
4.5 Ground Penetrating Radar (GPR) Measurements

Over the past several months, a variety of problems have been addressed surrounding the
GPR data acquisition in support of the Drift Scale Test. Specifically, both the dipole
antennas and the coaxial connecting cables were modified to accommodate temperatures
in excess of 200C. Also, the design and assembly of a locking borehole pulley system
was completed in order to facilitate the emplacement of the radar antennas at various
depths in the boreholes with very little stress on the antennas themselves. Both
modifications have been completed and beginning the week of January 11, 1999, GPR
data acquisition was resumed at the Drift Scale Test. GPR data were acquired in
borehole numbers 65-68 and 49-51 with no downtime or failure due to high temperature.
The antennas were smoothly and efficiently moved within the boreholes, and as a result,
significant time savings were realized over previous efforts at the Drift Scale Test. The
only problem encountered was that of a possibly damaged borehole (number 48) and the
inability to locate an antenna within it-. Due to a blockage, break, or tight deviation,
borehole number 48 was unusable during the above described data collection visit. The
condition of the borehole is currently being examined and when it is judged to be free of
any obstructions it will be revisited and used to acquire the radar data set typically
collected between borehole numbers 48 and 49.

Processing of the data has thus far proven extremely encouraging. Regions showing
sharp velocity increases and decreases (i.e., decreases and increases in the dielectric
constant of the rock mass) are evident in the majority of the tomograms - suggesting the
effect of either temperature or moisture redistribution or both. Unfortunately, we have
not yet settled on a desirable method for removing the effect of temperature on radar
wave velocity (and hence, the derived dielectric constant). Without removing the
temperature effect, it is difficult to say with certainty just which areas of the rock are
exhibiting wetting since dielectric constant increases with an increase in liquid saturation.
Previous work at the Single Heater Test, however, suggests that incorporating the effect
of temperature will not significantly alter the interpretation of the velocity or dielectric
tomograms. For now, it is clear that the largest regions of high velocity/low dielectric
constant (i.e. decreased moisture content) surround the wing heaters and the area closest
to the Heated Drift. This, of course, is to be expected. Furthermore, regions of low
velocity/high dielectric constant (i.e. increased moisture content) appear to be
concentrated directly beneath the Heated Drift and directly adjacent to the
aforementioned high velocity/dry rock zone. These conditions are illustrated in Figure
4.5-1 which includes the radar data collected between Borehole Numbers 65-68 (NEU-7
to NEU-10). Figure 4.5-1 illustrates those regions between the boreholes where the
dielectric constant has changed between October 29th, 1998 and January 13th, 1999.

Comparisons with other Drift Scale Test data indicate that such a distribution of moisture
is probable. Specifically, water production in zones isolated by borehole packers as well
as the air permeability measurements both indicate elevated moisture content in the
region beneath the Heated Drift. The thermal-hydrological modeling also predicts a
wetting zone and a resulting redistribution of moisture in the matrix. Neutron probe data
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collected in those boreholes closest to the wing heaters reveal the large scale drying
observed in the radar data. Additionally, the ERT data collected to date similarly indicate
wetting or increased liquid saturation in those areas observed in the radar data. Again,
these areas include both the region beneath the Heater Drift and the region directly
adjacent to the dry rock zone resulting from the wing heaters. Based on the observations
above, it appears likely that the GPR data are providing a useful representation of the
conditions currently present in the rock mass surrounding the Drift Scale Test. A more
accurate representation of these conditions will become available once the effect of
temperature is incorporated into the data processing.
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4.6 Neutron Logging Measurements

This section discusses the results of neutron logging measurements in the Drift Scale Test
since the start of heating in December 1997.

Neutron data at the DST through approximately one year of heating is showing substantial
moisture change in only four holes, ESF-HD-TEMP-1 and 2, and ESF-HD-NEU'4 and 9.
These holes are referred to as Ni 1,N12, N04, and N09, respectively herein.

Moisture changes in N09 have been reported earlier as they were first seen at day 105 since
heater turn on. Figure 4.6-1 shows that the dried zone has expanded, and, by day 352 covers
approximately 10 meters, from a depth of 16 though 26 meters as measured from the AOD
wall. The amount of water in the dried zone shows as negative on this plot because recently
acquired calibration data has not yet been applied to the data. However, the rock in this zone
is very dry indeed, with almost all the initial water having been driven away. This hole shows
the most and earliest drying because it comes very close to one of the wing heaters, in fact
passing between two of them.

Moisture changes in N04 were not noted until day 300, although there is a slight indication at
day 266. This hole is in a similar geometry to hole N09, but does not pass so close to a wing
heater. Figure 4.6-2 shows as yet incomplete drying at day 363, with some drying over a five
meter zone from 17 to 22 meters.

Figure 4.6-3 shows no clear moisture changes as of day 352, and is included here for
comparison with data from other methods, e.g., radar and permeability, which suggest an
increase in moisture deep under the heater drift. A possible reason is that the permeability data
are controlled almost completely by water in fractures, which is a small fraction of the total
water seen by the neutron probe.

Hole N Il first showed moisture changes at day 336 as shown in Figure 4.6-4. At day 364
approximately half the water is gone over an eight meter zone from 37 to 45 meters from the
access drift This hole runs parallel to the heater drift from the bench in the alcove at the end of
the access drift. It is of 4-inch diameter, and thus has a much thicker grout annulus, which
makes the probe read more water than is present. This will be corrected when the calibration
data are applied.

Hole N12 also runs parallel to the heater drift from the access drift, and is the same distance,
but on the opposite side of the heater drift from Ni 1. Although one would think response in
these holes would be similar, N12 has shown no drying as of day 365. Figure 4.6-5 shows one
curve of data taken before the liner was grouted in the hole (pregrout). One can see from this
that the hole is ungrouted at depths more than 52 m, with the amount of grout increasing from
52 m to 49 m, and completely grouted at less than 49 m. Clearly, a substantial amount of the
signal in these 4-inch holes is due to grout. The last data set, day 365, shows an accumulation
of water in the ungrouted zone.
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4.7 Gas Sampling and Analysis

The concentrations of CO2 in gas samples collected from the hydrology holes at the Drift
Scale Test increased significantly during the first 8 months of heating. The CO2 could be
derived from exsolution of dissolved inorganic carbon compounds (DIC) in pore waters
or dissolution of carbonate minerals in the rocks or a combination of both. Stable carbon
isotope ratios (5' 3 C values) of the CO2 confirmed that it was derived from these sources,
but could not distinguish between them.

