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TUNNEL INSTRUMENTATION AND DATA

INTRODUCTION

Nye County, in an effort to demonstrate the importance of the climatological
monitoring in the exploratory test facility and its potential application to
alternative repository design, has continued monitoring barometric pressure,
temperature, humidity, and air flow velocity in various locations and schemes
within the underground workings of the ESF. Nye County has also been
analyzing the data collected periodically to evaluate the need for additional data

and implications of the results on the performance and operation of the repository.

ATMOSPHERIC MONITORING

Nye County has installed instruments to measure temperature, pressure, humidity
and air flow velocity within the ESF tunnel to understand and evaluate the
interaction of the ventilation air in the tunnel and its potential impacts on the
performance of the repository. An underground climatological monitoring station
was installed in August 1995 behind the ESF tunnel boring machine (TBM) to
measure the temperature, pressure, and relative humidity of the ventilation air.
Figure 7-1 is a schematic drawing that shows the relative position of the
instruments. This monitoring station moved with the tunnel boring machine
frame. As the TBM broke through at the South Portal on May 20", 1997 the
instrumentation was disassembled and monitoring was discontinued. In
November of 1997 another monitoring station was setup along the wall of the ESF
tunnel approximately located at Station 35+63, near Niche 1. In addition to
temperature, pressure and relative humidity, an anemometer was used to measure
the air flow velocity in the tunnel. Also, soil moisture probes were installed at
two locations in the rock along the wall of the tunnel at this location. Data was
collected at this monitoring station for a period of a month and was then analyzed

to determine how atmospheric conditions in the tunnel may be affected by
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ventilation. Variations in the water content of the rock were also observed and
this data was analyzed in relation to changes in atmospheric conditions in the
tunnel. In December of 1997 construction commenced on the Enhanced
Characterization of the Repository Block (ECRB) drift. This drift is in
approximately an east-west direction and traverses across the ESF main loop at
ESF sta. 31400.

A climatological monitoring station was set up in the ECRB in May of 1998 at
ECRB sta. 1400 (Figure 7-2 and Photograph 7-1). This station was designed to be
easily disassembled, so that it could be relocated at another position within the
ECRB. As the TBM bores through the rock during the construction of the ECRB,
Nye County plahs to relocate the monitoring station approximately every 500 feet
as the TBM progresses through the rock. Results of Nye County’s monitoring in
the ESF are presented in a series of graphs in the enclosed media (see
ESFInstall.ppt and ESF_TBM.ppt).

‘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 when the ventilation is not in operation.
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.

EVALUATION OF THE USE OF WATER IN THE
TUNNEL

As reported previously (Multimedia Environmental Technology, Inc., 1997), Nye
County’s Nuclear Waste Repository Project team visited the Exploratory Studies
Facility (ESF) tunnel in 1996. One of the observations made by the team was

related to the water usage in the tunnel. Nye County has observed on several
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occasions standing water throughout the entire length of the tunnel boring
machine (TBM) and its attachments. Also it was noted that water spraying with a
high-pressure hose is routinely being used by the miners to wash the walkways
and other seemingly unnecessary areas. In fact, in May of 1998 a DOE Stop
Work Order was issued to the mining sub-contractor due to inadequate
management of water usage and measurement/accountability for water use in the
main tunnel and the ECRB. Nye County has developed a database (refer to the
media attached, ecrb.xls and esf.xls) containing information on site construction
activities which includes water usage data. This database is updated continuously
and is based upon water usage logs and site activity reports provided to Nye
County through YMP subcontractors. Furthermore, recent evaluation of the
report on chlorine 36 (*°Cl) has revealed that tﬁe 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 4 inches into the rock and from the walls of the tunnel, which are not
subjected to standing water and are only sprayed for cleaning purposes. Also, Nye
County has noted that, in some of the closely-space *Cl sampling locations in the
South Ramp, *Cl was detected only in some of the samples. Considering the
highly fractured nature of the rock, it is conceivable that the traces of 3C1 have
been washed away by washing the walls for geologic mapping purposes. Nye
. County has also learned that the lithium bromide has been detected up to several
tens of feet in some of the boreholes drilled by DOE for the purpose of
investigating the extent of the construction water invasion. Most of these

boreholes show at least a few feet of invasion of the construction water.

