woacestd File © VI Frugect

THE AEROSPACE CORPORATION

Swire 4000, 935 L'En/:mf le, S. W‘f, l!"a:bmg!an, D.C. 20024, Telephone: (202) 4886000

X Docke! No, > S ,
CR ' 4810.01.84.kws,03
LPD 23 Februvary 3, 1984
isinsution; o . ‘ :
_Klha
:T
’.lbr-' m v . t_'_‘J S") pray

Mr. Kien C. Chang

Meil Stop 623-S$ ,
V.S, Huclear Regulatory Commission
washington, D.C. 20555

od -0l 8.

v
v ®

Dezr ir. Chang:

GEOCHEMISTRY WORKSHOP TRIP REPORT

Attached is my trip report for the BWIP geochemistry workshop held
in Richland, Washington January 9-12, 1984. As you suggested, 1
cencentreted on items which have a bearing on our waste package vork.

It appears that the BWIP people are moving forward with great
intensity in their waste package performance assessment work, but have
not openly discussed the detafls of their strategy. They apparently
want to waft until the waste package workshop (last week 4in March)
before discussing details of their work, even informally. Thus, we
see the waste package workshop as being crucial in our understanding
of the methods to be used by BWIP, I have read the January 5 list of
waste package workshop items you and Everett Wick generated. 1 agree
with all of them and suggest that we try to ensure that the following
items are discussed. They arose during the geochemistry workshop.

1. Basis for De-emphasis of Leaching and Emphasis of
Steady-State Concentration:

In the geochemistry workshop this was mentioned, but the
rationale was not really erplored. M. Wood, in his
solubility presentation, presented a number of conc'lus1ons
and indicated that the  solubflity 1imft/steady-state
concentration approach is "testable and defensible". Thus,
it 1s essential that the rationale be discussed 1n the waste
package workshop,

2. Basis for D. Lane's Packing Conclusions (Presentation on
Basalt/Water Interactions and Packing Stability):

The conclusions regarding retention of swelling capabilities
should be discussed in relation to C. Claijborne's feeling
that a 75%/25% basalt/bentonite ratio may not result in
sufficient swelling. .
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: 3.[3 Basis for sOrption/Desotption COnc\usions.a;»

In the sorption presentation by G.S. Barney and R. M. Smith,
. the conclusions dealt with items such as irreversibility of
radfonuclide sorption, and radionuclide-specific sorption
rates. In additfon, a list of priority radionuclides was
presented. These {ssues should be explored in more detail.

Please call me if you have any questions.

Very tru1y yours.

.,.-vv

Kenneth W. Stephens R

Manager, Technology Assessments
Eastern Technical Division
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BWIP/NRC WORKSHOP ON GEOCHEMISTRY
Richland, Washington
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Sumnar

The Basalt Waste Isolation Project (BWIP) of the Department of.
Energy is investigating a potentizl high-level nuclear waste reposi-
tory to be located on the Hanforc site near Richland, Washington. The
workshop was held to: (1) provide an overview of site characteriza-
tion investigations related to geochemistry, and (2) discuss geochem-
- jstry concerns raised by NRC 4n the Draft Site Characterization

Analysfis of the BWIP Sfite Characterization Report (KUREG 0960).

The meeting resulted in frank and open discussion of the issues
anc provided valuable information to organizations such as Aerospace
that are dealing with waste packa?e issues influenced by the geochem-
istry. In anticipation of the BWIP Waste Package Workshop to be held
g?e las% week in March, certain waste package {ssues were briefly

scussed. T~

At the end of the workshop, joint meeting notes were developed by
BWIP and NRC and were subsequently distributed to the meet1n$ atten-
dees. Those notes summarize the {ssues and action items related to
geochemistry. The information included below contains observations on
the presentations, with emphasis on {tems which have an impact on our
waste package work. .
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‘General Observations
 overview: '

P.F. Salter of Rockwell Henford (the prime BWIP contractor)
presented 2n overview of how the geochemistry fits into the project 2s
a whole. The BWIP project is organized such that groups dez) with
particular areas, such as engineered berriers and performance 2ssess-
ment. Concurrently, there is an integretion effort to tie the pieces
together. ’ '

Curing the presentation, it beceme ciear that the key 1ink between
the geochemistry and the waste package Performance relates o tne
issue of steaaoy-state radionuclide concentrztion. The BWIP epproacn
is based on the premise that tnere is some steacy-state concentretion
that will be reached and tnat this concentration will control thne
quantity of radionuclides released. : Accordingly, the geochenistry
program is centered around being able to cbtain the data necessary to
model the steady-state concentration with confidence.

