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PROGRESS REPORT FOR NOVEMBER 1987

PROJECT TITLE:

PROJECT STAFF:

PROJECT MANAGER:

Technical Assistance in Geochemistry (FIN No. B0287)

R. M. Gove, G. K. Jacobs, V. S. Tripathi,
K. L. Von Damm, and G. T. Yeh

A. D. Kelmers
Chemical Development Section
Chemical Technology Division
OAK RIDGE NATIONAL LABORATORY, operated by
MARTIN MARIETTA ENERGY SYSTEMS, INC.

ACTIVITY NUMBER: ORNL # 41 88 54 92 4 / NRC # 50 19 03 01

OBJECTIVE:

The objective of this project is to provide technical assistance to the NRC
in the evaluation of geochemical information pertinent to the candidate
high-level-waste geologic repository sites. The project emphasizes the
collection and review of key information to provide input to the NRC
analysis of technical issues regarding the geochemical aspects of geologic
isolation of high-level-waste, and review of site selection and repository
licensing documentation.

TECHNICAL HIGHLIGHTS:

Letter reports are enclosed on the evaluation and analysis of: (i) the draft
document on numerical modeling of groundwater flow systems, (ii) the draft
document on uncertainties in the performance of repositories, and (iii) the
draft report on redox conditions. Also enclosed are updated listings of
contract products.

MEETINGS AND TRIPS:

None

REPORTS AND PUBLICATIONS:

LR-287-73, K. L. Von Damm, "Review of: 'Technical Report on Redox
Conditions at the Three Potential High-Level Waste Disposal Sites (Draft)',
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by Walton R. Kelly"

LR-287-74, D. C. Kocher, "Review of the Draft Scoping Document on
'Treatment of Uncertainties in the Performance Assessment of Geologic
High-Level Radioactive Waste Repositories"'

LR-287-75, G. K. Jacobs and V. S. Tripathi, "Comments on the Geochemistry
Section of Numerical Modeling of Ground-Water Flow Sstems in the
Vicini ofthe Reference Repository Location. Hanford Site. Washington,
by P. Davis, W. Beyeler, M. Logston, N. Coleman, and K. Brinster"

PROBLEM AREAS:

None

COST/BUDGET REPORT:

Expenditures for November were not available at this time.
cost/budget report will be forwarded under separate cover.

A detailed
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LR-287-75
11/11/87

LETTER REPORT

TITLE: Comments on the geochemistry section of Numerical
Modeling of Ground-Water Flow Systems in the Vicinity
of the Reference Repository Location. Hanford Site.
Washington, by P. Davis, W. Beyeler, M. Logston, N.
Coleman, and K. Brinster

AUTHORS: G. K. Jacobs and V. S. Tripathi
Earth Sciences Section
Environmental Sciences Division
Oak Ridge National Laboratory

PROJECT TITLE: Technical Assistance in Geochemistry

PROJECT MANAGER: A. D. Kelmers
Chemical Development Section
Chemical Technology Division
Oak Ridge National Laboratory

ACTIVITY NUMBER: ORNL #41 88 54 92 4 (FIN No. B0287)/NRC #50 19 03 01

This letter report summarizes comments on section 4.1 (Hydrochemical
Data Base) of the report Numerical Modeling of Ground-Water Flow Systems
in the Vicinity of the Reference Repository Location Hanford Site.
Washington, by P. Davis, W. Beyeler, M. Logston, N. Coleman, and K.
Brinster. The report reviews information on the groundwater flow model
for the Hanford Site and reports on progress to independently model the
system. The hydrochemistry section is intended as a summary of available
information that can be used to help constrain the flow model.

The discussion of sample integrity in section 4.1, though rather brief
with few details, accurately reflects the three main problems in assuring
that water samples are representative of the hydrostratigraphic horizon
of interest. Section 4.2 summarizes the results of previous studies,
including the BWIP Site Characterization Report (SCR), the U.S.
Geological Survey critique of the SCR, the L. Lehman review of the BWIP
hydrochemical data, and the BWIP presentation during the 1984 DOE-NRC
Geochemistry Workshop. This section appears to represent the original
work in a fair manner. The conclusions in section 4.3 are important
(could be strengthened) and should be integrated into future work --
especially the integration of the hydrochemistry and hydrologic data. A
conceptual hydrologic model must account for observed patterns in
groundwater chemistry. One manner to address this issue is through the
use of a coupled hydrologic-geochemical-model such as HYDROGEOCHEM
(developed by Yeh and Tripathi at ORNL). The work we are now performing
with this model to address the transport of radionuclides could be
extended to look at the evolution of major-ion chemistry in a flow system
such as that at Hanford.
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LR-287-74
11/10/87

LETTER REPORT

TITLE: Comments on the Applicability of 129I (Data
Compilation: Iodine-129 in Hanford Groundwater, WHC-
EP-0037, 1987) for use in evaluating radionuclide
transport characteristics for the candidate high-
level waste site at Hanford.