During October and December, two further sets of gas samples were collected. In
addition, the 14C contents of archived aliquots of six samples of CO2 collected during the
earlier sampling sets were analyzed. In prior studies, analyses of gas samples collected
from borehole USW UZ-1 indicated that the 14C contents of CO2 in the rock at this depth
are approximately 50% of modem (Yang et al., 1996; page 46). The "C content of
calcite in the rock, on the other hand, is less than 10% of modem (Paces et al., 1998; Fig.
10). This difference provides a potential method of distinguishing CO2 derived from
dissolution of calcite from CO2 derived from degassing of DIC in the pore waters.
Further, elevated '4 C values (>50% of modem) would be an indication of contamination
with CO2 from the heater and/or observation drifts.

Data

The concentrations and stable carbon isotope ratios (&'3 C values) of CO2 from two
additional sets of gas samples collected from the hydrology holes of the Drift Scale Test
were analyzed. With one notable exception, samples collected during October of 1998
showed the same general increase in CO2 concentrations with temperature that had been
observed in the earlier sampling sets. In interval 3 of borehole 77 the temperature had
exceeded the boiling point and the CO2 concentrations dropped significantly (from
33,300 ppm in August to 2,163 ppm in October). The 8' 3C values of the CO2 in the
October samples also continued to increase as the temperature and concentration of CO2
increased.

In December, a more extensive set of samples were collected in order to examine the
lateral variations of CO2 concentrations in the rock. Figure 4.7-1 is a cross section
through the Heater Drift with the data for samples collected from boreholes 74 through
78. In the intervals closest to the Observation Drift, the concentrations and 683C values of
the CO2 approach that of the CO2 in the Observation Drift, suggesting that there may be
significant communication between these sampling intervals and the drift. Otherwise, in
the higher temperature (>50'C) intervals that were sampled during earlier sampling
rounds (76-3, 77-3, and 78-3), the concentrations of CO2 appear to have peaked and
started to decrease since October. The V'3 C values of the CO2 in those intervals, however,
continue to increase, indicating that some fractionating process (e.g., open system
degassing) is occurring. In the lower temperature intervals (74-3 and 75-3), the
concentrations are still increasing. Similar trends were also observed in the other
boreholes that were sampled (57-61 and 185-186).

Analyses were made of the "4C contents of CO2 from six gas samples collected between
February and October of 1998. These measurements were made on aliquots of CO2 split
from the samples used to measure the 6V3 C values of the CO,. Four of those samples
were collected at different times from interval 3 of borehole 78. The data for those
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samples are plotted on Figure 4.7-2. The earliest sample, collected in February of 1998,
contained 40.0% modem CO2. This is somewhat less than the initial value estimated for
CO2 (and presumably pore water DIC) in the rock. As the concentration and 813C values
of the CO2 increased, the 14C content of the CO2 decreased to 10.5% of modem,
suggesting that an increasing proportion of the CO2 was being derived from dissolution of
calcite in the rock. 78-3 is in an area of the system where the computer models predict
that there should be significant condensate drainage in fractures.

The other two samples that were analyzed were collected during October of 1998 from
interval 3 of borehole 57 and interval 3 of borehole 59. The 14C content of the 57-3
sample was 49.2% of modem, or very nearly the estimated value for CO2 /DIC in the rock.
This interval is in the upper part of the system where the rock temperatures have not
increased significantly (the temperature was 25.50 C when the sample was taken). The
CO, concentrations have increased (from 940 ppm in February to 1890 ppm in October),
but that could be the result of CO, from adjacent areas with higher concentrations. The
"C content of the 59-3 sample was 12.5% of modem. This interval is only about 5 m
above the heater drift where the temperature was 66.40 C and the CO, concentration was
6329 ppm. This interval, like 78-3, is in an area where modeling predicts water
condensation.

Summary

CO2 concentrations in gas samples from the inner, hotter zone of the Drift Scale Test have
peaked after approximately one year of heating. Despite the lower CO2 concentrations,
the 5'3 C values of the CO2 continue to increase. This implies that the drop in CO2 is
related to the drying out of the rock in the area around the heaters leading to lower levels
of DIC being exsolved from the pore waters and/or cessation of calcite dissolution.

Limited analyses of the "C contents of CO2 from the drift scale test suggest that a large
proportion of the increased CO2 concentrations that have been observed in the rock were
the result of calcite dissolution. Although the data are sparse, it appears that decreased
14C concentrations in zones where computer models predict drainage of condensate
waters in fractures are areas where significant calcite dissolution is occurring.
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Figure 4.7-1. 8' 3C data for CO2 (in %0 units relative to VPDB) in gas samples collected
during August of 1998 from boreholes 74-78 around the Heater Drift. Also given in
parentheses are the concentrations of CO, (ppmv).
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4.8 Water Sampling and Analysis

Water chemistry data from the Drift Scale Test (DST) and other thermal tests contribute
to understanding the thermal-hydrologic-chemical behavior of the near field rock and
hence, the performance of the potential repository. The data are relevant to several
issues, and these include: 1) corrosion of the waste packages (wp) and solubility of the
waste forms, 2) validation of reactive transport models, and 3) radionuclide sorption. In
general, overlap exists in the data feeds which support these three areas, but several
important water chemistry parameters may be key to only one of them. Table 4.8-1 is a
listing of the principal aqueous geochemistry parameters and the issues to which they
contribute.

Table 4.8-1. Aqueous Geochemical Parameters and Their Relevance to Thermal
Testin!

Relevant Issues: 1 = corrosion of waste package and solubility of waste form

2 = validation of reactive transport model

3 = radionuclide sorption

Parameters Relevant Issues

Major and minor species and concentrations 1, 2, 3

Trace-element concentrations 1, 2, 3

Redox-sensitive elements (Fe, Mn, S, N) 1

Colloids and particulates3

Dissolved organic carbon 3

Microbial populations 1, 3

Volatile elements (conc. in gas and liquid - 02, 1

CO2, N2 )

Stable isotopes (H, C and 0) 2

Radionuclides (3H, 14C, 36CI) 2

Radigenic isotopes 2

Temperature 1, 2

PH I
1
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As the size of the samples and the quantity of water available for various analysis could
be limited, the relative importance importance of the various geochemical parameters
needed

evaluation. A subset of the parameters in Table 4.8-1 was selected to be analyzed with
respecttor the water samples from the DST. It included the major ion chemistry, the trace
elementabundance, certain isotopic data, and temperature and pH. It is recognized that it
may not always be possible to perform all the planned analyses because of the availability
of water. The specific ions and isotopes to be studied in the DST are given in, but may
not be limited to the list in Table 4.8-2.

