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UNITED STATES*
,

j . I %( ) j NUCLEAR REGULATORY COMMISSION
*

0 t WASHINGTON. D.C. 20SW0001

% .~ .n .-...f
December 2, 1993 *

Dr. Fred J. Molz
Department of Civil Engineering
Auburn University
Auburn, AL 36849

SUBJECT: TRANSMITTAL OF INFORMATION FOR CNWRA RESEARCH REVIEW

Dear Dr. Molz: -

In preparation for your participation, as a member of the waste management
subcommittee of NRC's Nuclear Safety Research Review Committee, in the
December 16 - 17, 1993, review of NRC-supported research on high-level
radioactive waste disposal at the Center for Nuclear Waste Regulatory Analyses
(CNWRA), I am enclosing the following documents for your information,

o Current personnel roster for CWRA (first attachment to Patrick-to-Sege
letter).

o List of CWRA reports and conference publications (second attachment to
Patrick-to-Sege letter).

o List of peer-reviewed publications produced by CWRA (third attachment
to Patrick-to-Sege letter).

o List of presentations by CNWRA personnel (fourth attachment to
Patrick-to-Sege letter).

o Copy of the CWRA report, "NRC High-Level Radioactive Waste Research at
CNWRA, January - June 1993."

o Copy of the CNWRA report, "The Role of Hatural Analogs in Geologic
Disposal of High-level Nuclear Waste."

If you have questions on the enclosed material, please contact me at 301
492-3873 (voice) or 301 492-3696 (fax).

Sinc rely,

n D. Randall
Research Program Element Manager
Waste Management Branch
Division of Regulatory Applications
Office of Nuclear Regulatory Research
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SUMMARY OF BUDGETS FOR HL RESEARCH
CONDUCTED AT THE

CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES,
T11E NRC/RES AND OTHER LOCATIONS

.__

PROJECT NAME ($K) CNWRA ($K) NRC/RES

Overall Research 161K 230K

Geochemistry (Unsaturated Transport) 85K 300K

'!hermohydrology 377K 380K

Seismic Rock Mechanics 508K 500K

Integrated Waste Package Experiments 603K 600K

Stochastic Flow and Transport 172K 300K

Geochemical Natural Analogs 470K 475K

Sorpdon Mechanisms 459K 475K

Ferformance Assessment Research 513K 520K

Volcanism of the Basin and Range 340K 350K

Field Volcanism 389K 400K

Tectonics of the Basin and Range 392K 450K

Regional Hydrology 278K 200K
1

Geochronology 0 250K

Modeling of Mantel Dynamics 0 270K

PROJECT NAME LOCATION FUNDING

Validation of Flow & Trans. Through
Unsat. Fractured Rock U. of Arizona 325K

Field Meas. of Crustal Motion in
Death Valley Cal. Tech. 50K

Scale Effects in Fluid Flow U. of Arizona 125K

TABLE 1
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VOLCANIC SYSTEMS OF THE BASIN
& RANGE RESEARCH PROJECT

10 CFR 60.122(c)15: EVIDENCE OF IGNEOUS ACTIVITY SINCE THE START Of THE
QUATERNARY PERIOD

KEY TECHNICAL UNCERTAINTIES RELATED TO IGNEOUS ACTIVITY:

Insbility to sample igneous features*

Low resolution of exploration techniques to detect and evaluate igneous features*

Development and use of tectonic models related to igneous activity*

Developing a conceptual groundwater flow model*

Prediction of future changes in the hydrologic system (due to tectonism)*

Conceptual model representation of the natural and engineered systems*

Variability in the model parametric values*

Prediction of future system states (disruptive scenarios)*

INDEPENDENT RESEARCH IN VOLCANISM IS NEEDED TO:

Evaluate these KTUs '
*

Provide a basis to question how DOE research will address the ,mtential consequences o!*

igneous activity on repository performance

Evaluate DOE's responses to these questions*

:

I

.

