al. (1992) include
various assumptions about waste inventories, failure mechanisms and rates for
engineered barriers, hydrologic models for Yucca Mountain, transport
mechanisms for radicnuclidea in Yucca Mountain, and other pertinens
paramete:n. They ‘conclude that the 1985 EPA limit for release of léc may be
exceeded in a limited number of cases given the assumptions of their models.

In their transport model for 140, Barnard et ali {1992) included a retardation
factor that reflects only the equilibration of “%“CO, with natural carbon
species present in waters in the pore space of the volcanic units between the
repository and the surface of Yucca Mountain. Barnard-et. al. (1992) note that
other mechanisms exist that may additiocnally ret%id the migration of 14c02
including calcite precipitation and sorption of C species onto mineral
surfaces in Yucca Mountain. This paper provides a discussion of theee
mechanisms and suggests experiments that could be carried out to help quantify
them.

B. RETARDATION MECHANISMS FOR 14C02 IN YUCCA MOUNTAIN
The main chemical retardation mechanisms for 14c02 in the unsaturated zone of
Yucca uountain include:

(1) equilibration with carbonate species in ground water
(+/- precipitation of carbonates)

(2) isotope exchange with carbonate minerals (near-surface and bulk)

(3) sorption on non-carbonate minerals

(1) Equilibration of 14c02 with Carbonate Specieeg in Ground Water
(+/- Precipitation of Carbcnates)

o :., DO

.fHodela for the equilihration ef 14co with natn£31 carbon dioxide in ground

) ‘waters: in the unsaturated zcone-at Yucca Mountain have been formulated by Knapp
- {1990), Light et al. (1990), Ross-et al. (1992), and Codell and Murphy (1992).

These models .basically involve the -isotopic equilibration of waste derived
co with carbonate gpecies in unsaturated zone ground waters. Therefore, the
retardation factors are a function of the concentrations of carbon (chemical)
species in the gas and fluid phases. The concentrations of the carbonate
gpecies in solution are derived either by (1) specifying or calculating the

-alkalinity of the ground waters, or (2) assuming equilibrium with calcite.

Light et al. (1990) calculate the solubility of CO, in distilled water based

Preliminary data-do not reference
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" case, the- alkalinlty of the ground waters as a function of temperature would
with calcite. According tc Barnard et al.- (1992),° the- 4CO2 retardation factor:

' 60 degrees Centigrade. Clearly, the calculations presented: by Barnard et al/

on known equilibrium constants. Because the alkalinity of distilled water is
low, they calculate a very conservative value for the 4c02 retardation
factor. Ueing a more realistic approach, Knapp (1990) and Ross et al. (1992)
calculated retardation factors on the basis of the measured or calculated
alkalinities of the ground waters found in the saturated and unsaturated zones
of Yucca Mountain. Knapp (1950) used the measured alkalinity for well J-13 and
varied the pH from 7-9 while Ross et al. (1992) calculated the alkalinity
based on the calcium concentrations of unsaturated zone waters (Yang et al.,
19688) and the assumption that these waters were saturated with calcite. The
lLatter approach results in retardation factors in the range of 30-75. Although
these values are large relative to the retardation factor used by Light et al.
(1590), even this range of retardation factors still causeg the EPA release
limit to be exceeded in some of the calculations (Barnard et al., 1992).

Codell and Murphy (1992) presented a model in which 14c02 is retarded both by o
exchange with carbonate species in ground water and by calcite precipitation.
Unfortunately, their calculations were intended only to demonstrate-the
approach and not to assess: the performance of the Yucca Mountain site in
relation tg the EPA regulations. Interestingly, these authors note that the:
amount of co bound up in calcite isg small compared to the amount diasolved
in ground” Water. fros o o _ , .

According to Kerrisk (1987, Fig. 10), most waters from the saturated zone at
Yucca Mountain are undersaturated with respect to calcite. Although complete _
water compositions from the unsaturated zone at Yucca Mountain are not : -
available at the present time, the partial analyses of unsaturated zone waters
presented by Yang et al. (1988) can be used to estimate the calcite saturation:
index for these waters. By assuming the charge imbalance calculated from these-

.Analyses is due to unreported bicarbonate concentrations, estimates of

bicarbonate concentrations can be derived for these waters. Calculation of the
calcite saturation index based on these estimates indicates these watere are
undersaturated with respect to calcite. Taken together, these observations
suggest that the measured alkalinities of Yucca Mountain ground waters likely
provide a more conservative estimate of co retardation potential than
alkallnity values calculated aesuming eatutation with calcite.