AUTHORS: G. K. Jacobs and V. S. Tripathi
Earth Sciences Section
Environmental Sciences Division

K)> Oak Ridge National Laboratory

PROJECT TITLE: Technical Assistance in Geochemistry

PROJECT MANAGER: A. D. Kelmers
Chemical Development Section
Chemical Technology Division
Oak Ridge National Laboratory

ACTIVITY NUMBER: ORNL #41 88 54 92 4 (FIN No. B0287)/NRC #50 19 03 01

This Letter Report provides comments on the report Data Compilation:
Iodine-129 in Hanford Groundwater, WHC-EP-0037, 1987. The comments
relate to the possible application of the 129I data for gaining insight
into the transport of radionuclides within the confined aquifer system of
the candidate high-level waste site at Hanford. We have not provided
comments on the usefulness of these data for interpreting the hydrologic
aspects because our expertise is not is this area.

In general, the available data on 129I will not be useful for gaining
an understanding of radionuclide transport in the confined aquifer system
at Hanford. The reasons for this conclusion are three-fold. First, most
of the available data are for the unconfined aquifer system, which has
few hydrologic/transport characteristics in common with the confined
system. Second, some of the data were collected without adequate control
of the drilling and sampling methods. Therefore, the integrity of the
samples may be in question. Third, 129I, generally considered to be a
conservative element in groundwater, will provide little or no
information on the transport properties of key radionuclides in the
confined aquifer system at Hanford. The key radionuclides (e.g., U Np,
Pu, Am, Tc) for a HLW repository generally have a much more complicated
geochemical behavior (i.e., precipitation, sorption, redox changes,
complexation) than iodine. In addition, the information necessary for
-analyzing the radionuclide transport is incomplete (i.e., sorption data
for the minerals present in this system). Should further sampling
programs be planned, thought should be given to including other elements
and information (groundwater chemistry, mineralogy, sorption data) so
that the information may be fully utilized.



November 1987

Review of: "Technical Report on Redox Conditions at the Three
Potential High-Level Waste Disposal Sites (Draft)," by
Walton R. Kelly.

Author: K. L. Von Damm

Project Title: Technical Assistance in Geochemistry

Project Manager: A. D. Kelmers

Activity Number: ORNL 41 88 54 92 4 / NRC 50 19 03 01

Some comments are given in the body of the text; major comments
are elaborated on here.

p. 1 "Redox" and "redox-active" should be defined in the introduction at
the time they are first used, rather than on p. 2.
I dislike the term "redox-active" and would describe these as species
with multiple oxidation states, and hence can be involved with
oxidation or reduction reactions with other species.

It is important to add "the form in which they will exist in solution"
as you later make the point that speciation may affect redox
reactions.

The pressure will also affect the redox conditions (although it is not
as important as temperature) and it should be included with the
other terms. At present it is never mentioned explicitly.

p. 2 One mole of Fe donates one mole of electrons, one atom of Fe
donates one electron.

Free electrons do not exist, in solution - electrons are obviously
there.

p. Not only may the electrodes e unstable under repository conditions
but they will also be difficult to calibrate.

The measurement of f12 has become quite prevalent as a means of
determining the redox state in hydrothermal experiments. It is
easily measurable by gas chromatography and appears to do very
well at describing the redox state of the system. The measurement
of oxygen is very )roblematic at its low abundances. I am not
familiar' with the membrane measurements but. I thinki you are in
gceneral riot giving the measurement of H2 enough credit.

I do not believe that Mn 3 l exists in the natural environment - Mn"l
is the common oxidized form.

\out need to enphasize earlier and more strongly that there is no
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single "system" Eh.

p. 6 Pt electrodes may not be able to determine 02 but there are many
methods which can measure it very precisely. Ion specific
electrodes are easier but not necessarily very accurate. There are
very precise titrations to determine 02, which are very time
consuming and require a "practiced eye" (for the colorometric
endpoint) to get good results - but they do give very good results.

I am not familiar with As but I would argue against the use of Se
as an "indicator". Huge redox disequilibria are observed in Se in the
ocean, indicating it is very biologically active. I believe As is also
a bio-active element as it is often quite concentrated in organic
matter.

I am not familiar with Morin's paper but I do not like his definition
of redox couples. It seems to me a stronger test if a redox couple
that are linked by several reaction steps give the same answer as a
simpler one-electron transfer. You cannot say that C0 2-CH 4 and S-
-- S6' are not couples.

It is more than a detection limit problem. Many species can be
determined at pico-molar levels, the problem is the determination
without changing the redox state of the species.

p. 7 On the biological point - the highest confirmed temperature for
biological activity is <30'C so this is not a factor at the highest
repository temperatures.

I take exception to any measurement of Eh "with confidence". The
measurement may be okay but what does it mean and if it does not
mean anything what good is it?

p. 8 You also do not know which, if any of the measured redox couples
(Ehs) will affect the particular element(s) of interest.

p. 9 Of course there is an inverse relationship between sulfide and iron!
Krp = [Fe][S) or FeI[SJ2 depending on the phase which is forming.
You need to quote this paper better or reinterpret their data.