Table 4.8-2. Summary of Current DST Water Sampling Specifications

Measurement Type Current Sample Collection Parameter
Specification

temperature (field) unfiltered Temperature

pH (field) unfiltered pH

cations/metals filtered/polyethylene vial/acidified Na, Si, Ca, K, Mg, Al,

B, S, Fe, Li, Sr

anions filtered/polyethylene vial F, Cl, Br, SO4 , NO3,

P04 , NO2

stable isotopes filtered/glass vial/min. headspace 180,160

stable isotopes filtered/glass vial/min. headspace2Hm

radionuclides filtered/glass or polyethylene H
vial/min.

radionuclides headspace 36c1

radiogenic isotopes unfiltered/glass or polyethylene vial U and Sr
filtered/polyethylene vial/acidified

Aliquots, or measured splits, of every aqueous sample (a sample representing a single site
and time) collected during the DST would be required for each of the designated
analyses. The protocol for subdividing the sample, as well as for collecting, handling,
preserving, and storing each one is dictated in an R&D entry. Such measures are required
because the rock water (sampled from an environment with a specific set of temperature
and atmospheric conditions) would be changed chemically with time and exposure to the
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different atmospheric conditions it could see before analysis. To ensure the sample
integrity for each of the chemical properties to be measured, samples would either be
analyzed in the field (necessary for unstable chemical properties - pH and temp), or
conservation methods would be carried out. The preserved sample would then be
delivered to the appropriate analyzing laboratory. A compromise in the collection and
handling or in the analytical process would be equally detrimental to obtaining reliable
data.

Water Samples Collectedfrom Hydrology Boreholes of the DST

Since the start of heating in December 1997, four water-sampling opportunities have been
conducted on an approximately quarterly basis. The first samples were obtained June 4,
1998. The most recent samples were collected in January 1999. Table 4.8-3 provides the
sample information, including location, total volume sampled, pH, temperature, and
sample designation. In addition, the date that each sample was received at LLNL has been
included and any additional notes and/or observations are indicated.

In addition to the information in Table 4.8-3, another set of samples were collected from
the hydrology holes on March 30, 1999.

Also, samples of pore water extracted by the ultracentrifuge method from cores dry-
drilled near the DST block have been analyzed. Results are included in Table 4.8-4.
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Br= 0.75 Aii SPC00527973 (0.5L.) Sr. U isoR4pes LBN'L filter., poly., acid
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Data and Analyses

The aqueous samples have all been analyzed with respect to the cations Si, Na, Ca,
Mg, Sr, Al, K, Fe, S, B, and Li by the method of Inductively-Coupled Plasma and Atomic
Emission Spectrometry (ICP/AES). The anion analyses performed by Ion
Chromatography (IC) include F, Cl, Br, NO,. NO3, P04 , and SO4 . A measure of pH and
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sample temperatures were made in the field at the time of collection in most instances.
Splits of water from each sample have been distributed among other analytical
laboratories to obtain certain stable isotope data and radionuclide data.

The measured cation and anion chemistry of the aqueous samples are reported in Table
4.8-4. Hydrology hole samples are identified by the borehole number and the zone. In
addition to this identification descriptor, all samples collected in the field have also been
given a YMP bar code for sample tracking which is reported as the SMF number. The
table includes the sample collection date and field measured values of pH and
temperature.

Future Work

A field water-analysis kit has been procured to enable additional measurements in the
field such as conductance, alkalinity etc. The water sampling protocol has been modified
to accommodate these additional measurements.

448



Table 4. Surnary of water chenistry from hydrology boreholes and poremster samples

rev. 0l/28/99
sample Pore uater Pore uwater Pore vter
identification DST 59.4 DST 60-3 DST 186-3 ESF-HD-PERMW1 ESF-HDPERMW2 ESF-HDPER 1
SF number SPC00541803 SPC00541804 SPC00541805 23.1'-23.3' 30.1'30.5 34.!-35.1'
collection date 1111I98 11;12J98 1112J98
temp ( C) 24.5 26.5-49.6 34.3-34.8
field pH 6.63 6.92 6.83 7.79 8.32 8.31

Na (rr/l) 22.6 10.1 105 61 61 62
Si (mg/) 34 60 16 79 66 75
Ca (rmgl) 476 15.3 11.5 98 106 97
K (rr/l) 29.5 8.7 3.5 6 1 7 9
Ng (mg/) 64.1 3.4 5.1 25.7 16.6 17.4
W FRS7Jl n.d. < 0.06 n.d. < 0.06 nd. < 0.6 n.d. <0.06 n.d. < 06 . n.d. c no6
B (mg/l) 4.47 1.58 0.51 3.05 2.75 2.75
S (mg/l) 50.7 11.6 8.47 42.3 38.6 38.7
Fe (rng/l) n.d. < 0.02 0.02 0.02 n.d. < 0.02 n.d. < 0.02 n.d. < 0.02
U (mg/l) 0.21 0.04 0.05 0.1 0.45 0.05
Sr rg) 4.02 0.22 0.3 1.4 1.0 1.1

HCO3
F (mg/i) 4.34 0.49 0.56 0.36 0.96 0.76
a (mg/) 1,250 19.50 18.70 123 110 123
Br (mg/l) n.d. < 0.07 0.6 0.67 0.60 0.76 1.20
S04 (mg/l) 213 30.6 26.3 124 111 120
P04 (mg/) n.d. < 02 n.d. < 0.2 n.d. < 0.2 n.d. < 0.07 n.d. < 0.07 n.d. < 0.07
N02 (mg/l) n.d. < 10 n.d. <.10 n.d. <.10 n.d. < 0.04 n.d. < 0.04 n.d. < 0.04
NO3 (rn/l) 7.81 3.38 7.47 22 3 10
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4.9 Acoustic EmissionlMicroseismic Monitoring

Since mid-December 1998, considerable work has been done to improve the recording
characteristics and acquisition reliability of the acoustic emission monitoring system.
The system has been upgraded primarily with respect to the acquisition and display
hardware and software. RC Electronics, Inc. is the manufacturer of both the previous
version and the upgraded version of the package used to record the incoming acoustic
signals. The principle difference in the two versions of the recording package are in the
incorporation of a user selectable filter card which may be used to filter all of the
incoming acoustic signals. The filter card was desired as a means to filter any electrical
noise spikes present on the data channels and to reduce their amplitude relative to any
incoming microseismic events. By reducing the amplitude of the noise spikes, it was
hoped that the monitoring system would no longer trigger on the near constant presence
of such noise. This will ultimately allow for a more reliable recording system and one
that is not compromised by faulty and unnecessary triggering. It should be pointed out
here that none of the above changes--impact in any way the strict adherence to the
Technical Implementing Procedure (TIP) governing the acoustic emission data collection
procedures (Procedure ID: YMP-LBNL-TIP/TT-4.0). All of the equipment changes and
the re-calibration results for the newly configured system have been recorded in the
Scientific Notebook pertaining to this experiment (Notebook ID: YMP-LBNL-YWT-
ELM-I .1 .2).