Nye County has recently performed preliminary mass balance calculations to
evaluate the water usage in the tunnel. These calculations augment Nye County’s

previous work on the impact of ventilation on water removal from the ESF.

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
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was 16.4 feet wide by 82 feet deep. A vertical fracture zone of about 1.6 feet
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 30 ft in about 0.003 days (4 minutes).
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 6 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.

It is Nye County’s position and recommendation that the water use during the
tunnel construction be minimized to the extent possible without compromising the

safety of the workers.
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ALTERNATIVE REPOSITORY DESIGN

INTRODUCTION

Thermal and moisture conditions of the repository are two of the most important
processes that may influence containment of the radionuclides. To contain the
radionuclides, the current concept is to seal (or backfill) the repository with
crushed tuff or similar material after 100 years. Although some considerations
have been given to the design with no sealing of the repository, the results have
not been satisfactory in the past due to the predicted high temperature levels
(above 100 degree Celsius). The uncertainty in water flux through the repository,
the long-term hydrological, chemical, and mechanical effects of the elevated rock
temperatures, and the long-term geochemical effects of concrete lining have been
some of the most investigated subjects and probably the least resolved issues in
the HLRW projects. Because of the large heat load, waste packages must be
spaced far apart from each other, requiring a relatively large acreage. Natural

ventilation may be used to alleviate some of these problems.

The heat generation rate by each canister of high-level radioactive waste is not
substantial and is on the order of about 8 kilowatt. This amount of heat is
equivalent to the amount of heat generated by about ten 1000-watt light bulbs.
This amount of heat can be removed with a relatively small amount of ventilation.
To demonstrate this, an observation from one of Nye County’s instrumentation is

presented in Figure 8-1.

In this figure, the temperature in probe 1 was noticed to behave anomalously
during the time when tunnel forced ventilation was not active (11/6/97 to
11/11/97 and during weekends beginning on 11/17 and 11/24). The reason for
this anomaly was determined to be the presence of a flood light less than four feet
away from the probe. The flood light is a 500-watt halogen lamp. The amount of

heat it generates is approximately 400 watts. During active ventilation period,
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there is no noticeable deviation from the normal trend. This is because the small
(approximately 1.6 ft/s) air flow rate is sufficient to dissipate the heat generated
from this lamp. During inactive ventilation periods, the air flow is too small to
dissipate the heat near probe 1. Once the lamp was removed, this anomaly was
alleviated. This observation indicates that a relatively small amount of air
movement is required to remove heat generated from objects in the tunnel.
Calculations have shown that a 3.3 ft/s air flow can remove 16 mega watts of heat
in a 25-ft diameter tunnel connected to a 10 ft diameter shaft (Multimedia
Environmental Technology, Inc., 1997). The amount of heat generated from the
canisters is estimated to be about 64 mega watts. Therefore, four shafts connected
to a 25 ft diameter tunnel may be sufficient to remove the entire heat generated by

the waste.

Long-term (1000 yrs) forced ventilation may not be practical in terms of cost and
maintenance. One of the advantages of Yucca Mountain claimed by DOE is its
open and well-drained host rock. Numerous studies, including Nye County’s
(Multimedia Environmental Technology, Inc. 1995, 1996, 1997), have indicated
that the air permeability of the host rock is large which promotes air movement in
the host rock. This open system combined with an engineered underground
structure can be taken advantage of to provide natural ventilation to remove the
heat from the radioactive waste. The underground structure may consist of a
series of interconnected tunnels and shafts that provide a chimney-like
configuration where the heat from the radioactive-waste decay promotes natural
ventilation. This natural ventilation removes the heat from the canisters. The air
movement in the emplacement drifts removes moisture from the host rock. By
removing moisture from the host rock the capillary pressure will be increased
(more negative) in the host rock. This reduction in capillary pressure will produce
a strong potential gradient toward the emplacement tunnel. Moisture removal is
enhanced by the movement of the air, which is nearly saturated with water vapor,

through the fractures in the host rock into the tunnel.
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The overall results are:;

e The heat from the canisters gradually dissipates through ventilation in

the tunnels.

e The liquid flow in the host rock moves toward the emplacement

tunnels.

