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EXECUTIVE SUMMARY

Nye County Nuclear Waste Repository Project Office’s Independent Scientific
Investigation Program (ISIP) has identified several key scientific issues that may
affect repository conceptual design and performance but are not currently being
adequately addressed by the U.S. Department of Energy’s (DOE) Yucca Mountain
Program (YMP). These issues include:

® Adequate spatial characterization of pneumatic properties and pneumatic

potential of the repository host rock.

¢ Potential geochemical disturbance of the repository host rock caused by site-
characterization activities such as construction of the Exploratory Studies

Facility (ESF) tunnel.

¢ (Collection of pertinent information from the repository before it is disturbed by

site characterization activities.

® (Collecting data that could not be readily obtained after construction of the
ESF.

* Characterization of hydraulic properties of the deep hydrogeologic units and

understanding of the geologic and hydrogeologic system in these units.

¢ The nature of the steep groundwater gradients to the north and west of the

repository.

¢ Potential alternative conceptual designs of the repository that can improve the
performance of the repository, and the need for characterization of the
pneumatic systein in the repository block to help evaluate alternative

conceptual designs.
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¢ Understanding the western boundary of the repository block and, potentially,
the interaction of the atmospheric processes with the repository horizon in the

Solitario Canyon where the repository horizon is exposed.
¢ Radionuclide diffusion and dispersion investigations in the saturated zone.

The ISIP presently includes borehole and tunnel instrumentation, monitoring, data

analysis, and numerical modeling activities to address the above concerns.

Nye County has installed and is currently monitoring pressure and temperature
instruments in boreholes UE-25 ONC#1 and USW NRG-4 to evaluate the long-
term pneumatic conditions at strategic depths in the subsurface both in response to
fluctuations in atmospheric conditions and in response to other possible
disturbances resulting from site characterization activities such as ESF tunnel
construction. Nye County has also installed instruments to measure temperature,
pressure, and humidity within the ESF tunnel to characterize the air being used to
ventilate the tunnel which could potentially impact the performance of the
repository. Finally, Nye County is conducting numerical modeling simulations to
evaluate factors (including tunnel ventilation) which affect both short-term and

long-term pneumatic and moisture conditions in the repository host rock .
A summary of activities undertaken by ISIP during the past year are as follows:

¢ Evaluation of critical data and information as it became available from

the DOE’s YMP Site Characterization Office.

¢ Observed water usage in the tunnel and its potential impact on the
repository horizon and the scientific investigation results. Completed
an analysis and a recommendation report and forwarded it to YMP Site

Characterization Office.
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® Prepared detailed review of procedures and methods used for in-situ air

permeability tests and evaluated the results of some of these tests.

® Completed several letter reports to DOE on the interpretation of the
results of the **Cl and other environmental and geological isotope
studies. These communications have resulted in DOE giving more
focused attention to the need for more detailed studies in the ESF
tunnel, limiting the use of construction water, and enhanced

interpretation of the results of the isotope sampling.

e Evaluated the saturated zone pumping tests that were performed in the

C-Well complex during the past year.

¢ Monitored responses to these pumping tests in the ONC#1 saturated-

zone instrumentation.

As a result of the evaluation of the ESF tunnel climatalogical data collected, Nye
County concluded that substantial moisture was being removed from the rocks
penetrated by the tunnel ventilation. In response to issues raised by Nye County,
DOE assigned a task force to conduct observations in the ESF and perform
numerical simulations for interpretation of the results in parallel with Nye County’s
effort. Nye County provided data, preliminary analytical and simulation results,
and input for developing the proposal to this task force. Nye County data
indicated that in addition to moisture, substantial amount of heat is being removed
by the ventilation. Nye County performed additional simulations using A-
TOUGH, a computer code designed to simulate coupled-open air with geologic
formations and discovered that there is a tremendous potential for natural
ventilation at the site due to its climate and its physiographic setting. Simplified
simulations using A-TOUGH were performed to evaluate the potential of a
naturally ventilated repository. One conclusion is that it is possible to design a
repository that is naturally ventilated with peak rock temperatures of less than 30

degrees Celsius over a 10,000-year period. These simulations also showed that the

Multimedia Environmental Technology, Inc. Page Xl
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capillary pressure distribution would promote a strong gradient for water flow
towards the emplacement tunnel during the entire 10,000 years. Nye County,
believes that long-term waste containment implications of a naturally-ventilated

repository warrants additional analysis.

Nye County is planning to perform several investigations in the near future to
understand some of the issues that were outlined above, by installing new wells in
both the saturated and unsaturated zones, testing and sampling these wells, and
performing data analysis and modeling. These issues are related to the steep
gradients in the saturated zone north and west of the site, the potential for dilution
in the saturated zone as unsaturated zone moisture enters the saturated zone, the
atmospheric and pneumatic boundaries in the Solitario Canyon that might impact
the repository performance, and the large-scale transport properties of the

fractured formations in both saturated and unsaturated zones.
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1.0 INTRODUCTION

The Nuclear Waste Policy Act of 1982, as amended in 1987, (NWPA) designates
Yucca Mountain in Nye County, Nevada, as the candidate site for the nation’s first
high-level radioactive waste repository. U.S. Department of Energy (DOE) plans
to evaluate the geotechnical suitability of this site through both scientific site
characterization and the evaluation of socioeconomic impacts related to the siting,
construction and operation of a high-level nuclear waste repository. NWPA
empowers Nye County, as an affected unit of local government, to provide
oversight, including independent monitoring and testing of the activities,
performed by DOE at the Yucca Mountain Site (YMS), by an on-site

representative.

The Nye County Nuclear Waste Repository Project Office (Nye County NWRPO)
is responsible for protecting the health and safety of the Nye County citizens.
NWRPOQ’s on-site representative is responsible for designing and implementing
The Independent Scientific Investigation Program (ISIP). Major objectives of the
ISIP include:

* Investigat:ng key issues related to conceptual design and performance of the
repository that can have major impact on human health, safety, and the

environment.
¢ Identifying areas not being addressed adequately by DOE

Nye County has identified several key scientific issues of concern that may affect
repository design and performance which are not currently being adequately

addressed by DOE. These issues include:

¢ Adequate spatial characterization of pneumatic properties and pneumatic

potential of the repository host rock.

Multimedia Environmental Technology, Inc. Page 1
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Potential hydrochemical disturbance of the repository host rock caused by

characterization activities such as ESF tunneling.

¢ Collection of pertinent information from the repository before it is disturbed by

site characterization activities.

® Collecting data that could not be readily obtained after construction of the

ESF.

® Characterization of hydraulic properties of the deep hydrogeologic units and

understanding of the geologic and hydrogeologic system in these units.

* The nature of the steep groundwater gradients to the north and west of the

repository.

® Potential alternative designs of the repository that can improve the
performance of the repository, and the need for characterization of the

pneumatic system in the repository block to help evaluate alternative designs.

¢ Understanding the western boundary of the repository block and potentially,
the interaction of the atmospheric processes with the repository horizon in the

Solitario Canyon where the repository horizon is exposed.
¢ Radionuclide diffusion and dispersion investigations in the saturated zone.

The reader is referred to a previous report (NWRPO, 1995; MET, 1995) for a

detailed explanation of these specific concerns.

1.1 SCOPE AND ORGANIZATION OF REPORT

This report is a pre]jxhinary document that summarizes the first year of monitoring
data from two boreholes that were instrumented by Nye County in March and
April of 1995, as well as the first 12 months of monitoring data from the

Exploratory Study Facility (ESF) tunnel which is currently under construction. It

Multimedia Environmental Technology, inc. Page 2
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presents representative examples of observations, and limited and preliminary
interpretations for the purpose of discussion. Further evaluations of these results
may provide alternative interpretations. Therefore, these preliminary
interpretations do not constitute and should not be considered as the official

position of Nye County.

This report is organized as follows. Section 2.0 presents a brief description of Nye
County instrumentation in boreholes and the ESF as well as methods used to
monitor and process data. Section 3.0 gives a brief summary of the previously
reported (NWRPO, 1995) initial three months of borehole monitoring results and
preliminary modeling to examine several factors affecting pneumatic pressure
responses in boreholes, including tunnel ventilation effects. Section 4.0
summarizes the entire first year of monitoring data from the two boreholes and 12
months of data collected from the ESF tunnel. Section 5.0 describes and evaluates
repository formation permeability calculated from air pressure fluctuation data by
inverse modeling methods, both within boreholes and between boreholes and the
ESF tunnels. Section 6.0 discusses results of the simulations performed to
evaluate the various tunnel ventilation scenarios and their effects on water
potential, capillary pressure, saturation, temperature, and pressure of repository
host rock. Section 7.0 presents evaluation of ESF water use. Summary and
conclusions are presented in Section 8. References are listed in Section 9.0.
Figures and Appendix A are presented in Volume II. Tables appear at the end of

each section.

1.2 NYE COUNTY’S BOREHOLE AND TUNNEL
MONITORING STUDIES

The ISIP presently includes borehole and tunnel instrumentation, monitoring, data

analysis, and numerical modeling activities to address the above concerns.

Multimedla Environmental Technology, Inc. Page 3
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Figure 1-1 shows the regional setting of the Yucca Mountain. Nye County has
installed and is currently monitoring pressure and temperature instruments in
boreholes UE-25 ONC#1 and USW NRG-4 (Figure 1-2) to evaluate the long-term
pneumatic conditions at strategic depths in the subsurface both in response to
fluctuations in atmospheric conditions and in response to other possible
disturbances resulting from site characterization activities such as the ESF tunnel
construction. Nye County has also installed instruments to measure temperature,
pressure, and humidity within the ESF tunnel to characterize the air being used to
ventilate the tunnel which could potentially impact the performance of the
repository. Finally, Nye County is conducting numerical modeling simulations to
evaluate factors (including tunnel ventilation) which affect both short-term and

long-term pneumatic and moisture conditions in the repository host rock .

1.3 OTHER ACTIVITIES

Nye County has also been evaluating new critical data and information as it
becomes available from the DOE’s Yucca Mountain Project studies. In the past
year, Nye County has observed water usage in the tunnel and its potential impact
on the repository horizon and the scientific investigation results.  The
interpretation of the results of the %C] and other environmental and geological

isotope studies have been the focus of many meetings attended by Nye County

which has resulted in several letter reports to DOE during the past year. Some of
these communications have resulted in DOE’s more focused attention to some of
the issues raised by Nye County. Specifically, these issues related to the need for
more detailed studies in the ESF tunnel, limiting the use of construction water, and

enhanced interpretation of the results of the isotope sampling.

Nye County evaluated procedures and methods used by DOE to conduct air-
permeability tests in the unsaturated zone of YMS. As a result of several

interactions between Nye County and DOE, satisfactory procedures were
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developed and used by DOE in more recent testing efforts. The results of these

tests were analyzed and reported (Advance Resources International, 1995).

In addition, Nye County has evaluated the saturated zone pumping tests that were
performed in the C-Well complex during the past year. Nye County has also been
monitoring responses to these pumping tests in the ONC#1 saturated-zone

instrumentation.

1.4 PROPOSED FUTURE INVESTIGATIONS

Nye County is planning to perform several investigations in the near future to clear
some of the issues that were outlined above by installing new wells in both the
saturated and unsaturated zones, testing and sampling these wells, and performing
data analysis and modeling. These issues are related to the steep gradients in the
saturated zone north and west of the site, the potential for dilution in the saturated
zone as unsaturated zone moisture enters the saturated zone, the atmospheric and
pneumatic boundaries in the Solitario Canyon that might impact the repository
performance, and the large-scale transport properties of the fractured formations in
both saturated and unsaturated zones. These plans are briefly discussed in this

report.
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2.0 INSTRUMENTATION AND MONITORING
APPROACH

The ONC#1 borehole was drilled and both ONC#1 and NRG-4 boreholes were

instrumented to support the following data collection activities:

1. To monitor the long-term variation of pressure and temperature in

hydrogeologic units that may be impacted by the construction of the ESF.

2. To perform vacuum andfor injection pneumatic testing to evaluate the
horizontal and, to some extent (unknown), vertical pneumatic conductivity

values of the hydrogeologic units packed off by the Westbay Instruments.

3. To sample intervals isolated by packers for environmental isotopes to evaluate

the residence time of the gases in the hydrogeologic formations.

Due to funding constraints, Nye County borehole data collection activities to date
have been limited to monitoring and analyzing subsurface variations in temperature

and pressure (Item 1.).

The tunnel was instrumented with temperature, pressure, and humidity sensors to

monitor pneumatic parameters of the ventilation air necessary to:

1. Assess the impact of this air on the gas composition and water content of the

repository formation rock.

2. Permit calculation of large scale bulk permeabilities of the repository host rock
between the ESF tunnel and Nye County instrumented boreholes (UE-25 ONC#1
and USW NRG-4).
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2.1 BOREHOLE DESCRIPTION

Nye County borehole locations were selected primarily to establish baseline
conditions before penetration of the repository host rock by the ESF tunnel and to
monitor the effects of the mine ventilation system used in the ESF tunnel on the
ambient pneumatic and moisture conditions of the unsaturated zone in the vicinity
of the north and south ramps of the ESF tunnel. UE-25 ONC#1 is situated
southeast of the repository block and is in the path of the future South Ramp of
the ESF tunnel (Figure 1-2). It was also strategically located to be along the main
trace of the Bow Ridge Fault system and close enough to DOE’s C Well Complex
(approximately 800 meters) to serve as a monitoring well during aquifer testing. It
was drilled by Nye County in late 1994 and early 1995 using dual wall reverse
circulation technology to demonstrate an alternative drilling and sampling method

to DOE (NWRPO, 1995).

USW NRG-4 is located northeast of the repository block (Figure 1-2) and is
situated about 1100 m from the North Ramp (NR) portal of the ESF tunnel. It
was previously drilled by DOE. The ESF tunnel passed within approximately 15
meters of USW NRG-4 in the middle of June 1995. The effects of the tunnel
excavation on pneumatic conditions in this instrumented borehole, as well as in

UE-25 ONC#1, will be discussed in the following sections.

2.2 BOREHOLE INSTRUMENTATION

Nye County instrumented UE-25 ONC#1 and USW NRG-4 in early 1995 with
Westbay Corporation’s MOSDAX MPS55 system. The MP-55 is a multilevel
monitoring device that consists of an access casing with multiple ports or valves
that can be opened to the formation. A multilevel packer system integrated into
the access tube serves to isolate access ports and retrievable temperature/pressure
measurement probes that connect to these access ports. An above ground data

logger is used to monitor the temperature/pressure probes. A complete
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description of this downhole monitoring system and installation procedures in

these boreholes are presented in NWRPO (1995).

Fifteen downhole packers were used to isolate major stratigraphic units, a fault
zone, and two isolated zones below the water table in UE-25 ONC#1. Figure 2-1
shows the location of 15 packers and 31 measurement ports in relation to
stratigraphic units, the Bow Ridge fault zone, and the water table. MOSDAX
temperature/sensor probes were installed in 9 of the 31 measurement ports
available. It should be noted that the two bottom-most probes in UE-25 ONC#1

are situated below the water table and are monitoring the piezometric potential.

Prior to August 1995, the upper six packers in ONC#1 were not set in this
borehole due to an alignment problem with the MP55 access casing. As a result,
data from the upper measurement ports (Probes 1 and 2) in this borehole may be
invalid from April through September 1995. In August the upper packers were
set, thereby effectively isolating the upper stratigraphic units and measurement

ports.

Seven downhole packers and 7 measurement ports were strategically installed in
major stratigraphic units in USW NRG-4 as shown in Figure 2-1. MOSDAX

temperature/sensor probes were installed in all 7 measurement ports.

2.3 TUNNEL INSTRUMENTATION

An underground climatological monitoring station was installed in August 1995
behind the ESF tunnel boring machine to measure the temperature, pressure, and
relative humidity of the ventilation air. Figure 2-2 is a schematic drawing that
shows the relative position of the instruments. This monitoring station (Figure 2-
3) moves with the tunnel boring machine frame. Several other measurement
stations have been récently installed by DOE, following the recommendation of
Nye County, along the main axis of the tunnel and in radial alcoves to characterize

the spatial variation of these parameters in the underground tunnel system.
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2.4 CALIBRATION, DATA COLLECTION AND
PROCESSING

Nye County NWRPO Quality Assurance (QA) procedures document the detailed
methods followed to calibrate instruments (laboratory and field methods), to
collect field data and transfer data into a databases, and to analyze and evaluate
data through computer programs, including numerical modeling codes. The
specific NWRPO QA procedures controlling activities described in this report are

as follows:

o [Instrument Calibration and Collection and Processing of Data from Boreholes,
Revised Version 1.0 (Applicable to the initial collection and processing of data

from April to August, 1995).

o [Instrument Calibration and Collection and Processing of Data from Boreholes,
Revised Version 2.0 (Applicable to the collection and processing of data after
August, 1995).

o Instrument Calibration and Collection and Processing of Data from ESF Tunnels.

o  Computer Modeling and Data Analysis Quality Assurance Procedure.
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3.0 SUMMARY OF PREVIOUS WORK

The results of initial pressure and temperature monitoring data collected from
boreholes UE 25-ONC#1 and USW NRG-4 from April through June, 1995 were
presented in an earlier report (NWRPO, 1995). Temperature profiles in both
boreholes appear to be consistent with previous geothermal gradient data obtained
from Yucca Mountain. Moreover, pneumatic pressure changes at depth in the
lower portion of UE-25 ONC#1 and throughout USW NRG-4 exhibit trends that
are expected in layered geologic media. That is, there is a general dampening of
the magnitude as well as an increasing time-lag in the peaks and valleys of
barometric pressure fluctuations as depth increases. During this initial monitoring
period, the upper portion of the borehole (probes 1 and 2 above packer No.6) was
opened directly to the atmosphere and pressure data obtained from this portion of

the borehole was not representative of in situ conditions.

Computer simulations were performed using A-TOUGH to evaluate a number of
factors affecting pneumatic pressure responses versus depth in instrumented
boreholes. Factors evaluated include permeability variations versus depth,
ventilation effects of the tunnel excavation, and boundary conditions. Relatively
simple one-dimensional setups and simulations were first conducted to obtain
preliminary estimates of the pneumatic conductivity of different hydrogeologic
units penetrated by the boreholes. Two-dimensional (quasi three-dimensional) set-
ups and simulations were conducted to permit evaluation of tunnel ventilation
effects on borehole pressure responses at different depths. The effects of

boundaries were examined in both the one- and two-dimensional simulations.

Substantial differences in the results of permeability calculations were found
between one-dimensional and two-dimensional simulations. For example,
permeability values calculated for the Tiva Canyon hydrogeologic unit in the two-
dimensional case are two orders of magnitude smaller than those calculated in the

one-dimensional case, but correspond to the range reported by Montazer et. al.
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(1987) for this unit. Moreover, values calculated for the Paintbrush Tuff
Nonwelded unit in the two dimensional model are two to three orders of
magnitude less than permeabilities calculated by the one-dimensional model which
fall within the range of values reported by Montazer et. al. (1987). These
differences may in part be due to the lateral subsurface movement of air due to
pressure fluctuations that are not in phase with atmospheric pressure fluctuations

caused by subsurface heterogeneities.

The effect of the tunnel is clearly demonstrated both in the pressure monitoring
data from the USW NRG-4 borehole (located approximately 15 meters from the
tunnel) and the two-dimensional simulation results. Pressure effects resulting from
the tunnel excavation are predicted to occur as far as 100 m away from the tunnel
in the short time of the simulations (about 10 days). Simulation of the tunnel

effects over a longer time period is expected to influence larger radii.

Because of the heterogeneity of the formations involved, the direction of the flow
of air is variable and can be in any direction. Introduction of modern
environmental tracers into fracture systems in the unsaturated repository block
could introduce artifacts into future environmental tracer analyses and
interpretations for both water and gas samples collected from fractures. Based on
the potential for the tunnel excavation process to introduce artifacts into the
environmental tracer record, it is recommended that areas in the path of the ESF
that are not as yet affected by the tunnel (e.g. locations greater than 500 m away

from the tunnel excavation face) be sampled as soon as possible.

Also, it is important to continuously monitor the pressure, temperature, and
humidity in the tunnel. This information can be used in future simulations to
calculate the permeability of the material penetrated, and will provide relatively
inexpensive cross-hole testing data (e.g. between the tunnel and nearby

instrumented boreholes).
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Finally, the simulations presented in this report suffer from an inadequate number
and distribution of constraining parameters. If more data concerning these
parameters are collected in the tunnel on a regular basis, the accuracy of calculated

permeabilities may improve significantly in future simulations.
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4.0 SUMMARY OF FIRST YEAR’S MONITORING
RESULTS

4.1 BOREHOLE TEMPERATURE AND PRESSURE DATA

The variation of temperature in UE-25 ONC#1 and USW NRG-4 over the 17
months time period is shown in Figures 4-la through 4-1q and Figures 4-2a
through 4-2p, respectively. Temperatures reported for all downhole instruments
are fairly stable with occasional deviations from the norm. Data from UE-25
ONC#1 from April to August, 1995 (when the upper 800 feet of borehole was
open to the atmosphere) does not differ significantly from data collected after
August 1995. suggesting that packer inflation has had little effect on downhole
temperatures. The atmospheric probe (Probe 0) in each borehole records a wide
range of daily and seasonal temperature fluctuations typical of a desert
environment. Comparison of the temperature data from atmospheric probes
(Probe 0) in USW NRG-4 and UE-25 ONC#1 indicates very consistent

atmospheric temperature patterns at the two sites.

Pressure fluctuations with time for UE-25 ONC#1 and USW NRG-4 are shown in
Figures 4-3a through 4-3q and Figures 4-4a through 4-4p, respectively for the 17
months monitoring period. These graphs show that pressure responses exhibit
trends versus depth that are expected in layered geologic media. That is, there is a
general dampening of the magnitude as well as an increasing time-lag in the peaks
and valleys of barometric pressure fluctuations as depth increases. The only
exception to these trends are data collected from April to August 1995 in UE-25
ONC#1 when the upper portion of the borehole was opened to the atmosphere and

in both boreholes after the tunnel penetrated the proposed repository horizon.
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Two of the probes in UE-25 ONC#1 (Probes 8 and 9) are below the water table.
These probes monitor variation of piezometric level with time and are plotted in

Figures 4-5a through 4-5q.

Comparison of Probe-0 pressure responses at USW NRG-4 and UE-25 ONC#1
indicate nearly identical responses over time when corrected for elevation

differences.

Nye County has also received data from U. S. Geological Survey’s monitoring
boreholes. The unsaturated-zone boreholes for which data has been received (in
July 1996) are shown in Figure 1-2. Plots of pressure and temperature for these
boreholes are presented in Appendix A (some versions of this report may not

include this appendix).

In order to compare the data collected by the Yucca Mountain Project (U.S.
Geological Survey) with those collected by Nye County, the pressure data for all
the boreholes are plotted in Figures 4-6a through c. These graphs show that,
despite the significant difference in the data collection techniques, there is a close
agreement between the averages of the data. The slight differences in the trends
and magnitudes are expected due to the position of the boreholes and the depth of
the measuring instruments. Similarly, Figure 4-7a compares the temperature

averages for these boreholes.

In order to visualize the pressure and temperature distribution in Yucca Mountain,
data for four time periods were selected. Averages, minimum, and maximum
values for each period were kriged. It should be noted that kriging introduces
errors in representation of the data that are operator dependent. Care has been
used to minimize these errors; however, sparseness of the distribution of the
boreholes in plan vie;;v compared with the dense spacing of the instrument stations
in the boreholes create anisotropy in the variograms that may be artificial. The
results of these kriged visualizations are shown in Figure sets 4-8 through 4-13.

Each set presents data from four periods of time as follows:
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1. May 1 to May 10, 1995
2. June 6 to June 26, 1995
3. December 1 to December 10, 1995
4. May 4 to May 14, 1996

The first time period was chosen to represent data before the ESF tunnel
penetrated th: Paintbrush Nonwelded (Ptn) unit. The second period is during
perturbation of the Topopah Springs Welded unit by ESF tunnel. The latter two
are at various stages of advancements of the ESF tunnel (see Section 7 for the

stages of ESF advancement)..