On December 21, 1998, the acoustic emission system was brought back online
incorporating the aforementioned improvements. An incoming signal filter setting of
8000Hz was selected to decrease the amplitude of all signals with frequencies higher than
this value (the microseismic events should have a frequency range of roughly 1000-
8000Hz). The trigger control box now includes incoming signals that have been filtered
by the 8000Hz filter. This is significant because it is the trigger control box that dictates
whether the system triggers and records for the preset length of time (102ms). So not
only are the recorded data channels filtered before being recorded, the system is now only
capable of being triggered by filtered (i.e., low electrical noise) data. Once the
functioning accelerometers were verified to be within the calibration standards specified
in the TIP (see above), the system was restarted. After the system was restarted in record
mode, a series of calibrating hammer blows (6) were made along the left rib of the
Observation Drift in the instrument niche directly between borehole numbers 42 and 43
(MPBX 1 and 2). All hammer blow signals appeared normal with respect to signal
moveout and signal strength. The system was judged to be operating within its normal
acquisition specifications and it was left to record uninterrupted over the Christmas
holiday shutdown of the ESF.

The system was reexamined on January 12, 1999 in order to determine whether the
improvements were successful and whether any acoustic events had been recorded. Over
the three-week recording interval only three triggers were the result of electrical noise
spikes. This is a significant decrease in the number of false triggers occurring over a
similar time period before the system was upgraded. Additionally, two microseismic
events were recorded; the first occurring on 5 th of January and the second taking place on
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12'h. All of the recorded data were saved to disk and returned to LBNL for analysis. The
system was restarted in record mode and left until the next visit which occurred on
January 28, 1999. The system was again found to be in fine working condition. The
number of false triggers on electrical noise was again found to be small (3). Two new
microseismic events were recorded, one on the 19' of January and one on the 25th. The
system was left in record mode and will be checked for new events periodically with all
new data being returned to LBNL for more detailed analysis.
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4.10 Video Imaging Inside the Heated Drift

No video imaging was completed since Progress Report # 1. Additional video imaging
is scheduled to be completed in the next few months.
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4.11 Heat Loss Through the DST Bulkhead

Heat loss through the DST bulkhead was investigated to obtain a better thermal boundary
condition for numerical simulations of the DST. In some cases, the thermal boundary
condition for the bulkhead was assumed to be perfectly insulated which translate into no
heat flux. Given the understanding of the insulation thickness and condition on the "hot"
side of the bulkhead, it became apparent that the heat flux through the bulkhead was
significant.

The determination of the total heat flux required consideration of both conductive and
convective modes of heat transfer. Radiation through the bulkhead was considered
negligible. Conductive heat flux was determined with direct (non-Q) measurements by
applying a heat flux meter to the seven locations on the bulkhead (see Figure 4.11-1).
Five measurement locations were steel (Nos. 1, 2, 4, 5, and 7) and two measurement
locations were glass (Nos. 3 and 6). Figure 4.11-1 shows these seven locations and the
corresponding heat fluxes in W/m2 . Measurements of all seven locations were conducted
with and without 4-inch thick insulation covering the heat flux meter. For location No. 1,
three thicknesses of insulation were used. (2, 4, and 6). By covering the heat flux meter
with insulation, the influence of the nearby ventilation exhaust could be assessed.

Results indicate the mean conductive heat loss through the bulkhead is approximately 5
kW. Also, forced convection from the ventilation system increases conductive heat loss
by approximately an order of magnitude. The 4-inch thick insulation appeared adequate
to ensure the ventilation exhaust did not remove significant heat from the bulkhead.

Convective heat loss was estimated by considering how much water vapor was removed
from a small diameter pipe in the bulkhead during a 60-minute sampling period. By
considering the condensed water's heat of vaporization, it is possible to calculate the
convective heat loss. Results from Table 4.11-1 indicate an approximate 0.5 kW heat
loss. The total convective loss is dependent on the total pathways through the bulkhead
including leakage along the periphery, doors, and wire/cable bundles.
These total estimates indicate the convective heat loss through the bulkhead may vary
from 2kW to 20kW. Because quantifying all pathways is difficult, accurate measurement
of these type of losses is nontrivial.
Given the anticipated minor impact of these heat losses on the overall performance of the
DST, remedies for reduction of heat loss should be straightforward, beneficial, and
inexpensive.

Heat loss through the bulkhead accommodates, to some extent, the desire to keep the
design thermal loading in the center of the DST block lower than the outer portion. This
thermal load design increases the likelihood of observing reflux near and possibly into
the heated drift during the cooling phase. Power was intentionally reduced in the floor
heaters to 80 percent (54 kW) while maintaining the total power in the outer and inner
wing heaters at 86 kW and 57 kW;- respectively. Conversely, the heat loss across the
bulkhead is nonuniform which would complicate proper modeling. Also, it is prudent, if
feasible, to mitigate uncertainties.
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Based on the above factors and much discussion among the thermal test team, the
following actions were recommended.

* Re-pack the periphery of the bulkhead and other leaks to substantially reduce the
amount of water vapor escaping though this pathway.

* Re-direct the ventilation such that it does not blow directly onto the bulkhead.

* If high-temperature spray foam can be located, spray into voids of the wiring and
cable bundles to reduce vapor flow.

* Evaluate sensitivity of numerical predictions to the uncertainties associated with
bulkhead heat losses.

Table 4.11-1 Convective Heat Loss Through the Bulkhead From Vapor Removal System

AIR TEMP IN RELATIVE CONDENSATE CONVECTIVE
HEATED HUMIDITY IN RECOVERD HEAT LOSS

DATE DRIFT HEATED DRIFT
(mI/hour) (kW)

(OC) (%)

5 Aug 98 126 8.6 600 0.38

26 Aug 98 135 11.4 870 0.54

31 Aug 98 134 10.8 800 0.50
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Figure 4.1 1-1 Heat Flux Measurements on the Bulkhead.
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4.12 Thermal-hydrologic Analysis of the DST

A comparison of simulated results with measured data up through one year of heating for
the Drift Scale Test was presented at the January 29, 1999 Thermal Test Workshop. The
data pertinent to thermal-hydrological processes are: (1) Temperature, in particular, heat-
pipe signature arising from two-phase conditions, i.e., temperature readings remaining at
the nominal boiling temperature of - 970C. (2) Spatial and temporal evolution of
moisture distribution in the rock matrix which are tracked by geophysical methods of
neutron logging, ground penetrating radar cross-hole tomography and electrical resistivity
tomography, all being carried out at 1 to 3 months intervals. In addition, periodic air-
permeability measurements track the liquid saturation changes in the fractures.

The current numerical model for interpreting the DST data is based on the 3-D pre-test
predictive model developed by LBNL (Birkholzer and Tsang, 1997). Based on the first
few months of data, we have made seyeral model refinements with regards to the test
conditions and geometry:

* Heater power is based on the average of actual data through September 1998.

