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14.  ANALOGUES FOR DISRUPTIVE EVENT SCENARIOS

14.1 INTRODUCTION

This section addresses disruptive event scenarios and the ways analogues have been used to
define realistic scenarios, to bound parameters in models, and to build confidence that the right
processes are included in models and represented by appropriate bounding conditions.
Specifically, this section addresses the disruptive event categories for volcanism and seismicity,
which are considered in total system performance assessment (TSPA). The scenario for nuclear
criticality has been screened out from further consideration in TSPA (DOE 2001 [153849],
Section 4.3.3). However, aspects of criticality pertinent to the discussion on waste form
degradation are presented in Section 4. The screened-in human-intrusion disruptive event
scenario (e.g., drillhole penetrating a waste package) is not conducive to evaluation using natural
analogues. Information found in Section 14.3 may help to support arguments associated with
Key Technical Issue (KTI) KIA0204 listed in Table 1-1.

14.2 BACKGROUND

14.2.1 Volcanism

The Yucca Mountain stratigraphy is composed of ashfall and ash flow tuffs that were deposited
approximately 13 million years ago (Ma) as a result of eruption of the Timber Mountain caldera.
This large-volume, explosive, silicic volcanism ended about 7.5 Ma. Basaltic volcanism began
during the latter part of the caldera-forming phase and continued into the Quaternary (the last 2
m.y.). Approximately 99% of the southwestern Nevada volcanic field, of which Yucca Mountain
is a part, erupted between 15 and 7.5 Ma, with only 0.1% occurring during the basaltic phase of
the last 7.5 m.y. In the Yucca Mountain region there are more than 30 basaltic volcanoes that
formed between 9 Ma and 80,000 Ma. These volcanoes can be temporally and spatially separated
into two distinct periods of volcanism, with the location of eruption of the younger, post-5 Ma
volcanism shifted to the southwest (DOE 2001 [153849], Section 4.3.2.1.3).

To assess the probability of volcanic activity disrupting a repository, a panel of experts was
assembled to conduct a volcanic hazard assessment (CRWMS M&O 1996 [100116]). The hazard
analysis models are based on data from Yucca Mountain studies, along with observations from
analogue studies of modern and ancient volcanic eruptions. The results of the hazard analysis
estimate that 1.6 × 10-8 igneous events per year could be expected to disrupt the potential
repository (CRWMS M&O 2000 [151551], Section 6.5.3 and Section 7, Tables 13 and 13a).
This is the probability of a future basaltic dike intersecting the subsurface area of the potential
repository. Furthermore, if a dike does intersect the repository, there is a 77% chance that one or
more volcanoes would form along the dike within the repository footprint, with magma erupting
through the repository. Both the intrusive and volcanic eruptive scenarios are considered in
performance assessment because of the potential consequences of radionuclide release that could
affect the critical group. The role of analogues in assessing the eruptive style of potential future
volcanoes and their expected consequences is addressed in Section 14.3.
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14.2.2 Seismicity

Yucca Mountain is located in the Basin and Range tectonic province, where earthquakes occur
with some frequency. Geologic features of the site provide information on the region’s past
seismic activity, which is important in estimating the characteristics of future earthquakes. Based
on these studies, the Yucca Mountain region has been rated as having low to moderate seismicity
(CRWMS M&O 2000 [142321], Section 6.3.1). Seismic hazards are important to quantify as
they could potentially affect the performance of a repository at Yucca Mountain. The seismic
hazard at the site was assessed by a probabilistic seismic hazard analysis which produced results
that allow assessment of the potential for ground shaking and fault rupture related to earthquakes
(Wong and Stepp 1998 [103731].

Extensive design experience gained through operating critical facilities, such as nuclear power
plants, will be relied upon to ensure performance of the potential repository and its supporting
facilities during and after an earthquake. During the postclosure period, the risks related to
seismic activity will decrease because the waste will be deep underground where seismic waves
are more attenuated. A surface seismometer and another seismometer at 245 m depth in the
Exploratory Studies Facility (ESF) measured seismic waves from a 4.7 magnitude earthquake at
Frenchman Flat, about 45 km (28 mi) east of Yucca Mountain (DOE 2001 [153849], Section
4.3.2.2). Recordings from this earthquake, shown in Figure 14-1, clearly indicate the decrease in
amplitude of ground motions deep within the mountain. However, a strong earthquake could
cause rockfalls in the emplacement drifts or alter the pathways followed by groundwater.
Investigations of these potential consequences have concluded that it is highly unlikely that the
consequences would be significant to repository performance (DOE 2001 [153849], Section
4.3.2.2). The role of analogues in building confidence in this conclusion is addressed in Section
14.4.

14.3 USE OF ANALOGUES IN VOLCANISM INVESTIGATIONS

Reasoning by analogy was used to debate the conceptual model for the probability of an igneous
dike or dike system reaching the near surface without any portion of the system erupting. This is
an important issue for volcanic hazard assessment of a potential repository at Yucca Mountain.
The San Rafael volcanic field has been used as an analogue to argue that the probability of a
separate intrusive event that does not erupt is 2 to 5 times higher than the probability of an
eruptive event (NRC 1999 [151592]). However, the Analysis Model Report (AMR) Characterize
Framework for Igneous Activity at Yucca Mountain, Nevada (CRWMS M&O 2000 [151551],
Section 6.3.2.1) uses the Paiute Ridge igneous complex at the northeastern edge of the Nevada
Test Site as an appropriate analogue to argue for a significantly lower rate for intrusions that do
not result in eruption. Field observations at Paiute Ridge show that while some portions of
individual dikes stagnated within approximately 100 m of the surface, other portions of the same
dike did erupt. During the time period considered most significant by the panel of experts
assembled for evaluating the volcanic hazard (the past 5 m.y., CRWMS M&O 1996, Figure 3-
62), there is no known episode of dike intrusion to within a few hundred meters of the surface in
the Yucca Mountain region that has not been accompanied by an extrusive event. Thus there is
no evidence in the Yucca Mountain regional geologic record to suggest that dike intrusions
without accompanying eruptions occur 2 to 5 times more frequently than eruptions (CRWMS
M&O 2000 [151551], Section 6.3.2.1). An alternative interpretation of the San Rafael volcanic
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field is also presented in the AMR Characterize Framework for Igneous Activity at Yucca
Mountain, Nevada (CRWMS M&O 2000 [151551], Section 6.3.2.1), which supports an
intrusion/extrusion ratio as being closer to 1. This interpretation assumes that it is likely that
many individual intrusive/extrusive events are represented at San Rafael, where some portion of
a dike system erupted during an event while other portions of the same dike did not erupt. This
interpretation is more consistent with the geologic record of the Yucca Mountain region, as
demonstrated at the Paiute Ridge analogue complex.

Analyses in the AMR Characterize Eruptive Processes at Yucca Mountain, Nevada (CRWMS
M&O 2000 [142657]) assume that a plausible eruption during the postclosure performance
period would be of the same character as Quaternary basaltic eruptions in the Yucca Mountain
region. Eruptive styles and magmatic composition of the Lathrop Wells volcano, the most recent
in the region, are emphasized as being the most characteristic. A new volcano would therefore
contain some combination of scoria cones, spatter cones, and lava cones on the surface, and one
or more dikes in the subsurface. Additional assumptions regarding the character of a future
eruption focus on the use of data from a variety of analogue volcanoes and simplifications for a
stylized plausible eruption. These include conduit diameter, dike width, the number of dikes
associated with formation of a new volcano, magma chemistry, water content of magmas, gas
composition, magma physical properties, ascent rate, fragmentation depth, mean particle size,
and eruption duration, among others. This is an example of analogue information being used as
direct parameter input into models, where the input consists of assumptions based on analogues.

The ASHPLUME computer code (Versions 1.4LV and 2.0) is used in estimation of the aerial
density of an ash deposit. Ash-thickness data collected after the 1995 eruption of Cerro Negro, in
Nicaragua, provided an opportunity to utilize the ASHPLUME code in simulating the eruption
(CRWMS M&O 2000 [152998]). The application of this analogue information is discussed
further in Section 15.

14.4 USE OF ANALOGUES IN BOUNDING EFFECTS OF SEISMICITY ON A
GEOLOGIC REPOSITORY

Damage from ground shaking caused by an earthquake results largely from shear waves. Density
contrasts along the path the shear waves follow from the earthquake source to the surface affect
the amplitude of the waves. As the wave moves from dense rock at depth to less dense, more
porous, and unconsolidated compressible material near the surface, the speed of the wave is
reduced. With decreasing speed the kinetic energy of the wave is maintained by increasing
amplitude, thus giving rise to increased shaking and intensity of damage. At the surface the
amplitude of a shear wave will be about twice as large as at depth (Stevens 1977 [154501], p.
20). It follows that if the dimensions of an underground opening are considerably less than the
wavelength of a shear wave, the shaking effects generated by the amplitude of motion will
likewise be considerably less. The decrease in the effects of shear waves with increasing depth is
comparable to the similar effect observed in ocean waves, which decrease in intensity and
amplitude with the depth of water. A consequence of this is that the damage reported in shallow,
near-surface tunnels is greater than that reported in deep mines (Pratt et al. 1978 [151817], p.
26).
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There are numerous examples in the literature of underground structures withstanding damage
from earthquakes that caused relatively greater damage at the ground surface (Eckel 1970
[157493]; Stevens 1977 [154501]; Sharma and Judd 1991 [154505]; Pratt et al. 1978 [151817];
Power et al. 1998 [157523]). Three earthquakes of recent decades, the Alaskan earthquake of
March 28, 1964, the Tang-Shan, China, earthquake of July 28, 1976, and the Kobe, Japan,
earthquake of January 16, 1995, clearly demonstrate the ability of underground structures to
withstand the ground vibrations associated with severe seismic activity.

In the Alaskan earthquake, no significant damage was reported to underground facilities,
including mines and tunnels, as a result of the earthquake, although some rocks were shaken
loose in places (Eckel 1970 [157493], p. 27). Coal mines in the Matanuska Valley were
undamaged, as was the railroad tunnel near Whittier, and the tunnel and penstocks at the Eklutna
hydroelectric project. A small longitudinal crack in the concrete floor of the Chugach Electric
Association tunnel between Cooper Lake and Kenai Lake is believed to have been caused by the
earthquake. These reports of little or no damage to underground structures from the Alaskan
earthquake are significant, because this earthquake was one of the largest (magnitude 8.5) to
occur in this country, and the associated surface damage was extreme (Pratt et al. 1978 [151817],
p. 32).

The July 28, 1976, earthquake in the heavily industrial city of Tang-Shan, China, had a
magnitude of 7.8. Surface intensities at Tang-Shan were such that in the area where the strongest
shaking occurred, 80% to 90% of the surface structures collapsed. However, for important
engineered structures immediately below the surface, there was generally no serious damage
regardless of the depth or size of the structure (Wang 1985 [151821], p. 741). The third example
is the more recent Kobe, Japan, earthquake of January 16, 1995. Tunnels in the epicentral region
of the Kobe earthquake (magnitude 6.9) experienced no major damage or even partial collapse
for peak ground accelerations (PGAs) measured at the surface of ~0.6 g (Savino et al. 1999
[148612]).

A more site-specific, although smaller-magnitude, example was the Little Skull Mountain
earthquake of June 29, 1992. This earthquake had a magnitude of 5.6 and occurred about 20 km
from Yucca Mountain. Examination shortly after the earthquake of the interior of X-tunnel (125
m deep) in the epicentral region indicated no evidence of damage in the tunnel that could be
associated with the earthquake (Savino et al. 1999 [148612]).