Figure 4-8a through 4-10a show pressure distribution for the first period. As an
example of the error introduced by kriging, there are only four boreholes in this
period that have pressure data. Kriging has resulted in a high pressure field in the
southern portion of the site where ONC#1 is located. ONC#1 has the deepest
pressure probes and, as a result, has the highest pressures at depth. Kriging has
resulted in generation of the high pressure field in the south in this figure. In later
periods (Figures 4-8d through 4-13d), all eight boreholes have recorded the

pressure and temperature.

4.2 ESF TUNNEL TEMPERATURE, PRESSURE, AND
HUMIDITY MONITORING DATA

Results of the Nye County’s monitoring in the ESF are presented in a series of
graphs in Figures 4-14, 4-15, and 4-16. Figure 4-14a through m present the
temperature fluctuation data in the ESF tunnel during the 13 months of monitoring
since August of 1995. Figures 4-15a through m show the relative humidity and
Figures 4-16a through m show pressure fluctuations with time, respectively.

Initially, until November 1995, only one set of probes were installed in the ESF
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tunnel near the tunnel boring machine (TBM). In December of 1995, two
additional monitoring stations were installed at the same location in approximately
the same plane perpendicular to the tunnel axis but at different distances from the
walls of the tunnel. The purpose of the separation of the three sets of probes was
to obtain the thermal and vapor concentration gradients in the tunnel perpendicular
to the axis of the tunnel. As will be discussed in later sections, these gradients are
important in defining the direction and magnitude of the vapor and heat flux in the
tunnel. Both temperature and relative humidity data show a period of almost
chaotic perturbations followed by a smooth recovery. The perturbations coincide
with the tunnel operating days (Monday through Friday). The smooth recoveries
correspond to the weekends and holidays. It is noticeable that the values of the
temperature and relative humidity of Probe 2, which is in the center of the tunnel,

are almost always smaller than the values of the other two probes.

In order to compare the climatic conditions in the ESF tunnel with the atmospheric
climatic conditions, data from two weather stations near the ESF portal were
obtained from the U.S. Department of Energy and are plotted in Figures 4-17
through 4-21. The location of one of the stations (NTS-60) is shown in Figure 1-
2. The Sever Wash meteorological station is about one mile east of the ESF tunnel

portal (not shown in Figure 1-2).

Detailed correlation and analysis of these data are currently underway by Nye
County. A portion of these data was used for preliminary calibration of the model
that will be described in Section 6. A cursory review of the graphs indicate that
during the first three month of observation, the tunnel temperature and humidity
were slightly influenced by the atmospheric conditions. The pressure fluctuations
in the tunnel on the other hand have always been synchronous with the
atmospheric pressuré fluctuations. There is no detectable delay (lag) between the
atmospheric and tunnel pressure fluctuations regardless of whether the tunnel
ventilation was operating or not. The relative humidity of the atmospheric air is

generally betveen 10 to 15 percent. The relative humidity of the atmospheric air
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increases generally as a result of decline in temperature. This indicates that the
moisture content (or specific humidity) of the atmospheric air is almost always
low. This means, regardless of the relative humidity value of the outside air, the
atmospheric air that enters the tunnel has a great potential for removing moisture

from the rock.
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5.0 CALCULATION OF AIR PERMEABILITIES FROM
PRESSURE MONITORING DATA

Simulation of the pressure responses before and after the tunnel has provided
estimates of the air permeability of the units intersected by the tunnel. Several
methods of calculating permeability from these barometric responses have been
used. The simplest form was the assumption that before the tunnel influence, the
barometric pressure waves travel vertically in a uniform front. This conceptual
model has been used by Edwin Weeks of the U.S. Geological Survey at Yucca
Mountain and various other sites. However, quasi three-dimensional simulations
(MET, 1995) have indicated that substantial amounts of lateral flow air occurs as a
result of complex boundary conditions and heterogeneity in the hydrogeologic
formations at the site. Furthermore, the tunnel effects are obviously three-
dimensional. Attempts to simulate responses in ONC#1, which is at least 1.5 miles

away from the tunnel, with the one-dimensional approach has not been successful.

5.1 BOREHOLE PERMEABILITY CALCULATIONS

Calibration to permeability values alone does not always have a unique solution. It
is the overall diffusivity of the system (the dynamic combination of permeability,
porosity, saturation, and density) that dictates the responses to barometric
fluctuations at any of the boundary conditions. However, in cases where the
boundary is connected to the zone of interest (where the probes are situated)
through equivalent porous media (such as the connection between the atmospheric
boundary and the TCWU), the response is broad and distinctly resembles the
fluctuations at the boundary. Where there is more than one connection; such as
along faults, the res;ﬁonses to each can be isolated and identified. In some cases,
because the response through faults is through a small diffusivity (because of the

small effective porosity and large permeability) it produces small ripples
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superimposed on the broad signals that result from relatively low permeability and

large porosity equivalent porous media pathways.

Figure 5-1 shows the pressure fluctuations with time in NRG-4 borehole during
the month of May 1995. In this figure, it is noticeable that the pressure response
to atmospheric fluctuations is substantially dampened in probes below the Ptn Unit
(Probes 4 to 7). Probe 3 which is near the bottom of the Ptn, is only slightly
dampened. It appears that a majority of the dampening occurs in the bottom
portion of the Ptn unit where it is believed to have a higher moisture content which
results in lower air permeability. On or about May 22, 1995, the ESF tunnel began
penetrating the Tiva Canyon vitric zone which is the upper-most part of the Ptn.
There is no noticeable change in the response of the pressure probes in NRG-4 in

this figure.

Figure 5-2 shows the pressure fluctuations in NRG-4 borehole during the month of
June 1995. On June 16, deviation from normal trend is noticeable in probe 7 but is
not clearly detectable until June 18 when all deep probes began responding almost
synchronously to the atmospheric fluctuations as a result of direct pneumatic
communication of the tunnel with the fractured Topopah Spring Welded Unit
(TSWU). Probe 3 continued to maintain a lag in barometric response relative to
the other probes. The reason for this lag is that Probe 3 is separated from the
tunnel and other affected units by nonwelded tuff both horizontally and vertically.
As of the latest data set retrieval, this lag has remained about the same (see Section

4 and Figures 4-4a through 4-4p).

Data from NRG-4 in April, before the tunnel interference in June 1995, were used
to calculate the permeability of the units isolated by the packers. A one-
dimensional model using A-TOUGH computer code was setup for these
calculations. The results of the calibration were used to simulate the May 1995
data. It appeared that a one-dimensional simulation of the conditions before the

tunnel penetrated the repository host rock was appropriate to estimate the vertical
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air permeability values. Figure 5-3 is a summary of the results of permeability

calculations in NRG-4 for this one dimensional case.

Figure 5-4 is a plot of the pressure fluctuation data for November 1995 for well
ONC#1. During this month, the ESF tunnel entered the repository horizon and
began turning to the south (see Figure 1-2). In this figure, the lag time between
probe 1 and the atmospheric fluctuations is about 4 hours. The lag time between
the atmosphere and the probe 2 responses is 14 hours. Probe 2 responses are
almost synchronous with all the lower probes in the unsaturated zone. The inset in
this figure is the location of the probes in this borehole relative to the

hydrogeological units. Probes 1 and 2 are separated by a thin layer of the Ptn unit.

Figure 5-5 is a plot of the pressure fluctuation data from January 18 to February
21, 1996. During this period the ESF tunnel was in the repository horizon in the
area of Yucca Ridge where several northwest-southeast trending structures have
been mapped This structure probably intersects the Ghost Dance Fault, and is

probably pneumatically connected to the Sundance Fault system.

In this figure, the lag times on February first are shown. On this day, the lag time
between the aimosphere and Probe 2 is 20 hours and that between atmosphere and
Probe 1 is about 1 hour. However, fluctuations in Probe 2 are still synchronous
with all the deeper probes. It is noticeable, however, that in late February, the
deeper probes began to show small ripples in their fluctuations. In March 1996
data (Figure 5-6) these ripples clearly become stronger. What is most interesting
in this figure is that the lag between Probe 2 and deeper probes have become
negative. That is, the deeper probes, which are vertically closer to the fault zone
intersect ONC#1 at a depth of about 1200 feet. The fault zone in this figure is
drawn to indicate the probable interval where it exists in this borehole. The fault is
believed to be at a stéep angle (NWRPO, 1995). The apparently low angle in this

figure is a result of horizontal exaggeration.
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In Figure 5-6, it is also notable that probe 1 has maintained its 4 hour lag but probe
2 has a lag of 36 hours from the atmospheric fluctuation. This apparent longer lag
is partly due to the long-term atmospheric pressure decline in early March but it
could also be due to superposition of other sources of pressure. Closer
examination of the data indicates that this negative lag between Probe 2 and the
deeper probes has been reoccurring since October 1995. Atmospheric pressure
signals are not very strong between July and October 1995. However, comparison
of the same strength signal between June 1995 (Figure 4-3c) and October 1995
(Figure 4-3g) clearly indicates that the negative lag was developed sometime
between June and October of 1995. This is the period that the ESF tunnel has
been advancing closer to ONC#1 borehole in the fractured TSWU. Similar lags
can be observed in other boreholes at Yucca Mountain (see Appendix A). In
particular UZ-4 and UZ-5 in December 95 and May 1996 and NRG-7a in
December 95 and May 96 distinctly show this negative lag in probes placed below

the Ptn unit.

In order to evaluate the cause of these effects, a one dimensional simulation of the
ONC#1 column was setup to calculate the permeability of the instrumented
sections. Data from April 1996 were used for this simulation. The column used
for this set of simulations is shown in Figure 5-7. The simulated pressures are
compared with the measured pressures in Figure 5-8. It was not possible to match

the trends for probes below probe 2. Probes 1 and 2 are matched very closely.

To evaluate the potential for influence of the tunnel on the responses, a three-
dimensional configuration was setup as shown in figure 5-9. The one dimensional
configuration is pictorially shown as a vertical column of cylindrical nodes at the
ONC#1 location. The major fractures are shown by vertical planar nodes. The
tunnel nodes are shown with horizontal cylindrical nodes. The atmospheric
fluctuations are connected to the top of the ONC#1 column and to the beginning
of the tunnel. Therefore, communication with the atmosphere is through both a

vertical columrn of hydrogeologic units as well as through the tunnel, Ghost Dance
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and Sundance Fault systems. Figure 5-10 is a comparison of the observed versus
simulated pressures in April 1996. The match is almost perfect with the three-
dimensional configuration. This simulation exercise demonstrates that deviation of
the pressure from normal trends in the deeper probes in ONC#1 are very likely due

to the disturbance of the pressures in the repository horizon by the ESF tunnel.

5.2 LARGE-SCALE PERMEABILITIES

Comparison of the calculated permeability values in Figures 5-3 and 5-7 reveals
that the bulk vertical air permeability of the TCWU is slightly smaller at ONC#1
site than at the NRG-4 site. The Ptn unit forms a barrier to barometric pressure
transmission in both boreholes. Its effectiveness appears to be largely due to the
existence of a low permeability layer near the bottom of the unit. At the NRG-4
site, the Ptn unit is thicker than at the ONC#1 site. This lower air permeability of
the bottom layer is probably due to the higher moisture content of the unit in both

sites. This layer corresponds with the Topopah Spring crystal rich vitric zone.

The fault zone at the ONC#1 site has a slightly higher permeability than it host
rocks. In Figure 5-7, the air permeability of the Sundance Fault from the three-
dimensional r odel is also shown. In calibrating this model, it was realized that the
equivalent effective porosity of this zone is very small (¢ = 1x10°). This small
effective porosity indicates that the pressure transmission occurs along a very
distinct path. This path is probably partly through the Ghost Dance, Sundance,
and Bow Ridge Faults. Evaluation of the responses in other boreholes at the site is

underway by Nye County to better understand this phenomenon.

Comparison of the overall permeability measurements from borehole packer
testing shows that the overall permeability values measured in boreholes can be
one to two orders of magnitude smaller than those calculated from barometric
fluctuations. There are several reasons for the difference. The size of the rock
block that is influenced by barometric pressure is much larger than that influenced

by borehole packer testing. However, extreme values from testing boreholes
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should have been much larger than the bulk permeability values of the same
hydrogeologic units obtained from barometric testing.  Montazer (1982)
demonstrated this by conducting experiments in boreholes at various sampling
sizes. The reason for the difference is that, until the sampling size is large enough
to be the representative elemental volume (REV), the permeability of the smaller
sized samples vary about a mean that could be smaller or larger than the
permeability of the REV. That is some of the smaller sampling sizes contain large
fractures that contribute to flow much more significantly than the permeability of
the REV allows. This has not been observed at Yucca Mountain. The fractures in
most of the hydrogeologic units are nearly vertical and not very well sampled by
the vertical boreholes. Barometric effects are through these vertical fractures.
Therefore, there appears to be a large anisotropy in the system. However, packer
testing in vertical boreholes does not adequately sample these fractures to enable
quantification of the anisotropy. The ESF tunnel influence is a much better source
of perturbation that can aid in quantifying anisotropy of the TSWU. Preliminary
analysis of some of the data indicates that the horizontal directional permeability
may be as much as two-orders of magnitude smaller than the vertical directional

permeability.
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6.0 MODELING VENTILATION EFFECTS ON
MOISTURE IN REPOSITORY HOST ROCK

6.1 WASTE PACKAGE ISSUES

The two most important aspects of the Yucca Mountain project are radionuclide
isolation and thermal stability of the repository. Current concepts are that the
repository will be sealed with crushed tuff or similar material (TSPA 1995) after
100 years of repository pre-closure period. Although some considerations have
been given to a no backfill design, the results have not been satisfactory due to
high temperatures and humidities predicted by the sﬁnulations. The shortcoming in
all the simulations and analysis has been that the media around the waste package
have been assumed to be relatively stagnant, whether air or crushed tuff. Nye
County has performed its own simulations based on the concept proposed by
Roseboom (1983) and Montazer and Wilson (1984) that the dry and open
environment of the repository should be taken advantage of in the design of the
repository. Preliminary simulations have been made using simplifying assumptions
and the material properties presented in TSPA 1995. The results of these

simulations are presented in the following sections.

One of the factors that affects the waste package longevity is the relative humidity.
Relative humidity is not indicative of the moisture content of the air. A low
relative humidity value at a high temperature does not necessarily mean a drier
condition. In fact, at 225 degrees Celsius, an air volume with relative humidity of
1 percent contains 50 times more water vapor than the same volume of air at room
temperature with a relative humidity of 100 percent. Relative humidity is used in
the TSPA as an indicator for the rate of the waste package canister corrosion. It is
concluded in the TSPA that “the corrosion rate of the waste package is slower at
smaller relative humidity”. The temperature is not mentioned as a factor in this

conclusion. Thus, it is inappropriate to compare relative humidity values at
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different temperatures. For example, the corrosion rate may not be higher at 60
percent relative humidity at room temperature than at 40 percent relative humidity

at 200 degrees assuming that the temperature and vapor pressure remains constant.

One of the factors that accelerates corrosion of the canister is the water-vapor
concentration gradient in the vicinity of the canister and not the relative humidity.
A cold body placed in a stagnant air with high relative humidity results in
formation of dew on the cold body. The cold body causes a vapor concentration
gradient towzrd the body. If the same body is warmer than the air, the vapor
concentration gradient is away from that body and no dew formation occurs.
Therefore, if the concentration gradient is away from the canister (warm body), the
corrosion due to the presence of the water vapor is less likely than when the
concentration gradient is toward the canister. It is this concentration gradient that
dictates whether water vapor molecules condense on the canister or not. In case
of a back-filled repository, the only time that the vapor concentration is toward the
canister is during the cooling period when the surrounding rock is warmer than the
canister. In a well ventilated drift, the concentration gradient is always away from
the canister. Therefore, TSPA 95’s (TRW, 1995) (and Buscheck et. al, 1995) goal
of reducing the relative humidity without removing moisture from the air around

the package may not guarantee reduced corrosion.

Ventilation is one of the key features that can be exploited to increase the safety of
the Yucca Mountain Site as a potential repository. Ventilation can remove
substantial amounts of moisture from the drift walls in a very short period of time.
It has been demonstrated in various experiments (Such as Ed Week’s observations
at UZ-6, and Nye County’s observations in the ESF tunnel) that substantial
amounts of moisture can be removed from the rocks in the mountain by natural
convection due to topographic relief and thermal gradients. In many hillside
mines, natural ventilation is the only means of supplying large amounts of air to
these mines. Therefore, by considering a naturally ventilated repository (after

construction) and taking advantage of the thermal drive of the waste package, the
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repository may be kept dry during at least the first 1000 years, if not longer. The
amount of moisture removed from the rocks during this time will create a thick
low-saturation skin around the drifts that will require thousands of years to re-
saturate. Ventilation can also remove large amounts of heat generated by the

waste canisters.

In case of the TSPA 95’s proposed approach, there is very little moisture removal
from the system and re-saturation can occur much more rapidly than the ventilated
case. In an unventilated case (backfilled repository), the moisture is just forced
away from the repository. It has no place to go except for a little atmospheric
ventilation along the Solitario Canyon. The moisture is trapped under an umbrella

that will eventually return and re-wet the repository.

Of course, there are many other issues that need to be considered in a naturally
ventilated repository such as the repository security, seismic stability, etc. such

aspects need to be studied carefully.

6.2 SHORT TERM SIMULATIONS OF EXISTING TUNNEL
DATA

ESF tunnel climatological data have only been available since August 1995 and
only from the Nye County’s monitoring program. During the present analysis no
ESF climatological data from the Yucca Mountain project was available. Data
collection activities by DOE contractors is underway. Nye County is also planning

to install additional instrument stations to obtain the necessary data.

The purpose of these data collection activities is to develop an understanding of
the interaction of the tunnel atmosphere with the repository host rock. As will be
discussed, parameters of primary importance are the eddy diffusivity of the tunnel
atmosphere, the hydraulic and pneumatic properties of the host rock, and thermal

properties of the host rock.
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A good set of ventilation flow-rate data was not available for the analysis that are
presented here. Estimated ventilation flow rates vary between 1700 to 2265 cubic
meters per minute (60,000 to 80,000 cubic feet per minute). The simulations are
further simplified by assuming a constant atmospheric temperature, pressure, and
humidity outside the tunnel. Further simulations are underway that will take these

variations into consideration.

6.2.1 SIMULATION SETUP

The purpose of the simplified simulations performed for this section was to
evaluate the reasonableness of the parameters used and the conceptual settings of

the model.

6.2.1.1 MESH

The mesh for the simulations is shown in Figure 6-1. It consists of an axi-symetric
arrangement of the nodes. The tunnel is in a horizontal direction. No gravity is
used in this mesh; therefore, the fluid flows are due to pressure gradients only.
Because of the strong influence of the ventilation flow, the error introduced by
ignoring gravitational forces is negligible. However, gravitational effects are
expected to enhance ventilation due to buoyancy. More realistic simulations will

be performed which will require three-dimensional discretization of the mesh.

The axi-symetric mesh consists of 16 row of nodes along the tunnel which add up
to about 560 meters. Each node represents a cylinder with its axis along the center
of the tunnel as shown in Figure 6-1. The mesh has 20 of these concentric
cylinders. The first five concentric cylinders represent the tunnel. The rest of the

cylinders represent the surrounding rock.

In the forced-ventilation simulation case, the last set of concentric cylinders (at 560
m from the portal) were set to represent the rock which simulates a dead-end

tunnel. This special case evaluated an existing condition which was used for
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comparison with the observed data collected by Nye County since August 1995.

The mesh extends to a radius of 300 meters.

6.2.1.2 INPUT PARAMETERS

The tunnel nodes have atmospheric properties. Table 6-1 summarizes some of the
important input parameters. It should be noted that A-TOUGH, unlike other
TOUGH family of codes, does not allow liquid flow in the tunnel nodes or
between the tunnel nodes and the rock. Only vapor and air flow are allowed in the
tunnel nodes and between the tunnel nodes and the rock. The rock properties are
set at an equivalent porous media with permeability of 1x10™"° m® and an effective
porosity of 35 percent. The initial saturation of 0.95 was assumed for the rock.
Initial pressures were set equal to 87470 pascals (12.7 psi) for all the nodes. The
pressure in the atmosphere outside the tunnel was kept constant at this value. The
initial temperature for all nodes was set at 19 degrees Celsius (66.2 degrees
Fahrenheit). The temperature of the atmosphere outside the tunnel was varied for
different simulation cases but was kept at an average constant value throughout all
simulations. This is not a limitation of the model but a simplification. Future

simulations will consider variation of the atmospheric parameters.

6.2.2.1 RESULTS OF THE SIMULATION

This simulation represents a calibration of the model; but because of the many
simplifications used for this and other simulations discussed later, calibration is not
an appropriate term in the strict sense. What is referred to as calibration
simulation here is a simulation setup, in its simple form, which has best reproduced

the observed data.

The results of the forced-ventilation simulation are presented in 6-2 through 6-4.
Figure 6-2 is a plot of variation of relative humidity with time for one shift of the
ESF operation. The ESF ventilation usually begins early on Monday mornings and

is shut by late Friday afternoon or Saturday Morning. Ventilation is applied by
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pulling air through a ventilation duct that is always open at the working faces.
Most of the air is vacuumed from the TBM face where the Nye County
climatological monitoring instruments are located. For comparison with the
simulation results, data from April 1996 were selected and are shown at the
bottom of Figure 6-2. The relative humidity is nearly 100 percent during
weekends when the ventilation is not operating. During the operation of the
ventilation relative humidity drops down to a level that is determined by several
factors. The state of the atmospheric air that enters the tunnel at the portal as a
result of the pressure lowering near the TBM face is one of the important factors.
The distance of the TBM face from the portal and the moisture content of the
veneer of the rock that is in contact with the tunnel air and is in the path of the in-
flowing air also affect the final humidity state of the air at the TBM face. Another
important factor affecting the humidity is the amount and nature of the
construction water used near the face. In Figure 6-2, the observed data show
many fluctuations that are believed to be primarily due to variations in the

ventilation air flow rates but could also be due to other factors.

The simulation results presented in Figure 6-2 show substantial reduction in
relative humidity of the tunnel air that varies with distance from the portal. In this
simulation (with eddy diffusivity of 0.01 m%s and atmospheric air of 28 degrees
Celsius) the nodes near the tunnel portal are significantly influenced by the
atmospheric air entering the tunnel which has a relative humidity of 10 percent
(representative of dry desert air in summer time). Near the face of the TBM, the
relative humidity drops from 100 to about 80 percent in the first day and gradually
increases to about 90 percent before the ventilation shut down. The reason for this
gradual rise in humidity is thermal equilibration of the atmospheric air with the host
rock. The magnitude of the humidity changes simulated by this model compare
well with the observed values. Since eddy diffusivity affects both vapor and

thermal fluxes, the results of temperature simulations also need to be examined.
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Figure 6-3 shows the result of simulation of the temperature in the tunnel and
comparison with the observed temperatures at the TBM. The results are shown
for a period of 12 days which was intended to simulate a six-day shut-down period
following a week of ventilation. The observed temperatures dropped by about six
degrees C. The simulated temperatures show a temperature lowering of about 8
degrees C near the TBM face. The reason for the temperature drop is the latent
heat exchange which occurs as the warm and dry air of the desert enters the tunnel
and comes in contact with the rock. This process is basically similar to an
evaporative cooling effect. Even though the temperature of the air that enters the
tunnel is at 28 degrees Celsius and the rock temperature at 19 degrees Celsius,
both the rock and air temperatures drop. Eddy diffusivity has a significant effect
on this evaporation process. The larger the eddy diffusivity, the larger is the
evaporation potential of the flowing air and the larger is the thermal flux. Eddy
diffusivity is a parameter that changes with air velocity. In this and subsequent
simulations discussed here, eddy diffusivity is kept constant. This is reasonable for
the case wheie ventilation air is relatively constant. Simulations to calibrate for
variable eddy diffusivity require accurate flow measurements which are not
currently available. Experiments are planned by Nye County to accurately measure

and calculate the eddy diffusivity in the ESF tunnel.