* The ratio of heat output from the outer and inner sections of the wing heaters is

1.32 instead of the 1.5 for the pre-test model.

* Model gridding is adjusted to account for the as-built wing heater inner and outer

sections, and the gap between them.

* The concrete invert in the Heated Drift is explicitly modeled.

* The Heated Drift and bulkhead are given open boundary conditions to allow for

transport of fluid and convective heat.

* The initial temperature and moisture conditions close to the Heated Drift are

adjusted to explicitly account for the impact of elevated drift temperature and drift

ventilation prior to heating.

Simulations are compared to temperature measurements in -1650 temperature sensors
installed in 26 boreholes grouped in five arrays. These are two radial arrays of eight
boreholes in a vertical xz plane intersecting the Heated Drift at y=12 m (boreholes 137
through 144) and y=23 m (boreholes 158-164); one radial array of 6 boreholes at y=39 m
(borehole 170 through 175); and two arrays of two vertical boreholes each, intersecting
the Heated Drift at y=3 m (boreholes 133, 134) and y-=32 m (boreholes 168, 169). Each
array of eight consists of two horizontal holes slightly above the wing heater horizon, two
vertical holes and 4 holes each at nominal 450 angle with the horizontal/vertical. The
array of six boreholes, however, has no horizontal borehole parallel- to the wing heaters,
and each array of two has only two vertical boreholes (up and down). We interpolate
simulated temperatures from the 3-D thermal-hydrological model of the DST to the as-
built locations of the temperature sensors in all 26 boreholes for comparison with test
data.
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Comparison between modeled results and measurements is illustrated in Figures 4.12-1
and 4.12-2, showing the temperature profiles along the eight boreholes (158 -164), at
three months and 12 months of heating, respectively. In both figures, the measurements
are on the left and the simulations are on the right. We note that at three months (Figure
4.12-1), the temperature is at - 97 'C between I to 11 m from the borehole collar in
boreholes 160 and 164. These are the two horizontal boreholes parallel to and slightly
above the wing heaters. The nominal boiling temperature indicates vaporization and
condensation processes induced by their close proximity of the wing heaters. By twelve
months of heating (Figure 4.12-2), we note that the temperatures in these sections
significantly exceed 1000C, indicating all the liquid water in the borehole vicinity have
boiled away, and the two-phase zone has moved out beyond the borehole horizon. On the
other hand, there is a small heat-pipe signal at - 12 - 13 m in these boreholes, indicating
that around the tip of the wing heater a two-phase vaporization zone still persists. Not
only so, the existence of a two-phase zone from vaporization due to heat (from the
Heated Drift as well as the wing heaters) and condensation in cooler region is seen in the
heat-pipe temperature signature in boreholes 161, 163 and 165 at - 2 - 4 m from the
collar. All the above signatures of thermal hydrological coupling in the temperature data
are well reproduced in the simulations. The difference in temperature profiles in the two
horizontal boreholes 160 and 164 in the data (as shown in Figure 4.12-2) may be due to
heterogeneity, which is not accounted for in the current numerical model. A similar level
of qualitative agreement between data and simulations, such as shown in Figures 4.12-1
and 4.12-2, is obtained for all 26 boreholes up to 12 months of heating.

To obtain an objective measure of goodness of fit between data and simulations, we have
computed the Root Mean Square Error and the Mean Error, utilizing the measured and
simulated temperature values in all sensors in the 26 boreholes (Table 4.12-1). To avoid
bias, we employed a weighting scheme of inverse proportionality to the number of
temperature measurements in an interval of-100C. Table 1 shows the statistical measures
for 3-D simulations using a dual-permeability conceptualization as well as an effective
continuum approach, for 3, 6, 9 and 12 months of heating. The positive value of the mean
error indicates that the simulations generally predict a temperature which is higher than
measured. This may partly be attributed to the fact that our numerical model assumes the
bulkhead to be perfectly insulated, while in fact conductive heat loss through the
bulkhead has been observed.

With regards to the spatial and temporal evolution of moisture distribution, we have
compared the simulated matrix liquid saturation contours in the matrix with the
geophysical measurements, and those in the fractures with the air-permeability
measurements ("Active and passive monitoring in hydrology holes", Freifeld and Tsang,
this report,). Measurements seem to be in general agreement with the simulations that
predict a general trend of drying in the vicinity of the Heated Drift and the wing heaters,
of wetting from the condensation of vapor further away, and of the increase with time of
these drying zones around the heat sources. At one year of heating, data indicate that it is
wetter below the heat source horizon than above it, as predicted by the numerical model
because of gravity drainage in the fractures. However, data to date do not yet discriminate
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the two alternative conceptualizations of matrix and fracture interaction: dual-
permeability approach and the effective continuum approximation.

Because of parameter and conceptual model uncertainties, different hydrological property
sets and alternative model conceptualizations were included in the pre-test predictive
model (Birkholzer and Tsang, 1997). Till now, based on the early-time temperature data
on the Heated Drift walls, we have been able to resolve that radiative heat transfer is very
effective. However, data to date do not yet discriminate the hydrological property sets nor
the dual-permeability or effective continuum alternative conceptual model. We look
forward to further DST data in helping us with the calibration of thermal and
hydrological properties, choice of appropriate matrix/fracture interaction conceptual
model, as well as with the understanding of the role of local heterogeneity. All the above
matters are important for addressing the important performance issue of seepage into drift
under non-isothermal condition.
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Figure 4.12-1. Temperature profiles in boreholes 158 -164 at 3 months of heatin}
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Figure 4.12-2. Temperature profiles in boreholes 158-164 at 12 months of heating. Measurements (left), simulations (right).
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Table 4.12-1. Statistical Measure of goodness of fit: the Root Mean Square Error and Mean Error from simulated and measured
temperatures of the 26 boreholes (133-134, 137-144, 158-165, 168-169, 170-175) in the Drift Scale Test.

Criteria

Root Mean Square
Error (0C)

Mean Error (0C)

Range

All Temp

All Temp

Dual Permeability 3D Simulations

3 months 6 months 9 months 12 months

4.03 6.04 7.82 9.30

1.02 1.22 1.96 2.86

Effective Continuum 3D Sirnulations

3 months 6 months 9 months 12 months

4.31 5.81 7.06 8.14

0.85 0.83 1.25 1.82

Root Mean Square
Error (0C)

Mean Error (0C)

Root Mean Square
Error (0C)

Mean Error (0C)

< 97 0C

< 97 0C

>970C

> 970C

4.12

1.03

3.25

0.67

3.93

0.91

8.90

3.51

4.42

1.66

10.49

3.91

5.30

2.45

11.86

4.58

4.33

0.90

4.15

-0.87

3.93

0.75

8.44

1.43

3.92

1.25

9.51

1.26

4.42

1.85

10.46

1.71
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4.13 Thermal-hydro-chemical Analysis of the DST

This section describes the most recent updates to the thermal-hydro-chemical (THC)
model of the Drift Scale Test (DST). Simulation results are compared to gas (CO2) and
water (pH and Cl) chemistry data collected one year after initiation of the test.

