Attachment 4

s

WORK PLAN FOR NRC/NMSS PROJECT #B0290: REVISION 2
R
LABORATORY EVALUATION OF DOE RADIONUCLIDE/SOLUBILITY DATA

" AND SELECTED RETARDATION PARAMETERS, EXPERIMENTAL STRATEGIES,
LABORATORY TECENIQUES, AND PROCEDURES

Program Manager“// A. G. Croff
Task Leader: A. D. Kelmers

Principalllnvestigators:
#. D. Arnold, C. S. Haase, G. K. Jacobs, J. H. Kessler, S. Y. Lee, and R. E. Meyer

Chemical Technology Division
Chemistry Division '
Environmentzl Sciences Division = ..

OAK RIDGE NATIONAL LABORATORY
0AK RIDGE, TENNESSEE 37831

Work sponsored by the Nuclear Regulatory Commission under contract
with Union Carbide Corporation, Nuclear Division

I e TN

— " 841010 ‘,
1070205 ;
BER WASTE PDR .|

WM-11



vt

Y

1.

2.

3.

4.

6.
7.
8.

_ CONTENTS
smmARY [ ] [ ] L ] ’ [ ] - [ ] [ » [ ] * ® » L 3 [ IFAN [ ) [ ] 1 ] l. *

INTRODUCTION

L] - L L] L ] L ] L L * L ] L L] * [ ] L] L] * L]

2.1 Project Objective and Justification . . . .

2.2 Description of the Work Plan « ¢ « « o o o &
WORK SCOPE AND APPROACE « o o o« o o o o o o o o &

3.1 Work to be Performed + « « ¢« o o o Y

3.1:1 Site Priorities . : e o ¢ o o » ; e o
3.1.2 Information to be Evaluated « « « «
3.1.3 Radionuclides to be Investigated . .
3.1.4 Geochemical Modeling Activities . . .
3.2 Experimental Facilities . ¢ ¢ ¢« o ¢ o o « o
3.2.1 Alpha-Containment Lzborztory . . « «
3.2.2 Radiochemical Laboratories . . . . .
BATCH EXPMNTS * L ] [ ) * L ] L ] * * [ ] * L ] [ ) L ] [ ] L ] [ ]
aol Experimental Materials ® 5 e & o » o 8 -5 »
4.1.1‘ Solids e & & & © o 0 & ¢ o6 6 ¢ ®w e @
4.1.2 Groundwater « « o« o s o * o o o o o o
4.2. Experimental Plan e o 6 2 @ o o o o o e o o

4.2.1 Neptunium/Plutonium Batch Experiments
4,2.2 Technetium/Uranium Batch Experiments

COLUMN EXPERIMENTS o o o o o o o o o « o o o o o

S.1 Experimental Materials

S5.1.1 Solids ® o @ o & o v o 6 8 & ° & o »
5.1.2 Groundwaterio_- e ¢ v o 0 o o o & o
5¢.1.3 Radionuclides « ¢ « o o o ¢ o ¢ o o »
5. 2 Experimental Plan L ] L ] L [ ] L * L ] L ] L] L ] * [ ] L ]

GEOCHEMICAL MODELING [ L] L] L L] * * . L [ J L d L] L] *
REPORTING METHOD AND SCHEDULE . « « o o « « « o &

ADDITIONAL CONFIRMATORY WORK NEEDS .+ o o o « & o

8.1 Stacked-Vessel Multistage Experimentation ..

APPENDIX A — Milestone Schedule « ¢ s ¢ ¢ « o ¢ o o o

REFERENCES

® & & ¢ o ¢ @ & ° » ¢ e &6 5 0 & o & v e o

@ & o o 9 [ ]

® & & @ 9 & o o

* ¢ & o o

® & o @ & o » o

e & o ¢ =

® @& & & & » ¢ & o e & 0 o

e & e o6 & e ® & & o & & o

» o & ¢ o .

L ] L] L ] [ ] [ ] [ ]

o~

SN

o~ .



>
.

