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EXECUTIVE SUMMARY

Yucca Mountain, Nevada has been selected as a potential high-level radioactive waste
repository, the Nation’s first. The waste would be emplaced about 200 meters above
the water table in a volcanic rock called tuff. Because of the highly radiologic
character of the waste, it must be isolated from the accessible environment for 10,000
years as defined in 40 CFR Part 191.

To determine if the Yucca Mountair gite is a suitable location for permanent geologic
disposal of this waste, the Departmer.. ‘of Energy (DOE) has proposed a complex plan
of testing as outlined in the Site Characterization Plan (SCP). The SCP reviews the
available information on the physical, chemical, biological and human systems of the
Yucca Mountain area. It then outlines a course of study of these systems, 2 design
of the repository and related engineering structures, and plans for assessing the
performance of the repository.

One of the most important systems to understand, yet one of the least understood,
is the hydrologic system at Yucca Mountain. The importance of this system is that
it probably contains the most likely pathways for radionuclide escape from the
repository to the accessible environment. The hydrology of the unsaturated highly-
fractured tuffs, in which the proposed repository would be constructed, is poorly
understood. This is because very litdle scientific study of this type of hydrogeologic
system had been made prior to the selection of Yucca Mountain as a potential

repository.

Our review of the hydrologic and hydrogeologic aspects of the SCP raises many
serious concerns regarding both the current uncertainties regarding these systems,
and more importantly, the DOE’s plans for investigations of the hydrologic and
hydrogeologic systems. The major concerns are of: 1) the time limitations for
conducting the necessary investigations; 9) the great uncertainty regarding the
hydrologic processes, especially fracture flow, in the unsaturated zone; 3) the
inadequate consideration of various hydrogeologic and hydrologic factors, including
coupled flow processes, recharge and discharge, and perched water zones; 4) the
inadequate conceptual and numerical models of the saturated and unsaturated zones,
and development of scenarios; 5) the flaws in the design_and monitoring of
observation wells; 6) the uncertainties in estimating infiltration, ground water travel
time, the extent of the disturbed zone, and waste package integrity; and 7) the overall
biased approach of the SCP. This report consists of a summary of these concerns,
followed by specific comments on portions of Chapters 3 and 8 of the SCP.



APPROACH

Our review concentrated on all of Chapter 3, and major sections of Chapter 8 of the
SCP. Familiarization with the relevant publications and research related to the Yucca
Mountain area provided a background for the technical review of the SCP.

Many of the comments made on the Consultation Draft-SCP still apply to the SCP.
To integrate these comments with the new comments, all of our original comments
were reviewed against the applicable sections of the SCP. The comments were either
retained as stated, modified if needed, or removed if the section had been changed to
adequately address the concern of the original comment. Section 8.3 of the table of
contents of the Consultation Draft SCP was then compared with Section 8.3 of the
final SCP and changes were noted. Added or modified sections were then reviewed
and commented upon where appropriate.

Selected sections of the SCP were reviewed by several individuals and additional
comments were prepared. These were then edited, integrated with the original
comments, arranged consecutively by page, numbered, and finally reviewed by our
QA manager. The individual comments follow the discussion of major comments
below, with the Chapter 3 comments preceding those of Chapter 8.

DISCUSSION

The Site Characterization Plan is an immense document that correlates in shear size
with both the complexity of the physical systems in the Yucca Mountain region, and
the lack of knowledge regarding the geologic, hydrologic, and engineering aspects and
processes acting in this setting. To investigate Yucca Mountain and determine if high-
level radioactive waste could be safely isolated from the environment there, will
require a number of years of investigation and will be extremely costly. Our review
points to the conclusion that characterization of the Yucca Mountain site will be very
difficult and it appears unreasonable that it will be accomplished by the time slated
for the license application.

The geologic setting itself is complicated with heterogeneous volcaniclastic sediments,
which are moderately or heavily fractured. Numerous faults exist in the area, with
some bisecting the proposed repository site. Although the faults were hypothesized
to be old, it appears that some may have been active in the late-Quaternary.
Volcanoes in the area originally assumed to be old, also may have been active in the
late-Quaternary. Because Yucca Mountain is located in a tectonically active setting,
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both tectonic stresses and thermal processes need to be considered in analyzing the
behavior of the geologic media and its fluids.

Although the landscape is arid, both winter rains and infrequent summer
thunderstorms occur and are the source of infiltrating waters that recharge the ground
water system. In fact the unsaturated zone at Yucca Mountain is not dry, it is
partially-saturated with saturations that range from about 50-90%. In the past (and
probably again in the future) pluvial periods of greater precipitation caused ground
water levels to rise and lakes to form in basins of Nevada and California. The flux
of water through the unsaturated zone at Yucca Mountain is unknown today and
unknown for past pluvial periods. The conditions that would allow fractures in the
tuffs of Yucca Mountain to transmit water rapidly downward are unknown. It is not
known whether fractures transmit water rapidly downward after storms. Itis not even
known whether the numerous faults are barriers to water flow or act as conduits.
The distribution of perched water zones in southern Nevada or in Yucca Mountain
are unknown. The controls on the development of perched water zones in the
unsaturated tuffs are unknown; as is the nature of water movement in and around

them.

Using theoretical models, which have not been confirmed by field-testing, some
researchers believe that infiltrating water is drawn into the matrix pores of the tuffs
leaving the fractures dry. From these models and limited field observations values of
average flux, estimated to be very low, have then been used to show that the travel
time of water downward through the unsaturated zone may be very long, tens of
thousands of years or more. However, not far away at Rainier Mesa water occurs in
fractures far above the water table, and springs emerging from perched water zones
have seasonally-varying discharges. If water can move rapidly through fractures in
the tuff at Rainier Mesa, which is geologically similar to Yucca Mountain, but receives
somewhat higher precipitation, then this could occur also at Yucca Mountain, if not
today, then perhaps in a future wetter period.