The results of the simulated rock capillary pressures for this case are shown in
Figure 6-4. These values agree very well with limited measurement made by DOE
contractors in the ESF tunnel. The short-term simulations were able to mimic the
temperature and humidity changes during ventilation shutdown and startup.
Simulated saturation changes extend to depths of more than 3 m in a relatively
short period of time. Recent observations made in the ESF tunnel (informal
communication with Yucca Mountain Project staff, December, 1995) indicated
that a sharp drying front occurred after the ventilation was started. Observations
indicated that in the Tiva Canyon Welded Unit, capillary pressures went from -1

bar to -100 bars at about 5 cm, to 50 bars at 10 cm, to 2 bars at 20 cm, and to 1.5
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bars at 40 cm (probably background) following 500 hours of ventilation. This
translates to a saturation change of 10 to 20 percent in about 20 days. In this unit,
temperature dropped from about 20 to 16 degrees Celsius during the same period
of time. The simulation predicted a temperature change of about 8 degrees and
saturation changes of about 15% at a distance of 10 m from the face of the tunnel.
The difference in the observed versus simulated results is due to simplifications
made in the model and uncertainty in eddy diffusivity values. In general, it appears
that the simplistic setup can reasonably simulate the thermodynamic processes that

are involved in ventilation of the ESF.

In order to better conceptualize the eddy diffusivity phenomenon, a schematic
drawing of the process is shown in Figure 6-4a. Stagnant air has a very low
thermal conductivity. Its vapor diffusion is in the order of 2.13 x10° m%s. In
flowing air, both vapor and heat are transferred mostly advectively. The mass and
heat transfer perpendicular to the direction of flow of air occurs through mixing
that is resulted from development of eddies, as shown in Figure 6-4a. This transfer
is substantially greater than that of a stagnant air and is dependent on the velocity
of the air and the state of turbulence. In chemical engineering and atmospheric
sciences the transfer coefficient is referred to as eddy diffusivity. The principal of
flow of both heat and vapor is the same as the Fick’s Law but with a dynamic

diffusivity coefficient.

6.3 LONG-TERM VENTILATION SIMULATIONS

6.3.1 SIMULATION SETUP

The purpose of the simplified simulations performed for this section was to
demonstrate the importance of the natural- and forced-ventilation in controlling the
thermodynamic processes in a tunnel. Also, the sensitivity of the results to the

magnitude of the eddy diffusivity is evaluated.
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Table 6-2 presents a summary of the simulations performed for this task. A total
of 11 simulation cases were made using the above described mesh setup. The first
six simulations were designed to evaluate the sensitivity of the results of the model
to variation of the eddy diffusivity and the atmospheric air temperature. These six
cases differ only in the value of eddy diffusivity and the temperature of the
atmospheric air entering the tunnel. In these six cases forced-ventilation is used

similar to the short-term simulation described above.

Simulation cases seven through nine were performed to evaluate the effect of heat
as would be applied by the waste package. However, as a demonstration
simulation, an equivalent heat that would be provided by 42 waste packages with a
spacing of six meters was considered. In these latter three simulations, a
ventilation shaft is used instead of forced-ventilation. The shaft node is the only
node that has gravitational forces present. The atmospheric pressure and
temperature at both the tunnel portal and the top of the shaft are kept at the same
constant value. Therefore, the driving forces for the air movement in the tunnel
and along the shaft are the buoyancy caused by the temperature of the waste
package, the host rock temperature, and the pressure caused by the weight of the
column of air in the shaft (opposing buoyancy). These conditions simulate

atmospheric conditions that promote air suction in the wells.

The average temperature of 15 degrees is used, which is conservatively high
compared to the average annual temperature at Yucca Mountain. Lower
atmospheric air temperature would result in a larger air flow and cooler
temperature in the waste area. The atmospheric air was assumed to have an

average relative humidity of 10 percent.

Figure 6-19c is a plot of the decaying heat load used for each of the waste nodes.
This curve is based on the values presented in the TSPA 95. The values used are
for six waste packages; however as noted above, the waste packages are more

closely spaced than in the current TSPA design.
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Simulation cases 10 and 11 are different from cases 7 through 9 only in the
pressure at the top of the shaft that promotes outflow in the shaft (helping the
buoyancy). Only two cases of 0.01 and 0.001 eddy diffusivity are used in this
case. Thermal load in the tunnel is increased in these two cases by increasing the

number of nodes (or grid blocks) with thermal load to 10 instead of six.

6.3.2  RESULTS OF SIMULATIONS WITH
FORCED VENTILATION (CASES 1 TO 6)

6.3.2.1 SIMULATIONS

The results of Case 1 with atmospheric air temperature of 15 degrees Celsius are
presented in Figures 6-5 through 6-8. The cause of the slight pressure drop in the
host rock during the 100-year simulation is the constant forced ventilation at the
end of the tunnel. Pressure in the host rock drops by about 25 pascals
(approximately 0.004 psi) within the first 25 m radius in about 11 days. Such
changes have already been observed in NRG-4 as presented earlier. After 100
years, the pressure in the entire 300-m radial distance is affected by about 225 pa
(0.0331 psi). This is not unreasonable, considering the observations and
simulations presented for the ESF tunnel-ONC #1 interactions. Pressure results

for the next five cases are similar and will not be presented.

Temperature effects are shown in Figure 6-6. The temperature in the entire first
25 m radius of the model drops by at least one degree Celsius. Comparison of the
April 1995 with August 1996 temperature data in NRG-4 indicates that probes 4
and 5 which are at the tunnel level have dropped by about one degree Celsius,
whereas probes above and below show only about 0.1 to 0.2 degrees decline in
temperature. Although these changes in temperature measurements could be due

to drift in transducer calibrations, the coincidental trend is unlikely.

Multimedia Environmental Technology, Inc. Page 33
Micron P266::RAUSERS\PROJECTS\NYCOUNTYANNREP~1\TEXT\NC96RP~3.DOC 11/05/96



Nye County Nuclear Waste Repository Project Office Annual Report - FY 1995/1996

The capillary pressure distribution for this case is shown in Figure 6-7. It should
be noted that in this figure and in all subsequent plots of capillary pressure, a
presentation error is present near the tunnel nodes which is an artifact of the
interpolation routine used by the post processor. As was noted earlier, A-TOUGH
does not allow liquid flow between the tunnel elements and the host rock. In
simulations, the capillary pressure value of the tunnel nodes is reported by the
model as zero (an arbitrary value). The post processor uses this value. For this
reason the nodes near the center of the tunnel appear wet. The capillary pressures
are also presented in a plot of capillary pressure versus time for a set of nodes that
are perpendicular to the tunnel and are midway between the portal and the end of
the tunnel (Figure 6-7a). It should also be noted that in these simulations the
equivalent porous media representation of the host rock is used. Therefore, the
capillary pressure and other results represent the variables for a fractured rock
system and not the matrix of the rock. The effect of the matrix will be to slow
down the drying process. Therefore, the capillary pressures may correspond to

slightly wetter conditions than showed by these simulations.

Figure 6-8 presents distribution of the saturation for various times. Corresponding
water saturation results are presented in Figure 6-8a. Results of other cases for

forced ventilation are shown in Figures 6-9 through 6-18.

In summary, comparison of these six cases indicates that in the long-term, higher
outside temperature and larger eddy diffusivity result in an increase in both heat
and mass transfer between the host rock and the tunnel air, ie., a cooler and dryer
host rock. The direction of the flow could be different depending on the relative

magnitude of the temperature of the two media.
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6.3.3 RESULTS OF SIMULATIONS WITH NATURAL
VENTILATION (CASES 7, 8, 10, AND 11)

Figure 6-19a and 6-19b conceptually show the condition that these simulation
represent. A naturally ventilated repository would have a more complex set of
shafts and tunnels that would be designed to optimize the flow of air. In figure 6-
193, simplified equations are used to conceptually show the pressure differences at
the entrance and at the bottom of the shaft. The more accurate equations are in
integral forms because the density of air changes with elevation. In these three
cases, however, the pressure at the top of the shaft (P.,) was set equal to the
pressure at the entrance (P;). Figure 6-19c shows the heat load used for this set of

simulations.

The results of these simulations are shown in Figures 6-20 Through 6-27.
Comparison of pressure distribution for the heated cases in Figures 6-20 and 6-24
indicates that the pressure distribution is similar between the three cases. An
increase in pressure at the end of the tunnel near the shaft (lower left corner of the
graphs) is due to the column of air in the shaft. Because the pressure at the top of

the shaft is set at the same pressure as the atmosphere at the tunnel portal.

Figures 6-21 and 6-25 show the temperature distribution for Cases 7 and 8. Case
9 produces higher temperatures similar to the TSPA 95 cases and the results are
not presented here. In both Cases 7 and 8, the temperature of the repository
approaches that of the atmospheric temperature of 15 °C after 10,000 years.
Significant differences are noted in the first 10 years. In Case 7 the eddy diffusivity
of 0.01 (m?/s) results in a much faster cooling effect than in the other two cases.
The hot spot (temperatures in the rock nodes adjacent to tunnel; see Figures 6-21a
and 6-25a) reaches about 20 °C in Case 7 and 22.5 °C in Case 8. The flow rate
through the shaft in all these cases is about 1130 m’/min (40,000 cfm). In the
worst case, the temperature of the air near the canister reaches 130 °C and drops

to 45 °C after 100 years. However, these simulations predict that the temperature
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of the air in the tunnel near the rock remains within 15 to 20 °C. In these three
cases, radiation heat flux is not considered. In Cases 10 and 11, radiative heat flux

1s included in the simulations.

Figures 6-22, 6-22a, 6-26, and 6-26a are plots of the absolute values of the
capillary pressure with time for Cases 7 and 8. In all cases, absolute values of the
capillary pressure increase with time. More importantly, the gradients of the
capillary pressure are such that the flow of water is towards the tunnel. These
gradients are strongest for Case 7 with eddy diffusivity of 0.01 m?%s and decline as

the smaller eddy diffusivity is used for simulations.

Saturation values (Figures 6-23, 6-23a, 6-27, and 6-27a) follow the capillary
pressure trends, as expected. Saturation values decline to about 60 percent after
10,000 years in case 7 and to about 70 percent for Case 8. It is noticeable that in

Case 7, the rock nodes near the tunnel become dry after 1000 years.

Figure 6-32 is a plot of the thermal load for the Cases 10 and 11. As noted earlier,
in these two cases, the outside pressures are set to correspond to natural
atmospheric pressures. That is the pressure at the top of the shaft is smaller than
the pressure at the tunnel portal. The pressure difference was calculated by
considering the elevation difference of the two points and the density of the air at

15 °C temperature. In these cases eddy diffusivities of 0.01 and 0.001 were used.

Simulated pressure results are shown in Figure 6-33. Pressure distribution is about
the same for both cases. In these cases, a lower pressure at the end of the tunnel
(bottom of the shaft) is noticed. This is due to lower density of air in the shaft that
is carrying a warmer air to the surface. Pressure distribution after 10,000 years
represents a steady state condition that is equilibrated between the outside pressure
and the pressure in the tunnels. At this time, the pressure at the bottom of the

shaft is influenced by the temperature distribution in the tuff cylinder.
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The temperature distribution for Case 10 is shown in Figure 6-34 for various
times. A temperature gradient is still present after 10,000 years when the
temperature in the tuff cylinder has begun to equilibrate with the atmospheric
temperature of 15 °C. The hot spot in the tunnel near the waste package reaches a
maximum of 33 °C. The rock temperature near the tunnel continues to drop
below 10 °C until after about 2 years when it rises back to approach 15 °C (see
figure 6-37). The reason for continued drop of the rock temperature is the air
current that is caused by the presence of the heat source (waste canisters). As the
heat source weakens, the air current in the tunnel also declines in rate. As a result,
there is less evaporative cooling and the rock temperature climbs to equilibrate
with the atmospheric temperature. This pattern can also be observed in the
saturation curve in Figures 6-36 and 6-38. Capillary pressure gradients remain

directed towards the tunnel at all times (Figure 6-35).

Results of Case 11 are shown in Figures 6-39 through 6-42. As expected,
temperature values rise to a higher level in this case (Figure 6-39). The air in the
vicinity of the tunnel reaches a maximum temperature value of 75 °C and declines
slowly to about 62 °C in the first 20 years (Figure 6-41). From then, it declines to
a temperature of about 16 °C. The rock node in the vicinity of the tunnel drops
down from 19 °C (initial conditions) to about 6 °C and then rises to approach an
equilibrium temperature of 15 °C. Saturation of the rock (Figure 6-42) in the
vicinity of the tunnel drops down to a dry state at 2000 years and remains dry for

the duration of the 10,000-year simulation,

In summary, the data collected from the ESF tunnel indicate that there is
substantial temperature and moisture loss from the rock surface as a result of
ventilation air. Simulation of the existing conditions suggest that an eddy
diffusivity value of between 0.001 and 0.01 m%s is an appropriate value for flow
rates between 1132 and 2830 m®/min (40,000 and 100,000 cfm). Long-term

simulations and calibration with the data from NRG-4 provided thermal
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conductivity and air permeability values that were needed for simulation of the
heated conditions. Strong air currents may be produced by natural ventilation.
Application of the natural ventilation aided by the heat source may provide a cool
and dry host rock with a moisture gradient that will be toward the emplacement

tunnels during the first 10,000 years.

1t is realized that these simulations are very simplistic and many other factors need
to be considered. No infiltration was used in these simulations. The amount of
bulk infiltration is negligible compared to the amount of moisture that is removed
by the natural ventilation. However, pulse infiltration at fault zones and areas near
Ptn may result in more water inflow into the tunnel than can be handled by the
natural infiltration. Engineering of an open repository will be complicated and

need special study.

The presentation of the results of these simulations is intended to generate interest
in this potential alternative waste emplacement. The results should not be used as

any design criteria or for any decision making about the waste disposal.
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Table 6-2 - Summary of simulation setup for evaluation of natural ventilation effects
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7.0 EVALUATION OF THE USE OF WATER IN THE
TUNNEL

Recently, Nye County’s Nuclear Waste Repository Project team visited the
Exploratory Studies Facility (ESF) tunnel. One of the observations made by the
team was related to the water usage in the tunnel. Nye County has observed on
several occasions standing water throughout the entire length of the tunnel boring
machine (TBM) and its attachments. Also it has noted that water spraying with a
high pressure hose is routinely being used by the miners to wash the walk ways and
other seemingly unnecessary areas. Furthermore, recent evaluation of the report
on chlorine 36 has revealed that majority of the samples were contaminated with
the J-13 water (tagged with lithium bromide) which is the main source of the ESF
tunnel water. It is noteworthy that these samples have been taken at least 10 cm
into the rock and from the walls of the tunnel which are not subjected to standing
water and are only sprayed for cleaning purposes. Nye County has recently
performed preliminary mass balance calculations to evaluate the water usage in the
tunnel. These calculations augment previous Nye County work on the impact of

ventilation on water removal from the ESF.

Daily water usage from March through June 1996 has been provided by the ESF
personnel. Nye County has been continuously monitoring pressure, temperature,

and humidity near the TBM through the instrumentation installed by the County.

Comparison of the water usage and water removed from the tunnel is graphically
depicted in Figure 7-1. The total amount of water used between March 25 and
May 29 is shown in Table 7-1 along with the calculated amount of water removed

by ventilation.
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Table 1 - Estimated water usage in the ESF tunnel from March 25 to May 29, 1996. All
values In gallons.

2,117,325 628,537 1,488,788 -16,926

It is evident that about 1.5 million gallons of water is not accounted for by
ventilation. Unknown amounts of water are being removed by the “muck”;
however, the fact that there is always standing water in the tunnel indicates that
ventilation and mucking lead to incomplete water removal. It is conceivable that
with time the standing water behind the TBM will dry up; however, until this
standing water is totally evaporated, the downward infiltration potential is great.
Infiltration occurs as a result of the head of the standing water and by the change
in the capillary-pressure differential on the rock surface. The TSWU in its natural
state has a capillary pressure of a few tens of bars. Changing the capillary pressure
of the surface of the rock to zero (by wetting), can induce substantial capillary
pressure differential which will lead to infiltration of water into the host rock. Of
most concern is the water that enters the fracture system. The water that enters
the fracture system, may flow beyond depths that neither evaporation nor the heat
of the waste could retrieve in a short period of time. Such fluxes may need to be
considered in the pre-waste emplacement travel time calculations from the
disturbed zone to the accessible environment. Aside from regulatory implications,

such flows can have impact on the radionuclide transport.

Assume that only 10 percent of the water unaccounted for penetrates the rock.
This is about 150,000 gallons. In the 65 days, assume that 1300 ft of tunnel is

excavated. Therefore, for a width of 10 feet of the bottom of the tunnel, this water
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is applied to a 13000 ft* area. Simple calculations show that approximately 1.5 ft
of water infiltrates the rock. That is equivalent to an infiltration rate in excess of
2000 mm/yr. It is evident that even if it is assumed that only 0.1 percent of the
unaccounted water (1500 gallons) has infiltrated the rock, it equates to a 20 mm/yr
infiltration rate. The mountain has never seen such infiltration rates based on the

analyses that have been documented by the DOE contractors.

In order to demonstrate the significance of the wet surfaces in the tunnel, a simple
conceptual numerical model of the situation was setup. The conceptual model was
5 meters wide by 25 meters deep as shown in Figure 7-2. A vertical fracture zone
of about 0.5 meter thickness was placed in the middle of the model. The
properties of this fracture zone are equivalent to a broken Topopah Springs
Welded Unit. The surrounding rock has the properties of the matrix of this unit.
The floor of the tunnel was kept wet (at a 95% saturation) for the entire duration
of simulation. Evaporation equivalent to that induced by the ventilation was
imposed at the tunnel floor. The rock matrix was initially set at 65% saturation
and that of the fracture zone was set at 20% saturation (to simulate a drained
fracture). The wetting (saturation) front in the fracture travels a distance of 10 m
(30 ft) in about 0.003 days (4 minutes, Figure 7-3). After this time, the wetting
front travels at a relatively slower rate. However, after 8 days it reaches the lower
boundary of this model which is at 20 meters (66 feet) below the floor of the

tunnel.