The understanding of the response of underground openings to seismic events has advanced
greatly in the last 15 years. Sharma and Judd (1991 [154505], pp. 272–275) examined damage
trends of underground facilities to seismic effects in an effort to aid future design of such
facilities. They created a database consisting of 192 reported underground observations from 85
earthquakes throughout the world (Sharma and Judd 1991 [154505], p. 275). To examine the
influence of seismic effects on underground openings, they used the measure of PGA that may
be expected to occur at the surface directly above the underground location. The possibility of
damage was examined as a function of (1) thickness of overburden, (2) predominant rock type,
(3) type of ground support, (4) earthquake magnitude, and (5) epicentral distance of the
earthquake.
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On the basis of observations from this collection of data, Sharma and Judd (1991 [154505], p.
275) concluded that (1) damage incidence decreases with increasing overburden depth; (2)
damage incidence is higher for unconsolidated colluvium than for more competent rocks; (3)
internal tunnel support and lining systems appeared not to affect damage incidence; (4) damage
increases with increasing earthquake magnitude and decreasing epicentral distance (increasing
PGA); (5) no or minor damage can be expected for peak accelerations at the ground surface less
than about 0.15 g. Data presented by Sharma and Judd (1991 [154505], Figure 7) indicate that
damage to underground facilities at the depth for the potential repository is rare, even at
accelerations of 0.4 g. These findings confirmed those of Stevens (1977 [154501], p. 36) and
Pratt et al. (1978 [151817], p. 26), who suggested that the host material for an underground
facility may be important in predicting the amount of damage caused by the shaking associated
with earthquakes.

Although their observations contained 98 cases with no damage, Sharma and Judd (1991
[154505], p. 275) also acknowledge that their data set is biased towards occurrence of damage
because “there must be literally hundreds of other instances where no damage occurred but
observations were not documented” (Sharma and Judd (1991 [154505], p. 275). Two cases of
moderate and heavy damage were reported in tunnels located at a depth of about 210 m near
Santa Cruz, California, following the 1906 San Francisco earthquake. Based on the epicentral
distance of 110 km, a PGA of 0.09 g was estimated. Generally, this PGA would be correlated
with a “No damage” case; however, the epicentral distance on which the PGA estimate was
based did not take into account the close proximity to the ruptured San Andreas Fault. Two other
cases of damage also required further explanation. Damage reported for a mine in Idaho and the
ERP Mine in the Witwatersrand, South Africa, at depths of 1,350 m and 3,000 m, respectively,
was probably caused by rock-burst activity rather than a seismic event. This activity is usually
pronounced in deep mines and generally can be recognized from the relatively high frequency
content of the recorded accelerograms (Sharma and Judd 1991 [154505], p. 274). Stevens (1977
[154501], p. 33) quotes N.G.W. Cook of the South Africa Chamber of Mines as stating, “All the
evidence indicates that earth tremors, rock bursts, and bumps arose in the Witwatersrand as a
result of mining and have followed the pattern of mining in terms of frequency of incidents and
epicentral position and focal depth”.

Power et al. (1998 [157523]) collected extensive data on seismic ground-shaking–induced
damage to bored tunnels, using more recent data from better instrumented earthquakes than was
possible for Sharma and Judd (1991 [154505]). Power et al. (1998 [157523]) found that for
ground motion with PGAs less than 0.2 g, there was little or no damage in tunnels, and for PGAs
of 0.2–0.6 g, damage varied from slight to heavy (Power et al. 1998 [157523], Section 1.2). At
even greater accelerations the damage only ranged from slight to moderate. For example, well-
constructed tunnels near Kobe, Japan, experienced PGAs of about 0.6 g but suffered no major
damage.

In addition to damage caused by ground vibration, underground tunnels can be damaged by fault
displacement and by earthquake-induced ground failure, such as liquefaction or landslides at
tunnel portals, which are not considered an issue at Yucca Mountain. In three instances of heavy
damage from the 1923 Kanto, Japan, earthquake, observation of damage (with PGA equal to
0.25 g) may have resulted from landsliding. In the other two observed occurrences of heavy
damage surveyed by Power et al. (1998 [157523]), tunnel collapse occurred in the shallow
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portions of the tunnels. Damage to underground openings is inevitable only when the
underground facility is displaced by a fault (Stevens 1977 [154501], p. 35). Carpenter and Chung
(1986 [154504]) strongly recommend that faults with the potential for movement be avoided,
which is consistent with design criteria for the potential repository at Yucca Mountain (BSC
2001 [155664], Section 1.2.2.1.5; McConnell and Lee 1994 [110957]).

The previous summary shows that tunnels withstand ground vibration well. However, tunnels in
solid rock are susceptible to changes in hydrogeologic conditions and may be flooded as a
consequence of ground shaking. Thus, although there may have been no apparent damage to the
structure, there is a probability of increased fracture density in rocks surrounding the tunnels
(Mumme 1991 [157494], p. 77). The potential for changes to the hydrogeologic system caused
by fault displacement to affect radionuclide transport in the UZ at Yucca Mountain has been
examined in the AMR, Fault Displacement Effects on Transport in the Unsaturated Zone
(CRWMS M&O 2001 [151953]).

Even near the surface, damage from ground shaking may be slight if the rock is competent. For
example, Mitchell Caverns, in the Providence Mountains of California, southwest of Las Vegas,
sustained only minor damage in the October 16, 1999, Hector Mine earthquake (magnitude 7.1).
The earthquake epicenter was only 30 miles (48 km) away. Damage was limited to a few
stalactites being shaken from the ceiling at El Pakiva cave. At El Pakiva, the earthquake
loosened some rocks from the face around and above its entrance (Figure 14-2), but the partial
occlusion of its entrance by boulders was the result of a previous earthquake (Simmons 2002
[157544], p. 124). Another cave at Mitchell Caverns, Tecopa, experienced rockfall. The rockfall
may be related to seismic events, but not to recent ones, because in some areas columns have
been recemented by dripstone, and dripstone has begun to form on the ceiling from which the
blocks fell. However, the area of cave floor covered by fallen blocks is much smaller than the
total area of the cave, and fallen blocks have not obliterated the cavity opening.

Two final examples of the application of natural analogues to building confidence in the ability
of a geologic repository at Yucca Mountain to withstand damage from ground vibration and
faulting are the following. The AMR Drift Degradation Analysis (BSC 2001 [156304],
Attachment VII) confirmed results of a rockfall model using information from natural analogues.
The DRKBA code, used to model rockfall probabilities, involves a quasi-static method of
reducing the joint-strength parameters to account for the seismic effect. This method was verified
based on the test runs using the dynamic functions of the distinct element code UDEC. The
comparisons between the results from the dynamic and quasi-static analyses showed a consistent
prediction of block failure at the opening roof. The seismic effect on both the size and number of
blocks in the rockfall model is relatively minor. This is consistent with information from natural
analogues.

The AMR Effects of Fault Displacement on Emplacement Drifts (CRWMS M&O 2000
[151954]) included a literature survey on accommodating fault displacements encountered by
underground structures such as buried oil and gas pipelines, which provide analogues for
potential emplacement drift responses to fault offset.

The value of examining information on rockfall resulting from underground nuclear explosions
(UNEs) was considered for this report. While an investigation on this topic may be fruitful, there
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are significant differences between UNEs and earthquakes in terms of frequency content of the
ground motion and the duration of shaking. These differences make the use of UNE results less
relevant than results from earthquakes, although the effects of UNEs are better instrumented and
documented than the effects of earthquakes.

14.5 SUMMARY AND CONCLUSIONS

Use of natural analogues is a major investigative tool in Yucca Mountain volcanism studies.
Analogues have been used to assess the probability of dike eruption, plausible eruptive styles,
eruptive parameters, and magma compositions, and have also been used to increase confidence
in use of the ASHPLUME code for simulation of an eruption. Examples from observations of
underground openings demonstrate that such openings are able to withstand ground shaking for
even high PGAs. The ability to withstand ground shaking is increased by thickness of
overburden, competence of material (rock versus colluvium), decreased earthquake magnitude,
and increased distance of the opening from the earthquake epicenter. Underground openings may
be damaged by landsliding or liquefaction associated with an earthquake, if the depth of the
opening is relatively shallow. Underground openings are inevitably affected by fault
displacement when the opening intersects a fault. Collateral damage by ground shaking can also
be caused when ground shaking alters hydrogeologic conditions by increasing fracture density
and permeability, and thereby increasing fracture flow to an underground opening. The bulk of
evidence from analogue examples of underground openings, particularly in settings similar to
Yucca Mountain, such as the Little Skull Mountain earthquake, demonstrates that damage to
repository drifts by ground shaking during the postclosure period would be minimal or unlikely.
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NOTE: The seismograms for the surface and underground are to the same vertical scale. M = magnitude; � =
distance; Z = amplitude; N = N-S; E = E-W; ESF = Exploratory Studies Facility.

Source: Modified from Savino et al. 1999 [148612].

Figure 14-1. Recordings of Frenchman Flat Earthquake at the Ground Surface and the Thermal Test
Alcove of the ESF
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Source: Simmons 2002 [157578], SN-LBNL-SCI-108-V2, p. 9.

Figure 14-2. Entrance to Mitchell Caverns, El Pakiva Portal, Showing Fallen Blocks That Partially
Occlude the Entrance
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15.  APPLICATION OF NATURAL ANALOGUES FOR THE YUCCA MOUNTAIN
SITE CHARACTERIZATION PROJECT

15.1 INTRODUCTION

This section addresses the application of natural (including anthropogenic) analogues to geologic
repository programs. Section 15.2 provides an overview of the applications for which natural
analogues are suitable. Section 15.3 tells how natural analogues have been applied in geologic
nuclear waste disposal programs worldwide. Section 15.4 reviews the application of natural
analogues to past iterations of performance assessment (PA) and the supporting process models
for Yucca Mountain. Section 15.5 identifies those model components, as stated by process
modelers, that could benefit from confidence built through natural analogues. Section 15.6
categorizes the way natural analogue information has been used in this report. Section 15.7
presents a final summary and conclusions.

15.2 OVERVIEW

Figure 15-1 illustrates the flow of information from natural analogues and other site
characterization data into PA models. The figure indicates that natural analogues provide both
qualitative and quantitative information, as this report has demonstrated through many examples
in the preceding sections. Stated in words, the stages or components in the development of a PA
code (shown in Figure 15-1) are the following:

1. Construction of a conceptual model that describes the system and includes all of the
important processes and their interactions

2. Translation of conceptual models into mathematical models and encoding those models
in the form of a numerical code

3. Acquisition of input data for all the variable and constant parameter values included in
the numerical code

4. Verification of the numerical correctness of the computer code

5. Validation of the code’s applicability to the repository system in assessing its ability to
predict future conditions.

The ways in which analogues can be or have been used to assist in 1, 3, 4, and 5 above are
discussed below.

Model construction: In the stage of model construction, natural analogues can be used to tell the
PA modeler:

� Which processes and process interactions to include

� Which processes are likely to be dominant and which are of secondary importance
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• The spatial and temporal scales over which the model should perform

• Whether the basic premises of the model hold up under extrapolation to long time periods

Some of the analogues discussed in Sections 4, 6, 7, 9,10, 11, and 12 relate to identification of
processes that are or may be included in models.