Many of the answers to the questions about the hydrogeologic system remain
unknown, primarily because little study has been made of the hydrologic processes
in the geologic setting chosen for the repository. Ground water geology only began
as a science about 100 years ago. For many years, studies concentrated on saturated
ground water systems in permeable rocks, such as sandstone. Studies of saturated
zone fracture flow followed, building on the foundation of the investigations of flow
in permeable rocks. Soil scientists were the first to concentrate on unsaturated flow
processes, and not until recently have soil scientists and hydrogeologists integrated
their research. Prior to the selection of Yucca Mountain as a repository site, very
little research of unsaturated zone fracture flow had been performed. In other words,
‘o select Yucca Mountain as the repository site was to choose one of the least-studied
hydrogeologic settings possible. To adequately characterize the hydrogeologic aspects
of Yucca Mountain, if that is possible, will not only demand investigations of many
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processes, but will require development of new techniques and methodologies to
investigate the processes in this unfamiliar setting.

Although it may eventually be possible to decide if a repository in Yucca Mountain
could keep radionuclides from the accessible environment as required, the
investigations in this setting will be difficult, and will not be able to rely on much
past experience. Because of this, the time to perform the necessary studies will be
long, more than for other simpler or better studied geologic settings. It appears very
unlikely that field investigations, laboratory investigations, and computer modeling can
be near completion by the 1995 license application deadline. Instead more time and
more money will be required to determine if Yucca Mountain will be suitable as a
repository site.

The size of the SCP supports the contention that the setting is complex and many
studies must begin to investigate the hydrologic, geologic, engineering and other
aspects and processes at Yucca Mountain. Perhaps even more disconcerting though,
is the lack of detail provided in the description of the proposed geohydrologic
investigations in the SCP. This lack of detail appears to be a function of both the
complexities and uncertainties of the system, as well as the lack of previous study,
which would serve to guide the necessary research.

MAJOR COMMENTS

TIME LIMITATIONS

Many studies, including those investigating: unsaturated zone properties and flow
processes, fracture flow, perched water zones, water table configuration and
fluctuations, saturated zone flow field, spatial and temporal precipitation patterns,
runofl and streamflow, will require many years to design, initiate, collect data, modify,
interpret, model and validate. It is unreasonable to suppose that all of these studies
can be accomplished by the 1995 license application deadline. Listed below are
selected topics that will require more time for investigation.

The investigation of unsaturated zone fracture flow and matrix/fracture interactions
under steady-state and transient conditions will require innovative research and
development of new field, laboratory and modeling techniques. Conventional
unsaturated zone monitoring equipment, such as psychrometers and tensiometers, is
geared toward porous media rather than fractured media. Thus the feasibility of
collecting meaningful unsaturated zone data, such as water content and pressure head,
appears unlikely in the near future.
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The current conceptual model of unsaturated zone flow, as explained in Chapter 3,
is highly incomplete. At this time, the fundamentals of the most likely pathways for
radionuclide transport are poorly understood. To develop and perform the crucial
studies of the unsaturated zone hydrology will require a number of years. Based
on the results of these studies, detailed conceptual models must then be developed.
After more realistic conceptual models are available, numerical models will need to
be developed or modified. When these models are available, they will need to be
validated. Finally modeling to determine the ground water travel time in the
unsaturated zone can commence, if it can be shown that modeling is applicable and
can be validated. It is difficult to envision how all of this could be accomplished in

the few years remaining until license application.

The chemistry of the unsaturated zone pore water is also important for assessing how
radionuclides will react with these waters. The sorptive properties of the unsaturated
zone geologic media and the water/rock reactions also need to be known. Our
knowledge of this is very preliminary. To improve our understanding will depend on
being able to develop and refine sampling methods for extracting pore water from low
permeability tuff. The time to develop new methods, collect samples, analyze the data,
conduct laboratory experiments, and model the geochemical system is insufficient.

To investigate in detail the water table configuration and its fluctuations over time
will require a number of changes to existing studies. Designing and drilling a number
of "true" water table wells, with sets of closely-spaced wells near potential recharge
areas is needed. In addition the existing water table wells need to be modified so that
they penetrate only a few meters beneath the water table. This will require at least
several years. Once these new wells are ready, many years (possibly 10 or more) of
detailed and continuous monitoring will be required to adequately evaluate the causes
of water table fluctuations. This is because the fluctuations may be quite small
considering the highly transmissive nature of the saturated media, and the time lag
between precipitation events and possible recharge pulses may be long. Analyzing the
data under strict quality assurance, lengthens the time for this study past the year

2000.

The time prior to license application for investigating the three-dimensional saturated
flow field in the vicinity of Yucca Mountain is inadequate. At this time very litde data
are available on the saturated flow field, because almost all existing wells sample
composite hydraulic heads over 10’s to 100’s of meters. Several years will be required
to analyze existing data, test, and redesign the wells so that they will sample both
high-permeability and low-permeability strata. To drill and install at least 10-15
piezometers, each with at least four (4) packed-off intervals, will require more time.
Once the system is installed, monitoring will need to occur over a number of years
to assess the stability of the flow field and the possible role of coupled processes.
Performing all of this under strict quality assurance will produce extremely valuable
data, but also lengthens the time for the overall project.
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UNCERTAINTIES REGARDING MATRIX AND FRACTURE FLOW IN THE
UNSATURATED ZONE

The basic interactions between fracture flow and matrix flow (whether it be for vapor
or liquid) are very poorly understood. Of particular importance are transient behavior
and conditions when fracture flow might occur, and whether or not Darcian
assumptions are valid. Fracture-matrix interactions are also crucial to understanding
solute transport, because DOE apparently wishes to rely on matrix diffusion as a
radionuclide retardation mechanism. Some of the tracer testing described in the SCP
needs modification in order to properly evaluate matrix diffusion.

