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MEMORANDUM FOR: Ronald Ballard, Chief
Technical Review Branch
Division of High-Level Waste Management

FROM: Richard Codell, Senior Hydraulic Engineer
Techncial Review Branch
Division of High-Level Waste Management

SUBJECT: ATTENDANCE OF SPRING MEETING OF AGU

I attended the Spring meeting of the American Geophysical Society, held in
Baltimore May 18 - 21, 1987. I highlight several of the more interesting
presentations related to the disposal of hazardous and radioactive wastes in
the ground. I will also summarize the presentation on the In Situ study at the
Creston WA site presented at the AGU meeting and on the following Friday.

Monday, May 18 - A special session was held all day on 'Field approaches and
measurement techniques for quantifying spatial variability in porous media."
(paper H11-01) Graham Fogg presented a study of the characterization of the
spatial variability of two aquifers. Methods used to characterize aquifers
include detailed drilling, inverse modeling techniques and geophysical
exploration. While geology from cores and geophysical techniques are
important, much of the data are irrelevant to permeability, which is the prime
concern of most studies of aquifers. It is important to know which data are
relevant and what the data mean in terms of the geohydrologic properties of the
aquifer. He presented two examples. The first was for a complex fluvial
system with well defined sand lens in finer sediments. The sand had a much
higher permeability than the other material so the problem was somewhat
simplified to consideration of determining the location of the sand lens and
their interconnections. He studied the problem by indicator geostatistics,
which the presence or lack of an indicator, in this case the sand, was the
random variable to be characterized. He developed the variogram from an
extensive array of boreholes, and then used it to generate 300 spatial
realizations of the possible field. On the basis of the simulations they were
able to confirm that the sand lens were probably not well connected and that
the hydraulic conductivity would not be large. The other case considered an
aquifer in limestone. In this case there was no clear distinction between
permeable and non-permeable media, but rather a gradation of permeabilities
over 5-6 orders of magnitude. There was an extensive array of over 1200
resistivity logs which correlated well to permeability measurements.
Permeability between wells was estimated by linear interpolation. This method
is suspect, however, since permeability was highly discontinuous between wells.
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The significance of this work is that NRC is faced with much the same problem
at HLW sites where we have an array of small scale tests on the units at the
site, but have no way of knowing whether or not they are connected. Fogg
showed that it is possible to demonstrate the connectedness in some cases,
e.g., the fluvial aquifer, but less so in hard rock. This is why the Large
Scale hydraulic Stress Test at Hanford is so important to establishing the
hydrogeologic properties, rather than a performing small-scale tests on a
number of individual boreholes.

Several field tracer studies were presented in the morning and afternoon
sessions. While these tests are not directly relevant to the high-level waste
licensing effort, they provide a strong data base useful for testing the
predictive theories of stochastic modeling. (Paper H11-04) Katherine Hess of
USGS presented a field study in a shallow gravel outwash aquifer on Cape Cod
which is the sole source of drinking water for the area. Contamination from a
local waste dump is being monitored and studied with artificial tracers, pump
tests, cores and geophysical techniques. Tracer tests and inspection of cores
indicate that there is great non-homogeneity in the aquifer. A portion of the
site where the movement of tracers is being studied has 640 multilevel sampling
wells, each having 15 levels. Stochastic dispersion theories of Gelhar will be
used to interpret the data. Several other papers presented later dealt with
measurements, modeling and interpretation of the data from this site.

(paper H12A-04) Another highly instrumented field experiment was presented by
Bill Waldrup of TVA. This site is in a fluvial plain near the Tombigbee River,
and is being investigated to determine the dispersion of coal ash leachate from
a potential coal fired plant. The site has been extensively instrumented with
400-600 multilevel monitoring wells placed downgradient from the point of
potential release. The movement of a dye tracer is being traced with the
sampling wells. In addition to the tracer studies, the geohydrology of the
site is being characterized by extensive studies of wells. About 30 wells have
been studies with a sensitive borehole flow meter which gives up to 60
measurements of local hydraulic conductivity over the depth of the well. The
site is highly heterogeneous. This is one of the densest instrumentations of a
site I have seen for the collection of data for dispersion and transport
calculations. It would be a useful site to study models for low level waste
dispersion. Once again, there is a tie-in to the work of Gelhar at MIT. The
Gelhar models for dispersion in three dimensions will be used to simulate the
dispersion of the dye tracers at the site.