Modeling of the Single Heater Test (SHT) and the predictive modeling for the DST
indicated that the pH of collected condensate waters was controlled primarily by CO2
degassing during boiling and redissolution in condensate waters in fractures (Sonnenthal
et al., 1998a, b; Spycher et al., 1999). Considerable data on CO2 concentrations in gas
collected from hydrology boreholes around the DST (Conrad, 1998, this report) have
shown conclusively a large region of increased partial pressures of CO2 up to nearly 150
times(over 50,000 ppmv CO2) the atmospheric concentration (around 375 ppmv C0 2 ).

Our previous modeling indicated that it is necessary to consider a full suite of minerals
(feldspars, clays, zeolites, silica phases, calcite and gypsum) to capture the full chemical
character of condensate waters. However, the pH of the waters seems to be governed
mainly by partial pressures of CO2. temperature and interactions with calcite in fractures.
This is apparently the result of the extremely small effective reaction rates for the
aluminosilicates, that are much less than published rates. The discrepancy is not
unexpected, for several reasons. First, the actual reactive surface areas of minerals on
fracture walls are unknown, as well as the surface area contacted by draining waters.
Simplifications in the kinetic rate laws used for the models may also result in
overpredicting the intrinsic reaction rates, however this has not been investigated and it
is unknown how much the rates will change by a more sophisticated treatment. Under
very rapid boiling during final dryout, the precipitation rates are certainly underpredicted
because rapid nucleation is not considered and the linear rate laws are valid only for near-
equilibrium conditions. More detailed studies and incorporation of improved kinetic rate
laws will therefore be a major focus for our improvement of the chemical model in FY99.

THC Model Improvements and Incorporation of New Data

Several improvements have been implemented into the current 2-D DST THC Model.
Modifications have been made to the numerical mesh, heater output, boundary
conditions, initial water and gas chemistry, mineral assemblages and their reactive
surface areas. Experience gained from model simulations for the final report of the
Single Heater Test (Spycher et al., 1999), that included new data on the pre-test
mineralogy of fracture surfaces (LANL), has been incorporated into the DST THC
Model. There have also been ongoing improvements of the TOUGHREACT code; since
the qualification of v. 1.0 in September, 1998. For example, the reactive surface areas
are allowed to change as the mineral volumes in the fractures or matrix change, allowing
for a better prediction of changing effective reaction rates.
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Changes in the numerical mesh include consideration of an open heater drift wall (with
elements for the drift itself), the concrete invert, and a permeable bulkhead, based on the
work of Birkholzer and Tsang (1998). The heater power was updated to the average
values as of September 30, 1998. Fracture porosity in the model was also increased by a
factor of. ten (over the 1998 base case value), to more closely approximate measured
values (Freifeld and Tsang, 1998). The manner in which the model was simulated has
also been modified to include a pretest period of nine months for transient effects of
ventilation and thermal effects of the open drift and alcove. The main chemical effect on
the system from this ventilation is some local equilibration of the gas and water CO,
concentrations owing to exchange with ventilation air.

Newly analyzed pore water samples obtained from cores in the vicinity of the DST alcove
are now used for the initial fracture and matrix water chemistry (Table 4.13-1). These
data have replaced the average TSw water chemistry presented in the 1998 predictive
report on THC processes for the DST (Sonnenthal et al., 1998a). A comparison of these
waters is given in Table 4.13-1

Table 4.13-1. Measured and average TSw pore
water composition was used as the initial water
DST (Sonnenthal et al., 1998a).

water compositions. Average TSw
for the predictive modeling of the

Parameter Measured Average TSw
__________J 1(a) j(b)

Temperature C 25 25
pH8.32 8.2

Na mg/l 61 91
SiO2 mg/l 1 0

a mg/l 101 27
K mg/Il .0 4()
Mg mg/l 17 5
Al Mg/l Ix10-6(2) Ix106-6

HCO3(3) m g/l 200 219
Cl mg/l 117 41
S04 mg/l 116 40

C02 (gas) (4) ppmV 870 1400

Na/Cl 0.53 .22
S04/Cl 0.99 0.98

a/Cl 0.87 0.66
Mg/C1 .15 0.12
K/Cl 0.07 0.10
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(a) Average of porewater analyses ESF-HD-PERM-1 (30.1'-30.5') and
ESF-HD-PERM-2 (34.8'-35.1').

(b) Average composition of TSw water calculated using pore water analyses from
boreholes UZ-16, SD-9 and SD-12 (Sonnenthal et al., 1998a).

(1) Estimated.
(2) Calculated by assuming equilibration with Ca-smectite at 25 C.
(3) Total aqueous carbonate as HCO 3 calculated from charge balance.
(4) Calculated at equilibrium with the solution at 25 C.

Although there are some noticeable differences between the new pore water composition
and that used for previous DST simulations, both waters exhibit a similar chemical
character. The concentrations of chloride and sulfate (both conservative anions in this
case) maintain a ratio near I in both waters, but are approximately three times higher in
the measured water than in the average -TSw water. Relative to the average water
composition, the matrix porewater contains significantly less sodium and slightly more
calcium. Except for sodium, concentration ratios of other major ions to chloride remain
in the same general range for both waters. The lower Na in the matrix porewater was
expected because some of the analyses used for deriving the average water composition
included water samples that may have contacted zeolitized rocks below the Tptpmn Unit.
These samples typically exhibit higher sodium and lower calcium concentrations than
waters in unzeolitized units such as the Tptpmn and Tptpll (Sonnenthal et al., 1998a, p.
62). Therefore, the measured water composition appears to reflect more realistic sodium
to calcium ratios than the calculated average TSw water composition. In addition, the
measured composition reflects a CO2 partial pressure at equilibrium that better
corresponds to field measurements.

Pre-test core samples have also been selected for detailed chemical and mineralogical
analysis. It is expected that these data will yield the structure and composition of
feldspars in.the rock, as well as provide necessary information on the initial bulk rock
chemistry for input to the model.