Data acquisition: Information derived from natural analogue studies is often semi-quantitative.
For this reason it cannot often directly satisfy the parameter value requirements of a PA code.
However, laboratory data have uncertainty related to the lack of similarity between the
laboratory and repository systems. Therefore, a role for analogues in data acquisition is to
provide a measure of validation for the laboratory data. Even though the analogue data may be
imprecise, they can be used to give confidence in the reliability of the laboratory data. An
example of this application was given in Section 4, describing the similarity between uraninite
alteration phases produced in laboratory dissolution experiments and those uraninite alteration
phases identified in rock samples at the Nopal I, Peña Blanca analogue site.

Model validation: Thermodynamic solubility and speciation codes and databases have been
extensively applied in a number of natural analogue studies (e.g., Maqarin, Poços de Caldas,
Koongarra). Natural analogues can help determine whether the solubility-controlling mineral
species and complexes in solution (generally specified by hydrochemical databases or from
theoretical or laboratory experiments) are appropriate to the site-specific conditions being
modeled, and whether or not mineral phases and/or ionic species in solution indicate chemical
equilibrium has been achieved or whether the system is controlled by kinetics.

A subcategory of modeling studies is database evaluation. One application of natural analogues
in this category is the evaluation of geochemical models and numerical tools used in describing
the predicted migration of radionuclides in a repository system. Blind predictive modeling
comparisons are a means of evaluating geochemical databases. For instance, Bruno et al. (2001
[157484]) reviewed and compared the results obtained from the blind prediction modeling
exercise carried out for seven natural analogue studies relevant to European repository concepts:
Oman; Poços de Caldas, Brazil; Cigar Lake, Canada; Maqarin, Jordan; El Berrocal, Spain; Oklo,
Gabon; and Palmottu, Finland. The blind predictive model exercise (Bruno et al. 2001 [157484])
was able to improve conceptual and numerical models to identify relevant radionuclides to major
component phases in the rock-water systems of interest. The group achieved a consensus
concerning the most appropriate methodology for approaching solubility-limited calculations and
identified the main requirements for acquiring improved site characterization data to describe
radionuclide mobility.

Tangible illustrations: Natural analogues also have an important role, beyond their application to
PA, in providing illustrative information to a broad range of audiences, including the general
public. Natural analogues, or comparisons with natural systems, are frequently mentioned as
important components of the process of evaluation and acceptance of disposal concepts. In
quoting the IAEA (1999 [157485]), Miller et al. (2000 [156684], Section 6.1) stated, �Among all
levels of reviewer, from technical peer review panels to nontechnical audiences, there is a clear
belief that PAs are only credible if shown to have strong natural parallels.� Recognition of the
important processes and events that control the repository behavior can be demonstrated from
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illustrative geological analogues. Natural analogue assist in the public understanding of the
timescales applicable to radioactive decay. These real world examples are important because the
extended time periods of interest to disposal are generally longer than those in our normal range
of experience.

15.3 PERFORMANCE ASSESSMENT APPLICATIONS OF ANALOGUES IN
GEOLOGIC DISPOSAL PROGRAMS WORLDWIDE

Several reviews have examined the level of direct and acknowledged use of natural analogues in
published PA documents of geologic repository programs worldwide (e.g., McKinley and
Alexander 1996 [157486]; IAEA 1999 [157485]). Results of these reviews indicated that very
few total system PA documents provided detailed discussion of how analogues were used to
support specific aspects of the assessments, and some PA reports did not discuss how natural
analogues support geological disposal in even a general way.

An indirect use of analogues in PA in some programs is in the development of scenarios, where
identification of features, events, and processes (FEPs) of importance to repository evolution are
required (Chapman et al. 1995 [100970]). The role of analogue information in this case is to
provide supplemental evidence to support the inclusion or exclusion of different FEPs in
scenarios to be analyzed for PA. An example of this application of analogues is the scenario case
for criticality in a waste repository. This scenario was screened out using, in part, understanding
of processes that occurred at Oklo (see Section 4).

Miller et al. (2000 [156684], Section 6.1), referring to IAEA 1999 [157845], summarized the use
of analogues for model development, data provision, and model validation in ten PAs over the
past two decades. These included KBS-3 (Sweden, 1983); Projekt Gewähr (Switzerland, 1985);
SKB-91 (Sweden, 1991); TVO (Finland, 1991); AECL EIS (Canada, 1994); Kristallin-I
(Switzerland, 1993); NRC IPA (USA, 1995); TILA-99 (Finland, 1999); SR-97 (Sweden, 1999);
and SFR (Sweden, 1999). All but one of these PAs used analogues in conceptual model
development or scenario development. All of the PAs used data from analogues, either as
bounding conditions or as direct parameter values. Seven of the ten PAs used analogues for blind
predictive modeling or for the evaluation of models and databases as part of model validation.
The NRC, for instance, used natural analogues in the following ways:

� In scenario development for volcanism, as an alternative source-term conceptual model
using Peña Blanca data (Murphy and Codell 1999 [149529])

� To establish relative importance of microfractures and matrix transport at Peña Blanca,
Mexico

� As backup for vapor-phase transport at the Valles Caldera, New Mexico

� To identify secondary phases for long-term release at Peña Blanca

� For model testing for elemental transport in unsaturated media at Akrotiri, Greece
(Murphy 2000 [157487]).
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Miller et al. (2000 [156684], Table 6.1.1) noted that few of the analogue applications were
explicitly mentioned in the top-level documents associated with these PAs. The lack of
acknowledgment of these applications of analogues by PAs is evident from a disconnect between
the examples of uses shown in the IAEA (1999 [157485]) report and the applications noted in the
report’s conclusions. Thus it appears that the role of natural analogues in providing a general
conceptual basis for the geological disposal of radioactive waste and for specific waste isolation
mechanisms is largely unacknowledged. There are only a few clear examples of parameter
values being provided by natural analogues that may be directly input to an assessment model,
such as measured matrix diffusion and metal corrosion rates. A semi-quantitative use of natural
analogues has been to provide bounding limits to the ranges of parameter values obtained from
laboratory studies. The most valuable quantitative role of natural analogues, which cannot be
replicated in laboratory systems, is to provide bounding estimates for validation of PA models.
So far, this has only been seriously attempted for equilibrium geochemical modeling (e.g., at
Poços de Caldas, Oman, Maqarin, and El Berrocal).

15.4 PREVIOUS YMP INCORPORATION OF NATURAL ANALOGUES

Process modelers, as users of analogue information, can and have played an important role in
determining how analogues can best be used to support PA and design groups in reducing
uncertainties in the long-term behavior of natural and engineered systems.

In the past, the YMP has used analogues for testing and building confidence in conceptual and
numerical process models in a number of ways:

� Yucca Mountain as a self analogue: Mineral alteration zones that formed during
cooling of Timber Mountain ash flow tuffs are the same as those expected to form
under the thermal conditions predicted by numerical codes (Bish and Aronson 1993
[100006]).

� Thermochemical data: Data from the Wairakai, New Zealand, geothermal field were
used to build confidence in thermodynamic parameters for silica minerals in databases
used in geochemical modeling (Carroll et al. 1995 [109627]).

� Spent fuel alteration parageneses: Mineral phases determined in laboratory experiments
were compared to those of Nopal I, at Peña Blanca (Figure 4-1). The results of these
studies (summarized in Section 4) have increased the confidence in models describing
spent-fuel alteration.

� Saturated zone transport: Scoping calculations were conducted for the Peña Blanca site
using the same numerical model that was used to assess total system performance of the
potential Yucca Mountain repository. The model attempted to predict the transport of
99Tc, which is expected to be a conservative ion that would be released from the waste
inventory. Results of the modeling indicated that both 99Tc and some forms of uranium
may be detected in groundwater close to the Nopal I mine at Peña Blanca (CRWMS
M&O 2000 [153246], Appendix C, Figure C-12). The scoping predictions were
sensitive to the surface area assumed for the inventory of leachable mineral species,
because a reduction of mineral surface area led to a reduction in both uranium and 99Tc
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concentrations (CRWMS M&O 2000 [153246], Appendix C). The scoping study
predictions differ from analyses of groundwater samples collected in the 1980s from a
monitoring well 1,300 m downgradient from the Nopal I mine, which detected very low
concentrations of uranium. To corroborate the model results for uranium and possibly
technetium, the scoping simulations could be rerun using additional data from analyses
of water samples collected from wells being drilled at and immediately downgradient
from the Nopal I ore deposit (see Section 10.4).

� Verification of models describing volcanism: Immediately after a 1995 volcanic
eruption at Cerro Negro, an active basaltic cinder cone in Nicaragua, the thickness of
volcanic ash deposited during the eruption was measured. The ash thickness data
provided an opportunity to use the ASHPLUME code (CRWMS M&O 1999 [132547])
to simulate the eruption. The goal was to compare calculated ash deposition predicted
using the ASHPLUME code to the ash thickness recorded in an actual ashfall event
from a small-volume basaltic volcano. Cerro Negro is analogous in size and
morphology to a volcanic feature that could form as the result of a volcanic eruption in
the vicinity of Yucca Mountain, although the intra-continental arc magmatism that
forms the tectonic setting for Cerro Negro is different from the Basin-and-Range style
tectonics of the Yucca Mountain area. Two versions of the ASHPLUME code that
employ a two-dimensional diffusion model were used. The results of both versions
compared well with the observed data for distances from the volcanic event greater
than 10 km (CRWMS M&O 2000 [153246], Appendix C, Figure C-1). For distances
less than 10 km, ASHPLUME results calculate ash thickness values greater than the
observed data, possibly because ASHPLUME assumes a constant wind speed and
direction for a given simulation, whereas the actual situation reflected a shift in wind
direction, and possibly velocity, during the eruption. Nevertheless, the results in general
showed that the ASHPLUME model can reasonably predict the ashfall distribution of a
basaltic cinder cone similar to Cerro Negro. This result increases the confidence in
ashfall calculations that could be used to simulate possible ash-producing eruptions
either near or through a repository at Yucca Mountain.

Analogues were included in discussions of multiple lines of evidence in the FY 01 Supplemental
Science and Performance Analyses, Volume 1: Scientific Bases and Analyses (BSC 2001
[155950]). To a large degree, these analogues have been referenced in this report in Sections 4,
6, 7, 8, 9, 10, 11, 12, 13, and 14. Analogues have also been used to provide multiple lines of
evidence in support of both analysis and model reports (AMRs); in screening arguments for
inclusion or exclusion of FEPs in total system PAs (TSPAs); in the quantification of
uncertainties (BSC 2001 [155950]); and in expert elicitations such as Probabilistic Volcanic
Hazard Analysis for Yucca Mountain, Nevada (CRWMS M&O 1996 [100116]); Probabilistic
Seismic Hazard Analyses for Fault Displacement and Vibratory Ground Motion at Yucca
Mountain, Nevada (USGS 1998 [100354]); and An International Peer Review of the Biosphere
Modelling Programme of the US Department of Energy's Yucca Mountain Site Characterization
Project, Report of the IAEA International Review Team (IAEA 2001 [155188]).
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15.5 YMP IDENTIFIED NEEDS

Areas identified for the TSPA-VA in which analogue studies might contribute to evaluating of
and building confidence in PA models include:

� Seepage threshold and the fraction of waste packages contacted by seeps (including
seepage enhanced by thermally induced drift collapse)

� Alteration of hydrologic properties by mineral precipitation or dissolution

� Sorption onto fractures

� The role of colloid filtration in reducing radionuclide migration

� Alloy 22 corrosion

� Np solubility

� Saturated zone (SZ) dilution.

PA requirements for natural analogues were also considered for TSPA-SR and TSPA-LA. A
meeting was held in January 2001 to integrate PA needs for building confidence in process
models, including areas where natural analogues could contribute. This report includes examples
of natural analogue contributions to the stated needs found in performance assessment studies.