A\¢]

1. - SUMMARY'

This Work FPlan describes radionuclide apparent concentration limit and

‘retardation value measurements and the supporting geochemical modeling sctivi-

ties to be performed for the Nuclear Regulatory Commission’(NRC). These sctivi-
ties will provide the NRC with an independeﬁt basis for evalﬁatiop of
site-specific values dqurmined by contractors for the'Depértment of Energy
(DOE) for use in high-level waste repository. performance as#essﬁent. Such 1
data base is necessary so that NRC can ihdepgndently establish the relevance,
precision, and accuracy of radiqnuclide‘concgntrat;én liﬁits, retardgtion values

and data acquisition methods being used by DOE in site perfbrmance assessment

modeling calculations. This will help assure that the nature of DOE

radionuclide release predictions are conservative for groundwater transport sce-~ -
narios and will, therefore, support the NRC licensing activities.
The initiel work is being directed to evaluate datz relevant to the Basalt

Waste Isolation Project (BWIP) candidate site in bésalt,hsincé BWIP has salready

submitted a Site Characterization Report to the NRC and the NRC has responded

with & draft Site Characterization Analysis. During FY 1984, work will also be
started to evaluate data.relevant to the Nevada Nuclear Waste Storage
Investigation (NNWSI) candidate si?e in tuff. As other DOE sites advance in the
licensing application process, attention will be directed toward evaluation of
pertinent radionuclide concentration 1imit and retardation values.

The initial BWIP-related work involves tadionuclid; sorption/solubility
measurements with neptunium and technetium. These radionuclides ‘were ;elected
based on their potential codtribution to the radioactivity_ieleasg hazafd to-the
environment. The first tests were at room temperature under oxic conditions;

however, the test parameters have been shifted to the expected repository



coﬁditions and/or other conditions being used by a .DOE project. The work
star:ed with crushedlbasalt; but emphasis.vill be shifted to representative
secondary minerals as they are acquired, since these aré likely to dominate th;
release pathway. Synthetic groundwaters will be used a;& in some tests the
groundwater composition will be altered to simulaée the thermal and radiolysis
effects anticipated in the near-field. |

As the BWIP-related work is completed, similar ﬁeaéurements with neptunium
and technetium will be initiated to evaluate data relevant to the tuff candidete
site. Atvthe same time, evaluation of uraniug'ahd plﬁton;um”sorption and con-
.cenﬁration limit values undér'BWIP condifions wili be initiated.

The experimental method will involve constructioﬁ of sorption isotherms and

extension of the isotherm .to establish an apparent concentration limit. Both

batch contact tests and column chromatographic experiments will be conducted to

" obtain data on sorption/comcentration limit values. The column experiments will

also provide- information on fossible ﬁuitiple'speciatibﬁ”of’tadionuc}ides.
Geochenical modeling, employing established computer programs, will support the
experimental effort and will evaluate the data base information and numericel
modeling calculation methods being employed by the DOE. '

This Work Plaq conta;ns a description of thé scope and approach, detailed

experimental method, a current status and future schedule including & milestone

chart, and a discussion of possible additional future work.

2. INTRODUCTION
2.1 Project OSjective and Justification

The objective of this project is to support the NRC staff analysis of
geochemical information for DOE high-level waste repository candidate sites with

a laboratory-oriented effort to evaluate key radionuclide data which may be
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emuioyed by DOE in performance assessament caiculations to show expected reposi-
tory complizance with reguletory requiremeurs. The results of this effort will
"help the NRC staff to independently review and evaluate the key data values ]
enployed in DOE site performance assessment analyses and the methods used to
develop these va}ues; |
The laboratory analzeis will concentrate on the geochemical processes

expected to dominate predicted radionuclide retardation behaviorland release
rates at the candidate sites. The primary focus is on uarameters whichuare
relevant to the migrat;on and retasrdation of radionuclides, nauely, radionuclide
concentration limits and radiqnuclide eorption on host rock‘eonetiturents aﬁa:
.fracture fi1lling minerals. In addition, the usefulness and lirmitations mfr
geochemical models and computer codes which are used to predict the behavior and *
mobility of radionuclides in the repository far field will be assessed.r The
project activities will be undertaken on a site-specific basis, dependent.on the
site charactérization schedule and importance to demonstrefion of site favorable'
or unfavorable features identified by DOE in the Site Characterization Planms.
2;2 Description of the Work Plan |

This Work Plan includes a discussion of the background end scope of the pro-

posed activities. The technical approach and experimental plans are discussed

end expected results are identified. The DOE-developed data and information to
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be evaluated are identified, and possible areas of potential agreement or con-
cern are discussed. A work reporting schedule is presented by which technical
progress. and significant results will be periodically reported. ‘The Work Plan
1s considered to be a "living document,” and will be periodically updated end
revised following future DOE candidate repository site developments and NRC data

evaluation needs. Potentizl work will be identified in future revisions.