THC Model Simulation Parameters

Numerical simulations were performed using the improved grid, boundary conditions,
and new water and gas data. The simulation described here used the dual permeability
formulation, as described in Sonnenthal et al. (1998a) and Birkholzer and Tsang (1998).
Hydrological parameters are those presented in Birkholzer and Tsang (1998) and were
calibrated for Borehole SD-9 at an infiltration rate of 0.36 mm/year. Based on recent
measurements of fracture porosity in the DST (Freifeld and Tsang, 1998) the fracture
porosity was increased by a factor of ten over the base case value to approximately
0.0026. The simulation was run for 2 years at a constant rate of heating, after a nine
month period of ventilation.
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For the current simulations we are primarily interested in refining our model for the
outgassing, transport, and redissolution of C0 2 and the precipitation/dissolution of
calcite, silica polymorphs and gypsum. Minerals, aqueous species, and gas species used
in the simulation are given in Table 4.13-2. Feldspars, clays, and zeolites, are not
included in this simulation as these do not seem to influence the pH of condensate waters
significantly over the early time scale of the thermal tests, and will be reconsidered once
other aspects of the system are understood more fully. Simulations using these phases
(Sonnenthal et al., 1998a) have tended to overestimate the pH.

Table 4.13-2. Mineral phases, aqueous and gaseous species used in DST model
simulation.

Minerals Primary Aqueous Species aseous Species
Cristobalite- SiO2 (aq) 0,
Quartz Ca+ 20

Amorphous silica a
Calcite Crl
Gypsum HC03-

S042-

H+

THC Model Results and Comparison to Measured Gas and Water Chemistry Data

Simulation results after 1 year of heating are contoured in Figures 4.13-1 and 4.13-2 for
PCO2 and pH in fractures respectively. In Figure 4.13-1, regions of decreased PCO2 are
evident near the drift wall, and along the wing heaters where dryout has occurred, or
where water has mostly boiled away. A large halo of increased PCO2 starts at about the
90 C isotherm and extends well into the region of ambient temperature (below 30 C). The
increased PCO2 is especially strong directly above and below the heater drift and wing
heaters. The water in fractures, which started with a pH of about 8.3, has drooped to a
minimum of around 7 in the condensate areas (Figure 4.13-2), but is also low in the
residual waters present in the zone just prior to dryout. The active boiling zone,
corresponding to wide interval between the 90 C and 100 C isotherns, encompasses a heat
pipe region that is characterized by higher pH waters and reduced PCO2 . Within the
heater drift the modeled C02 concentrations are much lower than those measured,
probably due to the effect of periods of inflow of atmospheric C0 2 at times of lower
barometric pressure. However, this has little effect on the system away from the drift in
the boiling regions and further away.

Figure 4.13-3 shows the liquid saturation in fractures for a vertical cross section through
the wing heater at approximately -8 meters (8 meters to the left of the heater drift). The
much broader vertical range in higher fracture saturation is clear below the DST, with
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only a narrow region above. Fracture saturations have increased from an initial value of
below 10 % up to about 47 %. Figure 4.13-4 shows the distribution in chloride in fracture
waters, which shows the extent of dilution in the condensate region, and in the vertically
extensive drainage area below the DST. The dryout zone has, of course, very high Cl
concentrations (up to nearly 100,000 mg/L) in the residual waters that are present at very
low liquid saturations before dryout The lowest chloride concentrations (< I mg/L) are
found in the condensate region, but this area does not have the highest liquid saturations,
which are found in the drainage region. Here the model predicts Cl concentrations of a
few mg/L to several tens of mg/L, still much below the initial pore water concentration of
about 117 mg/L. The concentrations in the drainage region reflect a more complex
mixture of dilute waters draining from condensation zones, plus some direct condensation
of pure water, mixing of ambient fracture waters, and interaction of matrix pore waters
through molecular diffusion. It is the drainage region waters that are most likely to be
collected from boreholes. Analyses from borehole intervals 60-2 and 60-3, collected in
June and August of 1998, have had Cl concentrations ranging from 5.5 to 16 mg/L.

Figures 4.13-5 through 4.13-7 show the temperature pH, and PCO, for the same vertical
cross section through a wing heater shown in Figure 4.13-3. Measured temperatures from
points near to the grid nodes are compared to the modeled fracture temperatures in Figure
4.13-5. The temperature distribution is quite well reproduced, considering that the model
is a 2-D cross section and the grid nodes do not correspond exactly with the thermocouple
locations. The heat pipe zone is a few meters wide. Figure 4.13-6 shows the pH of
fracture waters in more detail, illustrating the decrease in the cooler condensation regions
and the increase in the heat pipe zone (decreasing again in the residual waters near
dryout). Measured pH values of condensate waters from intervals 60-2 and 60-3
(collected in June and August of 1998) ranged from 6.8 to 7.7, consistent with the
modeled values in drainage areas.

Figure 4.13-7 compares measured PCO2 after one year (presented in Section 4.7) to the
model results in this section showing, an increase of about an order of magnitude,
followed by a sharp drop in the boiling region. The sharp decline in the measured values
appears about 1 to 2 meters inward from the model results, above and below the wing
heater. This displacement could be the result solely of transport effects, whereby the
model overpredicts the gas velocity because of a lower fracture porosity, or a higher
fracture permeability. Longer time period data, and data from other borehole intervals
should help to understand if transport parameters are the cause of this shift. If so, we may
be able to get some estimates of effective hydrologic parameters for vapor and gaseous
species transport.

Figure 4.13-8 shows the aqueous concentrations in fractures, along the same vertical
profile, after one year of heating. Most species decline strongly in the condensate region,
as a result of dilution, except Si which increases because the dissolution rate of
cristobalite and quartz at higher temperatures exceeds the concentration decrease due to
dilution. Strong increases in concentration are also present in the residual waters nearing
the dryout zone. Figure 4.13-9 shows the distribution of calcite, gypsum, and cristobalite
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volume percent changes in the same vertical section. Strong dissolution of cristobalite is
seen in the condensate region, with calcite dissolving mostly below the heater in the
condensate and drainage zones. Above the heater, there is calcite precipitation at the base
of the heat pipe zone (highest temperature) with a near balance between dissolution and
precipitation in the condensate zone, as a result of the counteraction effects of increased
temperature (lowering solubility) and dilution (increasing solubility).

Figures 4.13-10 and 4.13-11 show the contoured distributions of changes in calcite and
cristobalite volume percent changes after one year of heating (temperature contours are
overlain). Calcite clearly shows the increased dissolution below the heaters, relative to
above. Some of the greatest dissolution occurs near packer interval 78-3, where strong
decreases in the gas phase C-14 activity have been reported (Section 4.7). The shift in C-
14 behavior is consistent with dissolution of calcite containing mostly carbon having little
or no C-14. Cristobalite dissolution (Figure 4.13-11) is greatest near the ends of the wing
heaters and above and below the heater-drift. These may be areas where temperatures are
maintained at boiling but where ample dilution due to vapor condensation is also taking
place for the longest time. After only one year there is very little mineral precipitation,
and it occurs exclusively in the dryout zone and the adjacent region that is approaching
dryout.