15.6 APPLICATIONS FROM THIS REPORT

Table 15.1 is a compilation of the ways in which analogues have been used in this report. The
analogues are listed by chapter and are categorized as to their use in building conceptual models
or understanding of processes, development of data parameters and their use in TSPA, or use for
model validation. It is evident that the majority of uses of analogues for YMP has been in the
understanding of which processes to model and how to incorporate them into PA. Less frequent
has been their use in model validation, and even less frequent is their use directly in PA. The
categorization on this table should not be surprising because it corresponds to the frequency of
application of analogues to these steps in TSPA in the international community, as stated in
Section 15.3 and in IAEA (1999 [157485], Section 6).

15.7 SUMMARY AND CONCLUSIONS

This section recapitulates the most important points that were summarized at the end of each
preceeding section, along with suggestions for areas where analogues could increase needed
confidence in process models. Because no new material is introduced in this section, the
references to these conclusions are not included. The reader should refer to the section that
provides the source of these summary points, or conclusions, or to the Document Input
Reference System (DIRS).
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15.7.1 Drift Stability (Section 3)

The ability of underground openings to remain open and stable under ambient conditions
depends on a number of variables, including: (1) rock strength; (2) the size, shape, and
orientation of the opening; (3) orientation, length, and frequency of fracturing; and (4)
effectiveness of ground support. Radiometric dating of cave floor minerals at Carlsbad Caverns
and Lechuguilla Cave indicates that natural openings larger than those proposed for repository
drifts at Yucca Mountain have remained stable and open for millions of years. Collapse of the
roof of an opening tends to occur where the fracture density is high and the overburden is thin, as
is the case with some lava tubes. Independent factors that contribute to the size of a rockfall
block are fracture spacing, rock type, rock texture, and the size and shape of the opening.
Paleolithic flint mines (~4,000 to 3,000 BC), Roman mines and aqueducts, and other
anthropogenic examples demonstrate that man-made underground openings can also exist for
thousands of years.

15.7.2 Waste Form Degradation (Section 4)

The reaction path of alteration of spent nuclear fuel at Yucca Mountain will be similar to that of
geologically young, Pb-free uraninite, with schoepite and becquerelite forming as intermediate
products, followed by uranyl silicates. The uraninite and its alteration products found at the
Nopal I uranium deposit at Peña Blanca have these characteristics. Therefore, the uranium
alteration paragenetic sequence at the Nopal I uranium deposit at Peña Blanca is a good analogue
for the alteration of uranium oxide spent fuel.

Secondary mineral formation was responsible for incorporating uranium in stable mineral phases
at Shinkolobwe, Zaire, where 50 secondary uranium-bearing phases could be identified. Because
of its great age (1,800 Ma), radiogenic lead-bearing phases played a role in sequestering
uranium. At Okélobondo, Gabon, and Shinkolobwe, other secondary phases, particularly (U,Zr)
silicates, formed stable phases.

The concentrations of fission products can be used as tracers in rock and groundwater
surrounding uraninite and provide a satisfactory approach to estimating natural dissolution rates.
When this approach was evaluated at Cigar Lake, Canada and Koongarra, Australia under
reducing and oxidizing conditions, respectively, the dissolution rate at Koongarra was found to
be more rapid. Although use of the fission product tracer method has not been reported for Oklo,
other lines of evidence indicate that dissolution has been slight at Oklo over the past
approximately 2 billion years. Whether or not deep oxidizing waters at Okélobondo have
increased the dissolution of uraninite and created an oxidized suite of minerals is a subject that
could be evaluated.

Under radiolysis conditions occurring at the time of reactor criticality at Oklo, only several
percent of uranium was estimated to have been mobilized for transport from its original site,
which experienced far more extreme conditions than those anticipated at Yucca Mountain.
Likewise at Okélobondo, radiolysis effects at the time that the natural reactor was active appear
confined to rare earth element migration from the core to the rim of minerals containing these
elements.
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Based on analyses of conditions that occurred at Oklo, it was shown that criticality of spent fuel
either within waste packages or by reconcentration of uranium outside of the waste package has
a very low likelihood, because the probability of certain processes required to achieve critical
conditions occurring simultaneously or sequentially is extremely small and certain required
conditions are mutually exclusive.

Although natural glasses are somewhat different in composition from borosilicate nuclear waste
glass, studies of natural glass alteration indicate that glass waste forms will be stable in a
repository environment at Yucca Mountain. In both natural and borosilicate glass, higher
stability is favored by higher silica and alumina content and by lower alkali and water content.
However, analogue studies have not considered radiation effects on glass over long time periods
and thus cannot be used to confirm experimental results showing that radiation has little effect on
waste glass stability.

15.7.3 Waste Package Degradation (Section 6)

The analogues to common metals presented in Section 6 serve mainly to demonstrate that under
ambient to slightly elevated temperatures, these metals will be stable for thousands of years, even
under oxidizing conditions. The survival of metal archaeological artifacts over prolonged periods
of time is related to the corrosion-resistant properties of metals and metal alloys, the
development of protective passive film coatings with the onset of corrosion, and the location of
artifacts in arid to semi-arid environments. Such features have been used in the selection of
materials and design configuration to enhance the durability of waste packages at Yucca
Mountain.

The survival of the naturally occurring ordered Ni-Fe alloy in josephinite for millions of years,
with only relatively minor amounts of surface oxidation, indicates that this material is highly
resistant to oxidation and other forms of corrosion that occur in its geologic environment. While
the composition of this metal differs from Alloy 22 (in that it does not contain Cr, Mo, or W), it
does provide evidence that a similar alloy can remain passive over prolonged periods of time
under similar conditions.

The potential instability of chromium-bearing materials is illustrated by the observed natural
release of chromium from chromite in the Sierra de Guanajuato ultramafic rocks under ambient
conditions. Corrosion appears to be concentrated along exsolution rims, analagous to structural
defects on metal surfaces. However, although the chromite has undergone some alteration, it has
survived for over 140 million years.

15.7.4 Engineered Barrier System Components (Section 7)

The highly corrosion-resistant nature of titanium has been demonstrated by long-term
experiments conducted on a range of metal alloys in wells at the Salton Sea geothermal field,
California. This anthropogenic example supports the selection of titanium alloys for the
construction of a corrosion-resistant drip shield for the Engineered Barrier System (EBS).

Although the proposed devitrified welded tuff for the invert ballast does not have high
concentrations of zeolite and clay minerals, the high surface area of crushed tuff will retard
radionuclide transport through sorption. One example of absorption of actinides in a gravel bed
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at Los Alamos, New Mexico provides qualitative evidence of retardation at the contact between
an invert-like material and underlying bedrock.

Because the use of cementitious material in the EBS and its environs is restricted to grout for
securing rock bolts in the emplacement drifts, hyperalkaline conditions are not expected to
develop at Yucca Mountain. However, through reactive-transport modeling of the Maqarin site,
it has now been demonstrated that a model can reproduce the same suite of cement minerals,
hyperalkaline water compositions, and pH that were found in the field. This result builds
confidence in use of such a model for analogous conditions at other sites.

The Poços de Caldas analogue illustrated that iron-bearing colloids may retard the transport of
uranium and other spent-fuel components by forming colloids that are then filtrated from
suspension at short distances. Degradation of steel structural elements in the EBS could
conceivably contribute to this process.

15.7.5 Seepage (Section 8)

An important variable for preservation in underground openings is relative humidity. If relative
humidity in the emplacement drift is kept below 100% by ventilation, then seepage of liquid
water would be reduced or completely suppressed. Most caves are close to, but below 100%
humidity. Thus the amount of seepage in caves found in unsaturated environments would be
expected to be low. This would also be true at Yucca Mountain while ventilation is maintained.

The findings in Section 8 support the hypothesis that most of the infiltrating water in the
unsaturated zone (UZ) is diverted around underground openings and does not become seepage.
The analogues show that this is true even for areas with much greater precipitation rates than that
at Yucca Mountain. Although examples exist where large amounts of seepage can be observed
(e.g., the Mission Tunnel and Mitchell Caverns), and cave minerals formed by water are
common in unsaturated environments, these hydrogeologic settings are significantly different
from that at Yucca Mountain, and thus these are not appropriate analogues. However, for all of
the analogues that show some seepage, at least some of the seepage that enters underground
openings does not drip, but rather flows down the walls. In the few instances where dripping has
been noted in settings that are analogous to Yucca Mountain, the drips can be attributed to
asperities in the surface of the roof and ceiling of the opening. Whether water flows on walls or
drips depends on conditions affecting drop formation and drop detachment (e.g. surface tension,
roughness angle, saturation). Thus, although most water would flow around emplacement drifts
at Yucca Mountain, the small amount of seepage that does occur would primarily flow down
tunnel walls. In the few instances where dripping may occur, it would be expected to occur at
asperities also.

15.7.6 UZ Flow and Transport (Sections 9 and 10)

Hydrographs of ponded water and 75Se breakthrough curves measured during the LPIT test
conducted at the Idaho National Engineering and Environmental Laboratory (INEEL) were
analyzed to determine parameters controlling unsaturated flow and transport. Analysis of these
data involved building a numerical model using TOUGH2 in a dual-permeability modeling
approach that has been extensively used to simulate flow and transport at Yucca Mountain. The
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basalt hydrologic properties showed significantly greater variability than the B-C sediment layer
interbed properties. This implies that the field-scale heterogeneity limits the volume to which the
spatially averaged basalt parameters could be attributed relative to the B-C sediment layer
interbed parameters. This may in part result from the fractured-porous dual-continuum nature of
the basalt in comparison to the porous single-continuum nature of the B-C sediment layer
interbed.

The transport model calculations predicted retardation factors for neptunium and uranium that
are orders of magnitude higher than retardation factors for the other radionuclides at the
Radioactive Waste Management Complex (RWMC). This result would indicate that very little
movement of neptunium and uranium should be observed. But detection of these radionuclides at
depth was inconsistent with their predicted high retardation. Radionuclide transport in the
surficial sediment zone at the RWMC could be interpreted in a number of ways. One is that
lateral flow occurred, sweeping out part of the radionuclide plume. Another possibility is that a
sudden surge of fluid caused by a flooding event released a pulse of radionuclides that
propagated downward quickly, such that the peak lies at a greater depth than that at which the
data were collected. The UZ Flow and Transport Model at Yucca Mountain considers a range of
infiltration rates that are then used to bound the range of percolation flux. Because the Paintbrush
nonwelded unit (PTn) at Yucca Mountain has a damping effect on downward flow to the
Topopah Spring welded unit (TSw), and a similar damping effect has not been observed in the
sedimentary interbeds at the RWMC, it is unlikely that the enhanced transport scenario proposed
in the INEEL modeling study would occur at Yucca Mountain.

It is estimated that the transit time for the seep water that infiltrated into the Nopal I Level +00
adit 8 m below surface is about 6–29 days, and for the perched water at 10.7 m depth in an old
borehole, the transit time is about 0.4–0.5 years. Although the water transit time in the UZ is
quite short, significant dissolution of uranium may have occurred in a low-water flux, high-
uranium concentration setting near the Nopal I uranium deposit. The uranium dissolution rates at
Nopal I are about three times higher during the dry season than those in the wet season, possibly
suggesting a favorable physiochemical condition (e.g., increased oxygenation) for uranium
dissolution during dry periods. The low humidity during dry seasons may have also enhanced
evaporation, causing higher uranium concentrations in the waters sampled. If analyses from
future sampling campaigns confirm that transit time is short in the UZ at Nopal I, then the
implications would need to be considered for the similar low-water flux environment at Yucca
Mountain.