3. WORK SCOPE AND APPROACH
3.1 Work to be Performed

3.1.1 Site Priorities ' ’

The work emphasis will parallel the DOE site development aétivities.
Attention is first being directed toward evaluating values that quantify the
behavior of radionuclides in basalt rock)gro;ndwater systems. During FY 1984
work will also be initiated on quantifying radionuclide behavior in tuff
rock/éroundwater systems relevant to the tuff candidate site as representative
tuff samples become.available.

As the national»wéste repository program'e§olves id’the futufe and NRC's
data needs correspondingly change, the work emphasis for this prbject will simi~-
larly evolve. It is not possible to ﬁredict at ;ﬁis time which sites and site
ggochemical aspects will be of most importance to the NRC in the future, thus
t_tﬁis Work Plan will.remain & flexible "living” documen;. Planning for quure
'work wvill be‘doﬁe in conjunction and coordination wigh‘therﬁﬁc. | »

3.1.2 Information to be.Evaluated .

Sorption distribution coefficient and isotherm data which exist for the
bﬁsalt and tuff candidate repdsitory sites will be experimentsally evaluated
using batch contact tests. In addition, columm chromatographic experiment; will
be conducted to e#aluate.retardation factors and to oBtain informatidn on spe-
ciation on radionuclides in the site specific geologié media under controlled
flowing conditioms. VApparent limiting concentrationé_of kejiradionuélides under
anticipétéd repository conditions will be experimentaily determined for com=-
parison with (a) the radionuclide solubilities obtained by computationél

methods and (b) results of experiments undefway by some DOQE projécts. Virtually

no experimental solubility measurements or verificatioq of geochemical computer
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modynamic data bases and computer codes with minor extensions to handle the

code,calcul;tions have been reported by the DOE projects up to the present time.
The.DOE projects h;ve been using calculatipnai appéoaches, using existing ther-
radionuclides not found in geochemical data bases, sincetdgtermination of
radionuclide solubility product constants by clessical physical ;hemical téch-
niques is time-consuming and expensive. The calculated radionuclide solubility
values being gmployed and the calculation methods used to. obtzin them will also
be evaluated by the geocheﬁical wmodeling efforts.

3.1.3 Radionuclides to be Investigated ‘

The evaluations will be restricted to “key” radfonuclides. These are

-defined as those radionuclides which are most likely to dominate release hazard

calculations, are less likely to be adsorbed by the host rock constituents under

site specific conditions, or whose sorption or solubility values seem

questionable in DOE site performance characterization information. &ctinides,
fissign prodgctS) and activation produéﬁé will bé cpnsidéréa;:' :

During the initial phase of this project, four critei:ii were established for
the selection of radionuclides to be studied: Fl) the radionuc;ide must hﬁve at
least one isotope of major importance in the calculated release hazards,'(Z) a8
significant question or uncertainty concerning the measuréd or calculated value
must.exisc, (3) the planned effort must be consistent with the project cesour=-
ces, aﬁd (4) adequate isotope availability and analytical methodology must exist.

Neptunium and technetiuﬁ were initially selected as Sest sétisfying
these criteria and Qork this past year was started on confirming values that}

quantify the behavior of these radionuclides in basalt rock/groundwater systems

found at the BWIP candidate site. It is planned to extend the neptunium and

¥
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3.2 Experimental Facilities

technetium studies to the other candidate sites such as the tuff rock/ground
syskems relevant to the Nevada Nuclear Waste Storaée Investigations (NNWSI) can=-
didate site in voléanic tuff beds at Yucca Mountain in the Nevada Test Site, aﬁd
to salt rock/grourdwater systems relevant to several bedded and domal salt sites
being developed by the Office of Nuclear Waste Isolation (ONWI),

As e§aluation of neptuﬁium and technetium values in BWIP is completed, simi-
lar éxperiments-are planned with plutonium and uranium.  Both plutonium and ura-
nium teet the above criteria for selection and uranium is a major constituent of
spent fuel. Since there is & good data base for uranium, these experiments
should provide compariéon bases for our geochémical modeling activities.