Stress-testing of the unsaturated, fractured tuffs to determine hydraulic properties
using gas (pneumatic) or liquid (water) will require much prototype testing. Moreover,
data analysis techniques have yet to be developed for such tests. Yet in the SCP,
these tests are presented as if they are routine.

Transient fracture flow through preferred pathways (extreme channelling) is also
inadequately discussed. This is probably because detailed investigations in the
laboratory and field are only beginning. Because so little is currently known, the SCP
should consider all possible scenarios of how moisture moves through the unsaturated
zone. Other studies should be conducted to determine the role of fast flow paths, the
development of fracture skins and their role in limiting water movement between
fractures and matrix, the role of fractures in more permeable geologic media, and the
role of tectonics in changing fracture apertures. A serious problem is that reliable
technology for measuring transient pulses of water in fractures does not exist and will
probably not be ready in time for site characterization studies.

HYDROGEOLOGIC AND HYDROLOGIC CONSIDERATIONS

The unsaturated and saturated zone ground water systems of Yucca Mountain and
their interactions are very poorly known. Because of the tectonically active setting,
the interactions between the hydraulic and thermal potential fields, and the stress
helds need to be investigated. However, the SCP does not adequately address these
aspects. ‘The current data on the distribution of hydraulic potential in the saturated
zone is very limited. The details regarding the transmissive properties of permeable
and less permeable zones in the tuffs are not known and it is unclear whether these
will be considered. The geologic media are highly fractured and contain numerous
faults that trend roughly north-south, yet the SCP continues to consider these media
isotropic.
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Theoretical models on which to base aquifer test data interpretation are not well
established. These models may need to account for fracture skins, anisotropy, highly-
variable hydraulic conductivity zones, and effective porosity in a dual-porosity medium.
This, too, points out the need for additional time for site characterization. For those
saturated zone tests that are described in relative detail, some testing locations are
questionable.

Recharge and discharge processes and their distribution are very poorly known.
Recharge is hypothesized to occur beneath the higher mountain ranges and beneath
the major washes or their tributaries. However, its temporal distribution and lag
between precipitation events and when water reaches the water table is essentially
unknown. It is not clear that the proposed studies will allow this to be determined,
especially because the number and _ation of water table wells may be inadequate.
Discharge occurs either by springs, or by evapotranspiration. The spring discharge
flux can be estimated fairly reliably, however, the evapotranspiration flux, which is
more difficult to determine, can only be roughly approximated. This is probably
underestimated, which is important because then the recharge flux in the basin or
sub-basin will also be underestimated, if a mass balance approach is utilized.

The importance of perched water zones to the unsaturated zone hydrology is just
beginning to be realized. These zones must be studied in detail; not only to identify
their current extent beneath Yucca Mountain, but also to assess the likelihood of
coalescence into large perched water zones. — Because of the difficulty of studying
perched water zones without compromising the integrity of the tuff at Yucca
Mountain, these should be studied in several analog settings, such as Rainier Mesa.
Methodology and instrumentation to detect perched water zones should be tested at
such analog sites before being applied at Yucca Mountain. The possibility that springs
discharging from perched water zones could develop on the flank of Yucca Mountain
during wetter periods must also receive greater attention. The SCP states that it may
not be possible to characterize lateral flow in the unsaturated zone during site
characterization. Lateral flow in and around perched zones must be investigated, if
not a potential rapid pathway of radionuclide migration will be ignored.

CONCEPTUAL/NUMERICAL MODELS AND SCENARIO DEVELOPMENT

The conceptual model of the unsaturated zone may need substantial modification, if
detailed and well-designed studies are forthcoming. Currently the SCP relies heavily
on the concept that most or all of the flux in the unsaturated zone is via matrix flow,
which is steady, small, and evenly distributed over the repository block. Although this
mode may be important, a wide range of alternative models needs to be considered.
Field evidence of rapid water transmission in the unsaturated zone or the existence
of perched waters are difficult to explain with the preferred model of steady-state small

_ 7 -



unsaturated zone flux. To improve the conceptual model of the unsaturated zone,
more emphasis should be placed on field-based testing, especially of analog sites. At
these sites, unsaturated zone processes can be studied under different hydrologic and
geologic conditions. This will provide a much improved foundation for assessing
unsaturated zone flow now and under conditions of increased precipitation. In-situ
and laboratory investigations of flow through fractured tuffs, especially of transient
processes, must receive much more attention.

Many faults are located within the controlled area and some extend into or through
the repository area. Investigations should proceed at several sites to assess the
hydrologic behavior of these features. Fault and fault zones could serve as preferred
pathways for water movement in the unsaturated zone, and may make this site
unsuitable as a repository. Unfortunately, little is currently known about the hydraulic
properties of these features. Studies to ascertain this will be difficult to design and
quality assure. Inclusion of faults in the unsaturated zone modeling will be
challenging.

Fundamental processes governing vapor flow and radionuclide transport in the
unsaturated zone at Yucca Mountain are virtually unknown. However, it is very
possible that vapor phase flow may represent a fast path of radionuclide migration
in relation to Ground Water Travel Time. Furthermore, vapor phase transport of
radionuclides conceivably could dominate releases to the accessible environment.