Although this model is very simplified, it demonstrates the potential for

propagation of even a slight wetness in a fractured zone.
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Table 7-2 Water usage history in the ESF tunnel.
Cummulative
DATE BEQIN STATION | ENDSTATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
USAGE TO DATE
(METERS) (FEET) (METERS)| (FEET) (FEET) USAGE (GALLONS) 1000s of gal
14014 _Tiva Canyon crystel poor middle noriithophysal zone .0 (L o 0
1+014 Tiva Ganyon arystal poor middle nonlithophysal zone 0 0 0 0
1+069 Tiva Ganyon aystal poor middie nonfithophysel zone 0 0
14082 Tiva Canyon aystal poor middle nonlithophysal zone 43 43 0
14169 Tiva Canyon arystet poor middle nonlithophysal zone 285 328 0
1+ 239 Tiva Ganyon crystal poor middie nonlithophysal zone 1.7 40.5 0
14239 406, "Tva Canyon aystal poor middls nonithophysal zone | o 405 o
1+239 406. Tiva Ganyon arystal poor middle nonlithophysal zone 0 405 0
Treay U as “Tva Ganyon ayetal poor midde naihophysel zone 85 49 of e
14352 4436 Tiva Canyon aystal poor middie nonlithophysal zone 11.2 602 9|
14365 4478 " Tiva Ganyon arysta poor midde nonithophysel zone 645 o
14365 4478 Tiva Canyon arystal poor middle nonlithophysal zone 64.5 0
14365 4478 Tiva Ganyon aystal poor middle nonlithophysal zone 64.5 0
1+ 365 4478 Tiva Garyon arystal poor middie nonlithophysal zone 645 0
14365 4478 Tiva Canyon arystel poor middle nonlithophysal zone 64.5 0
1+365 4478 Tiva Canyon aystal poor middte nonlithophysal zone 645 0
T+448 4751 Tiva Ganyon aystl pocr middis nonithoprysel zone. 1A - 0
44, 1+513 4964 . Tiva Canyon arystal poor middle nonlithophysalzone | | 113 O
] 19 Jan 95 . 1+513 1+553 509.5 Tiva Canyon aystal poor middie nonlithophysal zone 1196 e 0
| 20dan05] 14553 | 14662 | 5453 | Tum Canyon aysia poor miedo noithophysaizone 1315 0
) 21 Jan-95 14662 | 1+662 . _“545 3 Tiva Canyon crystal poor middie nonithophysal zone 1315 9
22Jano5| 14662 | 14662 | 5453 | " Tum Ganyon aysta po midde nonitnophysaizone | 1315 0
23-Jan-95 1+662 1+74.9 5738 Tiva Canyon aystal poor middie nonfithophysat zone 160 [}
24-Jan-95 1+74.9 1+825 598.8 Tiva Canyon aystal poor middie nonlithophysal zone 1849 0
25-Jan-95 14825 1+87.1 6138 Tiva Ganyon aystal poor middle nonlithophysal zone 200 0
_.26~Jan-95 14+87.1 1+88.9 619.8 Tiva Ganyon arystel poor middle noniithopttysal zone 205.9 0
27-Jan-95 1+889 1+889 6198 Tiva Ganyon arystal poor middle nonlithophysal zone 2059 0
. 28-Jan-95) 14889 . 1+889 6198 . Tiva Ganyon crystal poor middle nonfithophysalzone | 0 2059 o
29-Jan-95|  1+8389 14889 6198 Tiva Ganyon aystel poor middle nonfthophysaizone {0 2059 1 O o e
. 30-Jan-95|  1+889 1+980 | .6496 Tiva Ganyon aystal poor lower thoptysaizone | 9.1 2357 0
31-Jan-95 14980 Tiva Ganyon oystal poor lower lithophysal zone 0 235.7 0|BOW RIDGE FAULT
1- Feb 95 .1+980 Tiva Canyon aystal poor lower lithophysal zono 0 2357 | Y Ol RETE 'BOW RIDGE FAULT VOID~
2-Feb-95 1+498.0 Tiva Ganyon arystal poor lower lithophysal zone 0 ] 235.7 0|CONCRETE BOW RIDGE FAULT
3-Feb-95] 14980 Tiva Canyon aystal poor lower kthophysal zone 0 0 235.7 O|CONCRETE BOW RIDGE FA
Tiva Canyon arystal poor lower fithophysalzone | O 0 235.7 0
Tiva Canyon aystal poor lower lithophysal zone 0 0 2357 0
Bow Ridge tautt zone 3.9 128 2485 0
" Bow idgo fautzone To T[T | eass " o[SHOTGRETE VOIDS/BEARING SURFACE
pro Rarier Mosa Tut T3 | e8| essal | of
_pro-RanerMesaTuff 1.1 36 2618 | o
_ pre-Rarier Mosa Tuff . 2619 " o|WEEKEND REPORT
" proRarir Mosa Tt 86 | 1847|2803 "O|WEEKEND REPORT.
.pro-Ranier Mosa Tuff N 280.3 Of o
pre-Ranier Mesa Tuff 43 14.1 2944 0|THRU BOW RIDGE FAULT
pro-Rarier Mesa Tutf 109 330.2 0
pro-Ranier Mesa Tuft 12 3696 | b 0
pre Rk Mosa Tufl 11271 " 3677|4063 0
pre-Ranier Mesa Tut! 406.3 0 N/REPORT
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Table 7-2 Water usage history in the ESF tunnel.
Cummulative
oate | Beam sTaTion | eNpsTATion | END sTATION STRATIGRAPHY ADVANCE | Abvance ESF DALY water | CUMULATIVE WATER COMMENTS
. USAGE TO DATE
1B-Febos| 2L T Tull X° 20 | 4063 [ e e of
19-Feb-95| 24709 24709 826 Tut X" o 0 4063 0
20-Feb-95 2+709 2+73.0 895.7 Tutt X" 21 6.9 4132 0
21-Feb-95 24730 2+828 9278 Tudt "X" 9.8 321 4453 0
22-Feb-95 2+828 2+ 935 962.9 Tt "X" 10.7 35.1 4804 0
23.Feb-05| 24935 34122 10243 Tl X 187 614 5418 0
24-Feb-95| 3+122 3+202 Tutt X" 0
25-Feb-95| 34202 34202 Tt of
26-Feb-95|  3+202 34202 R ol
o7-Febos| 34202 13438 pemure 0
" 28-Feb95| 34381 34491 R of o
1-Mar-95 3+491 3+564 Tiva Canyon vitric zone 0
2-Mar-95 3+564 3+678 Tiva Canyoh crystal rich nonfithophysal zone 0
3-Mar-95 34678 3+678 Tiva Canyon crystal rich nonithophysal zone O|NO TBM OPERATION - MECH. FAIL.
4-Mar-95| 3+678 34678 Tiva Canyon crystal rich nonkthophysal zone O|NO TBM OPERATION - MECH, FAIL.
3+678 Tiva Ganyon crysta rich nonkithophysal zone O|NO TBM OPERATION - MEGH. FAIL.
3+678 A Tiva Ganyon arystal rich ol hysalzone 0
L3+716 ) 12192 f Tiva Canyon crystal rich S L9
3+77.1 Jiva Ganyon crystalrich nonithophysal zone 8 aear e 0
7. 31946 Tiva Canyon crysta rich nonithopysal zona 574 812.1 . -
10-Mar-951 = 3+946 4+108 .....Tiva Canyon Grystal rich Ronfithop fiysal zone S3.1. 8652 . .
11-Mar-95 4+108 4+108 Tiva Canyon arystal rich nonfithophysal zone 0 865.2 0
12-Mar-850 4108 44108 Tiva Canyon crystal rich nonfthephysal zone 0 8652 O[HIGH WATER AT FORTY MILE WAS
13-Mar-95 4+108 44268 Tiva Canyon crystal rich noniithoptysal zone 525 917.7 0
14-Mar-95 4+268 44376 Tiva Canyon crystal rich fithopysal zone 354 953.1 (]
15-Mar-95| 44376 41448 Tiva Garyon crystal poor upper thophysel zone 23 976.1 0
16-Mar-95|  4+44.6 Tiva Canyon crystal poor upper lfthophysel zone 24 1000.1 0
_ 17-Mar-95 4+519 Tiva Canyon crystal poor upper lithophysal zone 39 ..1039.1 o]
18-Mar-95|  4+638 ....Tiva Ganyon crystel poor upper (ithophysel zone 0. 10891 b .
19-Mar-951  4+638 Tiva Canyon arystal poor upper lithophysatzone | 0
... Tiva Ganyon arystal poor upper ithophysalzone 44.6
....Tiva Ganyon crystal poor upper Iithophysal zone 153 1039 .
Tiva Canyon arystat poor upper lithophysal zone 1.5 1106.5 0
Tiva Ganyon crystal poor upper lithophysal zone 417 1148.2 0
Tiva Cat stal poor upper lithophysal zone 30.5 1178.7 o
Tiva Canyon crystal poor uppe lithophysal zone 0 1178.7 0
....Tiva Ganyon crystal poor upper fthophysal zone L0 AL 9
Tiva Ganyon crystal poor upper lithophysel 2one 48.2 12269 .ol
Tiva Canyon crystel poor upper lthophysel zone - 279 1254.8 L9
. Tiva Canyon erystal poor upper lithophysal zone .36 e 12664 9.
. Tiva Canyon crystel poor upper lithophysal zono .28 85 f .. 12789 | 0
Tiva Canyon aystad poor upper fthophysaizone | 08 26 12775 | 0.
Tiva Canyon crystal poor upper lithophysal zone 4] 0 127715 o
Tiva Ganyon crystal pocr upper lithophysal zone 0 /] 12778 0
Tiva Canyon crystal poor upper lithophysal zone 23 75 1285 0
Tiva Canyon aystal poor upper lthophysal zone 05 16 1286.6 0
Tiva Canyon crystal poor upper lithophysal zone 0 4} 1286.6 0
Tiva Canyon arystal poor middle noniithophysal zone 13 43 1290.9 o}
Tiva Ganyon arystel poor middle noniithophysel zone 04 | 13 1292.2 o
Tiva Ganyon aystal poor middie noniithophysal zone 0 0 1292.2 0
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Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE BEQIN STATION | END STATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
USAGE TO DATE
e ennean e e B T e Sy . Ve DENG S, [PTPPIPT . Amn“mm‘ SOOI o
0Apros|  5+585 | 84889 | U873 | T Ganyen cysta por middle moitophysal zone o | o vas2 e ol
10-Apr-95 5+539 5+542 1818 2 Tiva Canyon aystal poor middle nonlithophysal zone 0.3 1 1293.2 0 0
11-Apt-95 5+54.2 5+54.2 18182 Tiva Canyon aystsl poor middie nonithophysal zone 0 0 1293.2 2,750 3
12-Apr-95 5+54.2 5+54.2 1818.2 Tiva Canyon crystal poor middle nonlithophysal zone 0 0 1293.2 4,010 7
13-Apr-95 5+54.2 5+542 1818.2 Tiva Canyon arystal poor middle nonlithophysal zone 0 0 1293.2 1,040 8
14-Apr-95 54542 54542 1818.2 Tiva Canyon aystal poor middle nonlithophysel 2one 0 0 1293.2 2,910 11{72 HR REPORT - WEEKEND
15-Apr-95 5+ 542 5+542 1818.2 ~Tiva Canyon aystal poor middie nonithophysaizone 0 0 1293.2 40| 11|72 HR REPORT - WEEKEND
54542 1" 18182 | Tiva Camyon aystal poor middlo nonithoptysatzone |0 | 0 12932 o 11|72 HA'REPORT - WEEKEND,
54559 | 18238 | Twa Gawon aystal poot madte onitnophyszone | 17 | 788 L Types7 |
18301 | Canyon aystel poor middle nonlithophysel zone 19 13049
18428 | T Canyon crystel poor miad ronitroprysazone | 39 18177
1859 Tiva Canyon crystal poor middle nonlithophysal zone 5.2 . 1334.8
1891.7 Tiva Ganyon aystal poor middle nonlithophysal zone 9.7 318 1366.6
1891.7 Tiva Canyon carystal poor middle nonlithophysal zone 0 0 1366.6
1891.5 Tiva Canyon ¢rystal poor middle nonlithophysal zone 0 0 1366.6
Tiva Cenyon aystal poor middle nonlithophysal zone 94 308 1397.4
sal zone 11.2 36.7 1434t
27 sea | ams |

_ Tiva Ganyon arystal poor lower fithophysal zone

) _T!va Canygn crystalpoa'lower I_thophysal_z_gne B

.......... | 2one

Tiva Canyon arystal poor lower lithophysal zone

Tiva Canyon aystal poor lower fithophysal zone

Tiva Ganyon crystal poor lower kthophysal zona

Tiva Canyon arystal poor lower lithophysal zone

- Tlva Can

1 Canyon aystal poor lower lithophysal zonte

Canyon aystal poor tower thophysat zone
 aystal poor lower fithophysal zone
Tiva Canyon arystat poor lower kthophysal zone

__Tiva Camyon aystal poor lower nonlithophysal zone

Tiva Canyon arystal poor lower nonlithophysal zone

Canyon aystal poor lower ithophysalzone |

Tiva Ganyon arystal poor lower nonlithophysal zone

Tiva Canyon aystal poor lower nonlithophysal zone

zone
Tiva Canyon crystal poor lower nonlithophysal

Tiva Canyon arystal poor lower noniithophysel zone

_Tiva Canyon aystal poor lower nonli\hophysel zone

Tiva Canyon aysnal pocr vitric zone

Tiva Ganyon arystat poor vitric 2one

Tiva Canyon crystal poor vitric zone

Tiva Canyon crystal poor vitric zone

26May95| 8
27-May-95

28-May-95

Tiva Ganyon crystal poor vitric zone
Tiva Canyon crystal poor vitric zone
Tiva Canyon aystal poor vitric zons
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Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE BEGIN STATION | ENDSTATION { END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
USAQE TO DATE
. . o Advancement | | OO S
" Ta Ganyon aysta por i 0 0 22138 Wl
Tiva Canyon arystal poor vitric zone 156 51.2 2265 3,921 185
Bedded Tuffs (induding thin Yucca Mnt member) 156 51.2 2316.2 7,161 192
Bodded Tuﬂs( duding thin Yuoca Mnt member) 23.6 774 2393.6 7,683 199
2-Jun-95 Pah Ganyon 11.4 374 2431 4,377 204172 HR REPORT - WEEKEND
3-Jun-95 Pah Caryon Member 0 0 2431 566 204172 HR REPORT - WEEKEND
4-Jun-95 “pan CamponMomber | 70 "0 2431 of 204]72 HR REPORT - WEEKEND
sun95| panGamyonmemoer 1 411 | 36d |7 24674 das 209
6-Jun-95 . PahCanyonMember |LLAQL b 80 @0 b IOI L ! 213
7-Jun-95( ... Pah Canyon Member 223
_8-dun-95| Pah Canyon Member 23
9-Jun-95 Pah Ganyon Membar 234172 HR REPORT - WEEKEND
10-Jun-95 Pah Ganyor M 236]72 HR REPORT - WEEKEND
11-Jun-95 PahCanyonMember 23672 HR REPORT - WEEKEND
12-Jun-95 . Pah Ganyon Memb 246
13-Jun-95 9+93.1 Pah Canyon Member 258
14-Jun-85| 10+14.4 Pre-Pah Canyon tuffs 266
15-Jun-95 10+322 | 10+506 | 34469 Pre-Pah Canyon tuffs 279 ]
 16-Jun-95| 10+506 opopah Spring crystal rich vitric zone 293{72 HR REPORT - WEEKEND

Topopah Spring crystal rich vitric zone 295 72 HR REPORT- WEEKEND
... Topopah Spring crystatrich vitic zone 295|72 HR REPORT - WEEKEND
Topopah Spring crystal rich vitric zone 305
Topopah Spring crystal sich vitric zone 314
Topopah Spring crystal sich vitric zone 322
. Topopah Spring crystal rich vitric zone 326
23-4un-95 11+16.7 Topopah Spring crystal rich vitric zone 336|72 HR REPORT - WEEKEND
Topopah Spring crystelrich viric zone 34872 HR REPORT - WEEKEND
...Topopsh Spring crystel rich vitic zone ...348|72 HR REPORT - WEEKEND

| 29ungs| 11+

_ Topopah Spring crystal rich vitric zone
_Topopah Spring crystal rich vitric zone

__Topopah Spring crystal rich vitric zone

i isars | e S| e
30-Jun-95 11+379 114379 37333 380[GONVEYOR INSTALLATION
i-ul-as| 114379 114379 37333 382|CONVEYOR INSTALLATION
_2-Jul-9s 11+37.9 114379 37333 ‘!'_gpopah Spring crysta rich vitric zone 382|
3-Jul-95 114379 114379 37333 Topopah Spring crystel rich vitric zone 382
_4-Jul-g5f 114379 11+37.9 37333 _Topopah Spiing crystal rich vitric zone 32
suures| 114379 | 114379 | 37333 Topopah Spring aystal ichvisiczone | 0|0 T aieae | g eAg T ‘385
6-Jul95| 1143798 | 11+ 379 37333 Tapopah Spring crystel rich vitric zone . . 3871
7-Jul- 95 114379 o1 +379 37333 Topopah Spring crystal rich viticzone 0 1 31636 | 315 .390]
8-Jul-95(  11+37.9 _Topopah Spring arystal richvitie zone o 393
114379 Topopah | crystal rich vitric zone 0. Lo o mese B8O 394
114379 Topopah Spring crystal rich vitric zone 0 0 397
11+37.9 Topopah Spring crystal rich vitric zone 0 0 400
114379 .. Topopah Spring crystal rich vitric zone 0 0 402
114379 Topopah Spring arystal rich vitric zone 03 1 405
114382 Topopah Spring aystalichviiezone {0 | O 409
11+38.2 Topopah Spring crystal rich vitric zone 0 0 412
16- 114382 Topopah Spring crystal rich vitric zone 0 o 1. 412
17-Jul-95 11438.2 Topopah Spring crystal rich vitric zone 108 35. 419
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Table 7-2 Water usage history in the ESF tunnel.

Gummulative
oate | Beam sTaTion | enpstaTion | enpstation STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CGUMULATIVE WATER COMMENTS
USAQE TO DATE
18-Jul-85|  11+49.0 11+548 | 3789 .. TopopahSpring rystel richviticzone 59 | 194 | 32194 e B005]
19-ul-95!  11+54.9 112591 3802.3 Topopah Spingoystaiichviiczone | 42 | 138 |} 32332 4,751

20-00i-95] 11 +59.1 114628 3815 Topopeh Spring arystel rich i 37 121 3245.3 6643
21-ui-95| 114628 114644 38202 Topopah Spring crystel rich vitri zone 1.6 52 32505 6,917

22-Jul-95 114644 11+644 3820.2 Topopah Spring crystal rich vitric zone 0 0 3250.5 2,210

23-Jul-95 11+644 11+644 3820.2 Topopah Spring crystal rich vitric zone 0 ) 0 32505

24-Jul-85] 11+ 644 114682 38327 | " Topopah Spring aystal rich viviczone 8 | 125 ] 3263
_25Jul-95{ 1i+882 | 114719 38448 " Topopan Spring aystel rich vitrio zone 121 1 8275
2695 114719 11+74.0 3851.7 Topopah Spring crystal rich 3282

3282

27-0ul95] 114740 | 114740 38517 | Topopan Spring cystal 8!
3282
3282

3282

28-Ju-95| | 11+740 | 114740 | " 38517 . Topopah Spring aystal rich vivic zone

29-Jul-95 11+740 114740 3851.7 Topopah Spring crystal rich vitric zone
3293.8
3303.6

33121 15,020

30-Jul-95| 114740 114740 3851.7 Topopah Spring crystal rich vitric zone
_31-Jul-95 11+740 114776 38635 Topopah Spring arystal rich vitric zone 3.6
1-Aug-95 114776 11+806 38734 Topopah Spring crystal rich vitric zone
2-Aug-95 11+80.6 11+832 38819 | Topopah Spring crystal rich vitric zone
"3-Aug-9s|” 114832 | 114876 | 38963 Topopah Spring aystai ich viticzone aazes [TTTTTHess0l
.4-Aug-95( 11 - 114912 3908.1 Topopah Spring arystel Aich vitriczona 33383 6,680
133383 e
sat67 | . 2299
3480.7 25,325
3566.3 33,585

|72 HRREPORT - WEEKEND

0[Began using UG conveyor system

8-Aﬁg-95 12+ 346 4050.5 o Topopah Spring crystal rich nonlithophysal zone 195
9-Aug-95 12+61.0 4137.1 Topopah Spring crystel rich nonlithophysalzone 1 26.1

5-Aug-95 1M+912 ) 890871 " Topopan spring aystal ichviriczone |
3569.6 4,677

10-Aug-95 155817 41304 Topopah Spring crystal rich nonithophysel zone TEM backed up for maintenance

“6-Augas| 11 114912 39081 Topopah Spring aystal rich vitric zone o
3569.6 1,328

11-Aug-95 12+61.7 41394 Topopah Spring crystal rich nonfithophysal zone

7-Aug-95] 11 124151 | 39865 Topapah Spring crystal ich nonithophysaizone | 239
35696 437

12-Aug-85 124617 41394 Topopah Spring crysta rich nonlithophysal zone

13-Aug-95 41394 Topopah Spring crystal rich nonlithophysal zone
14-Aug-95 7 41394 Topopah Spring crystel rich nonlithophysal 2one

16-Aug-95| 12+ 41394 | Topopah Spring arystal rich nonithophysel zone
N7-Aug-85) 121 41394 Topopah Spring crystel rich nonifthophysel zone
18-Aug-95 ..41394 1 Topopeh Spring crystal rich nonliithophysal zone
19-Aug-95| 41394 Topopah Spring crystal rich nonlithophysal zone

ooocoooooiol]

1
V]
0
0
15-Aug-95 124617 41394 | """ Topopah Spring crystarch nonithophyselzone | 0
0
0
0
0
0

20-Aug-95 41394 Topopah Spring crystel rich nonlithophysef zona
. 21-Aug-95 42005 Topopah Spring crystal rich nonlithophysal zone 18.6
22-Aug-95 Topopah Spring arystal rich noplithophysalzone 106 1
23-Aug-95 ithophyselzone | 11.1 364

]
prd

w
:h
o

24.Aug-95| . o  noniithophysel zone 1. s=2 17.1
25-Aug-95|  13+07.2 .......Topopsh Spring crystal rich nonlithophysal zone 114 374
26-Aug-95)  13+1886 ......Topopeh Spring crystal rich nonithophysalzona | 0 0
,27-Aug-95| 134186 | 13+ . Topopah Spring crystal rich nonthophysalzone | O | O
28-Aug-85| 13+18.6 Topopah Spring cryst rich nonfithophysal zone (123 1 404
29-Aug-95)  13+309 Topopah Spring orystalrich nondithophysel zone
_.30-Aug-95]  13+483 Topopah Spring crystal rich nonithophys
..31-Aug-95| = 13+69.0 Topopah Spring crystel rich nonlithophysal zone 458 150.3
. ..1-Sep-95]  14+14.8 47625 ...........Yopopah Spring crystal rich noniithophysel zone ...368 | 1207
47625 Topopah Spring crystal rich nonlithophysel zone 1.0 0
4762.5 . Topopah Spring crystd rich nonlithophysal zone 0 0
- . 1. 47625 _ Topopah Spring crystal sich nonfithophysel zone 0 [+}
14 +51.6 14+ 958 4907.5 Topopah Spring crystal rich nonlithophysal zone 44.2 145

Multimedia Environmental Technology, Inc. Page 48
eefdb2 xis 11/4/96
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Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE | G sTATION | END STATION | END STATION STRATIGRAPHY ADVANGE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
USAQE TO DATE
144958 Booss | chronthoohysazone | 303 | "ee4 | asso | asgsel U emni T
144+ 26.1 51198 Topopah Spnng crystd rich nonlithophysel zone 113 4493 43,190 100
15+ 60.5 51198 Topopah Spring crystal rich noniithophysal zone 0 4493 1,322 1,022
154605 5119.8 Topopah Spring crystal fich nonithophysal zone 0 4493 198 1,022
15+ 605 5119.8 Topopah Spring crystal rich nonlithophysal zone 0 4493 . 1,022
15+ 60.5 5208 Topopah Spring aryst fich nonlithophysal zone 88.3 45813
. 15+874 53186 Topopah Spring crystal rich nonithophysalzone . f 33 L1106 | 46919
5417.3 988 4790.7
55059 | ..886 | 48793
5500.2 . 843 49636 | o
________ 85902 | " e ] o | asese o
5590.2 Topcpeh Spdng u'ysm rich mdnhophysal zone 0 0 4963.6
5626 Topopah Spring crystal rich nonlithophysal zone 109 358 4999.4
57375 Topopeh Spring arystal rich lithophysal zone 34 111.5 51109
5860.9 Topopah Sprlng crystal rich Iithophysal zone 37.6 1234 5234.3
5967.5 325 106.6 5340.9
60784 | .. TopopahSpring crystel poor upper lithoptysalzone | 338 | 1109 | 54518 1 . 39426 1,808) o e
60784 0 0 54518 . 19274) 1379
60784 ,
.. 61213  Topopeh Spring crystal poor upper littophysal zone
40722 Topopah Spring crystal poor upper fithophysalzone |
6313.3 Topopah Spring crystal poor upper lithophysal zone
64045 Topopah Spring crystal poor upper lithophysal zone

Topopah Spring crystal poor upper lithophysal zone
Topopah Spring crystal poor upper lithophysal zone
Topopah Spring arystal poor upper lithophysal zone
Topopah Spring crystal poor upper lithophysalzons  §
___Topopah Spring crystaf poor lithophysad zone )
__Topopah! Spnng aystal poor upper Iithopww one |

. I‘?P‘.’P"".
Topopah Spnng aystsl poor I.ppef lnhophysd z0m0
Topopah Spring arystel poor upper lithophysal zone

ropopah Spring crystal poor upper lithophysal zone
opopah ; Spn'ng crystal poor upper Ilthophysd zone

Tb,wa" Spring crystat pocr upper lithophysal zone
Topopah Spring crystal poor upper lithophysal zone
Topopah Spring crystal poor upper lithophysel zone
Topopah Spring crystal poor upper lithophysal zone
Topopah Spring crystal poor upper lithoptrysel zone ) e e e v
Topopan Spring crystal poor Upper ithophyzal zone 0 I T N

""23.0ct95] 23+468  Topopah Spring crystal poor upper lithophysel zone 28 | 918 6855.1 20214 1,994
24-Oct-95| 234748  Topopah Spring crysted poor upper lithophysel zone 321 | 105 - 69604 81340 2,025
25-0Oct-95 24 +06.9 Topopah Spring crystal poor upper lithophysal zone 21.1 , 7029.6 28,100 2,053
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Nye County Nuclear Waste Repository Project Office Annual Report - FY 1995/1996

Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE BEGIN STATION | END STATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
. USAGE TO DATE
26-0ct-95| 24+280 | 244625 | so7O Topopeh Spring crystal paor upper lithophysal zone 345 | 1132 71428 - 33,1%0| 2,087
.27-0ct-95] 24+ 625 24 +89.3 8167 Topopsh Spring crystal paor upper lithophysal zone .68 87.9 . Tesey 33,404 2 20] i ]
28-Oct-95| 24+89.3 24 +89.3 8167 Topopah Spring arystal poor upper lithophysal zone o 0 72307 0 2,120
29-Oct-95] 24 +89.3 24 +89.3 8167 Topopah Spring crystal poor upper lithophysal zone 0 0 7230.7 2,120
30-Oct-95| 244893 25+ 16.9 82575 Topopah Spring crystel poor uppef litophysal zone 276 90.6 73213 36,816 2,157
31-Oct-95 25+16.9 25+38.6 8328.7 Topopah Spring crystal poor upper fithophysal zone 217 7.2 73925 2,183
1-Nov-95| "~ 351386 25+71.0 8435 i x wperlithoptysaizone | 824 '} 1063 | 74988 22z T
2Nov-95| 254710 | 0.9 | 8533 wperlthoprysaizone | - 209 | 981 | 75969 '} | 2,261
. 3Nov-95|" 264009 | 264301 86289 | Topopan ..292 958 76927 2,296
4-Nov-95| 26+ 30.1 8628.9 ; R R A 2,29
5:-Nov-95 26 +30.1 ..8628.9 Topopah Spring crystalpoor upper lithophyseizone | 0 0 ..J).768927 . : 2,296
6-Nov-95| 26 +30.1 8709.6 Topopah Spring crystal poor upper lithophysal zone 82 26.9 77196 33,085 2,329
________ 7-Nov-95| 26+54.7 as11 Topopah Spring arystal poor upper lithophysal zone 309 1014 7821 36,895 2,366
8-Nov-95| 26 +86.6 89114 Topopah Spring crystal poor upper lithophysal zone 306 1004 79214 39,180 2405
9-Nov-95 27 +16.2 K 8956.7 Topopah Spring crystal poor middie nonlithophysal zone 13.8 453 7966.7 32,190 2,4371Proposed Repository Horizon
.. 10-Nov-95 27 +30.0 27 +30.0 Topopah Spring arystal poor middle nonlithophysel zone 0 0 7966.7 0 2,4371{Proposed Repository Horizon
T 11-Nov-95| 27 +30.0 27+30.0 Topopah Spring crysta poor midd nonithepiyselzone | "0 1770 C - A I | B 2,437|Proposed Repository Horizon
. 12:-Nov-95| 27 +30.0 27 +30.0 0 0 LA A IR I 2,437|Proposed Repository Horizon
13-Nov-95| ~ 27+30.0 | 274550 {25 ] ez | eoas7 Th 2670 2,463|Proposed Repository Horizon
14-Nov-85] 274550 | 27+905 Topopah Spring crystal poor middle nonlithophysal zone 355 1165 | 81652 | 39,460 2,503|Proposed Repository Horizon
15Nov-05| 274905 | 284178 Topopah Spring aystal poor middle nortthoptysaizone | 273 | 896 | < 82548 i 34,930 .2,538|Proposed Repasitory Horizon
16-Nov-95] 28+178 28 +46.3 Topopah Spring crystal poor middle nonlithophysel zono 285 | 935 8348.3 38,105 2,576|Proposed Repository Horizon
17-Nov-95 284463 284768 Topopah Spring crystal poor middie nonlithophysal zone 305 100.1 84484 40,057 2,616|Proposed Repository Horizon
18-Nov-95 28+768 28+76.8 Topopah Spring arystal poor middte nonlithophysal zone 0 0 84484 [Y) 2,616]|Proposed Repository Horizon
19-Nov-95| 284768 28476.8 Topopah Spring crystal poor middle nonlithophysal zone Y] 0 84484 2,616]Proposed Repository Horizon
20-Nov-95 28+76.8 29 +06.9 Topopah Spring aystal poor middie nonlithophysal zone 30.1 98.8 8547.2 37,463 2,653 |Proposed Repository Horizon
.21:Nov-95} 29 +06.9 29+436 Topopah Spring crystel poor middie nonlithophysal zone 367 | 1204 | 86678 . 37,883
(20:Nov-95 294436 | '204568 |~ 97008 | Topopan Spring aystal poor midde nonithoptysaizone | 132 433 87109 17,437
| 23.Nov-95| 294568 29+568 Topopah Spring crystal poor middle nonlithophysal zone 0 .0 87109 0 _ 2,708|Proposed Repository | Horizon i
24-Nov-65| 294568 | 284568 [ 97 . Topopah Sping crystl poot mids porithophysel zone 0 o | 87109 R | I ..2,709|Proposed Repository Horizon
B 25 Nov-95 29+568 | 29+568 o 0 87109 0 Proposed Repository Horizon
26-Nov-95  29+568 294568 rmiddie nonithophyss 2 0 o | sree T R 2,709|Proposed Repository Horizon
27-Nov-95 294568 294946 Topopah Spdng crystal poormiddls physel zone 378 124 88349 40,773 2,749|Proposed Repository Horizon
. 28-Nov-85 204946 30+316 Topopah Spring arystal poor middle nonlithophysal zone 37 1214 8956.3 39,232 2,789|Proposed Repository Horizon
_____ 29-Nov-95| 30+316 30 +80.1 Topopah Spring crystal poor middis nonith J 485 159.1 91154 49,880 2,839|Proposed Repository Horizon
30-Nov-85| 30+ 80.1 314174 Topopah Spring crystel poor midda nonlithophysal zone | 368 | 1207 9236.1 42375 2,881|Proposed Repository Horizon
. 1-Dec-95| 31+174 31+75.1 Topopah Spring aystal poor middie nonlithophysal zone 57.7 1893 94254 69,135 2,950|Proposed Repository Horizon
"2Decds| 314751 | 3a781 |7 Topopah Sering crystal poor midde nonithoptyselzone | O 0 o454 e 2,950lProposed Repository Horizon |
3-Dec-95|  31+75.1 Topopah Spring crystal poss middie nonithophyselzone | 0 9 94254 S
4-Dec-95 31+75.1 Topopah Spﬁng aystal poornidda nonlithophysd zone /] 0 94254 92658
5Dec-95  31+751 . e e | eaesa | T aess)
6-Dec-95| 31 +75.1 Topopeh Spring crystal pocr middle nonithophysal zone L0 B A I 94254 I 1,260
7-Dec-95 31+75.1 Topopah Spring arystal poor middle nonlithophysal zone 0 0 94254 289
8-Dec-95 314+75.1 Topopah Spring arystal poor middie nonlithophysal zone 0 0 84254 891 2,963|Proposed Reposlt_gljym!jqr_i;_qn
8-Dec95| 31+75.1 Topopeh Spring crystel poor middte nonlithophysal zone 0 0 94254 0 2,963|Proposed Repository Horizon
10-Dec-95] 31 +75.1 Topopah Spring crystel poor middie nonlithophysal zone 0 0 94254 2,963|Proposed Repository Horizon
.11-Dec-85}  31+75.1 .. Topopah Spring crystel poor middia nonlithophysal zone |~ 94 1 304 | 94558 25,010 2,988|Proposed Repository Horizon
12-Dec-95] 31+845 _ Topopah Spring crystat poor middle nonlithophysal zone 414 135.8 959t | 39,7001 ... .3,028!Proposed Repository Horizon
13-Dec-85| 324259 _ Topopah Spring arystal poor middle nonlithophysaizone | 42.1 138.1 97297 }\  44422) ~ 3,073|Proposed Repository Horizon
14-Dec-95 32 +68.0 Topopah Spring crystal poor middie nonlithophysal zone 458 150.3 9880 45,653 3,118|Proposed Repository Horizon
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Nye Gounty Nuclear Waste Repository Project Office Annusl Report - FY 1995/1996
Table 7-2 Water usage history in the ESF tunnel.
Cummulative
DATE | BEGIN STATION | ENDSTATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE EsF DAILYWATER | CUMULATIVE WATER COMMENTS
Advancement USAQE TO DATE
1_5'-[)9:;-9_5 - 33+ 138 | 33+448 109738 |  Topopeh Spring aystalpoormdd!e nomt_r_ygphysd zone 1 101.7 | 99817 — agostl| = ] 3 167 Proposed Reposltoty Horizon o
16-Dec-95| 33+448 33+448 10973.8 Topopah Spring crystal poor middle nonlithophysaizone | 0 0 9981.7 0 3,167IProposed Repository Horizon
17-Dec-95| 33+448 33+448 10973.8 Topopah Spring crystal poor middie nonlithophysalzone | 0 0 99817 3,167{Proposed Repository Horizon
18-Dec-95 334448 334785 11084.3 Topopah Spring crystal poor middle nonlithophysal zone 337 1106 10092.3 41,396/ 3,209{Proposed Repository Horizon
19-Dec-95] 33+785 33+89.7 111211 Topopah Spring crystal poor middle nonlithophysal zone 11.2 867 10129 24,138 3,233|Proposed Repository Horizon
34 +16.9 112103 Topopah Spring crystal poos middte nonlithophysal zone 272 | 892 10218.2 44,340 3,277|Proposed Repository Horizon
344507 _ Topopah Spring crystal poor middle nonlithophysal zone B b 102182 53407) 3,330|Proposed Repository Horizon
22.Dec 9t 7344692 | 711879 | TopopanSpring cystal poor midde nonitoptysaizone | 185 | 203 | 102385 44083 " '3,375|Proposed Repository Horizon """
23-Dec-95| 34+469.2 34 +69.2 11379 Topopah Spring crystal poor middle nonlithophysel zone 0 102385 3,375|Proposed Repository Horizon
24-Dec:95| 34 +69.2 n Topopsh Spring crystal poor middte noniithophysel zone .0 Lroses o O 3,375|Proposed Repository Horizon
25Dec95! 34 +69.2 Topopah Spring crystel poor middte nonfithophysel zone 0 102385 ...3.375|Proposed Repository Horizon
26-Dec-95 34 +69.2 Topopah Spring crystal poor middte nonlithophysal zone 10355 3,430{Proposed Repository Horizon
27-Dec-95 35+ 04.7 Topopah Spring crystal poor middle nonlithaphysal zone 10388.1 3,463|Proposed Repository Horizon
28-Dec-95| 35+19.7 . Topopah Spring crystal poor middia nonlithophysal zone 104094 3,484|Proposed Repository Horizon |
29-Dec-95 35+26.2 116578 Topopah Spring crystal poor middle nonlithaphysal zone 10498.3 3,524 Proposed Repository Horizon
 30-Dec-95 11657.8 Topopah Spring crystal poor middle nonlithophysal zone 10498.3 3,524 Proposed Repository Horizon
116578 | Topopah Spring crystal poor middie nonlithophysal zone 3,524{Proposed Repository Horizon
11657.8 | Topopah Spring arystal poor middle nonithophysal zone .3.524|Proposed Repository Hotizon
2-Ja 11776.2 Topopah Spring crystal poor middle nonlithophysal zone 3,524}Proposed Repository Horizon
3-Jang6| 118766 |Proposed Repository Horizon
4-Jan-96| 11957.7 B 4|Proposed Repository Horizon
5-Jan-96 120548 Topopah Spring crystal poor middia nonlithophysal zone Proposed Repository Horizon
6-Jan-96 120548 Topopah Spring crystal poor middie nonlithophysal zone Proposed Repository Horizon
7-Jan-96 12054.8 Topopah Spring arystal poor middle nonlithophysal zone Proposed Repository Horizon
8-Jan-96 12232.9 Topopah Spring crystal poor middie nonlithophysal zone 178.1 Proposed Repository Horizon
9-Jan-96 X 12356 Topopah Spring crystal poor middie nonlithophysal zone 123 Proposed Repository Horizon
. 10-dan-96| 37+66.1 ...124544 | Topopah Spring crystal poor midde nonfithophysel zone 984 Proposed Repository Horizon
_1-an-96) 37 125538 | | Topopah Spring arystal poor micdto nonlfthophysaizone | 994 524|Proposed Repository Horizen
12-Jan-96|  38. 126037 Topopah Spring arystal poor middie nonthophyssizone | 15.2 |} 49.9 4|Proposed Repository Horizon
_13-Jan-96| 3¢ - 12603 7 .| Topopah Spring crystal poormidda nonlithophysel zone 0 Proposed Repository Honzonv
14-Jan-96 .1ze07 | 0. 4|Proposed Repository Horizon
15-Jan-96| 12603.7 . L0 4Proposed Repository Horizon
16-Jan-96 1272097 Topopah Spring crystal poor middle nonithophysel zone 125 Proposed Repository Horizon
17-Jan-96] 38 +¢ 12777.2 Topopah Spring crystal poor middle nonlithophysal zone 476 Proposed Repository Horizon
18-Jan-96 12777.2 Topopah Spring crystal poor middle nonlithophysal zone 0 Proposed Repository Horizon
19-Jan-96 127177.2 __Topopah Spring crystal poor middie nonlithophysal zone ] Started Thermal Alcove Excavation
__20~jan-96| 12777.2 Topopah Spring crystal poor middie nonlithophysal zone 4] Proposed Repository Hop;gn
21-Jan-96 12777.2 Topopah Spring crystel poor middle nonlithophysal zone Q Proposed Repository Horizon —
_22Jan96| 127772 Topopah Spring crystal poor middie nonlithophysel zone 0
23-Jan-96| 127772 | Topopah Spring arystal poor middia nonlithophysal zone | Lo
. 24-Jan-9%6 127772 1 | Topopah Spring aystal poor middie noniithophysalzone | 0.
25.Jan-96 ... ..|.. Topopah Spring crystel poor middie nonlithophysaizone | o
) ‘___26 Jan-96 12998 Topopah Spring crystal poor middle nonlithophysal zone 899 X
" "27-Jan-96 12998 Topopah Spring crystal poor middie nonlithophysal zone 0 3,524 |Proposed Repository Horizon
. __28 Jan 96 12998 Topopah Spring aystal poor middie nonlithophysal zone 0 3,524 |Proposed Repository Horizon
29-Jan 96 13062 | Topopsh Spring crystal poor middle nonlithophysal zone . ALCLPLAN I : .. 3,573|Proposed Repository Horizon
. 30-Jan-96 . 131795 | " Topopan Spring arystel poor middie nonithaptysal zone LS isoez | s4rest . 3,628|Proposed Repository Horizon
31-Jan-96 -17. 132733 Topopah Spring crystal poor middie nonlithophysal 20m0 46.9 11856.1 ) 32, 265 ) '3,660]Proposed Repository Horizon
1-Feb-98| 40+457 40+58.0 133136 Topopah Spring crystal poor middle nonlithophysal zone 404 118965 { 40,280 3,700|Proposed Repository Horizon
2-Feb-96 40 + 58.0 40 + 68.0 13346.5 Topopah Spring crystal poor middle nonlithophysal zone 328 11929.3 31,180 3,731|Proposed Repository Horizon
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Nye County Nuclear Waste Repository Project Office

Annual Report - FY 1995/1996

Table 7-2 Water usage history in the ESF tunnel.

Cummulative
oate | seam sTATION | ENDSTATION | END STATION STRATIGRAPHY ADVANGE | ADVANGE ESF DALY WATER | CUMULATIVE WATER COMMENTS
. R USAQE TO DATE
3Feb96| 404680 | 404680 | 133465 |  TopopanSpring Gystel poor midde nonithopysal zone 0 L0 ). 119293 of 3,731
4-Feb-96| 40+ 68.0 40 + 68.0 13346.5 Topopah Spring crystal poor middle noniithophysal zona 0 0 11929.3 3,731
5.Feb-96| 40 +68.0 40+858 13404.9 Topopah Spring crystal poor middle noniithophysal zone 178 584 11987.7 41855 3,773|Proposed Repository Horizon |
40 +85.8 40+ 97.0 13441.6 Topopah Spring aystal poor middle nonlithophysal zone 11.2 36.7 12024.4 21,685 3,795|Proposed Repository Horizon
40+ 97.0 41+ 35.0 13566.3 Topopah Spring crystel poor middle nonlithophysal zone 38 124.7 121491 64,390 3,859|Proposed Repository Horizon
41+ 35.0 414443 13596.8 Topopah Spring crystel poor middie noulmophyses z0na 9.3 305 12179.6 30,327 3,890|Proposed Repository Horizon
414443 41+59.2 13645.7 149 48.9 122285 36811 3,927|Proposed Repositery Horizon
414592 411592 13645.7 Topopsh Spring arystal poor middie nonithophysel zone 0 .o L 122285 ol Proposed Repository Horizon
414592 414592 13645.7" | Topopsh Spring aystal poor middie nonithoptysalzone | 0. o 122285 3,927|Proposed Repository Horizon
41+592 414692 1 3678 S | . Topopah Spring crystal poor middie nonlithophysalzone | 10 328 122613 39,957 3,967 |Proposed Repository Horizon
41 +69.2 414902 137474 Topopah Spring crystal poor middle nonlithophysel zone | 21 68.9 128302 64,275 4,031iProposed Repository | Horizon
41+90.2 42+274 138694 Topopah Spring crystal poor middie nonlithophysal zone 372 122 12452.2 43,840 4,075|Proposed Repository Horizon
424274 42 +35.1 13894.7 Topopah Spring crystal poor middle nonlithophysal zona 7.7 253 124775 11,160 4,086]Proposed Repository Horizon
42+ 35.1 42 +43.7 13922.9 Topopah Spring crystal poor middle nonlithophysal zone 8.6 28.2 12505.7 44,702 4,130i{Proposed Repository Horizon
42 +43.7 42 +43.7 13922.9 Topopah Spring crystal poor middle norfithophysal zone 0 0 12505.7 0 4,130|Proposad Repository Horizon
42 +43.7 42+43.7 139229 Topopah Spring crystal poor middle nonlithophysal zone 0 Proposed Repository Horizon
424437 | 42+437 139229 Topopah Spring arystal poor middie nonlithophysal zone 0 130|Proposed Repository Hotizon
424437 424437 | 139229 " |" “Topopah Spring rystel poor middle ponithophysaizone | 0 1153Proposed Repository Horizon
424437 ] 424510 139469 | Topopah Spring crystal pocr middie nortthoptyssizone | 7.3 Proposed Repository Horizon
... Topopah Spring crystal poor middie nonithoptysaizone | 6|Proposed Repository Horizon
424859 42+96.6 140965 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
42 + 96.6 42 +96.6 14096.5 Topopah Spring crystal poor middie nonlithophysal zona Proposed Repository Horizon
42+ 96.6 42 4 96.6 14096.5 Topopah Spring arystal poor middle nonlithaphysal zone Proposed Repository Horizon
42+96.6 43+13.1 14150.6 Topopah Spring crystal poor middie nonfithophysal zone Proposed Repository Horizon
43 + 131 14180.1 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
43+ 221 142828 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
43+534 143419 Topopah Spring arystal poor middie nonlithophysal zone 3|Proposed Repository | Horizon R
L 434714 143934 Topopah Spring aystal poor middte noniithop S
.43 + 87 1 143934 . Topopah Spring crystal poor middte nonlithophysel zone 6|Proposed Repository Horizon
43+87.1 143934 Topopah Spring arystal poor middie nonithophysal zone 6|Proposed Repository Horizon
14446.5 Topopah Spring crystel poor middle nonfithophysal zone 3| Proposed Repository Horizon
14492.1 .Topopah Spring crystal poor middie nonlithophysal zone Proposed Repository Horizon
. 145413 Topopah Spring crystal poor middle nordithaphysal zone Proposed Repository Horizan
44 +36.7 14556.1 Topopah Spring crystal poor middte nonlithophysal zone Proposed Repository Horizon
44 +54.3 14613.8 Topopah Spring arystal poor middle nonlithophysal zone Proposed Repository Horizon
44+ 543 146138 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
444+54.3 14613.8 _Topopah Spring crystel poor middie nonlithophysal zone Proposed Repository Horizon
444653 | 146503 . Topopah Spring crystal poor méddse nonlithophysal zone Proposed Repository Horizon
) 444804 14699.5 Topapah Spring crystal poor middh i 8{Proposed Repository H:
454051 | " 147805 Proposed Repository H
. o} . Proposed Repository Horizon .
454243 | 45+399 148947 Topopah Spring crystel poor middle ponithoptysalzone | Proposed Repository Horizon
45+39.9 45+39.9 14894.7 Topopah Spring aystal poor middle nonlithophysal zone Proposed Repository Horizon
45+39.9 A4S +39.9 148947 Topopah Spring crystal poor middie nonlithophysal zone Proposed Repository Horizon
45+399 45 +59.7 14959.6 Topopah Spring crystal poor middie nonlithophysal 2one 98 5|Proposed Repository Horizon
45 +59.7 45+ 756 15011.8 Topopah Spring crystal poor middie nonlithophyselzone | 159 Proposed Repository Horizon
45+75.6 45+93.4 15070.2 Topopah Spring crystal poor middte nonlithophysal zone Proposed Repository Horizon
- 45+934 46+23.0 15167.3 Topopah Spring crystal poor middte nonlithophysal zone Proposed Repository Horizon
22-Mar-96] 46+23.0 46 +23.0 15167.3 |  Topopah Spring crystal poor middie nonfithophysel zone l{Proposed Repository Horizon
23-Mar-96 46 +23.0 46+230 15167.3 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
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Table 7-2 Water usage history in the ESF tunnel.

. ssopdi &

Proposed R Horizon B

TopcpahSpﬂngcryswpoornﬂ .noditmphysalzone i

Cummuiative
DATE BEQIN STATION | END STATION | END STATION STRATIGRAPHY ADVANGE | ADVANCE DAILY WATER CUMULATIVE WATER COMMENTS
USAQGE TO DATE
24.Mar96] 46 +230 | 464280 | 151673 | Topopah Spring aysta poor midde noniithopysal zone | o 1 0. : ) ~ 5,024|Proposed Repository Horizon
25-Mar-96{ 46 + 23.0 46 +23.0 15167.3 Topopah Spring crystal poor middle nonlithophysal zone 0 0 13539.8 1,683 5,025|Proposed Repository Horizon
26-Mar-96 46 4+ 23.0 46 +23.0 15167.3 Topopah Spring crystal poor middle nonlithophysal zone 0 0 135388 20,872 5,046{Proposed Repository Horizon
46 4 23.0 46 +30.3 15191.3 Topopah Spring crystal poor middle nonfithophysal zone 7.3 24 13563.8 46,250 5,092|Proposed Repository Horizon
46 +47.9 46 +60.6 15290.7 Topopah Spring aystal poor middle nonfithophysal zone 127 41.7 13605.5 44,280 5,137|Proposed Repository Horizon
46 + 60.6 46 + 68.6 15316.9 Topopah Spring arystal poor middle nonlithophysal zone 8 26.2 13631.7 44,400 5,181|Proposed Repository Hotizon
15316.9 Topopah Spring crystal poor middle nodlthophysal zone 0 .0 13631.7 _5,181|Proposed Repository Horizon
..153169 0. L0 5,181 |Proposed Repository Horizon
15369.1 159 52.2 683. 5,214{Proposed Repository Horizon
Lasassy L 203 | 66.6 ghas .. 5,258]Proposed Repository Ho
155125 234 | 768 13827 5,318|Proposed Repository Horizon
15609.6 Topopah Spring arystal poor middie nonlithophysal zone 29.6 97.1 13924.4 5,365|Proposed Repository Horizon
157041 Topopah Spring arystal poor middle nonlithophysal zone 288 94.5 140189 5,422|Proposed Repository Horizon
15704.1 Topopah Spring crystal poor middte nonlithophysal zone 0 0 14018.9 5,422|Proposed Repository Horizon
15704.1 Topopah Spring arystal poor middie nonlithophysal zone Proposed Repository Horizon
15768.7 Topopah Spring crystal poor siddle nonlithophysal zone Proposed Repository Horizon
15808.4 __Topopah Spring crystel poor middle nonlithophysl zone Proposed Repository Horizon
15884.8 2| Proposed Repository | Horizon

. Topopah Spring aryste poos middle nonlithophysel zone. Lo C ...‘°")‘ H°"l°" e
Tapopah Spring crystal poor middle nonlithophysal zone 0 Proposed Repository Horizon
Topopah Spring crystal poor middie nonlithophysal zone 0 Proposed Repository Horizon
Topopah Spring aystal poor middle noniithophysel zone 0 Proposed Repository Horizon
Topopah Spring crystal poor middte noniithophysal zone "] Proposed Repository Horizon
Topopah Spfing aystal poor middie nonlithophysal zone 0 Proposed Repository Horizon
0 Proposed Repositery Hori
0 Proposed Repository Horizon
0 4|Proposed Repository Horizon
0iProposed Repository Horizon
Proposed Repository Horizon
el . pa P 3B S Proposed Repository Horizon
16247.4 Topopah Sprmg aygtd poor middle nonlithophysal zone Proposed Repository Horizon
16326.8 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
163268 Topopah Spring crystal poor middle nonlithophysal zone Proposed Repository Horizon
16326.8 Topopah Spring crystal poor middie nontithophysal zone Proposed Repository Hotizon
163268 | Topopah Spring orystal poor middio noniithophysel zone N Proposed Reposito 1200 s
16547 2 _ Topopah Spring crystel poor middle nonlithophysalzone | 36 Proposed Repository zon

Topopah Spring crystal poor middie nonllthophysnl zone

307 [Proposed Repository Horizon

1575'7 4 B Proposed Repository Horizen
.15351 2 1. " . Proposed Repository H°"¥°F!..... e
168612 Topopeh Spnng otystd poor mlddle nonllmophysd om0 0|Proposed Reposit on_‘
16861.2 Topopah Spring crystal poor middle noniithophysel 2one Proposed Repository