Could their measured oxidizing conditions be a result of S-
poisoning their electrode?

p.10 Cannot say on the basis of this work that reduring conditions were
established at temperatures up to 300'(C. They were unable to
measure sulfide except at 300-C and did not look at any of the
of-her redox couples at other temperaturles. It can be sid that
reducing onditions were achieved at 3000C, hut. the redox sitte is
not lkflown for the other tem peratu res.

Ore nust. h- very careful qluoting Icelandic work beca-,se rsnm. of
ta girouinldwaters are "frosh" and some are seawater which cortai ns
mnc-iur mre slfate and wvill ncl. differ ntly.



p.12 One must be careful quoting acetate data. Yes it is consumed by
organisms but it is also produced by organic matter decomposition
therefore its concentration at any time is a result of both
production and consumption. Is it known that anaerobic bacteria do
not consume it as well? Is it known whether bacteria can exist in
such saline conditions? In short, the presence of acetate is not a
convincing argument for anaerobic conditions.

General comments:
Is the oxidation state and speciation of the radionuclides in the

waste known? The form in which the radionuclide enters the system will
have a great effect on what happens to it as you point out re:
speciation).

You should emphasize earlier and more strongly that there is no
system" Eh.

You should also emphasize more strongly that kinetics are probably
important in redox chemistry, creating additional problems for
"equilibrium" modeling.



Review of the Draft Scoping Document on

TREATMENT OF UNCERTAINTIES IN THE PERFORMANCE ASSESSMENT
OF GEOLOGIC HIGH-LEVEL RADIOACTIVE WASTE REPOSITORIES

David C. Kocher
Health and Safety Research Division

Oak Ridge National Laboratory

I have reviewed the draft scoping document of July 10, 1987, entitled
"Treatment of Uncertainties in the Performance Assessment of Geologic
High-Level Radioactive Waste Repositories," by R. M. Cranwell and
E. J. Bonano of Sandia National Laboratories. My comments on this report
are as follows.

The report groups uncertainties in performance assessment into three
broad categories: (1) uncertainty in the future states of a disposal
system, (2) uncertainty in the models used to simulate future states of
the system, and (3) uncertainty in the input parameters and data used in
the models. The second category includes uncertainty in conceptual
models, uncertainty in mathematical models developed from a given
conceptual model, and uncertainty in implementing a mathematical model in
a computer code. I presume that the second category also includes
uncertainty in any physical or natural analog model used to simulate the
system, although this is not stated explicitly in the report.

While the grouping of types of uncertainty described above may be
reasonable, I basically view the types of uncertainty in a performance
assessment in a different way. I think of the different types of
uncertainty as consisting of (1) uncertainty in the conceptual models
(i.e., qualitative descriptions) of the disposal system, both at the
present time and as it will evolve in the future, (2) uncertainty in the
physical or mathematical models used to quantify the conceptual models of
the system, and (3) uncertainty in the input parameters and data for the
physical or mathematical models. Thus, I differ from the report mainly in
the way that uncertainty in the conceptual models, including scenario
definitions, is grouped. To me, the development of a conceptual model,
and the uncertainties associated with such models and with reasonable
conceptual models which may be left out of account, is a fundamentally
different concern-than the-development-of- a mathematical-model on the

-.basis of an assumed conceptual model and quantification of its
uncertainties. I also regard the problem of scenario development over
time as part of the problem of developing conceptual models for the
disposal system. That is, there is little difference between developing a
conceptual model for a system at the present time and a model for future
states; we have only added another dimension to the problem - namely,
dynamic evolution of the system over time.

I certainly do not mean to imply by this discussion that my views on
how uncertainties should be categorized are right and the authors' are
wrong. Rather, I would only to emphasize that there may be more than one
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reasonable way to group sources of uncertainty. The authors may wish
either to point this out or, preferably, to discuss in some detail why
they have grouped uncertainties as they have in the report.

The second paragraph on page 1 states that uncertainty in models for
simulating scenarios is addressed through verification, validation, and
benchmarking activities, each of which involves both qualitative and
quantitative treatment. It is not clear to me how verification,
validation, and benchmarking can be done on a qualitative basis, and I
urge the authors to provide further explanation of this.

Section 2.1 on page 2 supposedly addresses uncertainty in the future
states of a disposal system, but much of the discussion in the second
paragraph of this section seems to address uncertainty in the models used
to assess consequences, which is the subject of Section 2.2. An
appropriate reorganization of this material would seem to be in order.

Regarding the last sentence of the paragraph at the top of page 3
beginning with Frequently, preconceived notions....", I believe that some
elucidation or examples regarding this important point would be useful.