¢ This liquid is removed by evaporation as soon as it reaches the tunnel

and will never contact the canisters.

e Radionuclide migration (if any) will be toward the tunnels and not
away from the tunnels. That is, even if there is an accidental release in
a portion of the tunnel, the migration will be toward another section of
the tunnel and not in the direction that may intersect the pathway to the

groundwater.

Recent observations in the Exploratory Studies Facility (ESF) tunnel at Yucca
Mountain by Nye County staff, have indicated that ventilation can remove
substantial amounts of moisture and heat from the tunnel host rock in a very short
period of time. Therefore, by naturally ventilating the repository and taking
advantage of the thermal drive of the waste packages, the repository host rock
may be kept dry for over 10,000 years. 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.

Based on the present accumulation of the spent-fuel rods, it is estimated that more
than 63000 kilo watts of heat can be generated from the spent fuel rods.
Computer simulations have shown that this amount of heat can generate a
substantial amount of air flow if properly placed in a tunnel connected to a shaft

or any compartment that is connected to a chimney.
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OBSERVATIONS IN THE YUCCA MOUNTAIN ESF
TUNNEL

An underground climatological monitoring station was installed in August 1995
behind the Exploratory Studies Facility (ESF) tunnel boring machine (TBM) to
measure the temperature, pressure, and relative humidity of the air. Several other
measurement stations have been recently 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.

The data indicated substantial heat and moisture loss from the rock as a result of

forced ventilation air.

PRELIMINARY SIMULATIONS

Simulations were made to evaluate the effect of ventilation on removal of
moisture and heat from the repository host rock. The coupling of the atmospheric
processes with the rock was simulated using A-TOUGH (Multimedia
Environmental Technology, Inc. 1994 and Multimedia Environmental
Technology, Inc. 1995), a numerical code which was developed for simulation of

coupled atmospheric-soil processes.

Figure 8-2 shows the model that was used to calculate the amount of air flow
generated from a small portion of the fuel rod assemblies. The simulated tunnel
has a diameter of about 25 feet. A ventilation shaft, 1000 feet high and 10 feet in
diameter was connected to the main tunnel. An equivalent heat provided by 52
waste packages (445 kilo watts) was applied with a packing density of one per 25
feet of tunnel length. The main driving force for the air movement in the tunnel
and along the shaft was the buoyancy caused by the temperature of the waste

package and the host rock. The initial pressure conditions were the same as a
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static atmosphere. A temperature of 15 °C and relative humidity of 10 percent was

assumed for the atmosphere.

SIMULATIONS USING THE SITE-SCALE UZ MODEL

The site-scale unsaturated zone (UZ) model (Bodvarsson, 1997) was modified to
perform simulations presented here. The mesh was reduced by removing layers
from the bottom of the model (the saturated zone section). The area of the model
was also reduced. A series of nodes representing the ESF and a conceptual
repository were introduced. Four shafts were introduced into the model. The
overall dual-porosity node configuration consisted of 40000 nodes (from original
72000 nodes of the LBL UZ model).

The oblique view of the modified mesh is shown in Figure 8-3. The first set of
simulations that were completed in this reporting period included an experimental
simulation. In this experimental simulation, the heat source was placed in the
ESF tunnel only. The placement of the canisters in the shaded conceptual

repository area is currently underway.

RESULTS OF SIMULATION

The results of the preliminary simulations are presented in Multimedia
Environmental Technology, Inc. (1997) and Montazer (1998) and will not be
repeated here. The results of the experimental simulation using the modified UZ
mesh are shown in Figures 8-4 and 8-5 for eddy diffusivity of .01 m?/s. The hot
spot in the tunnel near the waste package reaches a maximum of 45 °C in a few
days. The rock temperature near the tunnel continues to drop to below 10 °C until
after about 20 years when it rises back to approach 15 °C. Only the first 200 years
of simulation are shown here. An infiltration rate of .16 inches/yr was used for

this simulation. Air flows at about 60,000 cfm.
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These results show that conceptually such a design would be beneficial in
maintaining the temperature of the host rock within the ambient conditions while

drying the host rock in the vicinity of the waste.