TABLE 2
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FIELD VOLCANISM RESEARCH PROJECT

ACCOMPLISHMENTS IN THE LAST SIX MONTHS [and since project inception]

ACTIVITIES RELATED TO PROVIDING GEOLOGIC INStGHT INTO PROBABILITY MODELS

Collection and Analysis of Samples for Petrogenesis Studies [ Hill, Luhr)*

Review of Seismic Tomography Method and Application to Sman Volume Basaltic Cinder Cone*

Fields (Sanders, Connor]

Analysis of Magnetic Tield' Anomalies Associated with ShaRow intrusions [Parra, Connor]*

Mapping of Shallow intrusions Associated with Neogene Volcanism in the Bas'n and Range*

[ Hill, Templeton)

Review of Literature on Dike-Fault Interaction and Development of Conceptual Models Related*

to Dike-Fault Interaction [McDuffie, Mahrer, Connor, Young)

ACTIVITIES RELATED TO UNDEF: STANDING THE CONSEQUENCES OF VOLCANISM

Preliminary Study of Diffuse Degassing at Cerro Negro Volcano [Connor]*

Preliminary Study of Energetics of the Cerro Negro Eruption !Connor]*

.

TABLE 3

,
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TECTONICS RESEARCH
|

!

KEY TECHNICAL UNCERTAINTY TOMCS
|

3.2.1.5 STRUCTURAL DEFORMATION

Poor resolution of critical exploration methods and uncertainty in interpretation and modeEng techniques eveasMe
to detect and investigste structural geologic features in the subourface.

Evaluation of faulting mochenisme in sauvium.

Development and use of conceptual tectonic models as related to structural deformation.

3.2.1.7 CORRELATION OF EARTHOUAKES WTTH TECTONIC PROCESSES
;

Correlation of earthquakes wtth tectonic features.

3.2.1.8 INCREASING EARTHQUAKE FREQUENCY / MAGNITUDE )
i

Inability to predict the Skelihood of earthquake occurence over the next 10.000 years.

Pafoofaulting data indicates that selsmic activity has migrated randornly from one major range from feutt system to
another in the Basin and Range octonic province. Therefore there is considerable uncertainty that the relatively low
seismicity at Yucca Mountain wiu continue over a 10,000 year period

3.2.1.9 EVIDENCE OF IGNEOUS ACTMTY

Development and use of conceptual tectonic models es related to igneous activity.

OBJECTIVES

The overas objective is to improve the capabaity of NRC to review Econsing and performance assessment
issues related to tectonics.

At this time, the primary goalis to examine the sufficiency of esisting data and methods to determine
compliance with both the qualitative regulatory requirements, er.d with the quantitsthre performance
objective.

'
.

TABLE 4

!
1
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KEY TECHNICAL UNCERTAINTIES ADDRESSED BY THE
GEOCHEMISTRY RESEARCH PROJECT

,

Characterizing the Chemistry of Groundwater in the Partially-*

Saturated Zone

* Determining the Alteration of Mineral Assemblages Due to Thermal
Loading

* Identitying Geochemical Processes that Adversely Affect the EES

* Gas Flow and Gaseous Radionuclide Transport
1

* Prediction of the Thermal-Mechanical-Hydrological-Chemical
'

Responses of Rock and Groundwater

* Conceptual Model Representations of the Natural System

!

Objectives:

Understand Ambient Geochemical Conditions and Potential Changes*
in Geochemical Conditions and Processes at the Proposed HLW
Repository

Near Field Geochemistry-

1

Far-Field Geochemistry-

Evaluate issues and Uncertainties in Predictive Geochemical Models*

Used in Performance Assessment

Technical Approach:

Task 2 - Geochemical Modeling of Gas-Water-Rock Interactions

Task 3 - Experimental Studies of Mineral Solution Reaction Kinetics
and Equilibria

TABLE 5



- _ _ _ _ _ _ _ _ _ _ _ _ .

... .