3.1.4 Geochemical Modeling Activities

Geochemical modeling will be carried out both to supfort the radionuclide

sorption and sélubility measurements and to evaluate radionuclide solubilities

. célculated for candidate repository sites.

The different radiologic hazards associated with fissidn products'(whigﬁ can
be traced at low activity 1evéls) and actinides.(which have high-level alpha
radiotoxicity values and/or emit low-level beta, garma, and neutron radiations)
require two separate experimental facilities in different ORNL buildings. A
brief deseription of the facilities follows. -

3.2.1 Alpha-Containment Laboratory

The Alpha Isolation Laboratory (Building 3508) ié operatéd by the Chemical
Technology Division. Five laboratories are equipped to handle large quantities
of radioisotopes that have high-leyel alphé radiotoxicity values and/of emit

low~level beta, gamma, and neutron radiatiors.



* For the.sorption/solubility work with actinides, two controlled-atmosphere
glo;e boxes are set up in Building 3508. 'Thef are.connected together, but have
_the capability of being isolated from each other. Each box is connected to thé
building offgas system and to a supply of argon. Additional equipment installed
either in the glove boxes or adjacent to them include centriiuge; for solid-
solution separation after batch contact, temperature control equipment to main-
tain elevated_test temperatures, and associated analytical apparatus.  Automated
sophisticated counting equipment is available in an adjacent building.

3.2.2 Radiochemical Laboratories

Lower levels of less radiotoxic radionuﬁlideS‘canlbé'héddled‘in conventional
-radiochemical laboratories. Work with fission products, which can be donme with
stable elements traced with low levels of gamma—- or alpha—~emitting isotope for
analyticai purposes, can be carried out in appropriate laboratory hoods wor
controlled-atmosphere glovg boxes.

A_contro}led-atmbsphere glove box équipped with.é chemical dxygeu—sca;enger
system has been installed in a laboratory in Building 4SBON in the Chemistry
Division for the batch sorption/solubility workr A shaking tab;e and a high-
speed centrifuge for the liquid-solids separation have been instzlled in the
glove box.

Additional equipment utilized on this project includes a poteniostat for
measuring/controlling redox conditions and an electrochemical céxl for removing
the remzining oxygen from solutions. Alpha and gamma COuntiﬁg equipment is

available and other equipment and craft and support services will be utilized as

necessary.



A laboratory in Building 3504 in the Eﬁvironmental Sciences Division has
been designated for the column chromatographic investigations. A higﬁ perfor-
mance liquid chromatography system with a high-resolution gamma radiatién detec—

tor has been procured and installed.

4, BATCH EXPERIMENTS

For details of initial work on neptunium and technetium sorption/solubility
in basalt/groundwater systems, see the ORNL FY 1983 Annual Progress Repéft |
(Relmers, 1983).

4.1 Experimental Materials

4,1.1 Solids

Initial tests will use McCoy Canyon basalt (obtaiﬁed from & rock outcrop)
which was carefully selected to minimize weathered rock or fractures containing
sgcondary minerals. All the samples are crushed in an agate mortar so as to
. a&oid contact with iron and screened to selected part;cle size ranges. Sfmples
are prepared'u;der oxic and enoxic conditiomns. In a“féw cases, the basalt size
‘reduction has been carried out in an argon atmosphere bo; ln order to prepafe
crushed basalt with surfaces which have not beep exposed to air. Some samples
are used "as is,” while others are pre—equilibrated ﬁith site représentative
groundwater to more nearly gimulate aged rock by diminishing possible reaétivity
of the freshly gréund ana eqused surfaces. '

Secondary minerals may be of importance in radionuclide retardation in
basalt flow flowtops aﬁd interbed regions and emphasis will fe given to eval-
uation of secondary mineral information. Representative, well-characterized
minerals will be purchased from commercial sources and used for this w;rk since
BWIP has not quantified the mineral content to be éncounteréd in release path-

ways and samples of secondary minerals from the candidate repository horizoms
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are not pre§en:1y available. These secondary minerals may also be ground and
scréened under oxi; end anoxic conditiomss . ‘

It is eanticipated that representative, well-characterized tuff minerzls will
be purchased or obtazined from NNWSI and used in the contingation of the nep-
tunium and technetium studies. Planning for this work will be d;ne in coor-
dination with the NRC contract manager. As site characterization at each site
progresses, a@ditional samples of basalt and tuff will be fequested from BWIP
and NNWSI.