15.7.7 Coupled Processes (Section 11)

Geothermal systems illustrate a variety of thermal-hydrologic-chemical (THC) processes that are
relevant to Yucca Mountain. Yellowstone and other geothermal systems in welded ash flow tuffs
or other low-permeability rocks indicate that fluid flow is controlled by interconnected fractures.
Alteration in low-permeability rocks is typically focused along fracture flow pathways. Only a
small portion of the fracture volume needs to be sealed by precipitated minerals to retard fluid
flow effectively. The main minerals predicted to precipitate in the near field of the potential
Yucca Mountain repository are amorphous silica and calcite, which are also commonly found as
sealing minerals in geothermal systems.
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Sealing in geothermal fields can occur over a relatively short time frame (days to years). The
unsaturated conditions, lower temperatures, and much lower fluid-flow rates predicted for the
Yucca Mountain system, in comparison to geothermal systems, should result in less extensive
water-rock interaction than is observed in geothermal systems. Fracturing and sealing occur
episodically in geothermal systems. Most mineralization at Yucca Mountain is predicted to occur
soon after waste emplacement (1,000 to 2,000 years), when temperatures would reach boiling
(for the higher-temperature operating mode) above the emplacement drifts.

As shown in Section 11.3, THC processes are expected to have a much smaller effect on
hydrogeological properties at Yucca Mountain than what is observed at Yellowstone. However,
development of a heat pipe above emplacement drifts at Yucca Mountain under a higher-
temperature operating mode could lead to increased chemical reaction and transport in the near
field. Reflux and boiling of silica-bearing fluids within the near field at Yucca Mountain could
cause fracture plugging, thus changing fluid flow paths. Geochemical modeling of fluid
compositions has been used to successfully predict observed alteration mineral assemblages at
Yellowstone. THC simulations conducted to date for the potential Yucca Mountain repository
suggest that only small reductions in fracture porosity (1–3%) and permeability (< 1 order of
magnitude) will occur in the near field as a result of amorphous silica and calcite precipitation.
Changes in permeability, porosity, and sorptive capacity are expected to be relatively minor at
the mountain scale, where thermal perturbations will be reduced. This THC result applies to both
the higher and lower temperature (sub-boiling) operating modes. These predicted changes in
hydrogeological properties should not significantly affect repository performance.

At the Paiute Ridge intrusive complex (Section 11.4), the Papoose Lake Sill intruded into Rainier
Mesa Tuff, and the resulting hydrothermal effects were characterized by low-temperature
alteration of glass to clinoptilolite and opal, similar to the alteration assemblage present at Yucca
Mountain. Hydrothermal alteration was confined to a narrow zone close to the sill-host rock
contact. The pervasive opal veins and associated secondary minerals (e.g., clinoptilolite, calcite,
cristobalite, etc.) appear to have reduced matrix or fracture permeability in the immediate
vicinity of the basaltic intrusion.

Preliminary results of a one-dimensional THC dual-continuum model of the interaction of
country rock with heat released from an intrusive complex emplaced above the water table
demonstrated the possibility of forming opal-filled veins with the source of silica derived from
the matrix of the host rock. However, because of the irregularities caused by kinetic barrier
effects associated with reaction of glass, it is important to compare and contrast a number of
different sites to be able to derive general conclusions regarding mineral alteration.

Although rock type, hydrogeology, and design configurations differ from those at Yucca
Mountain, the closest thermal-hydrologic-mechanical (THM) analogue identified so far is the K-
26 site at Krasnoyarsk, which is particularly relevant to lower-temperature design scenarios.
Although the 40-year record of experiments should be interpreted cautiously with respect to
extrapolation to long time periods, THM effects such as drift convergence might be in the same
range of magnitude (on the order of a few mm) as that at Krasnoyarsk for the preclosure period.
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15.7.8 Saturated Zone Transport (Section 12)

Only a few of the Uranium Mill Tailing Recovery Act (UMTRA) sites are potentially useful in
the evaluation of radionuclide transport in the alluvial portion of the Yucca Mountain flow
system. The conclusions derived from an analysis of the Gunnison site are: (1) a fraction of the
uranium originating at the site is transported in the alluvial aquifer at a rate similar to the rate at
which a conservative constituent is transported; and (2) there is little evidence for lateral
dispersion of contaminants in the downgradient direction. For the New Rifle site, the main
conclusions are: (1) dilution is a significant process in the downgradient direction; and (2)
uranium is transported at almost the same rate as conservative constituents. The conclusions
regarding uranium transport distances relative to conservative constituents must be tempered by
uncertainties regarding the potential presence of unidentified complexing agents.

Although several natural analogue studies have demonstrated the effect of sorption and
precipitation processes on fracture surfaces, none has been able to distinguish clearly between
these processes or to provide quantitative data on retardation with respect to transport of trace
elements in natural waters. However, these studies do highlight which phases are most active and
provide useful information on the effect of interaction between solutes and the rock surface.

In most studies of natural systems, a proportion of the total uranium, thorium, and rare earth
elements in the groundwater was associated with colloids. Colloids can serve as sorbers of
radionuclides, and may be agents either of retardation (Section 7 and Section 15.7.4) or of fast
transport (Section 12). Unambiguous evidence from natural systems indicating colloidal
transport over kilometer-scale distances is limited to a few reports. Observations from such
places as Los Alamos and the Nevada Test Site lend support to the concept that radionuclide
transport in the saturated zone (SZ) can be facilitated by colloids, but so far no natural analogue
studies have been able to quantify the importance of this process.

15.7.9 Biosphere (Section 13)

The Chernobyl data on hot-particle dispersal and dust transport showed that radionuclides attach
to dust particles and move as combined particles. Aspects of models of atmospheric contaminant
dispersal, radionuclide fallout, radionuclide resuspension, and particle size distributions may be
relevant to constraining a model for radionuclide resuspension resulting from a volcanic eruption
through a potential Yucca Mountain repository.

The use of physical values of the half-life of radionuclides gives conservative estimates of
radionuclide removal from soils in the Yucca Mountain biosphere model. The increase in the
concentration of radionuclides in soils during irrigation in the southern Ukraine, where
environmental conditions are more similar to those at Yucca Mountain than are conditions at
Chernobyl, confirms the concept of a radionuclide buildup factor used in the Yucca Mountain
biosphere conceptual model.

Results of the Chernobyl literature survey suggest that soil type influences the ecological half-
life of radionuclides in the biosphere, both in regard to soil bioaccumulation factors, and
advective and diffusive transport properties that limit radionuclide transfer to plant roots. With
respect to rural populations, agricultural methods including irrigation, tillage, and types of crops
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play an important role in resuspension of radionuclides. Resuspended material is likely to
increase the contamination of plant surfaces. Resuspended radionuclides would increase the
inhalation dose for agricultural workers, which would be particularly significant for plutonium.

For potential groundwater contamination pathways at Yucca Mountain, radionuclide-
contaminated water, which is used as the source of drinking water, irrigation, animal watering,
and for domestic applications, is expected to increase the likelihood of ingestion uptake of
radionuclides by humans. Chernobyl data showed that the ingestion pathway constitutes a small
part of the total radiation dose, as the external pathway is predominant within the Chernobyl
Exclusion Zone. Chernobyl data on the atmospheric distribution of contaminants, their fallout,
and redistribution in soils and plants may be considered an anthropogenic analogue for the
potential release of radionuclides caused by a volcanic eruption at Yucca Mountain,
accompanied by atmospheric dispersal of contaminants into the environment through ash fallout
on the land surface.

15.7.10 Volcanism and Seismic Effects on Drifts (Section 14)

Use of natural analogues is a major investigative tool in Yucca Mountain volcanism studies.
Analogues have been used to assess the probability of dike eruption, plausible eruptive styles,
eruptive parameters, and magma compositions, and have also been used to increase confidence
in use of the ASHPLUME code for simulation of an eruption. For seismic effects, examples from
observations of underground openings demonstrate that such openings are able to withstand
ground shaking for a peak ground acceleration as high as 0.4 g. The ability to withstand ground
shaking is increased by thickness of overburden, competence of material (i.e., indurated and
consolidated rock versus colluvium), decreased earthquake magnitude, and increased distance of
the opening from the earthquake epicenter. The bulk of evidence from analogue examples of
underground openings, particularly in settings similar to Yucca Mountain (such as the Little
Skull Mountain earthquake), demonstrates that damage to repository drifts by ground shaking
during the postclosure period would be minimal or unlikely.

15.7.11 Remaining Areas for Increased Process Understanding through Analogue Studies

The analogue examples and studies presented in this report provide varying degrees of
confidence in the processes they are intended to support. The investigation of these analogues
has helped to indicate the directions along which further analogue studies can best be focused to
address processes that are not fully understood. Key areas where analogues may assist in
building more confident assessments of processes are the following:

� Irreversible Sorption: PA currently makes the conservative assumption that sorption is
reversible because no useful data exist that show it to be irreversible. If analogues could
demonstrate convincingly the conditions under which sorption could be irreversible,
they would contribute greatly to the realism of models.

� Drift Shadow Zone: The presence of a drift shadow zone is best tested through
analogue sites that have remained undisturbed over several decades. Suggested sites are
discussed in Section 9.
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� Plume Dispersion: Following the UMTRA study, modeling of different types of plumes
in alluvium could build confidence in the way plume dispersion is modeled for YMP
TSPA. Examples could be found with toxic spills or natural analogues such as
Koongarra.

� Geosphere/Biosphere Interface: Radionuclide behavior at the geosphere/biosphere
interface could be investigated by natural analogue studies on the migration of
radionuclides released from spills, leaks, and underground bomb tests and accidents.
Some sites in Russia may yield these types of data.

� Colloids: Analogue studies suggest that colloids provide an inefficient mechanism for
transport because of low populations, limited radionuclide uptake, and filtration by the
rock. However, to conclude that colloids are an unimportant factor for repository safety
would require information from larger-scale natural studies in relevant geological
environments, which would allow study of the efficacy of buffering reactions for Eh
and pH and evidence for long-distance (km-scale) transport in relevant geologic
formations.

� Transport in Unsaturated Ash Flow Tuffs: Peña Blanca is probably the closest overall
analogue with conditions similar to Yucca Mountain. Nopal I is a natural environment
where groundwater chemistry is somewhat analogous to groundwaters in the Yucca
Mountain system, and they contain elevated concentrations of radionuclides and other
trace elements from a known source. Nopal I also displays discrete zones in fractured
rocks intersected by potentially identifiable preferential groundwater flow paths. Such
flow paths would allow definition of a source region and transport pathway, as well as a
study of sorption processes on fracture surface minerals.
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Source: IAEA 1999 [157485], Figure 1.