4 ' t

seSORrnON.MODELINGJOR HIGH LEyEL WASTE w$||
u
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TECHNICAL APPROACHES
AND OBJECTIVES:

Sorption Experiments: Hydroceochemical and

berive sorption data on Sorpti n Modeline:a ;

uranium and other * Develop alternative (s) to K '

o
radionuclides models

Evaluate effects of > * Use simplified mechanistic*
,

solution chemistry and < approaches to describe and i

rock / mineral properties predict radionuclide
* Identify sorption sorption / retardation

'

processes / mechanisms * Evaluate suitability of
important to Yucca alternative models to
Mountain environment performance assessment

needs

KTUs:

Identity and magnitude o' the effects of geochemical.

processes th31 reduce rad.onuclide retardation

Parametric representa5cn of retardaton processes+

Capacity of at:crat.cn mneral assemblages to inhibit*

radionuclide migration
Effect of degree of satstation on raconuclide sorption-

j

TABLE 6
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SEISMIC ROCK MECHANICS RESEARCH PROJECT

LICENSING NEED:

Compliance Determination with Respect to Thermal-Mechanical / Thermal-*

Mechanical-Hydrological (including Repetitive Seismic Load) Effects for
Subsurface Facilities Design and Performance Assessment

KEY TECHNICAL UNCERTAINTIES:

Prediction of Thermal-Mechanical (including Repetitive Seismic Load)*

Effects on Stability of Emplacement Drifts and Emplacement Boreholes for
Design Review and input for Waste Package

Prediction of Thermal-Mechanical-Hydrological (including Repetitive Seismic*

Load) Effects on Emplacement Drifts and Emplacement Boreholes to
Provide input for Waste Package and System Performance Assessment

OBJECTIVES:

Reduce Seismic Related Key Technical Uncertainties that will Affect*

Repository Design and Performance in Jointed Rocks

Develop Methodologies to Support:*

Development of Seismic Design Compliance Determination Method-

(CDM) for License Application Review Plan (LARP)

- Preclosure and Postclosure Repository Performance Assessment
Relevant to Seismic Loads

Review of ESF Title 11 Design Relevant to Seismic Loads-

TABLE 7
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SEISMIC ROCK MECHANICS RESEARCH PROJECT
Task ~9 - DECOVALEX Modeling

LICENSING NEEDS:

Compliance Determination with Respect to Thermal Loads for Underground .*

Facility Design and Performance Assessment

"

KEY TECHNICAL UNCERTAINTY:

Prediction of Thermal-Mechanical-Hydrological (including Repetitive Seismic I
o

Load) Effects on Emplacement Drifts and Emplacement Boreholes to
iProvide input for Waste Package and Total System Performance

Assessment

OBJECTIVES:
_

|

Develop Methodologies, Through Participation in DECOVALEX, to Support:| e

| Development of Thermal Loads Design Compliance Determination-

I Method (CDM) for License Application Review Plan (LARP)

Preclosure and Postclosure Repository Performance Assessment-

Relevant to Thermal Loads

!

Review of ESF Title 11 Design Relevant to Thermal Loads-

TECHNICAL APPROACH *

To investigate Suitable Computer Codes for Coupled Thermo Hydro-*

Mechanical Modeling

To identify Needs for Further Development of Computer Codese

To Design and Conduct Validation Experimentse

l

.

TABLE 8

.. _ _ _ _ - _ _ _ _ - - _ _ _ _ _ - _ - _ _ _ _
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INTEGRATED WASTE PACKAGE EXPERIMENTS ;

PROJECT
._

KEY TECHNICAL UNCERTAINTIES
,

,

,

Prediction of Environmental Effects on the Performance of Waste*

Packages and EBS

Extrapolation of Short Term and Laboratory Prototype Test Results :*

to Predict Long-Term Performance

Prediction of Thermomechanical Effects on the Performance ofa

Waste Packages

Prediction of Release Rate Parameters Such as Size, Shape And*

Distribution of Penetrations of Waste Packages i

Determining the Magnitude of the Effect of Geochemical Processes*

that Adversely Affect the EBS

Characterizing the Chemistry,,of the Groundwater in Partially.
'

Saturated Hydrologic Zone of Yucca Mountain
!
,

6

TECHNICAL APPROACH ;

!
Provide Data Compatible with Models Developed in EBS Program :*

(Use of Short Term Tests for Long-Term Prediction) {
t:xperimental Verification of Model Predictions and Assumptions !