4.,1.,2 Groundwater

To date, synthetic groundwater formulations GR-1 #nd GR-Z’prepafed'by BWIP
-have been used in the batch tests. The GR-2 composition is reﬁorted to be
representative of Grande Ronde groundwater and was used in many of the BWIP-
tests published prior to 1984. Due to stability problems wifh GR-2 &nd changes
in BWIP methods, the recently described new groundwatér GR-4 may be used in many
of thg futur% tests. Bowevér;‘itAshoﬁld be noted that radionﬁﬁiideAsorptibn and
limiting concentration values in GR~3 and/or GR-4 have not*been puBlished by -
BWIP. In some future tests (to be developed later in the year){ the groundwater
composition may be systematicelly varied to determine the sensitivity of sorp-
tion and solubility values to groundwater composition. Altered groundwater com—
posiiions representative of the changes expected due to thermal ahd radiolytic
reactions will also be used in the future, |

The groundwater to be used :6 simulate conditions tepreségtative of Yucca
Mountain will be selected eas additiodhl_information on the site yecomes |

available and in coordination with the NRC contract manager.,.

e~ .
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4,2 Experimental Plan

The initial objective will be to establish sorption isotherms and apparent
concentration limits under site-specific geochemical parameters. Sorption R
isotherms will be constructed over a wide range of radionuclide concentrations;
this will yield information on sorpt;on ratios as & function of concentration
and, if the solution can become satﬁrated'with the radionuclide under the test
conditions, will also measure an apparent solubility limit. A4n example of such
an isotherm is shown in Figure 1. Both sorption rﬁtios and desbrption fatio§
will be determined and related to the equilidrium distribution coefficient.

Iniﬁial tests were with crushed basalt under oxic~conditions at room tem—
perature. (These were completed in FY 1983 for Tc/Basalt and Np/Basalt.) As
secondary minerals and other candidate site solids (e.g., tuff), temperature
thermostats, and the controlled-atmosphere glove'boxes become available, the
work wiil shift to include thesé materials and conditions. Tests will explore
' the effects of altered groundwater cbmposition,.tempe:atpré;‘aéidity, redox con-
ditionms, and~radionuclide concentration, N

4.2.1 Neptunium/flutonium Batch Experiments

Batch contact sorption tests with crushed bésalt under oxic conditiomns At
room temperature have been initiated. Samples of crushed basalt, either "as is”
or "bre-equilibrated“ and groundwater are placed in a centrifuge tube, one
radionuclide introduced, and the tubes (both samples and control blanks) capped
and equilibrated for ,varying times on a rocking table. At the eﬁd‘of the
equilib:ation time, the tubes zre centrifuged and/or filtered and an aliquot of

the supernate taken for .radionuclide counting and the concentration in ‘solution

and on the solids is calculated.
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CONCENTRATION IN SOLUTION:

Figure 1 Idealized Radionuclide Sorption/Apparent Concentration
Limit Isotherm - Ratch Contact Method

Batch contact method employing rock and radionuclide-traced groundwater.

Geochemical parameters (rock, groundwater, temperature, redox conditionms,
etc.) must simulate actual conditions expected in situ; if. this condition
is met, then the apparent concentration-limit values are actuzl or con-
servative, never nonconservative. )
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. Additional work under oxic conditions is planned to atﬁempt to establish an
apparent concentration limit in groundwater in the presence of the Hcéoy Canyon -
basalt used in the earlier tests. Then the major empha§is will be shiffed to
experiments under reducing and anoxic conditions relevant to the expected EWIP
site far field redox conditionms. Iﬁ addition, the neptunium‘vaience state in
’.:he tests will be characterized to determine the effectiveness of reducing
agents such as hydrazine in order to evaluate experimental methods previously |
used by BWIP in determining sorption/solubility data. )

Sorption/desorption tests will be conducted to explore the reversibility of
the sorption reactions. If sorption/desorption disequilibrium does occur, sorp~
tion fatios would be conservative for retardation calculations.