16938.6 Topopah Spring crystal poor middie nonlithophysel zone Proposed Repository Horizon
170814 Topopah Spring aystal poor middle nonlithophysel zone Proposed Repository Horizon
17185.7 Topopah Spring crystal poor middie nonlithophysel zone Proposed Repository Horizon
904 L 17292.7 | | Topopeh Spring crystal poor middie nonithophysal 2 2|Proposed Repository Horizon
. 172927 Topopah Spring crystal poor middie nonlithophysal zone Proposed Repository Horizon
. AL 17292,7 | Topopah Spring crystal poor middle nonlithophysl zone 3| Proposed Repository Horizon
12-May-86 52+ 708 52+70.8 17292.7 Topopah Spring orystal poor middie norithophysal zone Proposed Repository Horizon
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Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE BEQIN STATION | END STATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
Advancement USAQE TO DATE
13May96| 524708 | 524831 | 17333 | Topopah Spring crystal poor midde nonithophysaizone | 123 155452 aa67| . 6,377|Proposed Repository Horizon
14-May-96| 52 +83.1 53+04.7 174039 Topopah Spring crystal poor middle nonlithophysal zone 21.6 15616.1 70,547 6,448|Proposed Repository Horizon
15-May-96| 53 +04.7 53+123 174288 Topopah Spring arystal poor middle nonfithophysal zore 76 15641 38,085 6,486|Proposed Repository Horizon
16-May-96] 53 +123 53+ 58.2 Topapah Spring crystal poor middle nonlithophysal zone 15641 71,505 6,5581Proposed Repository Horizon
17-May-96 534582 S53+778 17639.2 Topopah Spring crystel poor middle nonlithophysal zone 64.3 15705.3 51,720 6,609|Proposed Repository Horizon
18-May-96] 53+77.8 53+778 17639.2 Topopah Spring arystal poor middie nonlithophysal zone 4] 15705.3 0 6,6091Proposed Repository Horizon
19-May-96! 53+77.8 53+778 17639.2 Tapopah Spring crystal poor middle nonlithophysatzone | 0 0 157083 | of 6,609|Proposed Repository Horizon
_20May-96| S3+778 | 63+882 . Topopah Spring crystel poor middie noniithophysal zone 34.1. . .356401 Pr Repository Horizon
21-May-96| ~ 52 : . Topopah Spring crystel poor middie nonlithoptysalzona |~ 294 1 965 612000 Proposed Repository Horizon
) 22-May -96 Topopah Spring crystal poor middie nonlithoptysal zone 92 | 302 25, 640 . Proposed Repository | H rizo
23-May-96 ... Topopah Spring crystal poor middie nonlithophysdizone | 312 | 1024 | 56,250 8|Proposed Repository Horlzon
24-May-96 Topopah Spring crystal poor middie nonlithophysal zone 17 558 41,410 Proposed Repository Horizon
25-May-96 Topopah Spring arystal poor middie nonlithophysal zone [ ] 0 Proposed Repository Horizon
26-May-96 Topopah Spring arystal poor middle nonlithophysal zone 0 0 Proposed Repository Horizon
27-May-96 17958 Topopah Spring crystal poor middle nonfithophysal zone 0 0 Proposed Repository Horizon
28-May-96 18060 Topopah Spring arystal poor middla nontithophysal zone 29.7 974 Proposed Repository Horizon
_.29-May-96] ! 181329 Topopah Spring crystel poor middie nonfithophysal zone | 222 728 [ ..161945 B|Proposed Repository Horizon
30-May-96| ¢ 18229.3 Topopah Spring crystal poor middie nonlithophysaizona | 88 | 322 6|Propased Repository Horizan
31-May-96 18282.2 Topopah Spring rystal poor middie nonithoptysaizone | 16.1 | 528 Proposed Repository Horizon
1-Jun-96 182822 |  Topopah Spring crystal poor middie nonlithophysel zone 0 0 6|Proposed Repository Horizon
2-Jun-96 182822 Topopah Spring crystal poor middle nonlithophysal zono o 1 0 Proposed Repository Horizon
3-Jun-96 182822 Topopah Spring crystel poor middte nonlithophysel zone o ] 0 Proposed Repository Horizon
4-Jun-96 18367.5 Topopah Spring crystal poor middte nonlithophysel zone 13.1 43 Proposed Repository Horizon
....... 5-Jun-96 18408.8 Topopah Spring crystal poor middie nonlithophysal zone 126 413 Proposed Repository Horizon
6-Jun-96 18437 Topopah Spring crystel poor middle nonlithophysal zone 8.5 278 Proposed Repository Horizon
7-Jun-96 18473.1 Topopah Spring crystal poor middle nonlithophysal zone 3.7 12 Proposed Repository Horizon
8-Jun-96 | 18473.1 | Topopeh Spring crystalpoor middle nonithophysatzone | 0 10 ] 164036 06{Proposed Repository Horizon ™
_9-Jun-96 384731 | Topopsh Spring crystel poor middle nonlithophysalzone O LS b|Proposed Repository Hortzon
_10-Jun-96 18509.8 Topopah Spring crystal poor middle nonlithophysal zone 112 36.7 Proposed Repository Honzon_ e
11-Jun-96 Cqesess | 169 | 554 Proposed Reposttory Horizon ~ "
12-Jun-96 185758 3.2 105 Proposed Repository Horizon
13-Jun-96 186283 16 525 1|Proposed Repository Horizon
14-Jun-96 18680.1 158 | 518 Proposed Repository Horizon
15-Jun-96 18680.1 Topopah Spring crystal poor middle nontithophysal zone 0 . 0 Proposed Repository Horizon o
16-Jun-96 18680.1 Topopsh Spring crystel poor middie nonfithophysal zone 0 0 Proposed Repository Horizon |
17-Jun-96 18709 Topopah Spring crystal poor middie nontithophysael zone 88 Proposed Rapository Horizon
18-Jun-96 187585 Topopah Spring arystel poor middle nommophysal zone 15.1 Proposed Repository Horizon
19-Jun-96 18834 | Topopah Spring crystal poor middie nonlithophysal zone 23 Proposed Repository Horizon
20-Jun-96 188934 |  Topopah Spring crystal poor middie nonlithophysal zone 18.1 Proposed Repository Horizon
..18980 |  Topopah Spring crystal poor middie nonlithophysatzone | 26. 4 ) Proposed Repository Horizon
Jesgo | ing crystel poor middie nonlithophysaizone | 0
.. 18980 Topopah Spring rystal poor middle nonithophysal zone 0. T8 S
19080.1 Topopah Spring crystal poor middie nonlithophysal zone 305 7.625|Proposed Repository Horizon
19139.8 Topopah Spring crystel poor middie nonlithophysatzone | 182 | 7,625|Proposed Repository Horizon
19207 Topopah Spring crystel poor middle nonfthophysal zone 205 7,625|Proposed Repository Horlzon
19274.9 Topopah Spring crystal poor middle nonlithophysel zone 20.7 7,625|Proposed Repository Horizén
193015 | Topopah Spring crystel poor middie nonfithophysaizone | 8.1 ..1.625|Proposed Repository Horizon
.18301.5 |  Topopah Spring crystal poor middle nonlithophysal zone o 7,625|Proposed Repository Horizon
193015 Topopah Spring crystal poor middle nonlithophysal zone 0 7,625|Proposed Repository Horizon )
19350.1 Topopah Spring crystal poor middle nonlithophysal zone 148 48.6 17280.6 7,625|Proposed Repository Horizon
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Table 7-2 Water usage history in the ESF tunnel.
Cummulative
DATE BEGIN STATION | END STATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER GOMMENTS
Advancement USAQGE TO DATE
2-Jul-96] 684979 | 594218 194285 Topopah Spring crystal poor middie nonlithophysal zone 239 784 17359 S 7,625|Proposed Repository Horizon
3-Jul-96 594218 59 +46.1 19508.2 Topopah Spring crystal poor middie nonlithophysal zone 24.3 79.7 17438.7 7,625]Proposed Repository Horizon
4-Jul-96 59 + 461 59 +46.1 19508.2 Topopah Spring crystal poor middle physal zone 0 17438.7 7.625|Proposed Repository Horizon
S-Jul-96 59 +46.1 59 +46.1 19508.2 Topopah Spring crystal poor middle nonfithophysel zone 0 17438.7 7,625 |Proposed Repository Horizon
6-Jul-96 59 +46.1 59 +46.1 19508.2 Topopah Spring arystal poor middie nonlithophysal zone 0 17438.7 7,625|Proposed Repository Horizon
7-Jui-96 59 + 46.1 59 +46.1 19508.2 Topopah Spring crystal poor middle nonlithophysat zone 0 17438.7 7,625|Proposed Repository Horizon
B-4ul96]  59+461 | 59+613 19558.1 Topopah Spring crystal poor middle nonlithophysalzone | 152 (174886 7.625|Proposed Repository Horizon
. 99+613 .59+613 | 195581 |  Topopah Spring crystel poor middie noniithophysal zone .0 174886 .7.625|Proposed Repository Horizon
59+ 61.3 59 +61.3 195568.1 |  Topopah Spring arystal poor middie nonfithoptysalzone | 0 174886 7,625|Proposed Repository Horizon
5| 594613 | " 594627 | 195627 | TopopahSpring cystal poor midde nonithophysalzone | 14 174932 ...7,625|Proposed Repository Horizon
..59+627 | 59+790 19616.1 Topopah Spring crystal poor middie roniithophyselzone | 163 17546.7 7,625|Proposed Repository Horizon
59+ 79.0 59+ 79.0 19616.1 Topopah Spring crystal poor middle nonlithophysal zone 4] 17546.7 7,625|Proposed Repository Horizon
59 4+ 79.0 59 +79.0 19616.1 Topopah Spring crystel poor middie nonlithophysal zone 0 17546.7 7,625|Proposed Repository Horizon
59 +79.0 59 +99.7 19684.1 Topopah Spring crystal poor middie nonlithophysal zone 207 17614.6 52,750 7,678|Proposed Repository Horizon
Topopah Spring crystal poor middie nonlithophysal zone 17614.6 55,890 7,734 |Proposed Repaository Horizon
Topopah Spring crystal poor middie nonlithophysal zone 17614.6 20,380 7,754 |Proposed Repository Horizon
. 60+284 ,.60#335 19794.9 Topopah Spring crystal poor middle noniithophysaizone | 5.1 1.7 . 176313 ... 30,490 7,785|Proposed Repository Horizon
604335 60 437 19806.4 Topopah Spring crystal poor middle nonlithophysalzone | 3.5 115 176428 29,555 7,814|Proposed Repository Horizon
20.Jul-96] " 60437 198064 | Topopah Spring crystel poor middie norithophysalzone | 0 0| 176428 0 7,814|Proposed Repository Horizon
21-Jul-96| 60 +37 60 198064 |  Topopah Spring crystal poor middle noniithophysal zone .0 0 ] 176428 . ..1,814|Proposad Repository Horizan
 22-Jul-96 60 + 37 60+40.6 19818.2 Topopah Spring arystal poor middle nonlithophysal zone 36 118 17654.6 31,685 7.846]Proposed Repository Horizon
23-Jul-96! 60 +40.6 60 447.7 19814.5 Topopah Spring crystal poor middle physal zone 71 233 17677.9 39,970 Proposed Repository Horizon
24-Jul-96 604+47.7 60 +53.7 19861.2 Topopah Spring crystal poor middle nonlithophysal zone 6 19.7 17697.6 32410 Proposed Repository Horizon
60 +53.7 60+ 588 19878 Topopah Spring crystal poor middie nonlithophysal zone 5.2 16.9 177145 42,045 Proposed Repository Horizon
60 + 58.8 60+58.8 19878 Topopah Spring crystal poor middle nonlithophysal zone 0 0 177145 13,575 Proposed Repository Horizon
60 + 58.8 60 +58.8 19878 Topopah Spring crystal poor middte nonlithophysal zone 0 0 177145 0 Proposed Repository Horizon
604888 | 7604588 | 19878 | Topopan Spring crystal poor midde nonithophysaizone | 0 | 0 I"Ti77145 | I 4 o
60 +58.8 ..60+697 199137 Topopah Spring arystal poor middie nonlithophysalzone [ 3.6 119 177264 455201 DiProposed Repository Horizon
PSR T Topopah Spring orystal poor middie nonlithophysal zone 177264 52,070 Proposed Repository Horizon
. 60+924 614057 20031.8 Topopah Spring crystal poor middie noniithophysal zone 133 7]|Proposed Repository Horizon
o 61+57 614153 20063.3 Topopah Spring aystal poor middile nonlithophysal zone 9.6 Proposed Repository Horizen
.2-Aug-96) € B1+214 | 200833 |  Topopah Spring crystel poor middle nontithophysalzone | 6.1 8{Proposed Repository Horizon
3-Aug-96 61+214 Topopah Spring crystal poor middie nonlithophysal zone 0 Proposed Repesitory Horizon
4-Aug-96 614214 Topapah Spring crystal poor middie nonfithophysal zone 0 Proposed Repository Horizon
..... 5-Aug-96] 1.4 61+31.0 Topopah Spring crystal poor middle nontithophysal zone 9.6 Proposed Repository Horizon
L6:Aug96]  61+310 | 61+430 Topopah Spring crystal poor middie nonfithophysal zone 12
_7-Aug-96 .61+554 Topopah Spring crysted poor middle zone 124 A
8-Aug-96 614683 Topopah Spring crystal poor middle nonfithophysal zone 129 423
9-Aug-96 ” Topopah Spring crystal poor middie noniithophysal zone ] .
10-Aug-86 | 61+874 | 202999 | Topopah Spring arystal poor middie nonlthophysaizone | 627 1 18038
11-Aug-96]  61+874 . Topopah Spring crystal poor middle nonithophysel zone | L0
12-Aug-96] 61+874 . Topopah Spring crystal poor middie nonlithophysal zone 217 | 180588 t 66190, 8850
13-Aug-96] 61 +94.0 Topopah Spring arystal poor middle nonfithophysal zone 535
_14-Aug-96 62+ 103 Topopah Spring crystal poor middle physal zone 285
. 15-Aug-96] 62 +19.0 ....Topopah Spring crystal pocr middle nonfithophysal zone : 18.7
. 16-Aug-96| 62 +24.7 ; Topopah Spring crystal poor middia noniithophysal zone | 3. 118
_17T-Rug96l  62+283 | 624283 | 204341 Topopah Spring arystal poor middle nonithophysaizone | 0
18-Aug-96; 62+28.3 62 +28.3 20434.1 _ Topopah Spring arystal poor middle nonlithophysal zone 0
19-Aug-86f 62+ 28.3 62 +34.3 20453.7 Topopah Spring crystal poor middie nonfithophysal zone 197 | 18182 [ 886
20-Aug-96 62+34.3 62+38.3 20466.9 Topopah Spring crystal poor middle nonlithophysal zone 134
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Table 7-2 Water usage history in the ESF tunnel.

Cummulative
DATE BEQGIN STATION § END STATION | END STATION STRATIGRAPHY ADVANCE | ADVANCE ESF DAILY WATER CUMULATIVE WATER COMMENTS
Advancement USAGE TO DATE
21-Aug96| 624383 | 624457 | 204911 | ""Topopan Spring cysta poor middle nontncpiysaizone | 7.4 | 243 | 182294 gese| T T
22-Aug-96 62+45.7 62 +64.0 20551.2 Topopah Spring crystal poor middie nonlithophysal zone 183 60 182894 8,686
23-Aug-96 62+64.0 62 +81.6 20608.9 Topopah Spring crystel poor middle nonlithophysal zone 176 57.7 18347.1 8,686]
24-Aug-96 62+816 62 +81.6 20608.9 Topopah Spring crystal poor middle nonlithophysal zone 0 18347.1 8,686
25-Aug-96] 62+816 62+81.6 Topopah Spring crystal poor middie nonlithophysal zone 0 18347.1 8,686
624937 Topopah Spring crystal poor middte nonlithophysal zone 39.7 18386.8 8686
634063 Topopan Spring aystal poor midde nonithophysal 70 1 REAET T “aesel
63 +25.0 Topopah Spring crystal poor middle norlithophysal zo 7 614 184895 8886
63+47.1 Topopah Spring cystal poor midde nonithophysaizons | 22.1 725 18562 s
634471 . Topopeh Spring cystal poor middle nonithoptysal zono. 0. 0 18562 " 8,686/TBM shut down for ventiation _
63 +47.1 Topopah Spring crystal poor middie nonithoptysaizone | 0 0 18562 .. 8,636[TBM shut down for ventilation _
63 +47.1 Topopah Spring crystel poor middle nonlithophysal zone 0 .o 18562 8,686|TBM shut down for ventilation |
63 +47.1 Topopah Spring crystal poor middie nonlithophysat zone 0 0 18562 8,686/ TBM shut down for ventilation
63 +47.1 0 0 18562 8,686{TBM shut down for ventilation
Note Unless otherwise noted Date is beginning of a three shift day 1893 8,686
starting at 8:00 a.m.and ending 8:00 a.m. Max 8,686
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8.0 SUMMARY AND CONCLUSIONS

Nye County Nuclear Waste Repository Project Office’s (NWRPO) Investigation
Program (ISIP) is concerned with several key scientific issues that may impact the
repository design and performance. The ISIP presently includes borehole and
tunnel instrumentation, monitoring, data analysis, and numerical modeling

activities to address some of these concerns.

Nye County has installed and is currently monitoring pressure and temperature
instruments in boreholes UE-25 ONC#1 and USW NRG-4 to evaluate the long-
term pneumatic conditions at strategic depths in the subsurface both in response to
fluctuations in atmospheric conditions and in response to other possible
disturbances resulting from site characterization activities such as ESF tunnel
construction. Nye County has also installed instruments to measure temperature,
pressure, and humidity within the ESF tunnel to characterize the air being used to
ventilate the tunnel which could potentially impact the performance of the
repository. Finally, Nye County is conducting numerical modeling simulations to
evaluate factors (including tunnel ventilation) which affect both short-term and

long-term pneumatic and moisture conditions in the repository host rock .
A summary of activities undertaken by ISIP during the past year are as follows:

¢ Evaluation of critical data and information as it became available from

the DOE’s YMP Site Characterization Office.

¢ Observed water usage in the tunnel and its potential impact on the
repository horizon and the scientific investigation results. Completed
an analysis and a recommendation report and forwarded it to YMP Site

Characterization Office.
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¢ Prepared detailed review of procedures and methods used for in-situ arr

permeability tests and evaluated the results of some of these tests.

¢ Completed several letter reports to DOE on the interpretation of the
results of the *°Cl and other environmental and geological isotope
studies. These communications have resulted in DOE giving more
focused attention to the need for more detailed studies in the ESF
tunnel, limiting the use of construction water, and enhanced

interpretation of the results of the isotope sampling.

e Evaluated the saturated zone pumping tests that were performed in the

C-Well complex during the past year.

¢ Monitored responses to these pumping tests in the ONC#1 saturated-

zone instrumentation.

As a result of the evaluation of the ESF tunnel climatalogical data collected, Nye
County concluded that substantial moisture was being removed from the rocks
penetrated by the tunnel ventilation. In response to issues raised by Nye County,
DOE assigned a task force to conduct observations in the ESF and perform
numerical simulations for interpretation of the results in parallel with Nye County’s
effort. Nye County provided data, preliminary analytical and simulation results,
and input for developing the proposal to this task force. Nye County data
indicated that in addition to moisture, substantial amount of heat is being removed
by the ventilation. Nye County performed additional simulations using A-
TOUGH, a computer code designed to simulate coupled-open air with geologic
formations and discovered that there is a tremendous potential for natural
ventilation at the site due to its climate and its physiographic setting. Simplified
simulations using A-TOUGH were performed to evaluate the potential of a
naturally ventilated repository. One conclusion is that it is possible to design a

repository that is naturally ventilated with peak rock temperatures of less than 30
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degrees Celsius over a 10,000-year period. These simulations also showed that the
capillary pressure distribution would promote a strong gradient for water flow
towards the emplacement tunnels during the entire 10,000 years. Nye County,
believes that long-term waste containment implications of a naturally-ventilated

repository warrants additional analysis.

Nye County is planning to perform several investigations in the near future to
understand some of the issues that were outlined above, by installing new wells in
both the saturated and unsaturated zones, testing and sampling these wells, and
performing data analysis and modeling. These issues are related to the steep
gradients in the saturated zone north and west of the site, the potential for dilution
in the saturated zone as unsaturated zone moisture enters the saturated zone, the
atmospheric and pneumatic boundaries in the Solitario Canyon that might impact
the repository performance, and the large-scale transport properties of the

fractured formations in both saturated and unsaturated zones.
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a) View of tunnel with the location of two of the three climatological
instrument stations.

b) View of tunnel in same direction, but at farther distance away.
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Comparison of maximum temperature data versus depth for various unsaturated zone
boreholes
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Easting and northing locations are
approximate to +/- 50 feet and depth is

approximate to +/- 0.5 feet. 5723 1};3350”'“0

‘Average pressure distribution in kPa (May 1995)
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.

755500.00
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Easting and northing locations are
approximate to +/- 50 feet and depth is
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approximate to +/- 0.5 feet. 572315.00
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Easting and northing locations are

approximate to +/- 0.5 feet.

approximate to +/- 50 feet and depth is

755500.00
572318.00

Prepared for:
Nye County Waste Repository Project Office

Figure 4-9a

Prepared by:
Muitimedia Environmental Technology, Inc.
Newport Beach, CA




Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet. 572318.00

Minimum pressure distribution in kPa (Dec 1995)
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is ' 755500.00
approximate to +/- 0.5 feet. 572318.00
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Easting and northing locations are N T ¢
approximate to +/- 50 feet and depth is ‘

approximate to +/- 0.5 feet. - 31‘8?33500.00
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet. 5?2318?83508'
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet,
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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approximate to +/- 50 feet and depth is
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approximate to +/- 50 feet and depth is
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approximate to +/- 50 feet and depth is
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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Easting and northing locations are
approximate to +/- 50 feet and depth is
approximate to +/- 0.5 feet.
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| ONE-DIMENSIONAL GRID AND THE RESULTS OF PERMEABILITY CALCULATIONS FOR USW NRG-4 |
NRG-4 COLUMN MODELED COLUMN
: ’ .- |Conductivity | Porosity
0 “Darey | cmisoc | Fractions
-1 % - :
% s 1.00E-10 | 1.01E+02 9.80E-02| 3.42E-01
100} |
% -
'’ 1.00E-10 | 1.01E+02 9.80E-02| 3.42E-01
TIVA - WELDED 200l L
1.00E-10 | 1.01E+02 9.80E-02| 3.42E-01
300 1.00E-10 | 1.01E+02 |  9.80E-02| 3.42E-01
YUCCA MOUNTAIN :
=
00 =N L 5.00E-13 | 5.07E-01 4.90E-04| 1.00E-01
L 5.00E-10 | 5.07E+02 |  4.90E-01| 1.00E-02
:‘:‘ _! B
TOPOPAH SPRINGS 600—%3""_;/— 2.30E-08 | 2.33E+04 2.25E+01| 1.00E-02
WELDED 3&: -
-,00;*_—‘: T 2.30E-08 | 2.33E+04 2.25E+01| 1.00E-02
2.30E-08 | 2.33E+04 2.25E+01| 1.00E-02
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MODELED COLUMN FOR NYE
COUNTY BOREHOLE ONCi#1
Thickness Depth feet| Depthin | PERMEABILITY Equivalent Equivalentﬁ
DEPTH IN FEET inm  RockTypel T, m tb (m2) PERMEABILITY (daroy)} ¢ guctivity | Porosity
2 cm/sec
ALLUVIOM 60.96 20000 | 60.96 5.00E-11 5.07E+01 490E-02 | 3.42E-01
RAINIER MESA
200
60.96 400.00 | 121.92 5.00E-11 5.07E+01 4.90E-02 | 1.00E-03
400 — TIVA- WELDED 30.48 500.00 | 152.40 5.00E-11 5.07E+01 4.90E-02 | 3.42E-02
30.48 600.00 182.88 5.00E-13 5.07E-01 4.90E-04 3.42E-03
600 S
NONWELDED
0 101.92 93438 | 284.80 8.00E-10 8.11E+02 7.84E-01 | 3.00E-02
800 . @ 7 —
8 A LS &
TOPOPASIRINGS 9 8.00E-10 8.A1E+02 7.84E01 | 3.00E-02
1000 — 30.48 1034.38 | 315.28 5.00E-10 5.07E+02 4.90E-01 | 3.00E-02
49.98 1198.36 | 365.26 1.00E-10 1.01E+02 9.80E-02 | 3.00E-02
1200 §— FAULT ZONE Faiut 6.36___ 367.76 5.00E-09 5,07E+3 4.9E+00 1.00E-03
BO7EFY TONEFIRT )
49.98 calo2 | 1403.35 | 427.74 5.00E-09 5.07E+03 4.90E+00 | 4.92E-01
1400 l— CALICO HILLS
25 pro01 | 148537 | 45274 2.31E-08 2.36E+04 2.27E+01 | 4.92E-01
1600 39.1 pro02 | 161365 | 491.84 2.31E-18 ? Saturated 2.27E09 | 4.92E-01
60.96 pro03 | 181365 | 552.80 2.31E-18 7 Saturated 2.27E-09 | 4.92E-01
Sundance Fault in 3-D connection 8.00E-11 8.11E+01 7.84E-02 1.00E-05
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Figure 6-1 - Plan view of the axi-symetric mesh used for simulations of tunnel ventilation.
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_ventilation

Figure 6-2 - Simulated humidity for one week of ventilation. The inset at the bottom of figure shows the measured

humidity during the same period.
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Figure 6-3 - Simulated temperature for one week of ventilation. The inset at the top of figure shows the measured

temperatures during the same period.
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Fxgure 6-4 - Simulated distribution of caplllary pressure around the tunnel for at 1 1. 4 days aﬁer start of ventllatlon
The isometric surface on the Iower left shows the values of capillary pressure.
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Capillary Pressure in bar
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Capillary Pressure versus time for Datm = 0.01 and atmosphere temperature =28 C
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Water Saturation
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Water saturation versus time for Datm = 0.01 and atmosphere temperature =28 C
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Temperature in degree Celsius

Case 3

Temperature versus time for Datm = 0.001 and atmosphere temperature =15 C
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Capillary Pressure versus time for Datm = 0.0001 and atmosphere temperature of 15 C
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Capillary Pressure in bar
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Capillary Pressure versus time for Datm = 0.0001 and atmosphere temperature of 28 C
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Figure 6-19 - Conceptual model of ventilation shafts relative to the ESF tunnel,
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Figure 6-20 - Simulated pressure around the tunnel for various times. Case 7, with decaying heat load. Eddy

diffusivity = 0.01, atmosphere temperature = 15 °C.