Performance Assessment

P.F. Salter &lso presented a summary of performance assessment &s
it relates to geochemical modeling. In discussing the work on
developing a waste package performance model, she said the moocel wil
cover, as a function of time: (1) physical-chemical (environmentzl)
conditions, (2) the engineered barrier system and its degradation 2nd
failure modes, and (3) radfonuclide release and transport through the
waste package. : .

During the discussion of the model's general attributes, questions
were asked related to the failure modes to be assumed. In response to
this guestion and many other specifics regarding waste packages, the
speaker deferred discussion until the waste package workshop. She
did, however, show a slide which {indicated that the epproach to
evaluating long-term performance of barrier materials is based on the
belief that the stability of barrier materials is dominated by inter-
action with groundwater. In particular, the dnitial groundwater plus
the barrier materfals' initial unstable solid phases are expected to
yleld the final groundwater and secondary stable solid phases.
Consequently, the solubility of the solid phase {is beljeved to be
directly related to fts-.stability, i.e., the more stable the phase,
the less soluble it is.

The waste package performance model {is comprised of two sub-
models: (1) a waste package degradation submodel to -establish
containment faflure time, and (2) & waste package radfonuclide
transport/rele2se submodel to establish radionuclide flux to the
rgcgé 8Zhe BYIP goal s to complete the waste package model by the end
] .



. Basalt Characterization
. P.E. Long znd C.C. Allen of Rockvell Hanford discussed the miner-
-alogy and petrology of the BKIP sites and the projects plans for
characterization. 7Tne information presented eppears to have little or
no direct impact on our waste package work. :

Groundwater

v.E. Jones, O.L. Graham, and 7.0. Early discussed groundwater
sampling, chemical analyses, and interpretetion of data. Of partic-
ular interest was the evidence that there are predominant water move-
ment directions of deep groundwaters (to the southeast and vertically
upwerd) at least in certain formetions. This may 2ffect the assump-
tions of the waste packzge performance analysis. The BWIP people are
investigating the movement phenomena to cdetermine whether the vertical
direction is 2 result of diffusion, verticael head gradients, or some
other nfchanism. No information is available on the rates of upward
moverent . _

An additional item of interest i{s that significant emounts of
methane have been found during test drilling.

Basalt/Water Interactions and Packing Material Stability °

D. Lane of Rockwell Hanford presented material pertaining to the
geochemical environment surrounding the waste package, as well as the
stability of the montmorillonite in the packing materiel. He
discussed the maximum expected conditions within the waste package
(250°C to 300°C, 30 MPa), but emphasized that the actual tempera-
ture will be a function of the waste form and its age.

It is clear that BWIP is considering the ‘changes that occur in
groundwater as it interacts with waste package materials and will
examine the resulting effects on barrier materials, package lifetime,
and radionuclide release and sorption. BWIP 1is engaging in natural-
analog work with basalt in geothermal fields in Iceland and belfeves
that this work will be valuable 1in helping correlate models with

- actual observations.

In his conclusions, Lane said that preliminary autoclave flow-
through tests indicate the presence of an alteration assemblage that
decreases the permeability of the basalt. In addition, the steady-
state in situ pH {s alkaline (7.5) from 100°C to 300°C. Finally,
he said that tests performed under elevated conditions (300°C) wili
be needed to accelerate reaction rétes for predictive models.



. - JIn. & discussion on - the packing -material, Lane said that the
- "following functiconal refuirements wi? be used to minimize corrosion
of the metal barrfers: (1) delay water contact with the canister,
(2) minimize groundwater flux past the container, (3) buffer oxygen
content near the container, and {2) localize corrosion products at
" the packing material/container interface. Pecking material tests will
be performed to determine the thermal stability of bentonite as well
és the effects of hydrothermal.conditions and the presence of bas:lt
- &end groundwater on bentonite stability.

 In the conclusions for the packing presentation, Lane safa that
the packing material retained its structural and swelling Broperties
in a..gear-]dng experiment at 370°C, and that in a 300°C hydro-
thermal envirorment, steady state conditions 2re. attained in a few
months, but the mineral assemblage f{s metastable. Finally, he
concluded that kinetics may be as important as thermodynamic stability
{n modeling minerzlogical changes. Other tests are planned to study
items such as the effects of long-term, low-temperature conditions on
packing materials. (It is important that the waste package workshop
include a discussion of Lane's conclusions and the bases for them.)