The alkalinity of waters in the saturated zone beneath Yucca Mountaln ranges

from approximately 1.8 to 11.4 milliequivalents/liter. If the water from the
carbonate aquifer is excluded, the range is 1.8-4.7 meq/l. The calculated
alkalinity of unsaturated zone water compositions reported by Yang et al. -
(1988), ranges from 1.1-5.0 meqg/l. On the basis of these data; -a-likely- :ange'--w
of alkalinity in Yucca Mountain ground waters would be % .0-5.0 meq/l. With

this range in alkalinity, the retardation factors for 1 CO,; in unsaturated

zone waters range from 50-80. This ls similar to the range (at 20 deqtees C)

used by Barnard et al. (1992). :

The relationship. of temperature and the retardation factor ls‘somewhat
complicated becauee it depends on the time at which 4co is ieleased from the
waste package relative to the time of the thermal pulse. If CO; is released
from the waste packages early (<200 yr), czlcite preiipltation ln the near-
field of the repository could fix a fraction of the '%Co, for a ‘considerable
period of time leading to an enhanced retardation factor. This possibility was
addressed in the Codell and Murphy (1992) model. On the other hand, if the

ie released after the:-peak in the thermal pulse, essentially none of it- "
woula'be'retarded by coprecipitation with calcite in the near-field. 'In this -

provide the mdst reliable -retardation factors even if the waters-are-saturated - “i7-

falls off by approximately a factor of two over the temperature-range:from-20

(1992) could be improved if a model was-developed coupling the’container™<-%
failure times with the time ot the thermal _pulse-as diecussed by CQdell and
Murphy (1992). = -7i=ihe veense fomm e e e R
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{2) Isoctope Exchange With Carbonate Minerals

Although evidence exists that indicates l4c exchanges isotopically with carbon
on the surfaces of carbonate minerals (Allard et al., 1981; Garnier, 198S),.
such exchange procegses are relatively complicated in detail and are subject
to various other chemical parameters (Mozeto et al., 1984). Because the
abundance of natural calcite in the unsaturated zone of Yucca Mountain is
small and distributed quite hetercgeneously (Bish and Vaniman, 1985), it would
be difficult to quantify the retardation potential of 14c02 aggociated with
isctope exchange on calcite surfaces. Further, most of the available calcite
above the propoeed repogitory occurs near the surface in the soil zone. _
Because would be readily accessible to plant roots in this zone, the
calcite in tﬁis zone would not provide a reliable barrier.

According to the Codell and Murphy (1992) model, calcite could be precipitated
in the near-field of the proposed repository prior to the peak in the thermal
pulee. This calcite would be precipitated mafnly ae a result of drying-out of
the near-field environment. As noted. above, CO could be coprecipitated with
this ialcite if 14co, is released prior to the drying-out event. However, if
the is released after the drying-out event but prior to the rehydration
of the near-field environment, it could be exchanged isotopically with ihe
surface of the previocusly precipitated calcite crystals. In this case,
would have to exchange with carbon on the calcite surface from the gas'bhase.”
Unfortunately, there are not sufficient data available at the present time to
model this process. However, because the amount of calcite deposited in the
near-field will likely be limited (Codell and Murphy, 1952), the amount of

CO, retarded by this mechanism may be insignificant. For this reason, this
mechanism is probably not worth pursuing. During the rehydration of the near-
field environment, previcusgly depcsited calcite will be {Edinaolved and
alkalinity will again be the most reliable guide to the *%CO, retardation
factor.

If isotope exchange of 14¢c with carbon on the surface of calcite crystals ls
likely to .have only a minor impact on the transport of 4co, in the
unsaturated zone of Yucca Mountain, bulk isotope exchange will be even less
likely to have 2 signiflcant impact.w T, : Ce

(3) SOrption on Non-Ca:bonate xineralé

The adsorption of 14CO2 onto non-carbonate mineral surfaces in Yucca Mountain
tuffs may provide a eignificant retardation potential for 14c02. For. instance,
iron oxides and oxyhydroxides appear to have a high affinity for CO, (Russel
et al., 1975) and these oxides appear to.be fairly homogeneously distributed
within any given unit in Yucca Mountain. Based on 2vallab1e data, preliminary
calculations suggest the retardation factors for 1 €O, which include surface
adsorption may be.as much as a. factor of three higher than thoge calculated on
the basis of alkalinity alone. - R _— -

e

. M -, ~ - ¥ .
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.*Expetimental evaluatlon.of the .sorption potential for: 14c02 “should’ anlude,._ N .
.batch sorption: experiments, column experiments and possibly field:experiments._ . . ..
-"The batch sorption.experiments could:follow the same procedures:as.those used-; .
for the non-gaseous radionuclides. (Daniels et. al., 1884). ‘Allard et al. : B

1%981) and Striegl (1968) have carried out batch. adsorption experiments with .

on minerals, glacial and eolian sediments. Their experimental procedures
could also be used in the study of Yucca Mountain samples with minor revision.
Column experiments with 14C02 will require more development becauae they must

Preliminary data-do not reference
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be carried out under unsaturated conditions at near-atmospheric pressure.
Perhaps existing column techniques could be modified to allow for low pressure
gas transport. Alternatively, new techniques must be developed to carry out
these experiments. .