*'

Study Classes of Materials. Develop AnalysisTechniques Applicable .
*

to a Wide Range of Materials and Designs

Prioritize Environmental Factors Using Screening Tests and Target.

More Detailed Tests on important Factors (eg. Chloride, pH, Nitrate)

|Guide Long-Term Testing Strategies*

|
'

Develop Techniques and Guidance for integrated Near-field.

Environment and Waste Package Performance Program |
|
i

|.

|

|

TAB;I 9 |

|
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GEOCHEMICAL NATURAL ANALOGS
RESEARCH PROJECT

Selected Kev Technical Uncertainties:

Uncertainty in Modeling Groundwater Flow through Unsaturated Fractured*
Rock Caused by the Lack of Codes Tested Against Field Data

Experimental Confirmation of the Basic Phys * cal Concepts of Groundwatere
Flow through Unsaturated Fractured Rock is Needed

Equal or increased Capacity of Alteration Mineral Assemblages to inhibite
Radionuclide Migration

Uncertainty in Identifying Geochemical Processes that Reduce Radionuclidee

" Retardation"

Conceptual Model Representations of the Natural System*

Obiectives:

Task 1 - Literature Review

Compile and Evaluate Research Conducted on Natural Analogs Relevant to HLW*
I

Contaminant Transport at Yucca Mountain

Identify Potential Sites at which to Undertake a Natural Analog Study*

Task 2 - Site Selection
Select a Site or Site a with a High Ukelihood of Yleiding loformation on Processes and 1* '

Events Controlling Contaminant Transport in a Yucca Mountain Repository

Task 3 Data Acquisition -

Develop Methodologies for Data Acquisition and implement Those Methodologies for the*

Analog Sites

Task 4 -Interpretation of Data and Modefing

Interpretation of Data Collected for the Analog Sites*

Development of Conceptual and Numerical Models for the Geochemical Evolution of the*

Sites ;,

Evaluation of the use of Data from Natural Analogs for Support of Performance*

Assessment Modeling of a Yucca Mountain Repository
,

TABLE 10
|
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PERFORMANCE ASSESSMENT RESEARCH
- ,

REGULATORY BASIS:

10 CFR 60.112 OveraR System Performance Objective for the Geologic Repository*

After Permanent Closure

KEY TECHNICAL UNCERTAINTIES (KTUs):

Prediction of Future System States (Task 1)*

Conceptual Models of Natural and Engineered Systems (Task 1)*

Validation of Mathematical Model(Task 3)*

:

>

OVERVIEW OF PROJECT:
'

Conceptual Model Development*

- Disruptive Scenarios
?

Matrix Fracture Interactions '

-

- Near Field Flow Phenomena
,

Computational Model Development*

- Parallel Algorithms [

Numerical Methods for Flow and Transport-

Model Evaluation*

- INTRAVAL |

Validation of Flow Models-

>

,

h

!

TABLE 11
:

i-

,

B

i

!

. __ _ __
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PERFORMANCE ASSESSMENT RESEARCH ~ t

.

CONCLUSIONS FROM YUCCA MOUNTAIN IMPLEMENTATIONS:
CEmate Change*

InfBtration Rates: Highly Variable Between Assessments-

Temporal Probability Model: Not Cunently Modeled-

Volcanism*

- Indirect Effects: Not Currently Modeled
,

- Hydromagmatic Effects: Currently Assumed Effusive
- Spatial and Temporal Probability Models: Currently Uniform Models

'

Human Intrusion*

- Indirect Effects: Not Currently Modeled

Dreg Frequency: Highly Variable Between Assessments-

Seismo/ Tectonics*

- Effects on Borehole and Drift Stability: Not Currently Modeled
- Aseismic Effects: Not Currently Modeled

Secondary Faulting: Only EPRI Considered-

- Waste Package impingement: Only NRC Considered

i

TABLE 11

.