As evaluation of BWIP neptunium values is rounded out, a similar experimen-
tal effort will be initiated to evaluate the BWIP values for plutoniﬁm solubi~
lity an& sorption under oxic, aﬁoxic, and reducing conditions. Representaﬁive
-,wellfchafacter;zed fock and mineral samples will be purchased for the tuff stu-
dies since s;mples from the repository horizon are not yet, available. Similar
batch contact tests will be conducted to evaluate NNWSI values for neptunium
solubility and sorption under oxiec and anoxic csnditions. More detailed plans
with tuff minerals and groundwater under conditions representative of Yuccsa
Mountain will be coordinated with the NRC 6ontract manager in the future as
resources sare available.

4,2.2 Technetium/Uranium Batch Experiments

Batch Qontact sorption/solubility tests with crushed basalt under oxic,
reducing, and énoxic conditions are underway for uranium and have been -completed

for technetium. The experimental brocedure_is similar to that employed for nep-

tunium (see Section 4.2.1), éxcept no solids were used in the blank tests in

L X
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or&er to explore technetium sorption by the test apparatus. Reducing conditions
weé;'establiéhed by the addition §f hydraziné.hydrate to the sample tube after
the technetium addition. For anoxic conditions, basalt was pulverized in an

-argon inert atmosphere box and traced groundwater was deaerated by successive

freeze-thaw cycles to 10 ppb residual oxygen. A4ll rock and solution handling

L ———————

operations for the anoxic batch contact tests will be conducted in the argom box

A

to eliminate contact with eair, except'selected samples given specific air tresat-
menfs. | B .

The preponderance of EWIP's experimeﬁtal'studies have been performed with
hydrazine being intrbducedAto simulate the expeéted reducipg>conditions in the
repositofy. However, in our initial reducing conditi§u.expériment§; h}drazine
‘was observed to be interacting with the experimentsal system and it ié not cléar
that the hydrazine is establisﬁing relevant reducing ;onditions while not .
altering the behavior of the other system components. Therefore, limited addi-
tional experiments are planned to determine the quantities of technetium in dif-
ferent valence states using é#isting techniques. o |

In parzllel, znoxic experiments to measure the sorption behavior and the

apbarent concentration limit of technetium under BWIP conditions will be con-

'_ ducted. The results of these experiments will be used to evaluate the methodo-

logical aspects of BWIP experiments (i.e., are anoxic results comparzble to
hydrazine results?) as well as to confirm the specific sorption and con-
centration values obtained by BWIP and in ‘our earlier experiments.

Following this work, evaluation of urahium'sorptioﬁ end concentration limit
values under BWIP conditions will be initiated. Concurrent with the ufanium

experiments, technetium sorption and concentration limit values under antici-

pated NNWSI conditions will glso be performed. Detailed plans with tuff
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minerals and groundwaters under conditions-tepresentative of Yucca Mountain will

be coordinated with the NRC contract manager as resources are available.

5. COLUMN EXPERIMENTS ' '

A new experimental effort is being initiated which will empioy high-pressure
liquid chromatographic techniques to directly measure retardation factors for
several radionuclides and to explore possible mnlfiple speciation effects on
radionuclide retardation. The retardation factor (a2 parameter for radionuclide
;ransﬁort modeling) of several radionuclides will be directly measured in the
_colﬁmn tests by determining the veloc@ty of tye radionuclide with respect to the
veldcity of the groundwater. The apparent sorption rafio will be czlculated
from the column experiment data to compare with the batch sorpﬁion/desorption
results.
5.1 Experimental Materials

5.1.1 Solids | _

Samples of crushed aﬁd sized repository mineral média wiliAbe placed in a
column which is within & temperature controllable oven. ~-T‘:xe geologic media.bill
include crushed and sized bdasalt (see Section 4.1.1), secondary minerals, and a
mixture of reference materialé (e.g., nontronite, zeolite, quartz).