REPOSITORY DESIGN

Application of natural ventilation aided by heat source generated by the fuel-rod
assembly may provide a cool and dry host rock with a capillary-pressure gradient

toward the emplacement tunnels during the first 10,000 years.

A few shafts may be required to implement a full-scale naturally-ventilated
repository. These shafts may be designed to have their exit into the Solitario
Canyon as conceptually shown in Figure 8-6

Engineering of an open repository could be complicated and would need special
studies. The emission of the gaseous radionuclides do not seem to be of major
concern at this time because the large amount of flow will dilute any accidental
release of gaseous radionuclides. Particulate matter can be trapped by creating
large diameter rooms along the shafts. These rooms will serve as velocity traps
and eliminate the need for filters. Filters would reduce the efficiency of the

ventilation system.

The complex underground system may not readily lend itself to efficient air
circulation in all areas of the system. In these areas, forced ventilation can be
used potentially powered by the electricity generated from natural ventilation.
According to Montazer (1998) there will be ample electricity that can be

generated from the natural ventilation.

Because the heat can be removed readily, the canisters may be much more closely-
spaced than current design allows. With high density of packing, a much smaller
area (about ') will be required for disposal. This will also provide the
opportunity to select the best part of the available area for disposal. The cost

savings for reduced area is considerable and should be studied further.
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The potential for intrusion is an aspect that will need to be studied further. The
entrance to the repository can be blocked by bars and by providing raises that
could only be accessed by special equipment. For example, the bars can be
electrified or the entrance can be through a 100 ft shaft only accessible by special

equipment.

The invasion of the underground opening by biological activity such as plants and
animals is unlikely to a great distance. However, traps can be placed along the

way to minimize such potential invasions.

There are many other issues such as stability due to geological activities, flooding,
and other issues that need to be thoroughly investigated before such a design is
accepted. However, it appears that such a repository would increase safety and

reduce uncertainty to such a degree that makes it worth further investigation.

It is not Nye County’s position to recommend such a design. The purpose of
presenting such a potential change in the repository design is merely to encourage
DOE to more carefully look at this alternative and provide more detailed

information to be evaluated by the affected communities.
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Figure 8-1

Temperature anomaly caused by a flood lamp near Nye County’s instrumentation.
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Three-dimensional simulated tunnel model and cross-sectional view.
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DATABASE MANAGEMENT

Nye County has been developing a hydrogeologic database for the Death Valley
Hydrologic Basin that includes information about all the wells, springs, and other
pertinent hydrologic features in the basin (referred to as Nye County Database or
NCD in this report). Nye County has made every effort to transfer the existing
databases and geographical information systems (GIS), DOE maintained, into the
NCD to minimize the duplication effort. The sources of the majority of the data
transferred to the NCD were D’Agnese, et. al. (1997), DOE (1997), and the
Technical Data Management Geographic Information Systems of DOE (1997).
Additional data from the Nevada State Engineers Office and various published
reports were entered into NCD and integrated with the GIS.

The NCD uses SATURN GEIS® which is a Microsoft® Access® based software
system. The NCD SATURN GEIS allows querying the well and spring
information based on sub-basins, groups of wells and springs, regional grouping,
ranges of dates, types, and categories of data. Once a query is completed, the
selected range of data can be visualized in two- or three-dimensional graphs and
renderings.  Geologic cross-sections, fence diagrams, and models can be
visualized in either still or animated views as desired. The NCD is currently
being used to prepare the input needed for the regional groundwater model by Nye

County.

The attached media (compact disk) Nycoun97.mdb contains pressure and
temperature data for UE-25 ONC#1 and USW NRG4 as well as data for
continuous monitoring of the ESF climatic conditions during ESF construction.
This database can be opened directly with Access version 2.0. Data access and
sorting can be done with user-friendly menus. Tuneldatamdb contains
temperature, pressure, humidity, and air velocity data for various locations within
the ESF and ECRB after November 1997. This database can be viewed using the

Access program.
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The file modelUTM.mdb contains a Saturn database with all the water level data.
This database is preliminary and is undergoing quality assurance review. Also,

not all the available data have been entered into this database yet.
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GIS