Figure 15-1. The Role of Natural Analogues and Site Characterization in Performance Assessment



TDR-NBS-GS-000027 REV 00 ICN 01  15T-1 April 2002

Natural Analogue Synthesis Report

Ta
bl

e 
15

-1
.N

at
ur

al
 A

na
lo

gu
es

 in
 T

hi
s 

R
ep

or
t a

nd
 T

he
ir 

Po
te

nt
ia

l A
pp

lic
at

io
ns

 to
 P

er
fo

rm
an

ce
 A

ss
es

sm
en

t

Se
ct

io
n 

in
 N

at
ur

al
An

al
og

ue
 R

ep
or

t
C

on
ce

pt
ua

l M
od

el
 D

ev
el

op
m

en
t (

Ap
pl

ie
d

Pr
oc

es
se

s 
fr

om
 N

at
ur

al
 A

na
lo

gu
es

)
U

se
 o

f S
pe

ci
fic

 P
ar

am
et

er
s 

in
 Y

uc
ca

M
ou

nt
ai

n 
TS

PA
 M

od
el

U
se

 fo
r M

od
el

 V
al

id
at

io
n 

of
 Y

uc
ca

M
ou

nt
ai

n 
C

ha
ra

ct
er

iz
at

io
n

3.
2

D
im

en
si

on
s 

of
 c

av
es

 a
nd

 u
nd

er
gr

ou
nd

op
en

in
gs

 th
at

 h
av

e 
st

oo
d 

op
en

 fo
r

th
ou

sa
nd

s 
of

 y
ea

rs

3.
3

M
an

-m
ad

e 
op

en
in

gs
 h

av
e 

st
oo

d 
op

en
 fo

r
th

ou
sa

nd
s 

of
 y

ea
rs

 (o
ld

es
t 4

00
0 

B.
C

.)

3.
5

Va
ria

bl
es

 th
at

 d
et

er
m

in
e 

st
ru

ct
ur

al
 s

ta
bi

lit
y

of
 u

nd
er

gr
ou

nd
 o

pe
ni

ng
s

4.
2,

 4
.4

N
op

al
 I 

va
lid

at
ed

 s
pe

nt
 fu

el
 d

is
so

lu
tio

n
ex

pe
rim

en
ts

 w
he

re
 U

-s
ilic

at
es

 a
re

 lo
ng

-te
rm

so
lu

bi
lit

y-
lim

iti
ng

 p
ha

se
s

4.
3

R
et

en
tio

n 
of

 fi
ss

io
n 

pr
od

uc
ts

 a
t O

kl
o 

re
la

te
d

to
 p

ar
tit

io
ni

ng
 in

to
 u

ra
ni

ni
te

4.
4

Im
po

rta
nc

e 
of

 s
ec

on
da

ry
 p

ha
se

s 
at

Sh
in

ko
lo

bw
e 

an
d 

O
ké

lo
bo

nd
o 

in
 re

ta
in

in
g 

U

4.
6

C
he

m
ic

al
 a

nd
 p

hy
si

ca
l c

on
di

tio
ns

 re
qu

ire
d

to
 re

ac
h 

cr
iti

ca
lit

y 
at

 O
kl

o 
us

ed
 to

 e
st

im
at

e
am

ou
nt

 o
f s

pe
nt

 fu
el

 n
ee

de
d 

to
 c

re
at

e
cr

iti
ca

l c
on

di
tio

ns
 a

t a
 re

po
si

to
ry

4.
7

Q
ua

lit
at

iv
e 

va
lid

at
io

n 
th

at
 n

at
ur

al
 g

la
ss

al
te

ra
tio

n 
st

ud
ie

s 
in

di
ca

te
 n

uc
le

ar
 w

as
te

gl
as

s 
w

ill 
be

 s
ta

bl
e 

in
 re

po
si

to
ry

en
vi

ro
nm

en
t

6.
2

En
ha

nc
ed

 p
re

se
rv

at
io

n 
of

 o
bj

ec
ts

 s
to

re
d 

in
un

sa
tu

ra
te

d 
co

nd
iti

on
s,

 a
s 

ob
se

rv
ed

 in
Pi

nt
w

at
er

 c
av

e 
(N

V)

6.
2

Va
po

r c
on

de
ns

at
io

n 
re

su
lti

ng
 in

 c
or

ro
si

on
,

as
 o

bs
er

ve
d 

in
 A

lta
m

ira
 c

av
e 

(S
pa

in
)

6.
2

Ef
fe

ct
s 

of
 h

yp
er

sa
lin

e 
flu

id
s 

on
 w

as
te

pa
ck

ag
e 

m
at

er
ia

ls
, a

s 
ob

se
rv

ed
 in

 c
or

ro
si

on
be

ha
vi

or
 o

f d
iff

er
en

t m
et

al
 c

om
po

si
tio

ns
 a

t
Sa

lto
n 

Se
a 

(C
A)

 g
eo

th
er

m
al

 fi
el

d

Ev
ap

or
at

io
n 

ex
pe

rim
en

ts
 c

on
du

ct
ed

 to
de

te
rm

in
e 

ev
ol

ut
io

n 
of

 Y
uc

ca
 M

ou
nt

ai
n

w
at

er
 c

om
po

si
tio

ns
 a

nd
 c

or
re

sp
on

di
ng

m
in

er
al

 p
re

ci
pi

ta
te



TDR-NBS-GS-000027 REV 00 ICN 01  15T-2 April 2002

Natural Analogue Synthesis Report

Ta
bl

e 
15

-1
.N

at
ur

al
 A

na
lo

gu
es

 in
 T

hi
s 

R
ep

or
t a

nd
 T

he
ir 

Po
te

nt
ia

l A
pp

lic
at

io
ns

 to
 P

er
fo

rm
an

ce
 A

ss
es

sm
en

t (
co

nt
.)

Se
ct

io
n 

in
 N

at
ur

al
An

al
og

ue
 R

ep
or

t
C

on
ce

pt
ua

l M
od

el
 D

ev
el

op
m

en
t (

Ap
pl

ie
d

Pr
oc

es
se

s 
fr

om
 N

at
ur

al
 A

na
lo

gu
es

)
U

se
 o

f S
pe

ci
fic

 P
ar

am
et

er
s 

in
 Y

uc
ca

M
ou

nt
ai

n 
TS

PA
 M

od
el

U
se

 fo
r M

od
el

 V
al

id
at

io
n 

of
 Y

uc
ca

M
ou

nt
ai

n 
C

ha
ra

ct
er

iz
at

io
n

6.
2

Fo
rm

at
io

n 
of

 p
ro

te
ct

iv
e 

pa
ss

iv
e 

fil
m

 a
ro

un
d

m
et

al
s,

 a
s 

ob
se

rv
ed

 in
 D

el
hi

 ir
on

 p
illa

r
(In

di
a)

6.
2

Lo
ng

-te
rm

 s
ta

bi
lit

y 
of

 N
i-F

e 
m

et
al

s,
 a

s
ev

id
en

ce
d 

by
 o

cc
ur

re
nc

e 
of

 jo
se

ph
in

ite
 in

15
0 

m
illi

on
 y

ea
r o

ld
 u

ltr
am

af
ic

 ro
ck

s 
(O

R
)

7.
2

Ef
fe

ct
s 

of
 h

yp
er

sa
lin

e 
flu

id
s 

on
 ti

ta
ni

um
, a

s
ob

se
rv

ed
 in

 c
or

ro
si

on
 b

eh
av

io
r o

f t
ita

ni
um

al
lo

ys
 a

t S
al

to
n 

Se
a 

(C
A)

 g
eo

th
er

m
al

 fi
el

d

7.
2

Ef
fe

ct
s 

of
 z

eo
lit

es
 a

nd
 c

la
y 

m
in

er
al

s 
on

 io
n

ex
ch

an
ge

 a
nd

 s
or

pt
io

n 
of

 ra
di

on
uc

lid
es

, a
s

ob
se

rv
ed

 in
 tu

ffs
 a

t Y
uc

ca
 M

ou
nt

ai
n 

an
d

Lo
s 

Al
am

os
, N

M

7.
3

D
ev

el
op

m
en

t o
f h

yp
er

al
ka

lin
e 

pl
um

es
 fr

om
ce

m
en

tit
io

us
 m

at
er

ia
ls

, a
s 

ob
se

rv
ed

 a
t

M
aq

ar
in

 (J
or

da
n)

M
ul

tic
om

po
ne

nt
 re

ac
tiv

e 
tra

ns
po

rt 
m

od
el

us
ed

 to
 c

om
pa

re
 s

im
ul

at
ed

 a
nd

 o
bs

er
ve

d
flu

id
 c

he
m

is
try

 a
nd

 ro
ck

 a
lte

ra
tio

n
m

in
er

al
og

y 
at

 M
aq

ar
in

 (J
or

da
n)

7.
3

Fe
-b

ea
rin

g 
co

llo
id

s 
m

ay
 re

ta
rd

 U
 a

nd
 o

th
er

sp
en

t f
ue

l c
om

po
ne

nt
s 

by
 fo

rm
in

g 
co

llo
id

s
th

at
 a

re
 fi

lte
re

d 
fro

m
 s

us
pe

ns
io

n 
at

 s
ho

rt
di

st
an

ce
s

8.
2

An
al

og
ue

 s
tu

di
es

 p
re

di
ct

io
n 

th
at

 m
os

t
in

fil
tra

tio
n 

do
es

 n
ot

 b
ec

om
e 

se
ep

ag
e 

as
ob

se
rv

ed
 a

t K
ar

tc
hn

er
 C

av
er

ns
, A

riz
on

a
an

d 
Al

ta
m

ira
 C

av
e 

in
 S

pa
in

8.
3

Q
ua

lit
at

iv
e 

ev
id

en
ce

 o
f f

lo
w

 d
iv

er
si

on
ar

ou
nd

 o
pe

ni
ng

s 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

in
de

pe
nd

en
t o

f c
lim

at
e 

de
m

on
st

ra
te

d 
by

ca
ve

 p
ai

nt
in

gs
 in

 s
ou

th
er

n 
Eu

ro
pe

, E
gy

pt
ia

n
to

m
bs

, B
ud

dh
is

t t
em

pl
es

8.
3

D
ec

re
as

es
 in

 s
ee

pa
ge

 w
ith

 d
ec

re
as

e 
in

in
fil

tra
tio

n 
de

m
on

st
ra

te
d 

by
 p

re
se

rv
at

io
n 

of
fra

gi
le

 h
um

an
 a

rti
fa

ct
s 

an
d 

or
ga

ni
c

m
at

er
ia

ls
 o

ve
r t

ho
us

an
ds

 o
f y

ea
rs



TDR-NBS-GS-000027 REV 00 ICN 01  15T-3 April 2002

Natural Analogue Synthesis Report

Ta
bl

e 
15

-1
.N

at
ur

al
 A

na
lo

gu
es

 in
 T

hi
s 

R
ep

or
t a

nd
 T

he
ir 

Po
te

nt
ia

l A
pp

lic
at

io
ns

 to
 P

er
fo

rm
an

ce
 A

ss
es

sm
en

t (
co

nt
.)