Eh - pH Analyses

J. Myers of Rockwell Hanford presented material on the expected Eh
and pH conditions and the effects of Eh and pH on repository compo-
nents. Eh can be used to predict the stability of solid phases and
aqueous species, ‘and can dndicate the corrosion propensity. He
presented results of studies relating Eh and pH to varjous parameters
such as solubility. There was extensive discussion concerning. the
difficulties in measuring Eh accurately and the possible techniques
for improvement. I conclusion, Myers said that speciation of radio-
nuclides will depend not only on Eh, but also on the reactions
involved with the oxfidation of the radfonuciides (or the lack
thereof). Preliminary indications are that Eh values can be main-
tained low enough in basalt mixtures to control corrosion and other
reaction processes. '

Radjolysis

W.Jd. Gray of Battelle Pacific Northwest Laboratory presented
information related. to gamma radfolysis effects on basalt ground-
water, After describing the ekperiments, he proposed & tentative
description of the radiolytic reactions of water containing methane.
His conclusfons described the polymers (similar to polyethelyne)
generated in the reactifons and the relative insensitivity of the
results to a wide range of conditions. Future work will include waste
package components (e.9., bentonite) in the tests, measure any inter-
actions with radfonuclides, and 1investigate the mobflity - of the
polymers in the environment.



Sdfgtion. . _
6.5, Barney 2nd R,M, Saith of Rockwell Hanford described the
experimental sttudies of radionuclide sorption in packing meterial and

basalt, One finteresting slide showed the estimated environmenta)

parameters (temperitures, pH, etc.) expected 1,000 years after
emplacement, , . ,

There were some significent conclusions: (1) Desorption rates ere
much less than. sorption rates (radionuclides 2re frreversibly
sorbed), (2) Sorption rates for uranfum, neptunfum, lead, and techre-
tium are greater under reducing conditions, end (3) Sorption retes
for uranium, neptunium, end lead are similer for a given sorbent and
oxidetfon state. Further work will exemine sorption using o2tch
measurements and flow-through tests. In additfon, mere work will oe
done on methods for controlling important parameters such as Eh.

Incluced in the presentation was the list of priority redic-
nuclides EWIF 45 using in their repository analysis. The rationzle
behind the radionuclide chofces and the bases for the conclusfons
given above should be discussed at the waste package workshop.




Hatural Analogs .

J. lMyers described the natural znalog studies in some depth. The
work will examine uranium ore bodies as an e&nalog of uranium migra-
tion, copper deposits in basalt in northern Michigen as an z2nalog for
the statility of cupro-nuckel canister material, natural alteration
minerals 2t Hanford as an andlog for the stability of near-field
alteration minerals, and the Icelendic geothermal fields as an analog
for hydrothermal condftions within a basalt repository. In Iceland,
hydrothermal water/rock interactfons have been occurring on & geologic

ime scale; the temperatures range up to 3000C. ,

Solubility

M. Wood of Rockwell Hanford delivered 2 presentation on the
solubflity-related {ssues affecting repository performznce. The
presentation covered waste form releasé rates, the importance of waste
form release rates vs steady-state solubility in controlling radio-
‘nuclide releases from the engineered system, and a discussion of soliu-
bility {issues identified in the NRC Site Characterization Analysis
(SCA). Future experimental work will examine solubilities in terms of

gntegactions among the radionuclides, the barrier materials, and the
asalt., )

There were several significent conclusions: (1) Ledch rate data
cannot be used to evaluate long term waste form performance because
leaching is en initial, transitory phenomenon, (2) Solubility steady-
state concentration limits, imposed by radionuclide-bearing solids,
represent 2 testable and defensible approach to evaluating long-term
waste form performance, and (3) Radionuclide release rates will be
proportional to the product of steady-stete concentration and ground-
water flow rate except for the diffusion case, where the rates will be
proportional to only the steady-state concentration. (These conclu-
s'lolr(:sh ang their beses should be discussed at -the waste package
workshop.

Colloids

G.S. Barney of Rockwell Hanford discussed experimental studfes
related to the effects of colloids. He said that the total concentra-
tion of radionucliides in groundwater equals the solubility-1imited
concentration plus the effects of colloids minus the sorption of
radionuclides. Research for BWIP will determine the radionuclide
distributfon among groundwater, colloids, and geologic solids, i.e.,
determine whether nuclides are sorbed on colloids and desorbed on
packing material and rock. In additfon, future work will examine
tr:nsgogt of colloids within rock fractures and porous engineered
materials. ’