Two papers were presented on the use of fractals in dispersion calculations.
Fractal mathematics appears to be the next step beyond stationary stochastic
methods now being wide used in modeling of transport. (paper H11-05) The
first, presented by S. Wheatcraft, dealt with an approach similar to a random
walk model, but using paths which are fractals, and are self similar at all
scales of observation. The advantage of the fractal method as opposed to
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random walk is that the later shows a finite scale of correlation necessary
because stochastic systems are usually characterized as stationary, which
implies statistical uniformity over the whole domain. No such restriction
applies to fractals.

(paper H11-06) The second paper, presented by L. Lake dealt with the
characterization of an eolean sand aquifer. He made reference to self-similar
or fractal ranges of correlation in a stochastic rather than explicit sense as
in the previous paper; i.e., the spatial correlations of properties showed
multiple ranges, depending on the scale of the measurement. He was able to
show that there were multiple scales of correlation which followed a fractal
type of distribution in space. This is an important concept in any site
characterization since data are collected on many scales. If a fractal
correlation can be demonstrated, then the data collected at one scale can be
reckoned with that of another. Once again, with a fractal scale of
correlation, one does not need to have stationarity as in the present variety
of stochastic models.

(paper H11-06) J. Istok presented some geostatistical correlations for water
content, bulk density and presumably water flux a Yucca Mountain based on a
series of closely spaced point measurements in unsaturated tuff and alluvium.
Variogram analysis for the data indicate multiple scales of correlation. The
range is 2-6 m vertically and up to 500 m horizontally. The correlation
depends on the degree of saturation. I was not previously aware of these data.

(paper H11-09) Paul Kaplan of Sandia, DOE, presented some computer simulations
dealing with the possibility of perched water forming below the Yucca Mountain
site because of high variability in the properties of hydraulic conductivity
and flux. This is an interesting paper coming from a DOE contractor, as it
admits to the possibility of perched conditions. The study is very
preliminary, however and lacks corroborating data. Dr. Kaplan also informed me
of a series of DOE workshops dealing with the problem of groundwater travel
time. He said that they would be grateful to have me attend as an observer.
The meetings will be held on June 15 in Albuquerque, and will be attended by
well known consultants such as Jacob Rubin and Narisiman.

(paper H12-14) Chris Rautman, of Sandia, DOE, described a synthetic experiment
where he used the small amount of data bn saturated hydraulic conductivity of
tuff at the Yucca Mountain site to generate a spatially varying data field with
which to test several strategies to collect data. He bemoaned the fact that
current regulations prohibit them from drilling monitoring wells and boreholes
directly into the site, and most instrumentation will be at the boundaries of
the site and beyond. A dense sampling scheme will characterize the site much
better than a more-spread-out version. He demonstrated this by considering
several densities of sampling networks at the site and showing that the dense
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network works better. This is fairly obvious, but points to the need for more
onsite data rather than diffuse data. My only concern with his results are
that his artificial data field showed spatial correlations not indicated by the
data, and his conclusions may be sensitive to the range of the correlations;
e.g., a completely random or completely correlated field may not show the same
need.

(paper H12B-05) Chen Fu Tsang presented an interesting technique for downhole
measurement of fracture permeability. The technique consists of flushing the
borehole with deionized water to remove all contamination from the borehole and
fractures close to the borehole, and then observing over time and depth the
buildup of contamination (e.g., salinity) in the borehole through resistivity
measurements. He then backed out the flowrates of contaminated water coming
into the borehole from the fractures and was able to deduce their hydraulic
conductivity by a trial and error method. The method is appealing because it
is cheap, simple and applicable to the kinds of rocks we are likely to
encounter in the HLW program.