Besides including the above aspects in a modified conceptual model of the unsaturated
zone, this model should not be restricted to the site. It is not apparent why so much
more effort should be made to construct regional, sub-regional, and site three-
dimensional saturated ground water models, when only one unsaturated zone model
of the site will be designed. This underscores the fact that our general knowledge of
unsaturated flow is so poor, especially in this fractured tuff setting. It is crucial that
the unsaturated zone in tuff at other sites, having different hydrologic inputs and
outputs than at Yucca Mountain, are studied. This will greatly increase the assurance
in our ability to predict the behavior of water today and in the future.

The SCP attempts to portray the geologic media of the unsaturated zone as being
readily definable and possessing relatively uniform properties within each unit.
However, in the discussion of the saturated zone system the SCP states that such
hydrogeologic units cannot be defined for the saturated zone on the basis of hydraulic
tests. In reality the geology is highly complex and detailed hydrogeologic facies
models for the Yucca Mountain site are not considered in the SCP. A detailed
hydrogeologic facies model should be developed that incorporates the natural
variability in the volcaniclastic sediments. This variability is the result of the original
depositional processes as well as the post-depositional changes. Geostatistical
characterization of the hydraulic properties of the geologic formations should then be
overlain onto the hydrogeologic facies model. Other models, such as those
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incorporating fractal mathematics should be studied to determine if they better
approximate the real variability in hydraulic properties. It appears that not enough
study of the heterogeneity of hydraulic conductivity or the hydrogeologic facies in the
tuffs is planned.

The saturated ground water system will be modeled at a variety of scales and will
be monitored via water table wells and piezometers. However, the SCP is vague in
its planned modeling. It is not clear how fractures or faults will be incorporated in
the models. Anisotropy is definitely important at Yucca Mountain, but receives little
consideration in the proposed modeling. The SCP suggests that the saturated system
at Yucca Mountain can be reasonably modeled by two-dimensional ground water flow
models. However, the apparent very steep water-table gradient and the much higher
hydraulic head in the lower carbonate aquifer indicate that the flow field is three-
dimensional. Little is currently known regarding the interaction of the wuff aquifer
and the lower carbonate aquifer at Yucca Mountain. The values of hydraulic potential
at various depths in a number of geologic units, needed to confirm the accuracy of
the flow model, are not available and may not be available given the plans for
piezometers described by the SCP.

Studies to further refine the conceptual model of the saturated zone should better
address coupled flow aspects. It is not apparent from the proposed studies how or
if the hydraulic, thermal, and stress fields will be integrated in the conceptual and
numerical models.

The site hydrogeologic system should not be restricted to the controlled area. Natural
boundaries beyond the controlled area may allow boundary conditions to be specified
more accurately for the site hydrogeologic system. For example, a fault may serve as
an acceptable boundary, if enough data can be gathered to define the hydrologic
parameters at the selected feature.

The understanding of "validation" of models presented in the SCP appears vague.
First, calibration is not the same as validation. Second, the validation efforts will be

very time consuming.

Of particular concern to the State is the process by which events and scenarios will
be formulated. It is not clear in the SCP on what specific bases these scenarios will
be developed. Also, it is not clear what role the affected parties will play in
developing scenarios.



DESIGN OF WATER-TABLE WELLS AND PIEZOMETERS

Nearly all of the water-table wells and piezometers are not well designed for
determining meaningful hydraulic potentials or for collecting representative water
samples. The existing piezometers commonly measure composite heads over thick
intervals (tens or hundreds of meters) and probably withdraw water unequally from
many levels, which cannot be defined. The water table wells commonly penetrate
65-75 meters beneath the water table and thus also measure composite heads. For
these reasons the three-dimensional distribution of heads within the saturated zone
is essentially unknown. The detailed configuration of the water table and its
fluctuations over time are equally uncertain. Chemistry or isotopic data on water
samples are also very difficult to interpret, because of the composite nature of the
samples. *

A better characterization of the saturated ground water flow field will allow better
assessment of recharge, ground water travel time, and coupled processes. Defining
the flow field is also needed prior to sampling for ground water age determination
and for designing natural gradient tracer testing. It also allows improved
understanding of results from chemistry and isotopic studies.

Other problems exist besides the design and construction of the wells. There is an
insufficient total number of wells and selected areas should have a greater density of
wells. In the past, measurement methods have changed often, and values apparently
change when the methods change, making time series analyses of water level changes
difficult. Calibration problems and drifting of pressure transducer measurements make
the available data suspect.

To investigate the water table configuration and changes over time, "true" water table
wells should be drilled, or modified by packing off the wells within a meter or two of
the water table. The water level monitoring program needs to improve its quality
assurance by building in redundancy to pressure transducer measurements and making
more frequent calibration measurements. We also suggest investigating the
development of alternative technologies for water level measurements in deep wells.
These data are extremely important, but if their accuracy is questionable then the data
are of limited use. Without properly designed water table wells, it may be impossible
to identify water table fluctuations associated with recharge events. Long-term records
of water levels must be obtained in order to correlate fluctuations with yearly
variations in possible recharge.

Water samples that have been analyzed thus far are composite samples collected from
significant thicknesses of geologic formations. This means that the water samples draw
from many different flow paths of various lengths and could be mixing water of very
different ages. In addition, some ages have been measured for samples withdrawn
from wells that have had significant pumpage. Flow lines around these wells could
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be highly altered from the original natural flow field and thus the ground water ages
may not be readily comparable with samples from wells that have not been pumped.