6

%

. .
- _ _ . _ . _.
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STOCHASTIC ANALYSIS OF LARGE SCALE FLOW AND
TRANSPORT IN UNSATURATED FRACTURED ROCK

.

REGULATORY DASIS: 10 CFR 60,113(a)(2) Groundwater Travel Time
10 CFR 60.122(b)(7) Favorable Conditions

KEY TECHNICAL
UNCERTAINTIES: Spattai Variability of Hydrogeologic Model Persmeters and

its Effect on Groundwater Travel Time Uncertainty .

Developing a Conceptual Groundwater Flow Model that is
Representative of the Yucca Mountain Flow System

Determining Effective Hydrogeologic Characteristics
for Unsaturated Media

OBJECTIVES:

Data Review and Modeling Approaches (Task 1)*

Submodels and Separate Effects (Task 2)*

Large Scale Flow and Transport Simulations and Analyses (Task 3)*

Reporting of Results (Task 4)*

Enhancement and Documentation of BIGFLOW (Task 5)*

Effective Hydraulic Property Calculations (Task 6)*

.

TABLE 13
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REGIONAL HYDROGEOLOGIC PROCESSES OF THE
DEATH VALLEY REGION

;

KEY TECHNICAL UNCERTAINTIES: !

Development of a Conceptual Flow Model that is Representative of the Yucca !*

Mountain Site Groundwater Flow System .;
i

Appropriateness of Assumptions and Simplifications in Mathematical Models
|

*

Determining the Fastest Path of Ukely Radionuclide Travel from the Disturbed Zone [*

to the Accessible Environment ;

The Nature of the Large HydrauGc Gradient Located North of Yucca Mountain !*

Adverse Effects of Future Groundwater Withdrawals on the Flow System
'

*

Ability to Predict Location and Quantity of Future Groundwater Withdrawals*

.

Conceptual Model Representations of Natural and Engineered Systems*

Spatial and Temporal Variability of Model Parametric Values '*
,,

i

,

!
OBJECTIVES OF PROJECT:' ;

Construct a Strategy for Assessing Existing and Altemative Conceptual Models of* ,

the Regional Hydrogeologic Reg'ene.

Establish a Framework for Determining the UkelRiood that Models of the Regional ;*

Flow System Developed by the AppEcant incorporate Those Features, Processes,. i
and Events that Have the Potential to Compromise Repository Safety.

TABLE'14
,

,

.

N
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THERMOHYDROLOGY RESEARCH PROJECT .

;

KEY TECHNICAL UNCERTAINTIES:

Determining the Extent of the Disturbed Zone*

Uncertainty in identifying Which Conceptual Mcdels Adequately*
,

Represent Isothermal and Nonisothermal Liquid and Vapor Phase '

Movement of Water through Unsaturated Fractured Rock at Yucca
Mountain

Uncertainty in Modeling the Formation of Perched Zones by Thermally*

Driven Flow

Gas Flow and Gaseous Radionuclide Transport*

t

Prediction of the Evolution of Groundwater Conditions Near and Within*
,

the Engineered Barrier Systems (EBS)

Prediction of Environmental Effects on the Performance of Waste*
,

Packages and the Engineered Barrier System (EBS)

OBJECTIVES:
' ''

Assess DOE activities Through an improved Understanding of*
;

Thermohydrologic Phenomena in Partially Unsaturated Media

Quantify Observable Performance-Affecting Thermohydrologic*

Phenomena using Laboratory Experiments

Investigate Thermohydrologic Phenomena and Evaluate Mathematical*

Models using Numerical Simulations

Relate Laboratory Results to Field Scale Experiments and Repository :*

Setting through Similitude

.

'
TABLE 15

!
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TASK 10: HYDRAULIC / PNEUM ATIC
TRACER FIELD TESTS

.