August 24, 1996
P26622:47D:\user\projects\Nyscounty\annrep3G\figures

Prepared for:
Nye County Nuclear Waste Repository Project Office

Prepared by:
Mutimedia Emvironmental Technology, Ine.
Newport Beach, CA




Pressure in bar

Case 7

Pressure versus time for Datm = 0.01 and atmosphere temperature =15C
Distance from portal = 261 m

0.905
0.900
St g i radius inm
Vi A‘*}‘(“Jx\x‘ }(.__,»N__;,:_” o
—o—0.304
0.895 -
m 0762
—%—3.048
/ —e—3.353
0.850 e
—+—3962
—7.925
0.885 e e —13.259
A : , ' 124 463
A ’ —m@- 304,443
0.880 - 1.829
/'ﬁ o ' 302743
i
0.875 - — Z_,E,ﬁ,gg.»ﬁg
0.870
0.00 0.01 0.10 1.00 10.00 100.00 1000.00 10000.00

Time in years

Figure 6-20a




Distance from poxtal in meters

Distance from portal in maters

— T T T 1 T
50 100 150 200 250 300

Radial distance from center of tunnel in m

11.41 days

T T T T 1
0 50 100 150 200 250 3()0
Radial distance from center of tunnel in m

100 years

i | 1o ] | | |
0 50 100 150 200 250 300

Radial distance from center of tunnel in m

2 years

| ! | | ] | 1
0. . 50 100 150 200 250 300

Radial distance from center of tumnel in'm

1000 years

1 i :
i5.0 17.58 20.0 22.5

Temperature in degrees C

T T T T 1
0 50 100 150 200 250 300

Radial distance from centex of tumnel in m

10 years

5 | { T 1 1
0 50 ° 100 150 2060 250 300

Radial distarice from center of tumnel in m

10000 years

Figure 6-21 - Simulated temperature around the tunnel for various times. Case 7, with decaying heat load. Eddy

diffusivity = 0.01, atmosphere

temperature = 15 °C.
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Figure 6-22 - Simulated capillary pressure around the tunnel for various times. Case 7, with decaymg heat load.
Eddy diffustvity = 0.01, atmosphere temperature = 15 °C.
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Figure 6-23 - Simulated saturation around the tunnel for various times. Case 7, with decaying heat load. Eddy

diffusivity = 0.01, atmosphere

temperature = 15 °C.
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Water saturation versus time for Datm = 0.01 and atmosphere temperature of 15 C
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Figure 6-24 - Simulated pressure around the tunnel for various times. Case 8,' with decaying heat load. Eddy
~ diffusivity = 0.001, atmosphere temperature = 15 °C.
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Pressure versus time for Datm = 0.001 and atmosphere temperature =15C
Distance from portal = 261 m

0.910
radius inm
——0.304
0.900
m 0762
-3%—3.048
—9—3.353
—+—3.962
0.890 7.925
——13.259
421,463
—-F—304.443
1.829
0.880
—32—2.743
0.870
0.00 0.01 0.10 1.00 10.00 100.00 1000.00 10000.00

Time in years

Figure 6-24a



Distance from portal in meters

T T T T T T
0 50 100 150 200 250 300

Radial distance from center of tunnel in m

11:41 days

I o

by

g ~100

[+

-

o 2200

o

o

§‘ =300

g 2400

5 .

[1%] A

a -500

8

» P | .
= 7 | T T
a 0 50 100 150 200 250 300

Radial distance from centex of tunnel in'm

100 years

. 1 ] 1 | |
0 . B0 100 150 .200° 250 "300

Radial distance from center of tunnesl in mr

2. years

| AR SR | i 1 1
0. . 50 100 150 200 250 "300..

Radial distancde from center of tupnel in m

1000 years

i T 0 i
10 18 20 25 .30 35 40

Temperature in degrees C

i 1 L 1 { | P
0 .50 100 150 200 250 300

Radial distance from center of tunnel in m

10 yeai:s .

1 ] T 1
[¢] 50100 150 /200 250 300

Radial disgtance from ceanter of tunnel in m

-10000 years

Figure 6-25 - Simulated temperature around the tunnel for various times.
- diffusivity = 0.001, atmosphere temperature = 15°C.
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Figure 6-26 - Simulated capillary pressure around the tunnel for various times. Case 8, with decaying heat load.
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Case 8

Capillary Pressure versus time for Datm = 0.001 and atmosphere temperature = 15 C
Distance from portal = 261 m

100.0 : : , X
90.0
radius inm
80.0
—0—0.304
} m 0762
70.0
1.829
60.0 k ' ‘ : : R - 52743

—¥—3.048

50.0 _ ‘ : } ' : e : e ; —~8—3.353

—}—3.962
40.0 .
- —7.925
i
' — 13250
30.0
124 463
200 —H—304.443
10.0
g It _Jt e __,?____________.,—,A_——_-_—:;_:__';.:;"_'_A-—.:‘—'_=—=‘-=m=ﬁ;§=§;‘5§2i§ﬁ::.:.'“ i——
0.0 Ao B—D—CBE0 BT 8% B BB st
0.00 0.01 0.10 1.00 10.00 100.00 1000.00 10000.00

Time in years

Figure 6-263



[{] 50

Distance from portal in meters

1007150 200 250 300

Radial distance from center . of tunnel :ir.n,'m

2 yeaxrs

! 1o} | R 1
50 . 100 . 150 200 250 300

Radial distance fxom center of tunnel in m =

0 50 100 150 200 250 300

Radial distance from center of tunnel in m

10 yeafs

w

4

Q

D

g ~100

. -200

o

Fi}

i -300

g -400

&

] v

8 -500

0 : | ! ] o
Py 0. 50 .100 150 200 250 300 050 100 150 2

Radial distance from center of tunnel inm

Radial distance from centex of tunnel

YT T T
50 100 - 150 200 250 300

1 ] 1
00 250 300 Y

in'm Radial dietance from center of tunnel in m

100 ‘years 1000 years 10000 years
|
0.80
daturation
Figure 6-27 - Simulated saturation around the tunnel for various times. Case 8, with decaying heat load. Eddy

diffusivity = 0.001, atmosphere temperature = 15 °C.
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Case 8

Water saturation versus time for Datm = 0.001 and atmosphere temperature of 15 C
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Note: Figures 6-28 through 6-31 (Case 9) have
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Simulated variation of saturation with time for selected nodes perpendicular to the center of heat load
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Appendix A

USGS Borehole Data



May 1 - May 10 1995

25 17 O T A Y =T [
S I A - - i -
EiEEEF s S
20 Pl ';'“ e R
¥ & ¥ == ¥} =
0 Lyl vatat G e l
2 o 2 S Bt i i AN I | WL BLELE
] — it it e N
3 s I
’ 15
o
[
® ) T e o s o W = N M
2
g 10
Q.
£
&
5
0 :
5/1/950:00  5/2/950:00 5/3/950:00 5/4/95 0:00 5/5/95 0:00 5/6/95 0:00 5/7/950:00 5/8/950:00  5/9/95 0:00 -5/10/950:00 5/11/95 0:00
Time
—8#—NRG-6-A =0=NRG-6-B ==NRG-6-C ==NRGH-D =—#~NRG-6-E =———NRG-6-F NRG-6-G —~=NRG-6-H
e ==NRG-6-] ~Er=NRG-6-K “NRG-6-L,M
Temperature vs. time for NRG-6
August 24, 1996’ Prepared for: Fltimtedi E”jm'mmd.b':ir'., fopy, Inc,
P266:D: Aprojoots\Ny o4 96\ig R Nyecountyr' 1 wmteRr itory Project Office Newpont Bgnch_.(.‘:\ v




May 1 - May 10 1995

=y

&
L4
focne r
i §
&
'3
@
r-9

PrO--guliits ‘Biﬁ‘a? S T%WQ{

saie I .-r::.
i

[IE] 1 ] 1 1 L o [] [
2 i 5 n
W IWLPILTW. WILITY LW WIN AW IWE IS AN e b gl anlas do o :\L%: LW WIVIW LW W) FXV IV WIFIN % PLETY XY [ W) 3 dng b g
FAria s ép r QFs sk s A AT A TAY ALY, \7&}5{:%{ A TATAY] T, ATt e Tad )%\ TXPE 3¢ T8 (ATAT raTas % LAY AT 3K
’ v * ‘s
I P W W72 W P 780 T L P N i " O O Y P - I PR Y PR PONY N . Y P L Y P O Y : b 4
i 4 1 ) WA N K"I"l B { - "l‘&\ L) : & 1 1 ‘;_ l;." P31 3 1 3 I | - X L3 X ' 3 . n " ) - 3
S 7 g
15 | ! ] Y T, . TSk "l
N/ - 7 kN
i i

10 ==

Temperature in Deg. Celsius

5
o .
5/(1/95 0:00 5/2/950:00 5/3/950:00 5/4/950:00 5/5/950:00 5/6/950:00 5/7/950:00 5/8/950:00 5/9/950:00 5/10/950:00 5/11/95 0:00
Time
[=#=NRG-7Ta-A ——NRG-7a-B NRG-7a-C ==NRG-7a-D ====NRG-7a-| =~F—NRG-7a-J =¥=NRG-7a-E ~==NRG-7a-K mmNRGJa-L,MJ

“Temperature vs. time for NRG-7a

Prepaned by:
August ‘24, ‘1996 . ‘ . : o Prepared for: . -~ Mubtimedia Envirommental Technology, Inc.
P266::D:\user\proj Y Y pOG\figures Nye County I ‘Waste Repository Project Office Newport Beach, CA ’




June 6 - June 26 1995

Jeﬂ»g’f‘ GE0
P e e CROPARON s R S R R R i i :

: A i Ht
=
(7]
© 15
[¢2)
4
-]
2 £x1 T
2
g 10
8
5
=

5

0

6/6/95.0:00 6/8/95 0:00 6/10/95 0:00 6/12/95 0:00 6/14/95 0.00 6/16/95 0:00 6/18/95 0:00 6/20/95 0:00 6/22/95 0:00 6/24/95 0:00 6/26/95 0:00 6/28/95 0:00
Time
—B—NRG-6-A =#~~NRG-6-B ==NRG-6-C =—W=~NRG-6-D —tr—NRG-6-F *“™==NRG-6-F NRG-6-G =====NRG-6-H

»— NRG-6-| ~Fi— NRG-6-K ====NRG-6-L,M

- Temperature vvs, time for NRG-6

: " Propared by:
August 24, 199'5 Prepared for: X i Multimediu Environmental Technology: Iné.
P266::D:\user\projeots\Nyecounty\annrepS6\figures : Nye County Nuclear Waste Repository Project Office : S Newped Deach, CA




June 6 - June 26 1995

25 2 3 Y r 3
[+ T 1 4 1 b 1y T T AT /SN
A P
/\l L 1 L) AI / N [ LI LI [ \‘ ¥ i [ Ar / A, / / l\l 1 1 1] 1

20 ‘v/\ WA VRN ﬂ\/ VARV Ny
3
% ‘%w man: :":1‘ 1‘::::! JIYTITPVTanuvgusy LARSEE LANEARERARERAS ERANNEI ARAAR]
O 15
o
Q
°
g
=
§ 10
8
5
[t

5
0
6/5/95 0:00 6/10/95 0:00 6/15/95 0:00 6/20/95 0:00 6/25/95 0:00 6/30/95 0:00
Time
~——NRG-7a-A =NRG-7a-B NRG-7a-C —¢—NRG-7aD x NRG-7a| ™ NRG-7a-J —4+—NRG-7a-E —=—NRG-7a-K —NRG—?a—LMW
Temperature vs. time for NRG-7a

August 24, 1996 Prepared for: Vatinedia Ssivusmente Tochiolusy,

P266::D:\usor\projeots\Nycoounty\annrep96\figures Nye County Nuclear Waste Repository Project Office ) Newport Begeh, CA




25 . e e

June 6 - June 26 1995

T r T é\ g —% . S
K ;
o . i v et — I
20 J“” Rt e S el - 5 ; € s
: ! 29

g ; 8 i " : \_“‘

2 55» . 5,;;;_ b i Aﬁ-»- P AW e} !

0 A |l i -

g 18 T

A

£

g

2

il 10

2

§

P

5
0 .
6/19/95 0:00 6/20/95 0:.00 6/21/95 0:00 6/22/95 0:00 6/23/95 0:00 6/24/95 0:00 6/25/95 0:00 6/26/95 0:00 6/27/95 0:00
Time
sl | J2H5-A UzZ#5-8 UZ#5-C =3¢ UZ#5-D =We=UZ#i5-E === JZHE-F t==UZ#5-C UZ#5-H =dr=UZ#5-] —@—UZ#5-J
UZ#5-K === UZ#5-L
Temperature vs. time for UZ#5

August 24, 1996 Prepared for; Moltimodi Euvf':mlmmdh‘)‘i, o e
P266:Dnserprojects\Ny yiennrepS6\fig Nye County Nuclear Waste Repository Project Office S

Newport Beach, CA




December 1 - December 12 1995

)
2
K4
3
o
@
k-]
e
2
E 10
g
5
oot
5
0
12/1/95 0:00 12/2/95 0:00 12/3/95 0:00 12/4/950:00 12/5/95 0:00 12/6/95 0:00 12/7/950:00 12/8/95 0:00 12/9/85 0:00 12/10/95 0:00 12/11/95 0:00
Time
==NRG-6-A =¢==NRG-6-B ==—NRG-6-C =¥=NRG-6-D =t=NRG-6-E “™™"NRG-6-F NRG-68-G =——NRG-6-H
e NRG-6-l == E==NRG-6-K ====NRG-6-L,M
Temperature vs. time for NRG-6
August 24, !996 » . Prepared for: Multimedia l:'/rr}:j:::::fﬁ;'i[l'c/uwh)gy. Ine. -
P266::D:\user\projocts\Ny y\annrepS6\fig Nye County Nuclear Waste Repository Project Office Newpatt Bench, CA




December 1 - December 12 1995

25 e TpasreT T I e R s St Sl e LR pm ] g T Y Yrpnmay
N T I I I L0 I
Ol et ; 1 1 B At S LA -
1 JI : : g 1 1 T : T ! 1 L l—-l ! ' = H 1 (] i L1 [} |1 1 1 A = -= T T E 1 1 L !- ;
; i T romi -
FFFEF PO VPR R TI7 K 1.3 KA TR TH YR B PR VR O7 LK A4 4.3 4.3 4 LA XA 3 Kd 7117"71 h Qh
[77]
3
@
a
Q 15 /"’:ﬁ.‘\. . | -
o - \* -~ o & \\ i"rﬂ\\\ W i P N I
8 = o . rd “z\\_ ) e %\?s 7 Y - ST ) f, \% ;, \‘\’.:h ;;5" T
E N - =4 -y /
5
g 10
2
g
[V
5
0 :
12/1/95 0:00 12/2/95 0:00 12/3/95 0:00 12/4/95 0:00 12/5/950:00 12/6/95 0:00 12/7/950:00 12/8/950:00 12/9/950:00  12/10/95 12/11/95
0:00 0:00
Time
[==#==NRG-7a-A NRG-7a-B NRG-7a-C =3&=NRG-7a-D ====NRG-7a-| “=t=NRG-7a~) =H¥=NRG-7a-E - —-- NRG-7a-K === NRG-7a-L,M
Temperature vs. time for NRG-7a
August 24, 1996 Prepared for: Multimeds VE,,‘,;:W"M!}’Y} haology, bic.
P266::D:\user\projoots\Nycocunty\annrep96\figurcs i Nye County Nuclear Waste Repository Project Office T

Newpont Beach, CA




December 1 - December 12 1995

25
yiwiwi i /////{////u//'// i
20 -
"
g S £y ATyl L2 =y = g 5 L & ¥ ¢ - 7
§ R 3 ll-,",l ! ‘_14 | g ‘ '—!ﬁ L‘!- ! ot | I wke ll——l—! B L_L_I_ | J__
. 15 N ' ' g "~ =
g
o
[
2
g 10
.
5
[
5
0
12/1/95 0:00 12/2/950:00 12/3/950:00 12/4/950:00 12/5/950:00 12/6/950:00 - 12/7/950:00 12/8/950:00 12/9/95 0:00 12/10/95 0:00 12/11/95 0.00
Time
——UZ#5-A ——UZ#5-B —UZ#5C ~—UZ#5D =@=—UZHS5-E =——UZ#5-F =p==UZ#f5-G =—=—=UZi#5-H
—— UZ#5-1 —— UZ#5-J Uz#5-K  —&— UZ#t5-L C UZ#5-MN
Temperature vs. time for UZ#5
i Prepared by: )

August 24, 1996 Prepared for: Multimedia Environmental Technology, Inc.
P266::D:\usor\projoots\Ny y\annrep96\figy Nye County Nuclear Waste Repository Project Office "

Newponl Beach, CA




December 1 - December 12 1995

0
2
(7]
E I‘\ l\ A
o 15 J= ./ B \ /. PR N LD = TANE
o ’ T M e / v ; v - y
a
£
£
8 10 -
I
a
5
=
5
0
12/1/95 0:00 12/2/95 0:00 12/3/95 0:00 12/4/95 0:00 12/5/95 0:00 12/6/95 0:00 12/7/985 0:00 12/8/950:00 12/9/050:00 12/10/95 12/11/95
0:00 0:00
Time
B UZ#4-A === Z#4-B =t~ UZ#4-C =3E=UZ#4-D =N=UZH4-E === Z#4-F ~t=UZ#4-G UZ#4-H

= U Z#4-) ——UZit4-J —F1- UZ34-K  =memaUZ#4-MN
Temperature vs. time for UZ#4
. l’wpm;:d by:
August 24, I99§ Prepared for: Multimedia Environmental Technology, Ine.
P266:D:\user\projoots\N: pOG\ig Nye County Nuclear Waste Repository Project Office

Newpott Beaeh, CA




December 1 - December 12 1995

30 T -
l}_‘jé(‘;“].\‘?\
i
g = L
25 i g dan ok _w\r:_‘: s o a4 s aviy £ e e G- =2 e = L RN
71}
=
[7]
2 20
Q
o
g i
@ 15 4
2
1
£ 10
el
5
0
12/1/50:00 12/2/95 0:00 12/3/950:00 12/4/950:00 12/5/950:00 12/6/950:00 12/7/950:.00 12/8/950:00 12/9/950:00 12/10/95 0:00 12/11/95 0:00
Time
—&—S5D-12-A ~-#—8D-12-B ====GD-12.C =3¢=8D-12-D =¥=SD-12-E =———8D-12-F ===p=sSD.12-G —a— SD-12-H ==€=GD-12-|
——ee=SD-12-) —B—SD-12-K . SD-12-L SD-12-M =S8D-12-N &+ 8SD-12-0 ====—=8D-12-P ====gN-12-Q =====8D-12-R
¢ SD-12-§ =====gD-12-T —A—SD-12-U
Temperature vs. time for SD-12
August 24, 1996 : Prepared for: Multimedin l',‘n$'i:zlt]l{/ll:::ljlfjlyi’lbchna/ngju Ine.

P266:D:\wser\projeots\Ny Ysmarop96\fig Nye County Nuclear Waste Repository Project Office ‘ Newport Beach, U




December 1 - December 12 1995

25

[7}]
=3
E
-]
S 15 . el e
=] 3 - P Ee e . S B e . Lt .
© N N
g
2
g 10
=3
E
@
ot

5

0

12/1/95 0:00 12/2/950:00 12/3/950:00 12/4/950:00 12/5/950:00 12/6/950:00 12/7/950:00 12/8/950:00 12/9/950:00 12/10/95 0:00 12/11/95 0:00
Time
——UZ-7a-A —UZ-7a-B —t=UZ-7a-C =3¢—=UZ-7a-D =¥—=UZ-7a-E —=UZ-7a-F ~W~UZ-72-G ~=¢=UZ-7a-H Uz-7a
¢ UZ7a) UzZ-7a-K Uz-7a-L —UzZ-7aM ~7+~UzZ-7a-N — - UZ-7a-0
Temperature vs. time for UZ-7a

August 24, 1996 Prepared for; Multimedia Env:’:;]l)rx;:/‘lllg?v:'l'eclmalugv, Ine.
P266::D:\user\projects\Nyecounty! 96\fig Nye County Nuclear Waste Repository Project Office Newport Beach, CA.