Attempting to perform geochemical flowpath modeling is more difficult, because the
flow field is poorly known at this time. General interpretation of chemistries is made
more difficult by the composite nature of the samples. Low-permeability zones may
have different water chemistry than the higher-permeability zones, but the higher-
permeability zones are probably preferentially sampled when a well is pumped. If
there is a vertical component to the natural flow field near a well, the water
withdrawn during pumping may also be preferentially extracted from certain intervals.

ESTIMATES OF INFILTRATION

Estimates of infiltration will be very difficult to determine given the geologic media,
which is highly fractured. The SCP continues to consider their annual recharge flux
estimate of 0.5 mm/yr as conservative, yet no persuasive technical support has been
forthcoming. Specific references regarding the techniques by which the various field
data (e.g. neutron logging) will be analyzed to determine infiltration need to be
established prior to field activities. At this point, it is not clear if the infiltration
processes are adequately understood so that testing in the surficial materials at Yucca
Mountain will be successful.

CALCULATION OF GROUND WATER TRAVEL TIME

Because it is currently not known whether transient, fracture flow occurs in the
unsaturated zone at Yucca Mountain, current estimates of ground water travel time
are essentially meaningless. It appears that DOE plans to incorporate non-
conservativisms such as matrix diffusion, which is unsubstantiated, and multiple path
averaging, which is inconsistent with the regulations, into the estimates for the ground
water travel time. The determination of fastest path needs to be based primarily on
field testing, rather than modeling. ~Vapor phase flow may also need to be
incorporated into ground water travel time calculations.

DETERMINATION OF THE DISTURBED ZONE
The plans to determine the Disturbed Zone appear to be limited to stress-

redistribution analyses and the effects on the rock. However, thermal and physio-
chemical processes that affect both the rock and the pore water need to be evaluated.
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For example, changes in hydraulic conductivity (not just intrinsic permeability) need
to be considered.

WASTE PACKAGE INTEGRITY, HYDROLOGIC CONSIDERATIONS

The discussion in the SCP regarding waste package failure/release processes is too
narrow. For example, localized and/or late time corrosion is not adequately addressed.
Other factors, such as varying flux conditions and mechanical processes related to
stress, are also not adequately considered.

BIASED APPROACH OF THE SCP

A number of biased comments regarding the unsaturated and saturated systems are
presented in the SCP. Even though the SCP stresses the need to consider alternative
bypotheses, these in fact are de-emphasized. For example, in the early parts of
Chapter 3 some alternative models are presented. The later sections, such as the
conclusions and summary, essentially only discuss the preferred conceptual models,
such as steady-state small matrix flux in the unsaturated zone. Occasional mixing of
assumptions and facts also lead to a biased portrayal of the hydrology. For example,
the statement that more recharge is occurring beneath Fortymile Canyon is not
substantiated by any data, and in fact no water table mound is evident from existing
data beneath Fortymile Canyon. The model that more recharge occurs beneath
Fortymile Canyon is at this time only a hypothesis not a fact. The conceptual model
presented at the end of Chapter 3, is a mixture of solid facts and very tenuous
hypotheses.

The SCP heavily cites favorable aspects of reports, such as sections of Montazer and
Wilson (1984) and cites unfavorable data or reports, such as sections of Szymanski
(1987), much less. An unbalanced approach weakens the overall credibility of site
characterization and may allow flawed concepts to be adopted. Misstatements are
more commonly favorable for repository siting.

The DOE plans to establish "performance goals" and then work towards meeting
these as their approach to issue resolution. However, DOE has not developed
adequate contingency plans in regard to issue resolution. For example, what will
happen if "performance goals" are not met? Will the goals be lowered, or will there
be retesting? It appears the setting of performance goals will be very subjective and
it is not clear who will have input to this process.
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3.7.3.1.1 Significant chemical changes along the flow
(3-85) paths in the carbonate aquifer imply
significant addition of water from the tuff
aquitard. The chemistry, especially the sodium
content, of wells on the eastern side of the
NTS is apparently consistent with the concept
of movement of water from the tuff aquitard
down into the carbonate aquifer. Because this
movement is important near Yucca Mountain and
because the three-dimensional flow field at
Yucca Mountain is very poorly known, flow from
the tuff units to the carbonate aquifer should
be considered at Yucca Mountain.
REVIEWER: Kerry Keen ORGANIZATION:
/;Z%?;ézj}/522£§;;E;;%;L\____ L. Lehman & Associates, Inc.
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3.7.3.1.2 The chemistry of water from the valley fill is
(3-93) lower in ionic concentration than the water
discharging from the springs at Ash Meadows,
which apparently discharges directly from the
lower carbonate aquifer. If the more dilute
water in the valley fill aquifer in the east
central Amargosa Desert, which is lower in
elevation and thus drier than Yucca Mountain,
is derived from recharge waters, then Yucca
Mountain should also be considered as a
possible site for significant recharge.
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Print L. Lehman & Associates, Inc.
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3.7.3.1.2 Three principal sources of recharge to the
(3-94) valley fill aquifer are identified. However,
very little is actually known about the spatial
and temporal distribution of recharge in
southern Nevada. It is prudent to consider and
discuss all possible mechanisms in Chapter 3.
Spatially-variable recharge that is widely
distributed in space, but variable in time is
another possible characterization of recharge
in this arid region where heavy rains occur
occasionally.
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3.7.3.2.1
(3-98)

The correct determination of apparent

ground water ages based on carbon-l14 content
and the apparent lack of "old" waters, is
highly dependent upon representative samples
of ground water being collected at different
positions and depths. In fact, the water
samples that have been studied thus far are
composite samples. Interpretation of apparent
ages, which is always difficult because of the
nature of ground water flow where mixing of
water of various ages occurs, is even more
suspect when the wells sample significant
thicknesses of aquifers. These problems are
not adequately considered in this section.
Lack of "old" water could be the result of
water of various ages at different depths being
punped together from a well.
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3.7.3.2.2 There is evidence of megascale channeling, with
(3-102) more rapid water movement, in parts of the

carbonate aquifer (Winograd and Pearson, 1976) .
Because this apparently occurs in the southern
Nevada region,
could occur in the carbonate aquifer beneath
Yucca Mountain as well, and could significantly
shorten the ground water travel time in the
carbonate aquifer.