Wednesday, May 20

(paper H31-B-05) Kay Birdsell discussed the experimental program for tracer
diffusion in the exploratory shaft at the NNWSI site. Small bore holes will be
filled with tracer liquids and allowed to move by advection and diffusion into
the surrounding tuff. The cores will then be over-cored to remove the sample
and taken back to the laboratory for analysis. Ms. Birdsell also discussed
several simulations she has performed with the TRACER3D model on how the tracer
will move in the Calico Hills and Topopah Springs tuffs. Some of her analyses
considered the effects of fractures on the movement of the water. A question
arose about why the sample was not first removed to the laboratory rather than
performing the experiments in situ. A DOE representative responded that the
work was part of a commitment1t-odo the work in place, and seemed to be a
political rather than a scientific choice.

Several papers dealt with the optimal way in which to choose the location and
number of monitoring wells for identifying contaminant plumes. (paper H31-01)
Dennis McLauglin described a bayesean technique for successively refining the
location of sampling wells at the previously described Cape Cod site. The
prior distribution of samples collected from the plume were used to estimate
the placement of new wells. As more data became available, the placement of
the wells was refined successively.

(paper H31B-10) Alui Niemi from Lawrence Berkeley Laboratory demonstrated the
effects that hysterysis in the drying and wetting behavior of unsaturated tuff
at Yucca Mountain would have on the movement of infiltrating water at the NNWSI
site. Hysterysis is the phenomenon where the characteristic curves of the
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moisture-hydraulic conductivity and moisture-suction relationships show
different traces depending whether the rock is undergoing wetting or drying.
These curves are typically left out of the numerical solution because they
present computational difficulties. Ms. Niemi showed that by incorporating the
hysterysis effects in the cyclic wetting and drying of the rock close to the
surface, the expected rate of water transfer from the fracture to the matrix
was reduced, leading to the important conclusion that water infiltrating from
precipitation through the fractures is likely to penetrate much further down
than was previously calculated. She estimated that penetration of rainfall
would be up to double; e.g., 8 m versus 4 m. These cycles would affect only to
upper portion of the tuff however, because the cyclic variations in wetness
would be damped out deeper into the tuff.

Another paper by I.C. Yang, H32B-07, which I could not attend because of a
conflict with my own presentation, dealt with evidence of bomb pulse tritium at
greater depths than previously anticipated at Yucca Mountain. This talk was
covered by other NRC attendees.

(paper H32C-07) My own paper was presented as a poster. In it, I explored the
nuances of groundwater travel time for a simulated site patterned after BWIP.
The model study differed from many others in that I used realistic ranges of
data produced by a multivariate random variable generator which produced
spatially correlated random transmissivities conditioned on know or inferred
transmissivities from the actual site. I demonstrated that the groundwater
travel time determined directly from the synthetic data was very sensitive to
the point on the repository from which you were measuring, a fact which would
be difficult or impossible to forecast on the basis of the simulated pump
testing performed on the model and the synthetic data. Estimated groundwater
travel times based on simulated pump testing of the model indicated
groundwater travel times in the range of hundreds of years, while the actual
groundwater travel times from the complete data set range from thousands to
millions of years. I had several interesting conversations on the model, and
got useful feedback on ways in which the study could be improved. Copies of
the posters presented are attached.

Thursday, May 21 -

(paper H42B-06) V. Nguyen presented a paper on the use of groundwater travel
time for regulation of waste disposal. This paper has obvious relevance to the
GWTT position on which I have been working. In his study, he essentially
supported the ideas presented in the Draft position on GWTT, showing how a
probablistic approach was appropriate, with the choice of a small percentile of
the cumulative probability distribution representing the criterion for GWTT
cutoff. Although I was very interested in his paper, I had great difficulty
reading his slides and following his presentation. He seemed to raise some
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interesting points near the end of the talk, although it ran over and he was
cut off before he could elucidate them. Considering that the paper was
co-authored by G. Dagan, a well known geohydrologist, I intend to follow up on
the paper by corresponding with Mr. Nguyen.