The second paragraph on page 3 properly empasizes the importance of
situations where more than one conceptual model may be consistent with
available observations. However, I quite disagree with the point that
probabilities should be assigned to the possible conceptual models. In my
view, having more than one conceptual model that appears to describe the
system is just a representation of our state of knowledge of the system,
and assigning a probability to each model (in effect, assigning a
probability to our belief that each model is correct) is largely
meaningless and perhaps even quite misleading. Correct science is
generally not based on majority opinion, and there are many examples
throughout history where decidedly minority points of view proved to be
correct.

The next-to-last sentence in the last paragraph on page 3 doesn't
seem quite right. Presumably what is being referred to is use of a linear
sorption isotherm to described retardation of radionuclides.

At the top of page 4 and elsewhere, the report discusses what is
termed "uncertainty" in computer codes. In my view, the problems with
computer codes discussed in the report constitute a source of error, not a

-source of uncertainty, and the concept of an error-in-a computer -

-.calculation is quite different from the concept of an uncertainty in a
model or parameter value, for example. I do not believe that the report
has properly distinguished between error and uncertainty in this case. I
also believe, as discussed later in the report, that errors in computer
codes should not be a significant problem for performance assessments.
Perhaps this point needs to be made when problems with computer codes are
first discussed.

In the first paragraph of Section 2.3 on page 4, I believe that an
important source of uncertainty in model parameters and data has not been
mentioned - namely, uncertainties associated with the transferability of
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data from one site to another. This is a potentially important problem
because data obtained at the site of interest probably will not be
available for all parameters of interest. This problem is sort of alluded
to in the next paragraph, but I believe it needs to be discussed more
explicitly. Also, in the last sentence of this paragraph, what is the
"reliability" of a performance measure?

Even though I am not a chemist, I basically question the whole thrust
of the second paragraph on page 5, unless the discussion is supported by
specific examples. Is this paragraph referring to the problems associated
with non-linear sorption isotherms, i.e., distribution coefficients in a
particular rock/water system that depend on the concentration of the
radionuclide? Or do the authors have something else in mind? It is my
understanding that measured distribution coefficients are reproducible
when the conditions of the experiment are properly controlled and the
relevant variables (e.g., redox potential, pH, constituents of the ground
water, concentration of the radionuclide) are determined.

In line 4 on page 6, the sentence beginning with That is" is not a
sentence and needs to be rewritten.

In the third paragraph on page 6, there is some discussion of the
assignment of probabilities to different scenarios. However, this problem
is not evidently included in the four steps of scenario development listed
in the first paragraph of Section 3.1 on page 5. This discussion would
seem to belong in the section on scenario probabilities beginning on
page 6.

In the discussion of scenario probabilities beginning at the bottom
of page 6, it is not clear how the different modeling approaches produce
estimates of scenario probabilities. Perhaps these discussions would
benefit by including some specific examples.

The first paragraph of Section 3.2 on page 7 refers to data as
"massive." What is presumably meant is that there are large amounts of
data. More precise language is needed here.

The bullet at the top of page 8 makes an important point. With
regard to the following paragraph, however, I am very sceptical about
assigning probabilities to conceptual models based on the fraction of
available data that support each model. The available data may be quite
incomplete or highly biased towards a certain point-of view which is not-
necessarily correct. Data supporting one type of model may be easy to -

obtain, whereas data for another model may be scarce because it is hard to
obtain.

In the first paragraph of the section on uncertainty in mathematical
models on page 8, I believe the point needs to be made that, in some
cases, site characterization and model validation are essentially the same
exercise, because development of the model (e.g., for ground-water flow)
is based only on site-specific data. Thus, the process of site
characterization may not produce an independent validation of the model.
This problem is alluded to in the next-to-last paragraph on page 9, but it
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probably should be mentioned in the discussion on page 8.

The next-to-last paragraph on page 8 discusses the issue of
developing confidence that models "are accurate to the extent possible."
This is a matter of perception, rather than right and wrong, but I don't
view this issue in this way. I believe that what we want to achieve is a
quantification of the degree of imprecision or inaccuracy of the models,
whatever it might be. If the result is unacceptable, e.g., for regulatory
purposes, then more work is needed to reduce uncertainties. But there
certainly is no need to make all models as accurate as possible. It is
also important to remember that there is no such thing as a "valid" model.
All models are imprecise or uncertain to some degree, but some are better
representations of reality than others.

In the paragraph beginning at the bottom of page 8, the term
"dimensionless group" needs explanation. Also, it's not clear what the
term "dynamic similarity" refers to. The report previously discussed an
important problem with applying laboratory data to field conditions -
namely, significant differences in spatial scale and their importance in
determining the validity of laboratory data. Thus, it is not clear that
'dynamic similarity" is the most crucial condition that must be met by
laboratory experiments, as claimed in this paragraph.

I agree with the point of view expressed in the first full paragraph
on page 9 concerning the potential importance of natural analogs in
validating mathematical models. However, a potential problem with natural
analogs that is not mentioned in this paragraph is that an analog often
provides only a snapshot in time, rather than a record of the dynamic
behavior over time.