Se
ct

io
n 

in
 N

at
ur

al
An

al
og

ue
 R

ep
or

t
C

on
ce

pt
ua

l M
od

el
 D

ev
el

op
m

en
t (

Ap
pl

ie
d

Pr
oc

es
se

s 
fr

om
 N

at
ur

al
 A

na
lo

gu
es

)
U

se
 o

f S
pe

ci
fic

 P
ar

am
et

er
s 

in
 Y

uc
ca

M
ou

nt
ai

n 
TS

PA
 M

od
el

U
se

 fo
r M

od
el

 V
al

id
at

io
n 

of
 Y

uc
ca

M
ou

nt
ai

n 
C

ha
ra

ct
er

iz
at

io
n

9.
3

C
al

ib
ra

tio
n 

us
in

g 
IT

O
U

G
H

2 
to

 h
yd

ro
gr

ap
hs

at
 L

PI
T 

yi
el

de
d 

pa
ra

m
et

er
s 

co
ns

is
te

nt
 w

ith
m

ea
su

re
d 

da
ta

9.
3

D
ua

l-p
er

m
ea

bi
lit

y 
m

od
el

 a
de

qu
at

el
y

ca
pt

ur
ed

 fl
ow

 b
ut

 n
ot

 tr
an

sp
or

t

10
.4

Si
gn

ifi
ca

nt
 d

is
so

lu
tio

n 
of

 U
 m

ay
 h

av
e

oc
cu

rre
d 

in
 g

ro
un

dw
at

er
s 

ne
ar

 N
op

al
 I;

 a
ls

o
hi

gh
er

 d
is

so
lu

tio
n 

(o
r m

or
e 

U
 c

on
ce

nt
ra

tio
n)

du
rin

g 
dr

y 
se

as
on

10
.5

C
ol

lo
id

al
 tr

an
sp

or
t o

f U
, T

h 
in

 o
xi

di
zi

ng
 U

Z
at

 S
te

en
ka

m
ps

kr
aa

l  
an

d 
Ko

on
ga

rra
 (l

itt
le

 a
t

Ko
on

ga
rra

)

11
.2

Fl
ui

d 
flo

w
 in

 fr
ac

tu
re

s,
 a

s 
se

en
 in

 D
ix

ie
Va

lle
y 

(U
SA

), 
Si

la
ng

ki
ta

ng
 (I

nd
on

es
ia

) a
nd

W
ai

ra
ke

i (
N

Z)
 g

eo
th

er
m

al
 fi

el
ds

11
.2

N
um

er
ic

al
 s

im
ul

at
io

n 
of

 h
ea

t a
nd

 fl
ui

d 
flo

w
in

 n
um

er
ou

s 
de

ve
lo

pe
d 

ge
ot

he
rm

al
sy

st
em

s

C
on

fir
m

at
io

n 
of

 T
O

U
G

H
2-

ba
se

d 
th

er
m

al
-

hy
dr

ol
og

ic
al

 re
se

rv
oi

r s
im

ul
at

io
ns

 th
ro

ug
h

po
st

-a
ud

it 
hi

st
or

y 
m

at
ch

in
g 

of
 O

lk
ar

ia
(K

en
ya

) a
nd

 N
es

ja
ve

llir
 (I

ce
la

nd
)

ge
ot

he
rm

al
 fi

el
ds

11
.2

U
se

 o
f c

he
m

ic
al

 tr
ac

er
s 

to
 c

on
st

ra
in

 s
ou

rc
e

of
 fl

ui
ds

, t
ra

ck
 m

ov
em

en
t o

f f
lu

id
s,

 a
nd

id
en

tif
y 

hi
gh

-p
er

m
ea

bi
lit

y 
flo

w
 p

at
hs

, a
s

co
nd

uc
te

d 
at

 B
ul

al
o 

(P
hi

lip
pi

ne
s)

ge
ot

he
rm

al
 fi

el
d

11
.2

, 1
1.

3
C

ha
ng

es
 in

 w
at

er
 c

he
m

is
try

, p
re

ci
pi

ta
tio

n 
of

si
lic

a 
an

d 
ca

lc
ite

, a
nd

 re
du

ct
io

ns
 in

 p
or

os
ity

an
d 

pe
rm

ea
bi

lit
y 

re
su

lti
ng

 fr
om

 b
oi

lin
g,

 a
s

ob
se

rv
ed

 a
t W

ai
ot

ap
u 

(N
Z)

, C
er

ro
 P

rie
to

(M
ex

ic
o)

, a
nd

 Y
el

lo
w

st
on

e 
(W

Y)
 g

eo
th

er
m

al
fie

ld
s

11
.2

Pr
ec

ip
ita

tio
n 

of
 s

al
ts

 a
nd

 s
ilic

a 
as

so
ci

at
ed

w
ith

 d
ry

ou
t, 

as
 o

bs
er

ve
d 

in
 K

ar
ah

a-
Te

la
ga

Bo
da

s 
(In

do
ne

si
a)

 g
eo

th
er

m
al

 fi
el

d



TDR-NBS-GS-000027 REV 00 ICN 01  15T-4 April 2002

Natural Analogue Synthesis Report

Ta
bl

e 
15

-1
.N

at
ur

al
 A

na
lo

gu
es

 in
 T

hi
s 

R
ep

or
t a

nd
 T

he
ir 

Po
te

nt
ia

l A
pp

lic
at

io
ns

 to
 P

er
fo

rm
an

ce
 A

ss
es

sm
en

t (
co

nt
.)

Se
ct

io
n 

in
 N

at
ur

al
An

al
og

ue
 R

ep
or

t
C

on
ce

pt
ua

l M
od

el
 D

ev
el

op
m

en
t (

Ap
pl

ie
d

Pr
oc

es
se

s 
fr

om
 N

at
ur

al
 A

na
lo

gu
es

)
U

se
 o

f S
pe

ci
fic

 P
ar

am
et

er
s 

in
 Y

uc
ca

M
ou

nt
ai

n 
TS

PA
 M

od
el

U
se

 fo
r M

od
el

 V
al

id
at

io
n 

of
 Y

uc
ca

M
ou

nt
ai

n 
C

ha
ra

ct
er

iz
at

io
n

11
.2

M
in

er
al

 d
is

so
lu

tio
n 

as
so

ci
at

ed
 w

ith
co

nd
en

sa
tio

n,
 a

s 
ob

se
rv

ed
 a

t T
he

 G
ey

se
rs

(C
A)

 g
eo

th
er

m
al

 fi
el

d

11
.2

, 1
1.

3
R

ed
uc

tio
n 

in
 p

or
os

ity
 a

nd
 p

er
m

ea
bi

lit
y 

du
e

to
 s

ilic
a 

pr
ec

ip
ita

tio
n,

 a
s 

ob
se

rv
ed

 a
t t

he
D

un
es

 (C
A)

 a
nd

 Y
el

lo
w

st
on

e 
(W

Y)
ge

ot
he

rm
al

 fi
el

ds
, a

nd
 in

 re
in

je
ct

io
n 

w
el

ls
 a

t
O

ta
ke

 (J
ap

an
), 

R
ot

ok
aw

a,
 O

ha
ak

i, 
an

d
W

ai
ra

ke
i (

N
Z)

 g
eo

th
er

m
al

 fi
el

ds

11
.2

, 1
1.

3
U

se
 o

f t
he

rm
od

yn
am

ic
 m

od
el

s 
to

 p
re

di
ct

flu
id

-m
in

er
al

 re
ac

tio
ns

 a
t r

es
er

vo
ir

co
nd

iti
on

s

M
od

el
 v

al
id

at
io

n 
pe

rfo
rm

ed
 c

om
pa

rin
g

ob
se

rv
ed

 a
nd

 s
im

ul
at

ed
 m

in
er

al
as

se
m

bl
ag

es
 c

al
cu

la
te

d 
us

in
g 

EQ
3/

6
co

de
s,

 m
ea

su
re

d 
ge

ot
he

rm
al

 fl
ui

d
co

m
po

si
tio

ns
, a

nd
 o

bs
er

ve
d 

re
se

rv
oi

r
co

nd
iti

on
s 

at
 Y

el
lo

w
st

on
e 

(W
Y)

 a
nd

W
ai

ra
ke

i (
N

Z)
 g

eo
th

er
m

al
 fi

el
ds

11
.4

M
od

el
ed

 p
os

si
bi

lit
y 

of
 fo

rm
in

g 
op

al
-fi

lle
d

ve
in

s 
w

ith
 s

ou
rc

e 
of

 s
ilic

a 
de

riv
ed

 fr
om

 h
os

t
ro

ck
 a

t P
ai

ut
e 

R
id

ge

11
.5

Lo
ca

liz
ed

 U
 m

ob
ilit

y 
in

 tu
ff 

at
 te

m
pe

ra
tu

re
s

co
m

pa
ra

bl
e 

to
 re

po
si

to
ry

11
.6

Q
ua

lit
at

iv
e-

 R
el

at
iv

e 
TM

 s
ta

bi
lit

y 
un

de
r s

ub
-

bo
ilin

g 
co

nd
iti

on
s 

in
 h

et
er

og
en

eo
us

 h
os

t
ro

ck
 a

t K
-2

6 
(R

us
si

a)

12
.3

U
M

TR
A 

pl
um

es
 –

 w
ea

k 
to

 n
o 

ur
an

iu
m

re
ta

rd
at

io
n 

in
 e

xa
m

pl
es

 s
tu

di
ed

12
.4

Va
rio

us
 s

ite
s 

in
 U

Z 
– 

so
m

e 
po

rti
on

 o
f U

, T
h,

an
d 

R
EE

 tr
an

sp
or

te
d 

as
 c

ol
lo

id
s

13
.4

R
es

us
pe

ns
io

n 
of

 ra
di

on
uc

lid
es

 in
 d

us
t

pa
rti

cl
es

 in
cr

ea
se

s 
by

 a
n 

or
de

r o
f

m
ag

ni
tu

de
 a

fte
r s

oi
l t

illa
ge

13
.4

En
vi

ro
nm

en
ta

l ½
-li

fe
 o

f 13
7 C

s 
in

 fo
od

 0
.4

–2
2

yr
s 

(s
ho

rte
r t

ha
n 

pr
ed

ic
te

d)



TDR-NBS-GS-000027 REV 00 ICN 01  15T-5 April 2002

Natural Analogue Synthesis Report

Ta
bl

e 
15

-1
.N

at
ur

al
 A

na
lo

gu
es

 in
 T

hi
s 

R
ep

or
t a

nd
 T

he
ir 

Po
te

nt
ia

l A
pp

lic
at

io
ns

 to
 P

er
fo

rm
an

ce
 A

ss
es

sm
en

t (
co

nt
.)