5.1.2 Groundwater

Synthetic groﬁndwatefs described under Section 4.1.2 will.bg used in these
experiments. As samples become available, actual groundwate; from the specific
sites will aléo be used.

5.1.3 Radionuclides

Initial experiments will be conducted using a mixture of technetiuﬁ &nd nep-
tunium. Later experiments will use mixtures of technetium, iodine, uranium;

neptunium, plutonium, curium, selenium, tin, and radium.

L 3 V.



5.2.VExperimenta1 Plan

°Crushed.and sized repository mineral medié will be placed in = column.which
is.within & temperature controllable oven; & "spike” of radioactive tracers will
‘be added to the top of the columm through.an injection value,'and then synthefic
or actuel repositbry groundwater will be pumped through thé column. The column
effluent will be-collected in a fraction collector and the elgtion behavior of
the radionuclides established by analyzing the activity in the collected
samples. A mﬁlti-task analyzing system connected to & high resolution germanium
detector will be used to quantitatively determine radioasctivity concentrsations.
Tests will be performed unde; varying temperztures and flow rateé.

The retardation factor and distribution coefficient vazlues at different tem—
peratures, with different geologic media, groundwater, and flow conditions will
be determined. The distribution coefficient values from the column experiment
will be used to confirm the values from the batch expériments. In additioen th;
possible existence of multiple species of a given radionuclide and interaction

-

among.mixed radionuclides will be explored. T e

6. GEOCHEMICAL MODELING

| Geochemical models and computer codes are likely to be used to predict the
behavior and mobility of radionuclides in the reposito;y far field &s well &s
for simplification of groundwater &aca sets and to infer flow fields. Since it
is expected that repésitory performance assessment will rely to some degree upon
geochemical models, it is necessary that NRC be able t6 evaluate the applicabi-
lity and_limitations of model applications. A set of éodes (eege, PHREEQE,
MINTEQ, EQ3/EQ6) for geochemical calcu;ations is being assembled and applied to

confirmatory analyses of site conditions.
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. The computer code PHREEQE has been adaﬁted to the ORNL compﬁters and calcu-
lations of equilibrium speciation and solubility indices for BWIP synthetic
groundwaters have been made. Newer geochemical models Yith different aﬂd larger
thermodynamic data bases will be implemented during the.next Year. MINTEQ has
been adapted to the ORNL computers épd the adapted version debugged so that the
large intermally consistent data base ass;ciated with that code can be used. 1In
addition, arrangements for use of the most recent versions of EQ3/EQ6 zare being
nade. . )

Future applications of geochemical modeling will includez- (1) evalustion of
_BWIP radionuclide solubility'calculations, and (2) calculational comparison of
groundwaters from different rock types. The codes will also be used for com-
parisons with reported experimental plutonium speciation (Clevelend 1983) in
groundwaters from basalt, granite, shale, and tuff using actual groundwaters
cbllectéd from different rock tfpes. Computations will be run using 2 range of
provisionasl Pu-F reaction constants in order to determine if tﬁe fluoride’
Ancreases th; solubility of plutonium by a direct complex formation or if some
more exotic explana:ion is required. Upon completion of-uranium and plutonium

concentration limit/sorption measurements on basalt, the experiments will be

modeled and the calculated results compared to experimental data.

7. REPORTING METHOD AND SCHEDULE

e~ .

Reporting to the NRC of work performed and progress achieved on this project

will be.by.brief ;nformal monthly progress letter repbrts and technical quar-
terly progress-reports. The quarFerly technical progress reports w111 be unedited
ORNL/TM reports with a2 limited disfribution,for the first three quarters

of the fiscal year. The year-end re?ort will be an annual report summarizing

the prior year's results in the form of a NUREG/CR report with a wide distribution.
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-Axeas ofgagreement or disagreement between values developed on this project
and.relevant DOE-pfoject date will be discpsséd aﬁé erees needing futﬁre atten-
tion by DOE or NRC will be identified. Topical reports for presentation at
‘technical peetings and/or submission to téchnical Jjournals will be prepared as
appropriate. | .
Attachment A'is the proposed near-term schedule of milestones for this