Summary

Model improvements have been made as a result of new information regarding the
heating schedule, and improvements to consider the effects the open drift wall, the
concrete invert, and a permeable bulkhead. Simulated temperatures are improved, and the
range in modeled PCO2 values are similar to those observed. A systematic shift in the
pattern of PCO, values may be due to a lower fracture porosity, or higher permeability in
the model, which may be useful for calibrating effective fracture hydrologic and transport
parameters. The extent of dilution in fracture waters due to condensate formation and
drainage are consistent with water chemical measurements of Cl concentrations.
Modeled water pH values are also similar to those measured in drainage areas (6.8 to
7.7). Zones of enhanced calcite dissolution in the model simulations are also areas where
strong shifts in measured C-14 activity in the gas phase to lower values has occurred,
consistent with dilution due to addition of CO2 containing low C-14 activities.
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Figure 4.13-1. PCO2 distribution after one year of heating with
temperature contours overlain.
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FRACTURE pH: 1 YEAR
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Figure 4.13-2. Fracture water pH distribution after one year of heating
with temperature contours overlain.
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Figure 4.13-3. Vertical section through wing heater (at approximately X
=-8m, in Figures 1 and 2) showing fracture liquid saturation after one
year of heating.
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FRACTURE CHLORIDE: 1 YEAR
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Figure 4.13-4. Fracture water chloride concentrations after one year ofheating with temperature contours overlain.
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Figure 4.13-5. Vertical section through wing heater (at approximately X
=-8m, in Figures 1 and 2) showing fracture temperature after one year of
heating. Measured values at nearby locations are shown as symbols.
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Figure 4.13-6. Vertical section through wing heater (at approximately X
=-8m, in Figures 1 and 2) showing fracture water pH after one year of
heating.
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Figure 4.13-7. Vertical section through wing heater (at approximately X
=-8m, in Figures 1 and 2) showing fracture PCO2 after one year of
heating. Measured values from gas sampling (Conrad, this report) are
shown as symbols.

4-75



Fracture Total Aqueous Conoentrations
10000

1000

a.. 100

y 10
i0

---- Ca
-CI
-. - Si

HCO3
....- Na
-S04

1

0.1
-15 -5 0 g 10 15

Vetlical Distance from Wing feater (m)

Figure 4.13-8. Vertical section through wing heater (at approximately X
=-8m, in Figures 1 and 2) showing fracture aqueous concentrations.
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=-8m, in Figures 1 and 2) showing fracture mineral volume percent
changes.
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FRACTURE CALCITE: 1 YEAR
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Figure 4.13-10. Calcite distribution (volume percent change) after one
year of heating with temperature contours overlain.
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FRACTURE CRISTOBALITE CHANGE: 1 YEAR
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Figure 4.13-11. Cristobalite distribution (volume percent change) after
one year of heating with temperature contours overlain.
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4.14 Heating Plan

The heating phase of the DST was initiated in December 1997 with the wing heaters at
100% of full capacity i.e a total of approximately 143 kW and the canister heaters at 80%
of design capacity i.e 6 kW per canister for a total of 54 kW. There were three principal
objectives behind the heating plan. These were: a) drift wall temperature not to exceed
2000 C; b) a volume of over 10,000 cubic meters of rock to be heated above 100IC; and c)
a boiling zone at approximately 950C will be maintained for approximately 3 years.

Modeling analysis before the start of heating had indicated that with the above power
outputs from the heaters, drift wall temperature will reach 2000 C in approximately 12 to
14 months. Actual heater power during the first year of heating has averaged
approximately 188 kW and some heat loss has been taking place through the bulkhead.
The rate of rise of the drift wall temperature has slowed down in recent months with the
drift wall temperature at the end of March 1999 at approximately 162 0C. The models
have been refined based on measured temperatures. Recent modeling indicates that it will
take some 20 to 22 months of heating at the current heater power setting for the drift wall
temperatures to reach 2000C.

The idea that the heater outputs may be adjusted so that the temperature goals are met
sooner, was thoroughly discussed in the October 1998 workshop in Livermore. The
consensus was that no adjustment to the heater outputs will be made even though 2000C
drift wall temperature may not be attained for another year or so. It was decided that the
matter will be reconsidered in 10 to 12 months and adjustments to heater powers will be
made if deemed necessary at that time.

The goal of 2000C drift wall temperature was adopted before the start of the heating
phase with the expectation that increase in the coefficient of thermal expansion due to
phase changes of silica polymorphs may manifest and be observed. However, it is now
known that phase changes from cristobalite and trydamite do not occur below 2300C.
Thus, the goal of 2000C drift wall temperature was considered unnecessary. Consultation
with the repository designers on the other hand indicated that they would like to maintain
the goal of 2000C drift wall temperature to observe the stability and integrity of the drift
at these elevated temperatures. Maximum drift wall temperature of 2000 C, therefore,
remains a goal of the DST.

An analysis to decide when and to what extent heater power may have to be adjusted to
reach the maximum driftwall temperature goal without exceeding it will have top be
carried out later this summer.
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4.15 DECOVALEX III

DECOVALEX is an international consortium of governmental agencies associated with
the management/disposal of high level nuclear waste and spent nuclear fuel in Canada,
Japan, Finland, France, Spain, Sweden, and the United Kingdom. DECOVALEX stands
for DEvelopment of COupled models and their VAlidation against EXperiments,
signifying the overall objective of the consortium. The United States Nuclear Regulatory
Commission participated in the first DECOVALEX project, DECOVALEX I, which was
from 1992 to 1995. DECOVALEX II, underway since then, is scheduled to be
completed in March 1999. Meanwhile, DECOVALEX III is being organized at this time
and last summer the Department of Energy applied to join the consortium with the
proposal that the Drift Scale Test be a test case for DECOVALEX III.

In November 1998, the consortium invited DOE to join DECOVALEX. The DOE has
since decided to participate in DECOVALEX III. The Nuclear Regulatory Commission
is also participating in DECOVALEX III. The consortium is planning to perform four
tasks in DECOVALEX III.
These are:

Task 1. Numerical simulation of the FEBEX in-situ THM experiment in Switzerland,
proposed by ENRESA, Spain.

Task 2. Numerical simulation of the Drift Scale Test, proposed by the Yucca Mountain
Site Characterization Office, DOE, USA.

Task 3. Treatment of coupled THM processes in performance assessment (PA) of
Repositories, based on a number of suggestions from DECOVALEX II participants.

Task 4. A forum for outside PA experts to be invited to interact with DECOVALEX III
participants to discuss application of THM process models in the performance assessment
in other projects.

Organizational meetings for DECOVALEX III were held in Sweden in January and
March, 1999. Actual work is not expected to start until the second half of FY 1999. The
first DECOVALEX III workshop will be held in Las Vegas October 5 and 6, 1999.
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