May 4 - May 15 1996

25 T T T T T L T T T T T T T T T T T T T T T T
iﬁ%%i%iii
20
VIR y,,,,:%,/ VIVIVIREVIREVIA LY \IVARATA A TRNANANI VAR NAY|
s | AYA JAIAA'AA' A ,z|z, \ | IAVAVAY :;L \ \ &; L\ ETAVIHTARVAN
3 \
3
Q
© 45
o
(1]
-]
g
2
o
g 10
£
@
T
5
0
513196 0:00 515196 0:00 517196 0.00 5/9/96 0:00 5/11/86 0.00 5/13/96 0:00 5/15/96 0:00
Time
~—NRG-6-A —€—NRG-6-B ——NRG-6-C *=9¢=NRG-6-D ~——NRG-6-E
~ Temperature vs. time for NRG-6
August 24, 1996 ) Prepared for. i:?.sms.zB:mﬂﬂ“wwww hrology, Ic.
P266::D:\user\projects Ny y\annrep96\fig Nye County Nuclear Waste Repository Project Office Newpor Beach, O




Temperature in Deg. Celsius

May 4 - May 15 1996

oL —. R S (A B e s ¥ T S e O P
L1 |1 14 ! 11l |a= SN
,”: g h /h"”’:"» YT 7 & ", b 7 \'ﬁ‘;\mu M E M D
4 i ) 4 f‘ﬁﬁ@‘% ﬁ# I w4 1 ]
= v £
20 . !
£ ré‘;é”;«e-%‘.,\}(p,",‘ o 4 ,;I‘xxxxzﬁ“):xxx%‘ LAl EATEA]
mf J 1) **l*l 1 (3 T T T ) T 1 1 * T ﬁ T 1] N \J 1 1) \J 1) ¥ ¥
15 5 |
10 -
5
0 ]
5/6/96 0:00 5/7/96 0:00 5/8/96 0:00  5/9/96 0.00  5/10/96 0:00 5/11/960.00 5M2/96 0:.00 5/13/96 0.00 5/14/96 0:00  5/15/96 0:00

Time

o NRG-7a-A =—NRG-72a-B NRG-7a-C =3&=NRG-7a-D ====NRG-7a-] =+=NRG-7a-J =¥=NRG-7a-E =====NRG-7a-K NRG-7a-LM
Temperature vs. time for NRG-7a
August 24, 1996 Prepared for: Multtnedia En ;PmpmdAb?':T rtiodoy. Tnc.
proj y\aanrepd6\figur Nye County Nuclear Waste Repository Project Office ""

P266::D:\user\projeots\Ny

Newpott Beach, CA




May 4 - May 15 1996

25 o e A o S B T AR A S T s i o AP S—— e T g 3
| A /fﬂ RN VAN b
i i NI o, A ) a1 NV
> 5 : s . N < b -8 Fe Ve sary &
iy B 0 W Wi S i TN ) WA 4 AW Y

20 |5 ! 17 : | : /]
0 = = : = v = = - = =
3
- A 2B o et ool g g 0 A ot o a0 i 0 e o e i il o e o e B
o {8 i | '
8 33 41 .\u‘?&' 7 M
. 15
o
a
£
g
2
g 10
2
§
=

5
0 : /
5/4/96 0:00 5/5/96 0:00 5/6/96 0:00 5/7/960:00 5/8/96 0:00 5/9/96 0:00 5/10/96 0:00 5/11/96 0:00 5/12/96 0:00 5/13/96 0:00 5/14/96 0:00 5/15/96 0:00
Time
&= UZ#5-A  — UZH5-B  ===mUZH#5.C —I—UZ#5-D =WemUZ35.E wememtUZ#5.F =t=UZ#5-G ———UZ#5-H
i UZEE]  ——UZ#5-J UZ#5-K  =e=UZ#5-l  ====UZ#5-M N

Temperature vs. time for UZ#5

7 Preparcd by:
August 24, 1996 . Prepared for: Multimedia Envir 1 Teehnologyy, Inc.
P266::D:\usor\ projosts\Ny YA p96\figures Nye County Nuclear Waste Repository Project Office Newpord Buach. CA "




May 4 - May 15 1996

Nm Ve § ra A L
/ FARN N VA RN
v N N
20 EAT ”._.Mw.‘v,.,axﬁ AL e e ey .‘.ﬁ.%.w TR RN
A AT AT A A A A AT AT AT AT AT AT A A AT AT A ; =
- 'X’L llllllllll ? - 2 lv A y -y

s IV ;’)”"".,'.” ., o, . """.F W W wiw'S
= . - . .
M - Y A S R S
QO
© 15
o
(1]
T
¢
2
g 10
Q.
E
]
-

5

0

5/3/96 0:00 5/5/96 0.00 5/7/96 0.00 5/9/96 0:00 5/11/960:00 5/13/96 0:00 5/15/96 0:00
Time

—E—UZ#4-A  —e—UZ#4-B  —Ah—UZ#4-C ~E—UZ#4D =W=UZH4E ————UZH#4-F ====z44.G

UZ#4-H

= ZH4-] —— UZ#4-) UZ#4-K —UZ#4-MN
Temperature vs. time for UZ#4
August 24, 1996 . Prepared for: ool
P266::D:\user\projecta\Ny po6\fig Nye County Nuclear Waste Repository Project Office




May 4 - May 15 1996

B I i . s ; i
25 ’MEE R "l" Wit A[ S, ]M"‘ R .“' e R T e e FREGR, r““‘“:i r 2 AT T :.i g g g T T
]
3
°
8
&
a
£
g
2
2
£ 10
-
5
0
5/4/96 0:00 5/5/96 0:00 5/6/96 0:00 5/7/96 0:00 5/8/96 0:00
Time

—B—5D-12-A =90=SD-12-B ~=~~8D-12-C ==36=SD-12-D =¥=8D-12-E ==5D-12-F —+—8D-12-G ~&—=SD-12-H ~=@—SD-12-|

—SD-12-) —M=SD-12-K v SD-12-L SD-12-M ==—8D-12-N " "§D-12-0 ====GD-12.P ====§D-12-Q ====§D-12-R

~4—SD-12-§ ~==nGD.12-T ~h=SD-12-U

Temperature vs. time for SD-12
August 24, 1996 : Prepared for: o i E":-:m'mmdbf“l, kuvalogy, Inc.

P266:D:\user\projectsNy y\annrepd6\fipy Nye County Nuclear Waste Repository Project Office 7 Newpont Beach, CA




May 4 - May 15 1996

25
20 LTIV TE VR IR NEVE R RowoL e
" T Rem i AR AR AAAAAARRAAAARARLN AR AR A AAAR A
3 T n T T T . ¥ T T . 6 1) T 'y T s 'y T ;s ¥ T T
7 N IO NP N ES A A R A ANV OO PN PSS, [ S SO (S S D et
@ e _ N N IO VOO IEUDN NS PR rpey
O 15
o
(1]
©
g
2
g 10
2
§
T
5
0
5/3/96 0:00 5/5/96 0:00 5/7/96 0:00 5/9/96 0:00 5/11/96 0:00 5/13/96 0:00 5/15/96 0:00
Time
~—U2-73-A —==UZ-7a-B ==+—UZ-7a.C =X=UZ.72.D ~W=UZ-7g-E ==——UZ-7aF ~l=UZ-7a-G ~—F=UZTa-H Uz-7a-l
& UZ7aJ “=Uz.73-K UZ-7al =——UZ-7a-M ~ " UZ-7aN =
Temperature vs. time for UZ~7a
August 24, 1996 Prepared for: C Multimedia En Prep 2?;.&_ hnology, .

P266:Diwser\projects\Nyesounty\annrep96\figures

Nye County Nuclear Waste Repository Project Office

Newporl Beach, A




May 1 - May 10 1995

13.05
13
12.95 o e ——
12.9
< — = = =
& 1285 4—— L , | , e
o - 1 { T —bt~— -~
£ i f
o 128
3 -
I e I
(44 |
g 1275 W
a ' .
|} |
[}
12.7 4 - R —— ~t
b1 N\ | ] JR——
e of I il( i
12.65 = T e —— =
Y — .
& yd
4 -
126 — S
A W
A\ _—
12.55 "
5/1/95 0:00 5/3/95 0:00 55195 0:00 5/7/95 0:00 5/9/95 0:00 5/11/95 0:00
Time
|——NRG-6-A ~=~==NRG-6-B NRG-6-C ==¥==NRG-6-D ==¥=NRG-6-E NRG-6-F ==t==NRG-6-G =====NRG-6-L,M
Absolute pressure vs. time for NRG-6
August 24, 1996 . Prepared for: . ,,’w . L,.m?\'pmf‘.b?‘;, inolas. Ine.
P266:D:waser\projeots\Ny yhannrepSt\figures ) Nye County Nuclear Waste Repository Project Office Newpon Beach, C° S




May 1 - May 10 1995

13
12.95
12.9 -
FS-0-tlo-dadrwlegedat-s -l 04 SR
12.85
g
o 128
0. B — ;I — — i I
N e R e R B
P 1275 - s ] i s s B t S e L o ks oeehs o o e et et e e A e BRI
3
]
?
g 127
8
3 — | I
12,65 %, e :;@ﬁ%
—
126 {
A W W 4
12.55 J=
1L RS 4 i
125 N L }
5/1/95 0:00 ~ 5/2/950:00 ~ 5/3/950:00 © 5/4/950:00 5/5/950.00 5/6/96 0:00 5/7/950:00 5/8/950:00 - 5/9/950:00 5/10/95 0:00 5/11/95 0:00
Time
=&~ NRG-7a-A =—=NRG-7a-B NRG-7a-C =% NRG-7a-D ~¥=NRG-7a-E "™ NRG-7a-L,M
Absolute pressure vs. time for NRG-7a
: : Prepared by: :
August 24, 1996 - Prepared for: Multimedia Envir I Technology, ne.
P266: Diusertprojeots NyecountyannrepO6\fig Nye County Nuclear Waste Repository Project Office Newport Beach, CA




June 6 - June 26 1995

13.1
L o
13 = P
P L 1
12.9 A et T e
) ~ . - ! LM | ——§ - ’ P S
- 1 _
« le . ; i . 1 @]&W‘ el Eitnea ) ; J
[7] s ) , i AL
& 128 M"’&‘L'it:lﬂﬁl%?
= (s had
g |
£ 127 il -
- 2 !
\ ﬂ & L ra
126 AT AlYs E‘
¥ g
12.5 -‘
T
12.4
6/5/95 0:00 6/10/95 0:00 6/15/95 0:00 6/20/95 0:00 6/25/95 0:00 6/30/95 0:00
Time
——NRG-6-A ====NRG-6-B NRG-6-C =34—NRG-6-D =¥=NRG-6-E ™===NRG-6-F =+=NRG-6-G ====NRG-6-L,M
Absolute pressure vs. time for NRG-6
August 24,1996 Prepared for: Mo e olory. ine
P266::Diuser\projeots\Nyeoounty\annrepS6\figurcs 8y dne.

Nye County Nuclear Waste Repository Project Office Nowport Buach, CA




June 6 - June 26 1995

13.1
13

12.9 W@» g
5
8 128 ":Tmu]ﬁ::"' {rd ! yebvedres
® LA T ||
g kel L %
o 127 i :
g - by 3
& %»g}%{ A "ﬁs[( k. i

2 ¥ 4
12.6 e
] 4

12.5

12.4

6/5/95.0:00 6/10/95 0:.00 6/15/95 0:00 6/20/95 0:00 6/25/95 0:00 6/30/95 0:00

Time
L—-—O—— NRG-7a-A NRG-7a-B NRG-7a-C =3t=NRG-7a-D =¥=NRG-7a-E =====NRG-7a-L.M
Absolute pressure vs. time for NRG-7a
August 24, 1596 Prepared for, " Multimediy I:'nvi::.::::l};)“i]bclmnlugy, Ine,
P266:Di\uscrigprojeots\Ny annrepd6ifig Nye County Nuclear Waste Repository Project Office Newporl Beach, CA '




June 6 - June 26 1995

12.95
2 AAA .1 1| 11 A4
12.9 — et
ENTDVY 212 Ll SN NI i 1 S
et L
12.85 "
N . —— e A4 WIY
7 — M AE&) St
Q d — A, Nt
£ T LT,
2 128 = ,
2 A \ L
o X radadg o X X K
& Ty y gr P2y A v
12,75 !
B
12.7
12.65
6/19/95 0:00 6/20/95 0.00 6/21/95 0:00 6/22/95 0:00 6/23/95 0:00 6/24/95 0:00 6/25/95 0:.00 6/26/95 0:00 6/27/95 0:00
Time
L_ UZ#5-A =———UZ#5-B UZi# 5-C =3 UZ#5.D =W UZ#5-E = UZ#5F ==t=—Z2#5-G = UZ#5-H
Absolute pressure vs. time for UZ#5
August 24, 1996 Prepared for: Multimedi Envi}’mpnmd b)[' Iinology, Inc.
P266::Di\user\projeats\Ny poo\ig Nye County Nuclear Waste Repository Project Office - ’

Newport Beach, CA




December 1 - December 12 1995

13.15
13.1 -
L "
13.05 -
13 -
—— e . =1 A
. F | i A o . L i l—l
‘g 12,95 ]T | I—‘i : M ;:!--—5-__’_ "‘“"'g" 7: T . -
c St 1t 3 } S R o e T e e
2 e SRRl T T EEEmn R ’
% . I % - 1 i ¢ $
U D rAEaE ¥ i {
a : 4.. || 1 u i >
{ 1
12.8 = -
L. ﬂ" Bl
AN
12.75 > i £
\l V4
12.7 - -.LFL'
\
12,65 ' ’
12/1/850:00 12/2/950:00 12/3/950:00 12/4/950:00 12/5/850.00 12/6/950:00 12/7/950:00 12/8/950:00 12/9/95 0:00 12/10/95 0:00 12/11/95 0:00
Time
——NRG-6-A =—NRG-6-B NRG-8-C =¢=NRG-6-D =—¥—NRG-6-E ™™™ ™NRG-6-F ===NRG-6-G ==NRG-6-LM
Absolute pressure vs. time for NRG-6
August 24, 1996 : Prepared for: Prepard b:

Multimedia Environmental Teclniology, Inc.

P2661:D:\uscr'\projeots\Ny ty\annrep96\fig . Nye County Nuclear Waste Repositery Project Office Newport Beach, CA




December 1 - December 12 1995

13.05 i | i
1 [
13 - v~
12.95 re - -
12.9 = - - e
8 ad - - — .
a Bl BT A il Ty T L T
£ 12.85 S i e s T
g -1
g 12.8 " S s
a NS =, e T -
12,75 {=—faSpia b —plapép = X
Cha T 222N 1 Pad
LD WA K4 | Pt
] i
12.7 w '
\
12.65 == -
||
12.6 | S I |
12/1/95 0:00 12/2/950:00 12/3/950:00 12/4/950.00 12/5/950:00 12/6/950:00 12/7/95 0:00 12/8/95 0:00 - 12/8/95 0:00- 12/10/95 0:00 12/11/05 0:00
Time
st NRG-7a-A =NRG-72-B NRG-7a-C ==5¢=NRG-7a3-D =¥—=NRG-7a-E —0——NRG—7a-L,M—‘
Absolute pressure vs. time for NRG-7a
August 24, 1996 . . Prepared for: . Mudtismedia En v:':—r;l;’l‘:‘l‘::tlfz'il'ucluwlogy. Tue.
P266:D:\mer\projects\Ny y PIGigures - Nye County Nuclear Waste Repository Project Office . : -

Newput Beach, Ca




December 1 - December 12 1995

13.05 -
A= \
13 Al
N I o § 7 ks I 7]
t N '\;‘v‘ ﬂ“\ -
12.95 Jmepen N o 11 ‘:ﬁl."bi' L. '
\ .I b el ) _17 ! v \“ \.. —
o e < -
Tg. 12.9 - 3G Qﬁ@/@’%% N |
. Rl FETE
‘g n-é‘*'*f“ ¢ R al i ol 7% i I A P [\-
5 ; i ‘ a¥ :
! AY
e A 17 AN 7 Y T T AN T4
mam= eSS /
128 \
3 A T - \h/ /
= A ol
X 4 "
12.75 i LYW
127
12/1/950:00 12/2/950:00 12/3/950:00 12/4/950:00 12/5/95 0:00 12/6/950:00 12/7/950:00 12/8/950:00 12/9/95 0:00 12/10/95 0:00 12/11/95 0:00
Time
—UZHEA U Z#5-B UZ#5-C == UZ#5-D == UZ#5-E UZ#SF =—+—UZ#5-G ~——UZ#5-H ——UZ#5-M N
Absolute pressure vs. time for UZ#5
August 24, 1996 Prepared for: Maultimedi E"v:_:"cl’,“md h47,1’/’ lrology, Inc.
P266::Diuser'projects\N p96\fig Nye County Nuclear Waste Repository Project Office Nowport Bench, CA - .




December 1 - December 12 1995

13.05 T
-y
13 ~
. LN, |
265 1o SEEpRSSR g
. - - . _
e e EEEE 5=
- T
2 129 (MG o et
-é ety o —;x 3t e 5 % N &
g w1, **M > ]
| N
2 12.85 . -
g e =t L EEAY N é . 4
. 7 MM s
N~ \ 7T
12.8 =g , ,
SN
W
12.75 - £
12.7
12/1/950:00 12/2/950:00 12/3/950:00 12/4/950:00 12/5/950:00 12/6/950:00 12/7/950:00 12/8/950:00 12/9/950:00 12/10/95 0:00 12/11/95 0:00
Time
UZ#4-A =4=—1jZ#4-8 UZ#4-C == UZ#4-D —H—UZ#4-E UZ#4-F —+—UZ#4-G Uz#4-H UZ#4-M,N
Absolute pressure vs. time for UZ#4
August 24, 1996 : Prepared for: " Multmedia Ifllv}'::l?:;:\;lls?’:'I‘('c'lumhlgj'. Ing.

P266::D:\user\projects\Nycoounty\ennrep@6\figures Nye County Nuclear Waste Repository Project Office . © . Newpont Beiich, CA




December 1 - December 12 1995

13.3
13.2
13.1
a 13 1
[7]
o.
£
@ 129
3
a <
g 128
12.7 43
12.6 4
1 |
12.5 1 I
12/1/95 0:00 12/3/95 0:00 12/5/95 0:00 12/7/95 0:00 12/9/95 0:00 12/11/95 0:00 12/13/95 0:00
Time
—SD-12-A =m~—=2SD-12-B SD-12-C ==3=SD-12-D =¥=SD-12-E SD-12-F =G D-12-G s SD-12-H === G D-12-]
~——SD.12-) =E=8D-12-K =====5D-12-L - " :8D-12-M =I5 8D-12-N =714 8§D-12-0 === GD-12-P == SD-12-U
Absolute pressure vs. time for SD-12
August 24, 1996 Prepared for: otitmils B e toet:
P266:Di\user\projoots\Ny y\annrep96\fig : Nye County Nuclear Waste Repository Project Office i o e

Newpott Beach, CA -




December 1 - December 12 1995

13.05
13
i
12.95 S '
A T D )
S - [ | .#' I:" ; — —r—‘
12,9 1= omii] RS = = u =
< p [ ' T 4 T b s n W ol ot 8 1 | 1
2 el 53 xt]
T 1285 oy o o Ao : = s : : - }
= / 1 s M 2
g - A I & e T T 34 -
o 1238 2  —— — i
4 {
o 1 il
o 12,75 - '
: N : s #
12.7 e = byt oy
3 - ~ A
12.65 :
-
\ X ! 1
12,6 1§ 1 1
12/1/95 0:00 12/2/950:00 12/3/95 0:00 - 12/4/950:00 12/5/950:00 12/6/95 0:00 12/7/950:00 12/8/950:00 12/9/950:00 12/10/95 0:00 12/11/95 0:00
Time
Seriegs1 =——==UZ-73-A *———JZ-72-B UZ-7a-C —X—- UZ-Ta-D === Z-7a-F = jZ2.7g-F =mfums |J7-7a-G e |jZ-72-H
= )7-Ta-| =—p=y)Z-7a-J ===={)Z7.7a.0
Absolute pressure vs. time for UZ-7a
August 24, 1996 ’ o Prepared for: Multimedi 1:,.,Emwucdh':'21' huology. Ine
P266:D:\uscr\projeots Ny Y\annrep96\figres Nye County Nuclear Waste Repository Project Office e

Newport Beach, CA




13.05

May 4 - May 15 1996

\
$

13

2!
]

12.95

12.9

12.85

12.8

12.786

Pressure in psia

127

Failh

N,

12.65

11

12.6

12.556

5/3/96 0:00 5/5/96 0:00

5/7/36 0:00 5/9/36 0:00 5/11/96 0:00 5/13/96 0:00 5/15/96 0:00
Time

—=NRG-6-A =NRG-6-B

NRG-6-C ~=NRG-6-D =¥—=NRG-6-E *™*=NRG-6-F =+=NRG-6-G =—NRG-6-L M

Absolute pressure vs, time for NRG-6

August 24, 1996

P266::D:\

Pl

Preparcd by:
i { Teclnology, Inc.

Prepared for: Vltis
i Newport Beael, CA

Nye County Nuclear Waste Repository Project Office




13

May 4 - May 15 1996

N I T
S - ]
12.95
12.9
~ oz
, ad
12.85 | - -
- - I i
" I B ] ! w
g. 12.8 : i — — : e
£ I e = —
g 1275 ~ R
=
7] Ny
o 12.7
o ’ =
12,65 - %
128
12.55
¥
|
12.5 ]
5/6/96 0:00 57/96 0.00 5/8/96 0:00 5/9/96 0:00 5M0/96 0:00 5M11/960:00 5M12/960:00 5/13/960:00 5/14/96 0:00  5/15/96 0:00
Time
~4—~NRG-7a3-A =—=NRG-72-B NRG-7a-C —>¢—NRG-7a-D =¥~ Nrg-75-E ™™™ =NRG-7a-L,M
Absolute pressure vs. time for NRG-7a
August 24, 1996 Prepared for: Multimediy bllvi:;‘l{’rllllr:l‘lll‘:;? ”:l‘::c/mu[ngy, Tne.
P266::D:\user\projeots\Ny pI6\fig Nye County Nuclear Waste Repository Project Office Newport Bosch, CA




May 4 - May 15 1996

13 ] =
|
k‘
12.95 B
R N v ;'\'\
N 3
129 - 2 o b
_ Y I
« i * _ T IN T
'g. \‘k > )“ | 4 an l - .
= 12.85 e \( SAUE VAIE ¥ F ‘ * = " ’?P a
- shae SAYEFERA pEERCUCHRSC l‘ N 13 AY
2 FL S PO N [A \q% 3 \
3 s A [WRY: A %__ _
AN 3
s 128 1
‘t hS
i\ \ P
AT A A\“i\! 25N S ALY/ e ’\ :
1275 4 i e 7 7 AT S ,ﬂ
4 iy AN = RN X1
\ 2 AN . g \ \L;‘ \\ ‘X"
127 e I |
\V N A
) V4
12.65
5/3/86 0:00 5/5/96 0:00 5/7/96 0:00 5/9/96 0:00 5/11/96 0:00 5/13/96 0.00 5/15/96 0.00
Time
o= UZ#5-A UZ#5-B UZH#E-C =3 UZ#5-D == JZH5-F " ZHE [ e | JZH5.(5 = | ZHE-H === ) Z#5-M N
Absolute pressure vs. time for UZ#5
August 24, 1996 ' ' Prepared for: PP E,_jwpmd h?, hnology; e
P266::D:\user'\projeots\Ny 3 pS\figur ' Nye County Nuclear Waste Repository Project Office Newport Beach, CA - o




May 4 - May 15 1996

13
Ny
12.95 Z,
l —_——
. et __ vy
12.9 B i,
v A N A 7 A o —
I [ ¥ Ty -7 '\r;r v,
s 5 Z = < y%
2 12.85 — e N
£ Ao B o N
§ ’ ot 2Ee SRR X
g 128 SRR
_#A v EEiL o \\ . Y ;
12.75 e % ! N +
Vi LV by fhl
. ) ;
= 17 NN . i}
12.7 Mﬂ § y L N 4 Y
Citn i { , I
7
12,65
5/3/96 0:00 5/5/96 000 5/7/96 0:00 5/9/96 0:00 5/11/96 0:00 5/13/96 0:00 5/15/96 0:00
Time
——UZ#4-A ==—UZ#4-B UZ#4-C == Z#4-D == UZH#4-E UZH#4-F =t Z#4-G = UZ#4-H = UZ#4-M N
Absolute pressure vs. time for UZ#4
August 24, 1996 Prepared for: Prepared by:

P266:D:\user\projeots\Ny

>

P

Multimedia Environmental Techuology. Inc.

Nye County Nuclear Waste Repository Project Office Newport Beach, CA




May 4 - May 15 1996

13.3

13.2

L
1
i
]
;
[
A
1
E

13.1 o

12.9 +

Pressure in PSIA

12.8

127

12.5 |
5/4/86 0:00 5/4/96 12:00 5/5/96 0:00 515/96 12:00 5/6/96 0:00 5/6/96 12:00 5/7/96 0:00 57196 12:00

Time

~——SD-12-A *=~=5D-12-B SD-12-C =>¢=8D-12.D =¥=SD-12-E SD-12-F ~=~4==8D-12-G =====SD-12-H ~—8D-12-|
—t=35D-12-) =—dE==8D-12-K ===8D-12-L =3¢=8D-12-M ===+ GD-12-N 7= §D.12-0 ====SD-12-P ==dr==5D-12-U

- Absolute prevssure‘vs. time for SD-12

August 24, 1996

: : Preparcd by
Prepared for; : Teparce Y
P266:D:\user\projects\N; A p6\fig

Multimedia Environnrental Technologys fnc,
Nye County Nuclear Waste Repository Project Office . Noviport Beach, CA”




May 4 - May 15 1996

13
12.95 e — —
I’l ~ -
o 7 Ry
12.9 = 2 ol g e e e e
—— " S
— ] -
12.85 e e — K —
e B —— — ~
< - —— = ! i = ! — =
z 12.8 ; e ol o ~
1 -]
R I —3
o 1275 A . |
2 1 7
n ] 1 {
@ ;
g 127
o AN = Y
| A VAR S - i )
12.65 = 5 — s \
A 3
k! Ly
126 E -
LY K ‘\'
N [l 2
12.55
12.5
5/3/96 0:00 5/5/96 0:00 5/7/96 0:00 5/9/96 0:00 5/11/96 0:00 5/13/96 0:00 5/15/96 0:00
Time
nseaca | |7-Ta-A === )Z-72-B UZ-7a-C ===UZ 73D —W—=UZ-7TaE UZ-7a-F pom UZ-73G ==UZ-Ta-H === Z-7a-|
—peyZ-73-) ====Z-7a-0
Absolute pressure vs. time for UZ-7a
August 24, 1996 Prepared for: i F o I
P266::D:user\projects\Ny y\annrep®6\figures Nye County Nuclear Waste Repository Project Office s

Newport Beaeh, CA