I also agree with the point of view expressed in the last paragraph
on page 9. Furthermore, I believe that the logic of this argument can be
used to support my views expressed previously that assigning probabilities
to scenarios based on the fraction of supporting evidence is potentially
misleading.

As mentioned previously, I believe that the discussion of uncertainty
in computer codes beginning at the top of page 10 really is concerned with
sources of error, not sources of uncertainty. Also, I doubt that these
errors represent a serious problem, even with complex computer codes,
provided proper benchmarking and quality assurance procedures are
maintained.d

In the first paragraph of Section 3.3 on page 11, it is not clear
what is meant by a "single-valued" parameter. In mathematics, a function
is not single-valued if the dependent variable can have more than one
value for a given value of the independent variable; a simple example is
the function y - xl/2. In the report, the lack of single-valuedness
presumably refers to the spatial and temporal variability of parameter
values, because, at any particular location and time, many of the
parameters presumably do have a single value.



The meaning of the second bullet at the bottom of page 12 is not
clear, particularly the meaning of "main effects" and interactions.'

I believe that the third bullet at the top of page 13 needs further
explanation and examples, if the assertion is indeed correct. Regarding
the latter point, it my understanding that the GRESS code developed at Oak
Ridge, and discussed later in this report, generates an adjoint solution
to all information contained in a computer code. Thus, the statement
attributed to Harper may be incorrect.

Regarding the next-to-last bullet on page 13, I thought that the
Sandia group had developed a distribution-free approach for sampling model
input parameters, i.e., a method that involves sampling only measured
values themselves rather than distribution functions used to represent the
variability in the measurements. I must have misunderstood what the
Sandia work was about, or I missed the point of this bullet.

In the first sentence of the last paragraph on page 14, what does "as
a result of a known excitation' mean?

In the equation on page 15, I would strongly recommend denoting the
decay rate constant for radionuclides by A, rather than , in order to
conform to standard usage. The second sentence following the equation
refers to U(x) as a process' in x. I don't know what "process" means,
but U would seem to be a variable, not a process, and the same holds for
C. If I am wrong, then the term "process" needs a clear explanation.

The last paragraph on page 16 discusses the implications of
conservatisms in physically unrealistic models for regulatory purposes.
In my view, one need not be so equivocal, because erring on the side of
conservatism is almost always preferable for regulatory purposes,
especially when one considers inadequacies in our state of knowledge of a
system. It is worth remembering that, for regulatory purposes, the
question we would like to answer is usually "Is the outcome likely to be
less than a regulatory limit?" On the other hand, if we want a
"realistic" model, we are addressing the question "What is the outcome and
its uncertainty?" These two questions quite naturally lead to different
modeling approaches. I realize that the EPA's high-level waste standard
is different from most in its explicit use of probabilistic limits, but
the fact remains that there will be a strong tendency to use reasonably
conservative models when there is virtually no chance that we can identify
and quantify all potentially significant sources of-uncertainty in a
performance assessment. It must be remembered that the concept of
"reasonable assurance," which is crucial to the EPA and NRC standards, is
a legal concept, not a mathematical concept based on a strict
quantification of uncertainties.

The last sentence on page 16 would seem to need either a reference or
further discussion.

In the third paragraph on page 17, is restitutes" the correct word
in the second sentence? If so, what does it mean?
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I would suggest that the first sentence at the top of page 18 needs a
reference.

In the first paragraph of the section on differential analysis
techniques on page 18, I believe that examples of approaches for
differentiation of complex functions or models should be discussed or
referenced.

Regarding the last bullet on page 19, isn't it true that estimates of
sensitivity coefficients are questionable only when the independent
parameters may vary widely, i.e., when extrapolation of a function using
the first derivative no longer gives an accurate representation of the
function at another parameter value? If the parameter variability is
small, then there should be no problem with the sensitivity coefficients.

Following the last bullet on page 19, a new subheading would seem to
be in order, because the discussion shifts to parameter uncertainty.

I basically disagree with the first sentence of Section 4 on page 20,
as it is stated. There is no way that a sensitivity analysis reduces
uncertainty in model parameters. What is presumably meant, as discussed
later in this section, is that sensitivity analysis can be used to
indicate those model parameters for which a reduction in uncertainty would
have a significant effect on reducing the uncertainty in model output.
But the first statement needs to be correct as it stands, and it is not at
present.

In the last paragraph on page 20, I believe that the statement to the
effect that differential analysis techniques have a disadvantage compared
with statistical sampling, in that the former requires knowledge of the
actual mathematical relationship between the output and input variables,
is basically incorrect. In fact, the subsequent discussions in this
paragraph substantiate my belief. It is my understanding that the GRESS
system in effect differentiates computer codes, regardless of whether or
not an explicit relationship between output and input variables is known.
Also, it is perhaps worth mentioning some of the disadvantages of GRESS
compared with statistical sampling techniques. In particular, it is my
understanding that GRESS (and adjoint methods in general) are not
appropriate for situations where the input parameters vary by several
orders of magnitude, as they often do in repository performance
assessments.