Winograd, I.J., and F.J. Pearson, Jr., 1976,
Major carbon-14 anomaly in a regional
carbonate aquifer: possible evidence for
megascale channeling, South Central Great
Basin: Water Resources Research, v. 12, n.
6, p. 1125-1143.

then channeling of water flow
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3.7.4 Besides paleohydrologic studies determining the
(3-103) magnitude of increases in recharge, there
should be investigations of the changing
spatial and temporal patterns of recharge.
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i 3.7.4.1 If the potentiometric surface in the Ash
(3-103) Meadows discharge area was 50 meters higher in

the past, then the water table upgradient from
the discharge area was probably much more than
50 meters higher. As shown by Almendinger
(1988), water tables change little in response
to increased recharge in the discharge portion
of flow systems, whereas much greater rises
occur in the upgradient parts of flow systems
nearer the ground water divide. Because Yucca
Mountain is currently far from discharge

. locations, increased recharge could cause

— significant rises in the water table at Yucca
Mountain.

I N R

REFERENCE:

Almendinger, J., 1988, Lake and groundwater
paleohydrology: A groundwater model to
explain past lake levels in west-central
Minnesota [Ph.D. thesis]: Minneapolis,
Minnesota, University of Minnesota, 123 p.
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3.7.4.1 Although the role of climate change and its
(3-106) connection to long-term changes in regional
water levels is adequately presented, little
discussion of the connection between tectonic
changes is provided. If little information
about the relationships between tectonics and
water levels is available then this should be
explicitly stated.
REVIEWER: Kerry Keen ORGANIZATION:
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N
3.7.4.2 Uranium-disequilibrium ages on calcitic
(3-107) material from southern Nevada and southeastern
California commonly yield questionable results.
Any ages provided by this method should be
jdentified as being tentative or preliminary.
REVIEWER: Kerry Keen ORGANIZATION:
éZ;;;:lnt L. Lehman & Associates, Inc.
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3.7.4.4 A quote is provided from Hunt and Mabey (1966)
{3-111) to provide support for the concept that Lake
Manly was of very brief duration and that
l1ittle field evidence of its existence is
present. I have observed good geomorphic and
sedimentologic field evidence for the existence
of this lake and Hooke (1972) confirms the
presence of this lake. Death Valley is one of
the most dynamic areas in the Great Basin and
the alluvial fans are continually modifying the
landscape. For these reasons shoreline
features are modified or eroded and only remain
in protected or non-eroding locations. The
statement on page 3-111: "Resolving whether
this lake is closer to 100,000 or 1 million
years old..." is a very biased interpretation
of the facts. 1In fact the lake is closer to
10,000 years old, rather than the old ages
provided by the SCP apparently in an attempt to
support a static view of the dynamics and
climate in the Great Basin.

REFERENCES:
Hunt, C.B. and D.R. Mabey, 1966, Stratigraphy

and structure, Death Valley, CA, U.S.
Geological Survey Professional Paper 494-A.
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3.7.4.4 REFERENCES - continued
(3-111)

Geomorphic evidence for

Late-Wisconsin and Holocene tectonic
deformation, Death Valley, California:
Geological Society of America Bulletin, v.
83, p. 2073-2098.

e, 2
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3.7.4.5 The statement that apparent ground-water ages
(3-111) indicate that much of the ground water within
the tuffaceous rocks in the vicinity of Yucca
Mountain ... was recharged ... about 10,000 to
18,000 yr ago, is highly gquestionable. All
ground water is a mixture of water that enters
the water table at different times. Sampling,
especially considering the nature of the wells
in the Yucca Mountain area, mixes the water
even more. If there is water with an age of
10,000 years, then it is very possible that the
sample contains water much less than 10,000
years old as well as water much older than
10,000 years.
REVIEWER: Kerry Keen ORGANIZATION: .
‘ Print L. Lehman & Associates, Inc.
/%7%’- DATE: June 29, 1989
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3.7.4.5
(3-111)

The statement "According to Claassen (1985),
'little or no radiocarbon dilution probably
occurred during the evolution of water in tuff
or tuffaceous valley fill; therefore, the
unadjusted ages are taken as true ages.'" is
apparently included to support the available
radiocarbon ages. 1In fact, all available
ground water ages at Yucca Mountain are highly
suspect. Not only is normal mixing along
ground water flowpaths a problem, but
additional mixing of water of different ages
occurs when the existing wells are pumped.
This problem is not adequately discussed in the
SCP. To imply that the ages listed on pages
such as 3-111 are "true ages" 1is deceiving.