The geographic information system activity has been limited to transfer of the
coverages from the DOE Technical Data Management GIS into the SATURN
database. No modification of the original graphic files has been made. Several
hydrological and demographic coverages have been regrouped and reorganized
into a SATURN compatible electronic file structure. The Nye County GIS files
are not included in the media because the compilation and integration with the
ongoing effort under the Oversight Program of Nye County has not been

completed yet.
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QUALITY ASSURANCE

NWRPO INTRODUCTION

The Nuclear Waste Policy Act of 1982 (NWPA) defined a process whereby the
Nation would site, construct, operate, and decommission a geologic repository for
spent nuclear fuel and high-level radioactive waste. In its 1987 amendments to the
Act, Congress designated Yucca Mountain, located in Nye County, Nevada, as the

sole candidate site for a repository.

The NWPA assigned three roles to separate agencies of the executive branch. The
Environmental Protection Agency is directed to promulgate generally applicable
standards for protection of the general environment from off-site releases from
radioactive material in repositories; the Department of Energy (DOE) is directed
to characterize Yucca Mountain for its suitability for a repository, as well
construct, operate and decommission the facility, if licensed; and the Nuclear
Regulatory Commission (NRC) was charged with the role of establishing
technical requirements and criteria for licensing, first the construction, then the
operation, and ultimately, the closure and decommissioning, of a repository. The
NRC is also responsible for evaluating DOE's license application and awarding a

license, if appropriate.

DOE's site characterization program includes surface-based testing and the
construction of an exploratory studies facility (ESF) to facilitate the study of
underground site features. DOE's primary mission is to collect sufficient data to

determine site suitability and to support a license application.

NYE COUNTY NUCLEAR WASTE REPOSITORY
PROJECT OFFICE

Nye County has responded to Yucca Mountain being designated the Nation's
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candidate site for disposal of spent nuclear fuel and high-level nuclear waste by
organizing the Nuclear Waste Repository Project Office (NWRPO). NWRPO's
purpose is to investigate the potential impact a repository at Yucca Mountain
might have on the health, safety, environment and overall well being of the

residents of Nye County.

To achieve this purpose, NWRPO administers a program of monitoring,
oversight, independent scientific investigations, impact assessment and impact
mitigation. In particular, NWRPO and its contractors/subcontractors (1) monitor
DOE activities, (2) critically review and analyze plans, reports, data, and analysis
from DOE and other sources, (3) conduct such independent investigations as may
be needed to (a) evaluate and validate DOE data, assumptions, conclusions, and
designs and (b) establish NWRPOQO's own database and analysis for potential

licensing and impact mitigation proceedings.

QUALITY ASSURANCE PROGRAM

It is the policy of Nye County that the NWRPO establish and maintain a
documented Quality Assurance Program. The purpose is to assure that NWRPO
will continually achieve quality of performance in all areas of its responsibilities
through the application of effective management systems, in conformance with its
mission. This Program is designed to meet the requirements of ANSIVASME
NQA-1 and the criteria of 10CRF50 Appendix B.

All NWRPO personnel and its contractors/subcontractors who perform or manage
quality-affecting functions work to the procedures that implement the Quality
Assurance Program. The NWRPO Project Manager is responsible to assure that
all quality-affecting work performed under his cognizance complies with the
requirements of the Quality Assurance Program. The Project Quality Assurance
Officer is responsible for the establishment, implementation, and verification of

the Quality Assurance Program's compliance with this policy.
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The intent of the QA Program is not merely to produce documentation, but more
importantly, to provide assurance that the data derived from NWRPO's oversight
and investigation program are of the highest quality. Furthermore, it is intended
to assure that the NWRPO's scientific activities are conducted in a systematic
manner using documented instructions and procedures that will ensure the

validity, integrity, preservation, and retrievability of the data generated.

The NWRPO Quality Assurance Program is based upon the interpretation of
Federal requirements (that is, ANSVASME NQA-1, 10CFR50, Appendix B) for
nuclear power plants adapted for waste repository research and is designed to
establish procedures for controlling activities that ultimately affect the final
product of NWRPO oversight and investigation. The extent to which this Quality
Assurance Program deals with QA and the responsibilities among the various

NWRPO activities is consistent with their individual importance.