In the first paragraph-on page 22, believethat some elucidation of
mathematical and behavioral methods, with appropriate references, for
aggregating expert opinions is needed.
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The following Letter Reports have been completed to date (11/30/87) by
Oak Ridge National Laboratory staff for the NRC Project FIN No. B0287, and
transmitted to the NRC Project Manager.

Date Number Title

11/30/87 LR-287-75

11/30/87 LR-287-74

11/10/87 LR-287-73

10/23/87 LR-287-72a

05/12/87 LR-287-72

G. K. Jacobs and V. S. Tripathi, "Comments on the
Geochemistry Section of Numerical Modeling of
Ground-water Flow Systems in the Vicinity of the
Reference Repository Location, Hanford Site,
Washington, by P. Davis, W. Beyeler, M. Logston N.
Coleman, and K. Brinster"

D. C. Kocher, "Review of the Draft Scoping Document
on 'Treatment of Uncertainties in the Performance
Assessment of Geologic High-Level Radioactive Waste
Repositories"'

K. L. Von Damm, "Review of: 'Technical Report on
Redox Conditions at the Three Potential High-Level
Waste Disposal Sites (Draft)', W. R. Kelly"

A. D. Kelmers, "Review of draft Chapter 10,
'Geochemical Processes', by H. D. Holland, C.
Feakes, and S. Faith, of draft report Techniques
for Determining Probabilities of Events and
Processes Affecting the Performance of Geologic
Repositories: Volume 1--Literature Review, R. C.
Hunter and C. J. Mann, editors, draft NUREG/CR-
3964, September 1987.

A. D. Kelmers and G. K. Jacobs, "Review of: J. C.
Laul, M. R. Smith, V. G. Johnson, and R. M. Smith,
'Disequilibrium of Natural Radionuclides in Hanford
Site Groundwaters', pp. 401-410, in High-Level
Nuclear Waste Disposal, ed. H. C. Burkholder,
Battelle Press, Columbus-Richland, 1986."

A. D. Kelmers and R. E. Meyer, "Concerns Relative
to the Plan for Quality Assurance of Radionuclide
Sorption and Precipitation Investigations (Los
Alamos National Laboratory Scientific Investigation
Plan SIP No. 86/4.1.5-SP), June 1986."

J. G. Blencoe,- "Review and Evaluation of:
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High-Level Wastes'."

J. G. Blencoe, "A Brief Review and Critique of
Commentary/Data on Radionuclide Solubility and
Sorption Contained in the Three-Volume NUREG/CR
Draft Final Report (Task 4): Evaluation of
Engineered Barrier Design and Performance in an
Underground Basalt Repository."

02/15/83 LR-4.3-2

11/30/82 LR-1.4-1

10/08/82 LR-4.3-1

"Review Comments on SCA Chapters and Appendices
related to geochemical considerations."

A. G. Croff, H. C. Claiborne, and J. S. Johnson,
"Comments on RHO-BWIP Site Characterization
Report."

D. R. Cole and H. C. Claiborne, "Review of 'Draft
Technical Position on Radionuclide Speciation and
Solubility Determinations'."
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The following Meeting Reports have been prepared to date (11/30/87) by
Oak Ridge National Laboratory staff for the NRC Project FIN No. B0287, and
transmitted to the NRC Project Manager.

Date Number Title

08/06/87 MR-287-11
(draft)

02/18/87 MR-287-10

01/07/87 MR-287-9

02/xx/86 MR-287-8

02/07/86 MR-287-7

11/18/85 MR-287-6

10/04/85 MR-287-5

08/14/85 MR-287-4

0730/85 MR-287-3

07/30/85 MR-287-2

07/26/85 MR-287-1

A. D. Kelmers, "NRC Data Review of Information on
BWIP and PNL Experiments Using Hydrazine to
Establish Reducing Redox Conditions in Radionuclide
Sorption Experiments, meeting held at PNL,
Richland, WA, on July 21-22, 1987"

A. D. Kelmers, "Meeting Report on: The Second
Topical Conference on Nuclear Waste Management
Quality Assurance, sponsored by the Energy Division
of the American Society for Quality Control, at Las
Vegas, Nevada, February 9-11, 1987."

G. K. Jacobs, "Meeting Report for NRC/DOE/BWIP
Hydrology Data Review."

J. G. Blencoe, "ASTM Meeting on Waste Package
Testing."

0. K. Jacobs and K. L. Von Damm, "SRP/NRC Waste
Package Workshop for Salt Sites."

J. G. Blencoe and G. K. Jacobs, "Annual Meeting of
the Geological Society of America"

A. D. Kelmers, G. K. Jacobs, J. G. Blencoe, and R.
E. Meyer, "NRC/DOE Data Review for Sorption
Information of the Yucca Mountain Site"