project. -

8. ADDITIONAL CONFIRMATORY WORK NEEDS .
8.1 Stacked-Vessel Multistage Experimentation

In recent years there have been numerous experimentél investigations dealing
.with radionuclide solubility and sorption in rock-water systems. However, most
of the experimental data collected so far have been obtained under so-called
“far-field” or "ambient repository” or laboratory ambient conditions, i.e.,
under geochemical conditions which are expected to prevail in the region
surrounding 2 mined repositbr& where the host rock and groundwater have not been
significantly affected by thermal, radiolytic, or chemicalfevents attributable
té the construction of the repository and subsequent emplacement of high-level
radioactive waste., ' |

Thé lack of experimentai data on the compositions_of radionuclide-bearing
groundwaters under disturbed zone presssure-temperature—radiatiqﬂ conditions
precludes the assump;ion that & migrating radionuclide-bearing groundwater will
not retain any significant chemical characteristics "iﬁherited" from its earlier
travel through the disturbed zone. Considering that so little is known about

how heated radionuclide~bearing groundwaters evolve chemically as they flow :

toward the far field, it seems clear that future research on radionuclide

|~



solubilicy and sorption should be increasingly directed toward obtaining experi-
men;al data on the behavior of radionuclides under‘physicochemical conditious
representative of the disturbed zone of a mined repository. | -
A plan wiil be developed for a sFacked-vessel mltistage experiment which
can be employed to simulate and characterize hydrothermal process, waste-
groundwater reactions, and aqueous transport of radionuclides in the disturbed_
zone of a mined repository containing high-level radiosctive waste. The experi-
ment is multistage in the sense that an aqueous fluid can be exposed to more
then one set of solid starting materials during ;he course of a single run,
i.e., stages could be designed ﬁo be analogou; to the sequence.of eveats: (1)
groundwater approach toward, and entrance into, a2 mined répository containing
high~level radioactive waste; (2) groundwater interaction with the waste package
components and.dissolution/mobi}ization or radionuclides via waste-groundwater
i réactions; and (3) flow_of the contaminated groundwater from the engineered
barrier facility théougﬁ the disturbed zone and ouﬁvinto the far field. ihe
apparatus would ultimately be designed specifically for ;xﬁerimentatign at éle-
vated presssure-temperature'and should inclﬁde typical radiation levels of the
véry near field/waste package‘to be simulated.

- While it is conceivable that linked Dickson-type apparatus could be modified
to simulate the stacked~vessel equipment proposed, tpé Dicksog-type presssure
vessels are not designed for multistage experimentation and would require a
pressure gradient to force fluid flow from vessel to vessel. The stacked vessel
apparatus consists mainly.of a stack of pressure vessels th;t are very similar
to counventional cold-seal pressure‘vessels and, due to the vertical arfahgement

of the vessels isothermal transfer of fluid from one vessel to the next is

e~ .
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accomplished easily and efficiently. In additiom, fluid flow could be

restricted to brief periods between the various stages of an experiment (i.e.,

-staged flow-through).

L 3.8



Attachment A -

B0290
NO.  NEAR-TERM SCHEDULE SUBTASK/MILESTONE SCHEDULE
‘ fY 83 FY 84 FY 85
SUBTASK/MILESTONE . BEYOND
21314 213 213 FY FY FY FY FY FY

1. Tc/U Batch Experiments

a. Tc/Basalt

b. Tc/Tuff (representative minerals)

.¢. U/Basalt
2, * Np/Pu Batch Experimen&s

a. Np/Basalt"

b. Np/Tuff

¢. Pu/Basalt
3. Column Experiments

a. Preliminary Tc/Np experiments in basalt

b. Multiple-element tests for basalt .

¢. Multiple-element tests for tuff
4, Calculational Studies (PHREEQE, MINTEQ, EQ3/6)

a. Comparisons with BWIP groundwater and
radionuclide solubility values

b. Comparisons with NNWSI groundwater
c. Comparisons with Cleveland Pu results
d. Comparisons Qitﬁ column basalt results
e. - Comparisons with column tuff results

f. Comparisons with batch U, Pu results

"ON Y/dlid

J0
‘ON VY681
‘ON ALIALLDY

31l
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