QA ACTIVITES - SUMMARY APRIL 1997 TO APRIL
1998

The current embodiment of the NWRPO QA Program was restarted in March
1997 after a suspension since October 1996. The primary focus this past year has
been the establishment of several fundamental elements of the QA Program;
specifically, the creation of the measuring and test equipment (M&TE) control

system and the refinement of the QA records management system.

In addition to the development of the M&TE system and the records management

system, ongoing work has included:

* The review, approval and issuance of various QA documents including
Quality Administrative Procedures (QAPs), Work Plans, and Technical
Procedures (TPs).

. The generation of a revised version of the NWRPO QA Program Plan.

. Ongoing communication with staff to determine areas where the QA
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Program needs to be strengthened or new areas in need of coverage.

) Review of DOE, NRC, YMP QA audit reports and consideration of impact

on NWRPO.

) Performance of two internal surveillances and one audit on technical and
QA Program activities.

. Development of a QA Action database to track outstanding QA items and

issues of concern.

° Initiation and disposal of a Nonconformance Report and related Suggested
Corrective Action related to calibration of environmental monitoring
probes. This included the securing of an independent technical review of
the questionable probe data.

. Meeting with the Nuclear Regulatory Commission On-Site Representative
to discuss the NCR’s informal evaluation of the NWRPO QA Program.

. Assumption of the position of NWRPO Quality Assurance Officer by the
contractor in March 1998.

. Increase of QA scrutiny of procurement activities involving analytical
laboratory services and calibrated equipment.

. Holding continuing discussions with technical staff concerning the quality
and traceability of hydrogeologic data.

* Preparation of monthly progress reports.

QA ISSUES

The primary issue facing the NWRPO QA Program is assuring the traceability and
validity of data gathered by the program. The QA applied to the gathering and
analysis of these data must be sufficient to ensure their conformance to regulatory

controls.
The NWRPO QA Program also faces the following issues:

e The broad question of data pedigree and data quality as concerns data being
used in models by the NWRPO.
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The probable increase of data gathering activities in the field associated with

the drilling of new boreholes.

e The need for a more complete evaluation of vendor supplied items and

services by the QA Program.

e The increase in the level of technical program activity will necessitate a

concurring increase in QA audits, surveillances, and evaluation actions.

e As additional technical and administrative staff are added, there is a necessity
that their QA responsibilities are clearly communicated and that they properly

perform necessary QA.
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SUMMARY AND CONCLUSIONS

Nye County Nuclear Waste Repository Project Office’s (NWRPO) Independent
Scientific 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 NRG4 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, humidity, and air flow velocity 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:

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

the DOE’s YMP Site Characterization Office.

e Observed water usage in the tunnel and its potential impact on the

repository horizon and the scientific investigation results.

e Prepared detailed review of procedures and methods used for in-situ

air permeability tests and evaluated the results of some of these tests.
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¢ 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 Analysis of cuttings from bore hole UE-25 ONC#1 and focus on the
petrographic characterization of past and present fluid pathways that
support transport from the ground surface through the vadose and
saturated zones. In addition, cutting samples have been analyzed for

36C1/Cl ratio.

e Analyzed pressure response of UE-25 ONC#1 to atmospheric pressure

pulses through natural and man-made pathways.

e Monitored responses to vacuum tests that were conducted in UE-25

ONCH#1 to obtain gas samples for laboratory analysis.

e Collected gas samples in the vadose zone in UE-25 ONC#1 and

analyzed the samples for fluorocarbons, tritium, and carbon isotopes.

e Estimated the apparent ages of the gas samples from UE-25 ONC#1
and compared with the results of samples obtained from other

boreholes at Yucca Mountain Site.

¢ Conducted research as to the potential impact of the construction and
operation of the Yucca Mountain Repository on the County’s
resources. Developed and are in the process of refining a regional

model of the Death Valley Hydrologic Basin.

e Establishment of several fundamental elements of the QA Program;
specifically, the creation of the measuring and test equipment (M&TE)
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control system and the refinement of the QA records management

system.

As a result of the evaluation of the ESF tunnel climatological 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, a 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 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
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the repository performance, and the large-scale transport properties of the

fractured formations in both saturated and unsaturated zones.
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