REFERENCE:

Claassen, H.C., Sources and mechanisms of
recharge for ground water in the West-
Central Amargosa Desert, Nevada - A
geochemical interpretation: U.S. Geological
Survey Professional Paper 712-F, 22p.
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3.7.4.5 The statement "Therefore, ground waters of
(3-112) about the same age as those beneath the upper
zone of saturation near Yucca Mountain could
have been emplaced 25 to 40 km downgradient."
is unclear. It seems to imply some sort of
static emplacement of ground water in the past,
not a view of ground water as a dynamic system.
|
REVIEWER: Kerry Keen ORGANIZATION:
ii;g;%;;——_s L. Lehman & Associates, Inc.
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3.7.4.5 The absence of old waters (>15,000 yr B.P.) in
(3-112) the Amargosa Desert could simply be a result of
the sampled intervals in the wells and the
three-dimensional flow field beneath Yucca
Mountain and the Amargosa Desert.
REVIEWER: Kerry Keen ORGANIZATION:
Print L. lehman & Associates, Inc.
%% DATE : June 29, 1989
Signature




STATE OF NEVADA

QAP-3.4

AGENCY FOR NUCLEAR PROJECTS REVISION ©
NUCLEAR WASTE PROJECT OFFICE JANUARY 20, 1989
QUALITY ASSURANCE PROCEDURE
NEVADA NUCLEAR WASTE PROJECT OFFICE
TECHNICAL REVIEW COMMENT FORM
DOCUMENT TITLE: Site Characterization Plan
COMMENT NO.: 3-17 p. 1 of 1| CHAPTER NO.: 3
SEC. NO.
(PAGE NO.) COMMENT
(FIG. NO.]
3.7.4.5 Given the problems with sampling and highly
(3-112) uncertain knowledge of the three-dimensional
flow field, deducing ground water velocities
from the limited carbon-14 data is probably not
possible.
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3.7.4.6 Conclusion 1 paints a picture of long-term
(3-112) steady water table decline, which projected
into the future means drier conditions and
deeper ground water levels. Shorter pluvial
cycles are superimposed on long-term changes
and much of the changes in ground water levels
that have been identified could be accounted
for by these pluvial/non-pluvial cycles. The
number of localities that have been studied and
the number of reliable ages are very
insufficient to assess the long-term character
of climatic and hydrologic change with any
certainty. Smith, 1968, provides evidence of
cycles of pluviality over the past few million
years in southeastern California.

REFERENCE:

Smith, G.I., 1968, Late Quaternary geologic and
climatic history of Searles Lake,
southeastern California: Means of
correlation of Quaternary succession, v.8,
p. 293-310.
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3.7.4.6 pPluvial lakes are expected to be highly
(3-113) variable in elevation and can leave only
indistinct evidence of their past presence.
The basins in the Yucca Mountain area should be
studied very carefully to look for evidence of
past pluvial lakes. This task is extremely
difficult in this setting where the landscape
is constantly being modified, by wind and
occasional heavy storms.
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Print L. Lehman & Associates, Inc.
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3.7.4.6 Regarding conclusion 4, our knowledge of
(3-113) recharge in this setting is so sketchy at the
present time, that the concept of recharge
occurring only beneath the distributaries of
Fortymile Wash should remain a hypothesis.
Before ages can be interpreted the three-
dimensional flow field needs to be much better
determined as a basis for sampling. Then ages
should be determined at specific locations
along flowpaths to determine estimates of
ground water velocity. If recharge is
concentrated along Fortymile Wash, there should
be a tendency for a mound or ground water ridge —
to develop, especially since the water table
gradient is apparently very low in this region.
However, no ground water ridge is apparent at
this locality. Alternatively a ground water
ridge might not be present because either
little or no recharge occurs there, or recharge
is distributed more widely and occurs in
adjacent regions such as beneath Yucca
Mountain.
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3.8.1.4 Pransmissivities are not provided in this
(3-130) section at wells J-12 and J-13. The "slight
water level declines" associated with pumping
imply that the transmissivities are fairly high
here.
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3.8.1.4 No information is provided on the distribution
(3-130) system or its source that is described in the
statement: "water for site characterization
activities would be drawn from wells J-12, J-13
until a distribution system could be
constructed."
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3.9 It is not clear and not explained how downward
(3-136) moisture flow could be offset by upward vapor
flow and still have a significant and
increasing percentage of saturation with depth
in the unsaturated zone, as reported by Sass et
al., 1988. :
REFERENCE:
Sass, J.H., A.H. Lachenbruch, W.W. Dudley, Jr.,
S.S. Priest, and R.J. Munroe, 1988,
Temperature, thermal conductivity, and heat
flow near Yucca Mountain, Nevada: Some
tectonic and hydrologic implications: U.S.
Geological Survey, Open File Report 87-649.
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3.9 Although our knowledge of the distribution and
(3-137) temporal variability of recharge in southern
Nevada is very poorly understood, it is not
appropriate to say 'if recharge occurs in
southern Nevada.' Because there is a regional
potentiometric gradient and discharge areas,
there must be recharge areas, which are very
poorly delineated. It should be presumed that
recharge may be occurring at Yucca Mountain,
and studies should investigate all possible
mechanisms by which recharge occurs. To imply
in a number of parts of the SCP that recharge
is not occurring at Yucca Mountain, for
example: "If any recharge occurs at Yucca
Mountain...", diverts attention from the
probability that it does occur.
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3.9 Recharge beneath Yucca Mountain would be better
(3-137) described as joining a three-dimensional
saturated ground water flow field and flowing
generally east or southeastward. However, the
current understanding of the three-dimensional
flow field is very poor. ~
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3.9 From the water level altitudes for wells in the
(3-137) immediate vicinity of Yucca Mountain, the
potentiometric or water table gradient slopes
almost directly east. This is perpendicular to
the direction of the structural features, the
faults and orientation of the mountain, and may
imply a strong connection between the
hydrologic system and the tectonic setting.
REVIEWER: ORGANIZATION:
Prlnt . .
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3.9 Figure 3-25 and Table 3-22 portray standard
(3-138) geologic and hydrogeologic information in a