'

UAz Investigators: Amado Guman (Doctoral Candidate)
Shlomo P. Neuman (Faculty Advisor)

Technical Objectives:

This task addresses some of the key technical uncertainties and user needs described in the NRC High- ,

Level Radioactive Waste Research Program Plan (Nureg.1406). In panicular, the proposed activities
are designed to:

1. Determine the relationship between hydrologic parameters obtained for pneumatic and hydraulic
tests

2. Extend the existing data base for the Apache Leap Tuff Site (ALTS) to determine both the spatial
variability and the statistical distribution of the permeability

3. Understand the relationship among measurements performed at different scales and their
compatibility with the scale of the conceptual and mathematical models

'

4. Evaluate the applicability of existing flow and transpon models to unsaturated fractured rock at
the measurement scales at the ALTS

TABLE 16

,

a

f

?
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SUBTASK 11.1:
CARBON AND NOBLE GAS ISOTOPES AS

INDxcAronS or TaAVEL TzNES AND Flow '

PATH zN FaACTUaED UNSATURATED TUrr t

UAsL.. C w Gregg R. Davidsen (Decaeral Candidate)
R.L Basseet (Facahy Advisor)

cenaborators: saias Imosa (Universky of Bern,
SwisserlaaJ)

Bernhard Ish=== (Universky of Bern,
Switzerland)

WR11am Marpby (CNWRA)

Ta%WI Otsectr,es:-

*

Eey TA=ht Uocertalaties as identified la NRC (1993),'Ihere.

is a great ascertalary la deter =Inine the relative proportion af
fracture versas anstrix flow la the ====e= sted some, a.,4.di.g
identificaties of the conditions and/or which fracters flow wHI
d s u=
(p.M NRC,1993)

specase oldectives er this remarch are:

L Test the assumption that formation air and ansaturated
seee port water are la isotopic v % with respect toa
entboa.

2. Determine the impact of pere water extraction by
compression techniques on pore water h===y.

3. Compare carboa.14 results with noble gas lootopic
measurements to determine the feliabGity of carboo.14 for
travel tisme es+ha*=

4. Determine the tiane and Dow pathway required for surface
ramoff to reach the perthed aqalfer.

5. Determine the mass balance of carbon la the ansaturated
zone.

TABLE 17

.

_ __ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ - . _ _
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SUBTASK 11.2:
. URANIUM ISOTOPE CONSTRAINTS ON

VAoOst ZONE MOISTURE MOVEMENT IN A
FRAcTUREn TUFF -

-

UAz lavestigators: Ernest Hardia (Doctoral t'andidae.)
R.L Bassett (Faculty Advisor)

Collaborators: Fred Pallak (USGS)

Tenhaical Objectrees:
'

The study will examine total U and "U/"U in rock and water
samples representing two generuli=f pathways at Apache Leap:
rapid recharge to the perched some throagh fractures, and slower
recharge mostly throagh the tuff matrix. It is anMpa*=d that this

Jcould lead to as approach for characterizing the recent history of
pore water enconstered undergreemd at Yaces h=+=k Aa

,

ancillary benc5t would be greater understandlag of ==dha that <

contribete to U retardation is sita.

Ob':-- L
1

L Characsernation the variation of "U/'"U and estal U, .)
together with major ions a ad other trace meetals, in |

'

groundwater of the vadose soev/ perched system at Apache

2. Examine the relationship between "U/"U ratio
_

measurements in associated samples of - and ,

"

rock.

3. Characterise U source minerals and IMeartag secsedary
minerals along generalized vadese some and perched aquiler )
now pathways.

4. Identify reaction path models consistent with z-S ~
chemical analyses and petrographic data, and compare with
indications of U retardation reactions based on antal U and
*U/"U measurements.