In order to select appropriate rock samples for the experimental work, it is
critical that a set of experiments be carried out on pure separates of the
mineral phases identified in Yucca Mountain. Although iron oxides and
oxyhydroxides appear to have a high affinity for carbonate species (Russel et
al., 1975), other materials are also known to have affinities for €O
including aluminum oxides (Schulthess and McCarthy, 1950), clays, and concrete
{(Allard et al., 198l). The pure mineral experiments should be carried out with
water compositions representative of the unsaturated zone at Yucca Mountain,
egpecially in terme of alkalinity. i

D. RECOMMENDATIONS FOR SITE CHARACTERIZATION ACTIVITIES

In order .to allow. mote detailed modeling of 14002 transport in Yucca Mountain,
additional data will’ be required of the eLte characterization activlties. A
These include: -~ - " | -~ - - T

L. . . -~ .
o a - . e iilese 2L R A e o e W e e
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(1) Additional data on unsaturated zone': water chemlattiea (alkallnity
distributicns)

(2) ﬁPatial distributlons ot mattix and fracture minerals critical to
CO; transport _

(3) Acceseibility of 14co, to critical minerals.

As noted above, alkallnity may be the ‘best parameter to ‘gauge the 14c02
retardation potential of hydrologic units in the unsaturated zone of Yucca
Mountain. With the currently available database, an alkalinity range of 1-5
meg/l is suggested for both the unsaturated and saturated zone waters in Yucca
Mountain. What is required of the site characterization activities is-better
definition of this range and a probability distribution of the values within
this range. This probability distribution could be converted to a probability
distribution for retardation factors: yhich could in tura be uaed dlrectly Ln
performance aseeesment calculations.
In order to derive reliable estimates cf retardation potential due to surface
adsorption, site characterization activities muzt provide a reliable measure
of the homogeneity in the distribution of key C sorbing minerals such as
iron oxides in each of the hydrologic unite specified in the flow models. If
the mineral distributions can be shown to be sufficiently homogeneous,
representative sorption coefficients could be derived 4&e-a function of
alkalinity and temperature ugsing laboratory sorption data. If the s
distributions of key minerals are: lnhomogeneoua, it will be difficult-to - -
derive representative sorption coefficients. In this-case, taking credit for
retardation due: to lorption on mineral surfaces: ahould be avoided. - y
o — S PR :-, I JEERGY .,,:..Ju..u Ji e eed \.-‘......c., ~t e ‘.r, -7
';nngn a ditlonal”factor‘in ‘the:derivation of" :epreaentative ‘sorption- coeffiéients'“*
; .= for +%C on key minerals-concerns: the-accessibility of the-mineral surfaces”to T& '
- unsaturated zone waters. Because-gecondary iron:oxides-represent the-¥I®4ji. 3~—.
{ ' alteration of primary iron oxides: by reaction with atmospheric oxygen,‘the

I
\'J
bee

. existence of these-secondary iron-oxides- in-the-rocks-is: evidence: of—their*** '-“4 3_5 :

“accesgsibility to atmospheric gases. However, it ‘would be prudent ‘to” evaluate™ *&7

the accessibility of these oxides to fluids by performing acid leach .

experiments on representative samples. These experiments could-be relatively

straightforward for iron oxjdes but could be- more difficult for other. minerals
. that may be identified asg 1 CO, eorbers.
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Barnard, R. w., M. L. Nilson, H. ‘A.. Dockery, J. H. Gauthier,-P.-G; Kapian, R.:

w "

E. RECOMMENDATIONS FOR MODELING STUDIES

?ased on a review of published models, a2 more comprehensive chemical model for
co transport in Yucca Mountain could be developed. Thie model should
incorporate at least the following two items: .

(1) probability distributions for 14co, retardation factors based on
probability distributions for alkal inity in Yucca Mountain waters,

(2) sorption potentials as measured in representative whole-rock samples.
and (3) a near-field calcite precipitation model coupled (Codell and Murphy, ''''
1992) with a waste container failure model . -

F. SUMMARY AND CONCLUSIONS . -

Exiating-models for 14C02 transport in Yucca Mountain are on the right track

in basing retardation on alkalinity whether using measured values or values L
calculated from the calcite eaturation assumption. Consideration of the- . - = .
potential for near-field calcite precipitation in these models may be

worthwhile if coupled with a model for container failure rates. This.would

enhance the retardation potential of the near-~-field environment. The addition

of a surface adsorption model to the transport calculations would further
enhance the retardation potential. Based on the available data, it seems
likely the site could meet the EPA release limits if (mineral)surface.
adsorption potential was included in the transport calculation.... .... ..
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