usable format. However, in this setting where
small structures or geologic deposits may be
important to ground water movement, several
representative diagrams of the detailed
stratigraphy and structure at the site would be
of use to the reader. These more detailed
descriptions could be obtained from analysis of
the core data, or from the trench data, and
should present hydrogeologic diagrams, in
addition to geologic diagrams. Figures 1-21
and 1-22 of the SCP provide some detail of
vertical changes in the petrographic character
of deposits in two boreholes. Detailed
hydrogeologic descriptions are not provided in
the SCP.
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3.9 The SCP states that "In general, k and K are
(3-142) assumed to vary stochastically within an
otherwise homogeneous natural medium with mean
values that are spatially invariant ..." This
is one conceptual view of the natural
variability. Stochastic models may be used to
approximate the intrinsic natural variability.
This distinction should be stated as such in
the SCP. Alternative views should be
considered, such as using a fractal model or a
mixed stochastic-deterministic model to
characterize the variability.
REVIEWER: Kerry Keen ORGANIZATION:
Print L. Lehman & Associates, Inc.
Wﬂ- DATE: June 29, 1989
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COMMENT

3.9
(3~-143)

I agree with the SCP that "It is not clear
that these approximating representations are
appropriate to indurated fractured tuffs, but
they have been used in preliminary studies..."
The SCP goes on to provide very limited
evidence that the traditional soil science
functional relationships apply.
emphasizes the limited understanding that is
currently available on the hydrologic system
where the repository will be placed.
applied research, which, if done correctly is
very time consuming, must be pursued to form a
basis for characterizing the unsaturated zone
hydrology of fractured tuff.
because the proposed repository is in a setting
that has received only limited study, site
characterization will take longer and probably
be more costly than in other more easily
characterized settings.

This paragraph

Basic and

In other words
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COMMENT

3.9
(3-143)

I disagree with the statement: "A hydrogeologic

unit, in this usage, is defined to be a functional

unit composed of an interval or volume of rocks
within which the mean hydrologic properties are
effectively spatially invariant."

There are probably trends in geologic or
hydrologic properties, such as grain-size or
composition, within one hydrogeologic unit. For
example, a tuff becomes finer-grained with
distance from sources (Lajoie, 1984) It is not
spatially invariant. Besides requiring an
adjustment in our conceptual model, spatial
variability of the mean also requires
modifications to sampling programs. Not only is
there stochastic variability, but also
determlnlstlcally understandable variability,
which requires more sampling to adequately
characterize.

REFERENCE:

Lajoie, J., 1984, Volcaniclastic rocks, in,
Walker, R.G., ed., Facies models, second
edition: Geoscience Canada, Reprint Series 1,

Geological Association of Canada, Publlcatlonsj

Toronto, p. 39-52.

REVIEWER:

Kerrv Keen ORGANIZATION:

Print L. Lehman & Associates, Inc.

1:52%2222;/ DATE: June 29, 1989
Signature

SNa—"



S8TATE OF NEVADA QAP-3.4
AGENCY FOR NUCLEAR PROJECTS REVISION ©

NUCLEAR WASTE PROJECT OFFICE JANUARY 20,
QUALITY ASSURANCE PROCEDURE

1989

NEVADA NUCLEAR WASTE PROJECT OFFICE
TECHNICAL REVIEW COMMENT FORM

DOCUMENT TITLE: Site Characterization Plan

COMMENT NO.: 3-31 p. 1 o0of 1 CHAPTER NO.: 3
SEC. NO.
(PAGE NO.) COMMENT
[FIG. NO.] <
3.9 The philosophy or approach for developing a
(3-146) conceptual model as stated on page 3-146

appears to be consistent with the overall
structure and details of the Site
Characterization Plan. However, by only
pursuing one conceptual model, which is
apparently the preferred model for siting a
repository, it may be that alternative models
are de-emphasized and thus understudied. The
philosophy on page 3-146 should be augmented by
Chamberlin's classic 1897 method of "multiple
working hypotheses". Here several conceptual
models of the hydrogeologic system or processes
would be developed, coordinated, and evaluated
simultaneously in an impartial manner.

REVIEWER: Kerry Keen ORGANIZATION:
Pr ntﬁ{ L. Lehman & Associates, Inc.
° ~ DATE: June 29, 1989
&fignature

ey
|




Ly TN

e G e

Fiwl,

spo

8TATE OF NEVADA

AGENCY FOR NUCLEAR PROJECTS

NUCLEAR WASTE PROJECT OFFICE
QUALITY ASSURANCE PROCEDURE

QAP-3.4
REVISION 0

JANUARY 20,

1989 ~—

NEVADA NUCLEAR WASTE PROJECT OFFICE
TECHNICAL REVIEW COMMENT FORM

DOCUMENT TITLE:

Site Characterization Plan

COMMENT NO.: 3-32 p. 1 of 1

CHAPTER NO.: 3

SEC. NO.
(PAGE NO.)
[FIG. NO.]

COMMENT

(3-146)

3.9 The current state of our knowledge regarding
the hydrologic properties of faults as
expressed by "...faults may act preferentially
either as conduits for or as barriers against
moisture flow." is quite amazing.
a key component of the hydrologic system of the
proposed site is barely understood.
of faults should probably have been determined
before a site was proposed that has faults
passing through the controlled area and the
proposed repository itself.

The role of

The role
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3.9.1 Eight (8) or more additional water table wells
(3-147) are planned; however, the water table
elevations are not well known at this time
pecause the existing wells sample the hydraulic
po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>