G. K. Jacobs, "Examination of Palo Duro Basin
rock core - Texas Bureau of Economic Geology"

G. K. Jacobs, A. D. Kelmers, and S. K. Whatley,
"NRC/DOE Waste Package Workshop for the Yucca
Mountain Candidate Site"

G. K. Jacobs, "ACS Short Course on Environmental
Chemistry of Groundwater"

J. G. Blencoe, "Review of BWIP Solubility Topical
Report"
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07/26/85 M-287-1
(# incorrect)

02/08/85 MR-287-1
(* incorrect)

11/28/84 MR-5.4

09/25/84 MR-5.3

09/07/84 MR-5.2

08/23/84 MR-3.4

07/31/84 MR 2.2

S. K. Whatley, "Meeting with D. J. Brooks, J.
R. Bradbury, S. K. Whatley in Silver Spring,
Maryland."

J. G. Blencoe and G. K. Jacobs, "Trip Report of
Geological Society of America Meeting at Reno,
Nevada."

S. K. Whatley, "Meeting Report for the B0287 and
B0290 Project Review."

G. K. Jacobs, "Penrose Conference on the
Geochemistry of the Environment near a High-Level
Nuclear Waste Repository."

G. K. Jacobs and S. K. Whatley, "Discussions of
Geochemistry Areas Which Might be of Mutual
Interest with Malcom Siegel."

G. K. Jacobs, "Geochemistry Program Overview for
ONWI."

A. D. Kelmers and J. G. Blencoe, "DOE/NRC
Geochemistry Workshop on the NNWSI Candidate High-
Level Waste Repository Site at Yucca Mountain,
Nevada."

06/19/84 MR 3.2 G. K. Jacobs,
Assessment of
Salt Sites of
staff."

"Visit to present seminar: 'Review and
Geochemical Conditions for Candidate
ONWI', and for discussions with NRC

02/09/84 MR 4.1-16

12/08/83 MR 4.1-12

11/17/83 MR 4.1-18

-12/08/83 MR 4.1-9 -

10/31/83 MR 4.1-8

04/15/83 MR--

J. G. Blencoe and A. D. Kelmers, "NRC/DOE
Geochemistry Workshop in Richland, Washington."

H. C. Claiborne and A. D. Kelmers, "7th Scientific
Basis for Nuclear Waste Management."

J. G. Blencoe, "GSA Engineering Geology Division
Symposium on the Geologic Disposal of Radioactive
Wastes and a GSA Forum on Nuclear Waste Disposal
Issues.

H. C._Claiborne and A. D. Kelmers, "Attend Seventh
International Symposium on the Scientific Basis of
Nuclear Waste Management."

H. C. Claiborne and G. K. Jacobs, "NNWSI Waste
Package Workshop."

A. G. Croff, "Discussion of Work to be Performed
under B0290 and Draft Work Plan Describing Same."
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04/25/83 MR ...

03/11/83 MR 4.1-7

01/27/83 MR 4.1-6

01/18/83 MR 4.1-5

11/12/82 MR 4.1-4

10/13/82 MR 4.1-3

10/07/82 MR 4.1-2

09/21/82 MR 5.0-1

08/19/82 MR 4.1-1

J. H. Kessler, "International Symposium on
Geochemical Behavior of Disposed Radioactive
Waste."

A. D. Kelmers, "BWIP Overview Seminar presented by
Bill Cottam of RHiO-BWIP."

H. C. Claiborne and A. D. Kelmers, "NRC-NNWSI
Meeting on Geochemistry Issues."

H. C. Claiborne and R. R. Turner, "1982 NWTS
Program Information Meeting."

D. R. Cole, "eochemical Society Symposium on
Geochemistry of Radionuclide
Mfigration/Retardation."

A. D. Kelmers and D. R. Cole, "Discussions with
Jess Cleveland about his Plutonium
Solubility/Speciation Experiments in Site
Groundwaters. "

A. D. Kelmers, NRC Research Program Planning
Workshop on Geochemistry of HLW Disposal."

A. G. Croff, "Discussion of Proposed Activities."

A. D. Kelmers and D. R. Cole, "Participation in NRC
Geochemistry Workshop Team at RHO."
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The following Topical Reports completed to date (11/30/87) by Oak Ridge
National Laboratory staff, and miscellaneous project products prepared by
Oak Ridge National Laboratory staff, or subcontractors, for the NRC Project
FIN No. B0287 have been transmitted to the NRC Project Manager.

Date Number Title

09/30/87 draft G. K. Jacobs, K. L. Von Damm, J. G. Blencoe, and
A. D. Kelmers, "Geochemistry Issues for the Yucca
Mountain Candidate High-Level Waste Repository
Site"

09/30/87 draft G. K. Jacobs, K. L. Von Damm, J. G. Blencoe, and A.
D. Kelmers, "Geochemistry Issues for the Hanford
Site Candidate High-Level Waste Repository"

05/27/87 Express mail -- "Request for Review of Data
Supporting Basalt Waste Isolation Project Reports
Describing Radionuclide Sorption on Interbed
Materials."