TABLE 18

I

i
I

|

I
i

i
i

{

__ -__. - - -
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SUBTASK 13.1:
INVESTIGATION OF A

-

PERCHED WATER ZONE

a

UAz Investigators: Betsy Waah=ae (Docseral c..mmen
R.L. Bassett (Facahy Advisor)

Collaborators: Ginny Colten-Bradley (USNRQ
Gary Stuwait (USfaQ

Technical Objectr,es:

Key Technical Uncertainties as identiGed by NRC (1993) include
the potential for perched water bodies to form and saturate parts
of a reposkory la the vadese some. To address this sacertalary,
the potential for fatare perched water bodies to forms most be
predicted. Predictions weald depend on a h-' '; of the Asw
behavior of water la ansaturated fractured rock for dEferest Sex
rates through Yeeca Maastala. At present there is much
mocertalary about how to ceDect =-e= rated hydrelegic property
data for fractures and how to model nasaturated hassure Sew.
The NRC wul therefore need to condect independent resenre.

The following obja.i.es wn! be parvoed at the Apache Emmy
Research Site:

L Determine the canse for a reloced hydranBe -x ' __'.a,
some where perched water occurs.

-

2. Determine the recharge mechanisms for the perehed some.

3. Study flow through !ractures as a mechanism for recharge
to the perthed some.

4. Determine the recharte rate, or travel time from surface
precipitation to recharge at the perched some.

.
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SUBTASK 13.2:
ESnMAn0N OF gas TRANSPORT

PARAMETERS IN UNSATURATED
FaActuRED Turr

UAx !avestigators: Alan M. Geddis (Decsers! cmadMate)
R.L Bassett (Facmiqr C- LP:)
PJ. Wiereaga (Faceity C"_i'-)

Couaborator: Mr. Edwis P. Weeks (USGS, Denver)

Taeh=ar=1 Objedives:
|

1. Molecular diffusion of atmospheric cideroDoorocarbons wG1
be es+i==W Prelu=Imary resmits from a solation by Weeks,
et. al (19g2), suggests D, w 4.002 m'/d as a first

|spprad== tion for F.11 in AIJLS tuff matrix materid. A
'

reliable ddection limit la the parts per trSom by voimme
|(ppt,) ruage shoald suew ==+i==+ia= ef F-u concastrades
ito the 100 A depth (vertica!) met ="W the eSect of
|fractures, which samy ==ha=e* movessant. Maartz !

tros core agaeezing wiB be and essend for !
contest. His may address parts etuser needs det,404,783.

.

2. Fundamental pirysical properties of andr that pertals se gas
Sow need to be ev=lamaad further. At presamt a

|
thermodynamicaDy ' correct * air & is being i==ehimed. his instrument can e 4 esammate the air

iSued porosity of core sampl r takam durier drShug. Basic
and necessary matensi parameters sack as perdde densary
and air. filled porosity at vadeus unser assimuss wEl be
measured. Knowledge of this type of eartmeeley saa ahl km

iestimating an edrective diffaslea m, e AE 659 A eteure >

has been recovered and stored Ier this type of use. Dis may
|address parts of meer needs 401,404,183. ;

3. Vadoes existing FOR11 TAN campster models can be applied
to the observed data. Sensttivity analysis et unnees
parameters such as tortuosity wiu be perfonned. Interesting r

new emethods as is Nilson et. al. (1990,91a.91b) cmaid be
tested.This could address parts of user need 403.

;

p
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SUETASK ID Medsung Transpeet in a F1mine Framww Norwort

UAz Invesuganars. Thoemas M. Ficanaunce (M 5. Camddase)
R.L Bassen (Facairy Advuor) *

Conaborators. Aarerosmos C Baganglou (ONRA)
!

Techaxal Obecstves:

Key T~+niat Uncenaanry is the same as SUBTASK 10.1
i

Spec 5c Objecuves of this research are:

1. Use the model NEFTRAN to ==f aw transpon of solute through a fracne: scrwntk
analogous to abe zone between Queen Creek and the New er 5=ca Tunnet

2. Use identi6ed hydranhe parameters inun the site to match the observed be aMecgh
curves for elecincal h ni ain-d

3. Opunnze the parameters to 6: the data and deseranne if these new parameters 6:
wstina the range of vanaburty of the acmal messaremsan. '

i

|

1

i
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