(paper H42B-07) Peter Clifton of Rockwell presented a paper based on his
investigations of groundwater travel time at the Hanford site. The staff and
our contractors has had great exposure to this approach, which is the official
position presented for BWIP by DOE. There did not appear to be any new
material presented in this paper, however. We had several hallway
conversations, however, during which he asked about the status of the GWTT
position and its availability.

The last session of Thursday afternoon was a panel discussion on mathematical
modeling. The theme of the panel was left open, but it became an attack on the
way in which EPA hazardous waste levels for listed chemicals were being chosen
with "generic" models. EPA has apparently performed calculations on the
quantities of chemicals likely to be ingested by man by employing a set of
generic models for flow and transport of the substances through groundwater and
surface water. A Monte Carlo type of analysis was used, whereby numerous
calculations were performed by randomly choosing input values for the models
from assumed ranges of the parameters. Most of the panel and the audience
pointed out that the use of such an approach In groundwater modeling would lead
to an unreasonable range of results, and that groundwater modeling must be
studied on a site-specific basis. Dan Goode defended the idea that simple
approaches to the modeling of concentrations in groundwater could be made if
extremely conservative coefficients were employed. He referred to the approach
being used for calculating concentrations for on-site disposal under
IOCFR20.302. This discussion on the use of generic models is haunting, because
a good part of the modeling of performances of HLW sites was done in a similar way
using the Latin Hypercube sampling approach with generic models and employing
wide distributions.

Friday, May 22, Nicholson Lane -

Tim Steel of In Situ Inc. reported on the ongoing research at the Creston WA
site being conducted for NRC. He also presented a summary of the research at
the AGU meeting which I also attended. His talk covered preliminary results of
the pumping and dye tracer tests. The site is located in basalt, and is
analogous in many respects to the BWIP site, although there are also major
differences. Both slug tests and long-term drawdown tests were performed. The
pump tests indicated a hydrogeologic feature between one of the monitoring
wells and the pumped well which will be explored with additional testing and
geophysical soundings. Early spring irrigation near the site is providing an
opportunity to monitor the drawdown in the monitoring wells for a large scale



e* K_>

301/RC/87/05/29
-7-

pumping. Unfortunately there is not much quantitative information on the
amount of withdrawal or the units on which it is being withdrawn for the
irrigation pumping, so it will be difficult to use these data.

The tracer tests use salt water injected to the Rosa flow top. Resistivity
probes have been positioned in the flow top and dense interior. The test
results are incomplete, but preliminary results indicate that the plume is
moving as rapidly as predicted. This is an interesting point, because velocity
predictions were based on effective porosities which were on the order of 5 to
10 percent, which is much larger than the one measured value available at the
BWIP site.

Jim Kunckle, also of In Situ, presented the results of a mathematical modeling
experiment using discrete fracture models. They intend to use the tracer data
eventually in a model study comparing discrete fracture models to continuum
models such as SWIFT II, in order to gain a perspective on the effectiveness of
the latter. I commented that I felt that the conditions for licensing a HLW
site probably would not be sensitive to differences in the models relating to
alternative ways of handling the dispersion terms, since the EPA criteria were
based for the most part on cumulative releases rather than concentration.

The meetings were very productive and interesting, especially the Monday
session on variability in the environment. I would like to encourage the
continued attendance of AGU by the staff, especially when it is held in
Baltimore. I would be happy to brief you further on any of the sessions I
attended.

Richard Codell, Senior Hydraulic Engineer
Technical Review Branch
Division of High-level Waste Management

Attachments:
Copies of posters presented at AGU meeting by R. Codell

cc: Hydrology Section Staff
M.Weber
M.Knapp
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