05/22/87 Express mail -- "Information Requests,
Justification for the Requests, and Background
References for the Data Review to be Held at the
Basalt Waste Isolation Project in Richland,
Washington; Data Review to Address: Use of

t' Hydrazine in Experiments to Study Radionuclide
Sorption Reactions Under Reducing Redox
Conditions."

02/06/87 Manuscript submitted to Nuclear Safety, A. D.
Kelmers, R. E. Meyer, J. G. Blencoe, and G. K.
Jacobs, "Radionuclide Sorption Methodologies for
Performance Assessments of High-Level Nuclear Waste
Repositories."

02/12/86 "Radwaste Natural Analog Catalog," by D. .
Brookins, University of New Mexico.

01/10/86 A. D. Kelmers, "Glossary for sorption terms related
to draft NRC Technical Position on sorption."

12/18/85 Express mail -- "Review Comments on draft NRC
Techincal Position: 'Determination of Radionuclide
Sorption for Assessment of High-Level Waste
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04/16/85 ORNL/TM-9585
NUREG/CP-0062

10/24/84 NUREG/CR-3763

"Proceedings of a Conference on the Application
of Geochemical Models to High-Level Nuclear
Waste Repository Assessment."

"Final Draft: Review and Assessment of Radionuclide
Solubility Information for the Basalt Waste
Isolation Project Site, by J. G. Blencoe.

10/02-84 Held workshop on "The Application of
Geochemical Models to High-Level Nuclear Waste
Repository Assessment" at ak Ridge, TN.

05/18/84 ORNL/TM-9221

04/06/84 NUREG/CR-3763

03/22/84

01/04/84

V--/ 10/18/83 ORNL/TM-9873

Draft topical review: Review and Assessment of
Information on Geochemical Conditions for Candidate
Salt Sites of the Office of Nuclear Waste Isolation
(WWI), by G. K. Jacobs.

Final draft of the topical review: Review and
Assessment of Radioactive Sorption Information for
the Basalt Waste Isolation Project Site, by A. D.
Kelmers.

Draft Proposal on: "Workshop on the Application
of Geochemical Models to High-Level Nuclear Waste
Repository Assessment", by G. K. Jacobs.

Draft annotated outline for a Site Technical
Position entitled: "Review and Evaluation of
Information on the Geochemical Conditions for
Candidate Salt Sites of the Office of Nuclear Waste
Isolation (ONWI)", by G. K. Jacobs

Draft copy of: "Description and Use of the Waste
Management Document Data Base", by A. G. Croff.

09/29/83

09/29/83

08/09/83

Second draft copy of Appendix A and a first draft
copy of section 2.5 on: "The significance of
rock/water ratio for the revised DSTP on
solubility."

Draft of: "Draft Staff Technical Position on the
Geochemical -Aspects of-H LW-Repositories", by- A. G.

- -Croff. - -

Three draft topical reviews:

NUREG/CR- A Scientific Review and Critique of NNWSI Studies
on Radionuclide Solubility and Speciation in Tuff-
Groundwater Systems, by J. G. Blencoe. 

ORNL/TM-9224 Radionuclide Sorption Information for a High-Level
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& Vt v Nuclear Waste Repository in Yucca Mountain, Nevada,
by A. D.Kelmers.

NUREG/CR- Review of Geochemical Information for the Nevada
Nuclear Waste Storage Site, by C. F. Baes, III.

05/23/83 NUREG/CR-3763 Second draft of a BWIP topical review entitled:
Radionuclide Sorption Information for the Basalt
Waste Isolation Project (BWIP) Candidate High-Level
Waste Repository: A Scientific Review and
Technological Assessment.

05/23/83 NUREG/CR-4024 First draft of a BWIP topical review entitled:
Review of recent studies on solubility and
speciation of radionuclides relevant to the Basalt
Waste Isolation Project.

05/23/83 NUREG/CR-4186 First draft of: Review of Geochemical Condition
Information at the Basalt Waste Isolation Project
Site.

03/28/83 Nine revised SIAs (incorporating comments from
internal review), and the revised SCA redox
appendix (incorporating comments from internal
review and extended to include BWIP-site-specific
features).

02/14/83 "Four-day review of SCR at NRC headquarters in
Silver Spring", by H. C. Claiborne.

01/19/83 Consolidated version of the redox appendix,
including some editorial and organizational changes
as compared to earlier submission and a copy of the
sorption appendix updated to include a section on
redox control.

01/11/83 Revised redox appendix (whole) and Section on redox
control for solubility Appendix.

01/07/83 Revised Appendix T on Sorption; revised Chapter 2
of redox appendix; and mark-up of draft SCA Chapter
6.

12/22/82 Draft list-of questions for the NTS Geochemistry
--Workshop to be held January 12-14,-1983, in Las

Vegas.

11/30/82 Nine geochemical SAs revised to accomodate
comments received as of 11/29/82 and extended to
include Sections 7 and 8; SCA appendices on
sorption, solubility and apeciation, and redox
conditions.
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11/02/82 Drafts of nine SIAs for which the geochemistry team
has the lead, and draft appendices on sorption and
Eh.
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