Se
ct

io
n 

in
 N

at
ur

al
An

al
og

ue
 R

ep
or

t
C

on
ce

pt
ua

l M
od

el
 D

ev
el

op
m

en
t (

Ap
pl

ie
d

Pr
oc

es
se

s 
fr

om
 N

at
ur

al
 A

na
lo

gu
es

)
U

se
 o

f S
pe

ci
fic

 P
ar

am
et

er
s 

in
 Y

uc
ca

M
ou

nt
ai

n 
TS

PA
 M

od
el

U
se

 fo
r M

od
el

 V
al

id
at

io
n 

of
 Y

uc
ca

M
ou

nt
ai

n 
C

ha
ra

ct
er

iz
at

io
n

13
.4

N
eg

le
ct

in
g 

so
il 

er
os

io
n 

as
 m

ea
ns

 o
f

ra
di

on
uc

lid
e 

re
m

ov
al

 in
cr

ea
se

s 
m

od
el

co
ns

er
va

tis
m

13
.4

C
he

rn
ob

yl
 –

 ir
rig

at
io

n 
w

ith
 c

on
ta

m
in

at
ed

w
at

er
 c

au
se

s 
ra

di
on

uc
lid

e 
bu

ild
up

 fa
ct

or

13
.4

C
he

rn
ob

yl
 s

ho
w

ed
 th

at
 in

ge
st

io
n 

pa
th

w
ay

co
ns

tit
ut

es
 s

m
al

l p
ar

t o
f t

ot
al

 d
os

e;
 e

xt
er

na
l

pa
th

w
ay

 p
re

do
m

in
at

es
, e

xc
ep

t f
or

ag
ric

ul
tu

ra
l w

or
ke

rs

14
.3

In
tru

si
on

/e
xt

ru
si

on
 ra

tio
 n

ea
r 1

 s
up

po
rte

d 
by

Pa
iu

te
 R

id
ge

 fi
el

d 
st

ud
ie

s 
an

d
re

ex
am

in
at

io
n 

of
 d

ik
e 

sy
st

em
s 

at
 S

an
R

af
ae

l v
ol

ca
ni

c 
fie

ld

14
.3

Er
up

tiv
e 

st
yl

e 
an

d 
m

ag
m

at
ic

 c
om

po
si

tio
n

w
ith

 c
om

bi
na

tio
n 

of
 s

co
ria

 c
on

e,
 s

pa
tte

r
co

ne
s 

an
d 

la
va

 c
on

es
 o

n 
th

e 
su

rfa
ce

, a
nd

on
e 

or
 m

or
e 

di
ke

s 
in

 th
e 

su
bs

ur
fa

ce
 b

as
ed

on
 L

at
hr

op
 W

el
ls

 v
ol

ca
no

14
.3

C
er

ro
 N

eg
ro

, i
n 

N
ic

ar
ag

ua
, u

se
d 

to
 v

al
id

at
e

th
e 

AS
H

PL
U

M
E 

co
de

’s
 a

bi
lit

y 
to

 s
im

ul
at

e
an

 e
ru

pt
io

n

14
.4

En
ha

nc
ed

 a
bi

lit
y 

of
 u

nd
er

gr
ou

nd
 s

tru
ct

ur
es

to
 w

ith
st

an
d 

da
m

ag
e 

fro
m

 e
ar

th
qu

ak
es

de
m

on
st

ra
te

d 
by

 la
ck

 o
f d

am
ag

e 
in

un
de

rg
ro

un
d 

fa
ci

lit
ie

s 
du

rin
g 

m
aj

or
ea

rth
qu

ak
es

14
.4

Th
e 

D
R

KB
A 

co
de

 u
se

d 
to

 m
od

el
 ro

ck
fa

ll
pr

ob
ab

ilit
ie

s 
us

in
g 

qu
as

i-s
ta

tic
 m

et
ho

d 
of

re
du

ci
ng

 th
e 

jo
in

t s
tre

ng
th

 p
ar

am
et

er
s 

to
ac

co
un

t f
or

 th
e 

se
is

m
ic

 e
ffe

ct
 w

as
 v

er
ifi

ed
ba

se
d 

on
 th

e 
te

st
 ru

ns
 u

si
ng

 th
e 

dy
na

m
ic

fu
nc

tio
ns

 o
f t

he
 d

is
tin

ct
 e

le
m

en
t c

od
e

U
D

EC
.

So
ur

ce
:  

Si
m

m
on

s 
20

02
 [1

57
57

8]
, Y

M
P-

LB
N

L-
AM

S-
N

A-
2,

 p
p.

 1
1-

14
.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-1 April 2002

16.  INPUTS AND REFERENCES

The following is a list of the references cited in this document. Column 1 represents the unique
six digit numerical identifier, which is placed in the text following the reference callout (e.g.,
CRWMS M&O 2000 [144054]). The purpose of these numbers is to assist the reader in locating
a specific reference. Within the reference list, multiple sources by the same author (e.g.,
CRWMS M&O 2000) are sorted alphabetically by title.

16.1 CITED DOCUMENTS

156348 Adams, M.C.; Benoit, W.R.; Doughty, C.; Bodvarsson, G.S.; and Moore, J.N. 1989.
�The Dixie Valley, Nevada Tracer Test.�  Geothermal Resources Council
Transactions. 13, 215-220.  Davis, California:  Geothermal Resources Council.  TIC:
250751.

104751 Ahn, T.M. and Soo, P.  1995.  �Corrosion of Low-Carbon Cast Steel in Concentrated
Synthetic Groundwater at 80 to 150°C.�  Waste Management, 15, (7), 471-476.  New
York, New York:  Elsevier.  TIC:  236890.

156316 Allis, R. and Moore, J.N.  2000.  �Evolution of Volcano-Hosted Vapor-Dominated
Geothermal Systems.�  Geothermal Resources Council Transactions, 24, 211-216.
[Davis, California]:  Geothermal Resources Council.  TIC:  250762.

156317 Allis, R.; Moore, J.N.; McCulloch, J.; Petty, S.; and DeRocher, T.  2000.  �Karaha-
Telaga Bodas, Indonesia:  A Partially Vapor-Dominated Geothermal System.�
Geothermal Resources Council Transactions, 24, 217-222.  [Davis, California]:
Geothermal Resources Council.  TIC:  250767.

156829 Anokhova, T.P. and Krivtsova, I.L.  1991.  �Usloviya truda i mery bezopasnosti
rabotayushchikh pri mekhanizirovannykh sposobakh vozdelyvaniya
sel'skokhozyaistvennykh kul'tur na territoriyakh, zagryaznennykh radioactivnymi
veshzhestvami (Labor conditions and safety measures for people involved in growing
agricultural crops on territories contaminated by radioactive materials).�  In:
Problemy Sel'skokhozyaistennoi Radiologii (Problems of Agricultural Radiology).
pp. 205-213.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural
Radioecology. Copyright Requested Library Tracking Number-251866

156425 Appelo, C.A.J. 1996. �Multicomponent Ion Exchange and Chromatography in Natural
Systems.�  Chapter 4 of Reactive Transport in Porous Media.  Lichtner, P.C.; Steefel,
C.I.; and Oelkers, E.H., eds. Reviews in Mineralogy Volume 34.  Washington, D.C.:
Mineralogical Society of America.  TIC:  236866.

154615 Apps, J.A. 1995.  �Natural Geochemical Analogues of the Near Field of High-Level
Nuclear Waste Repositories.�  Proceedings of the Workshop on the Role of Natural
Analogs in Geologic Disposal of High-Level Nuclear Waste, San Antonio, Texas, July
22-25, 1991.   Kovach, L.A. and Murphy, W.M., eds.  NUREG/CP-0147.  Pages 75-
99.  Washington, D.C.:  U.S. Nuclear Regulatory Commission.  TIC:  225202.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-2 April 2002

123814 Arai, T.; Yusa, Y.; Sasaki, N.; Tsunoda, N.; and Takano, H. 1989.  �Natural
Analogue Study of Volcanic Glass � A Case Study of Basaltic Glasses in Pyroclastic
Fall Deposits of Fuji Volcano, Japan.�  Scientific Basis for Nuclear Waste
Management XII, Symposium held October 10-13, 1988, Berlin, Germany.   Lutze,
W. and Ewing, R.C., eds.  127, 73-80.  Pittsburgh, Pennsylvania:  Materials Research
Society.  TIC:  203660.

156321 Arnórsson, S.  1995.  �Geothermal Systems in Iceland:  Structure and Conceptual
Models�I.  High-Temperature Areas.�  Geothermics, 24, (5/6), 561-602.  [New
York, New York]:  Pergamon Press.  TIC:  250772.

157383 Balasubramaniam, R.  2000.  �On the Corrosion Resistance of the Delhi Iron Pillar.�
Corrosion Science, 42, ([12]), 2103-2129.  [New York, New York]:  Elsevier.  TIC:
251551.

103949 Bandurraga, T.M. and Bodvarsson, G.S.  1999.  �Calibrating Hydrogeologic
Parameters for the 3-D Site-Scale Unsaturated Zone Model of Yucca Mountain,
Nevada.�  Journal of Contaminant Hydrology, 38, (1-3), 25-46.  New York, New
York:  Elsevier.  TIC:  244160.

157505 Bar'yakhtar, V.; Poyarkov, V.; Kholosha, V.; and Kuckhar', V. 2000.  �The Shelter,
Containing the Destroyed Reactor.�  Chapter 3 of The Chornobyl Accident, A
Comprehensive Risk Assessment.  Vargo, G.J., ed.  Columbus, Ohio:  Battelle Press.
TIC:  251266.

157504 Bar'yakhtar, V.; Poyarkov, V.; Kholosha, V.; and Shteinberg, N. 2000.  �The
Accident, Chronology, Causes, and Releases.�  Chapter 2 of The Chornobyl Accident,
A Comprehensive Risk Assessment.  Vargo, G.J., ed.  Columbus, Ohio:  Battelle
Press.  TIC:  251266.

157419 Bar-Yosef, O.; Arnold, M.; Mercier, N.; Belfer-Cohen, A.; Goldberg, P.; Housley, R.;
Laville, H.; Meignen, L.; Vogel, J.C.; and Vandermeersch, B.  1996.  �The Dating of
the Upper Paleolithic Layers in Kebara Cave, Mt Carmel.�  Journal of
Archaeological Science, 23, 297-306.  [New York, New York]:  Academic Press
Limited.  TIC:  251573.

156255 Barenblatt, G.I.; Zheltov, I.P.; and Kochina, I.N.  1960.  �Basic Concepts in the
Theory of Seepage of Homogeneous Liquids in Fissured Rocks [Strata].�  [Journal of
Applied Mathmatics], 24, (5), 1286-1303.  [New York, New York:  Pergamon Press].
TIC:  216852.

156241 Bargar, K.E. and Beeson, M.H. 1984.  Hydrothermal Alteration in Research Drill
Hole Y�6, Upper Firehole River, Yellowstone National Park, Wyoming.  U.S.
Geological Survey Professional Paper 1054-B.  Washington, D.C.:  U.S. Govenment
Printing Office.  ACC:  HQS.19880517.1948.

156243 Bargar, K.E. and Beeson, M.H. 1985.  Hydrothermal Alteration in Research Drill
Hole Y-3, Lower Geyser Basin, Yellowstone National Park, Wyoming.  U.S.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-3 April 2002

Geological Survey Professional Paper 1054-C.  Washington, D.C.:  U.S. Government
Printing Office.  TIC:  230761.

156244 Bargar, K.E.; Beeson, M.H.; and Keith, T.E.C.  1981.  �Zeolites in Yellowstone
National Park.�  The Mineralogical Record, [12], 29-38.  [Tucson, Arizona:
Mineralogical Record].  TIC:  250820.

156426 Barraclough, J.T.; Robertson, J.B.; and Janzer, V.J. 1976.  Hydrology of the Solid
Waste Burial Ground as Related to the Potential Migration of Radionuclides, Idaho
National Engineering Laboratory, with a section on drilling and sample analyses by
L.G. Saindon.  Open-File Report 76-471 (IDO-22056).  Denver, Colorado:  U.S.
Geological Survey.  TIC:  251803. Cataloging

156445 Barth-Wirsching, U. and Höller, H.  1989.  �Experimental Studies on Zeolite
Formation Conditions.�  European Journal of Mineralogy, 1, 489-506.  Stuttgart,
[Germany]:  E. Schweizerbart'sche Verlagsbuchhandlung.  TIC:  250916.

156953 Baryakhtar, V.G. 1997.  Chernobyl Catastrophe.  New York, New York:  Begell
House.  TIC:  251556.

157531 Bassett, W.A.; Bird, J.M.; Weathers, M.S.; and Kohlstedt, D.L.  1980.  �Josephinite:
Crystal Structures and Phase Relations of the Metals.�  Physics of the Earth and
Planetary Interiors, 23, 255-261.  Amsterdam, The Netherlands:  Elsevier. TIC.
251814.

157407 Becker, B.H.; Burgess, J.D.; Holdren, K.J.; Jorgensen, D.K.; Magnuson, S.O.; and
Sondrup, A.J. 1998.  Interim risk assessment and contaminant screening for the
Waste Area Group 7 remedial investigation.  DOE/ID-10569.  Idaho Falls, Idaho:
Lockheed Martin Idaho Technologies Company.  On Order Library Tracking
Number-251834

156213 Behl, B.K. 1998.  The Ajanta Caves, Artistic Wonder of Ancient Buddhist India.  New
York, New York:  Harry N. Abrams.  TIC:  250802.

156592 Berkovski, V.; Ratia, G.; and Nasvit, O.  1996.  �Internal Doses to Ukrainian
Populations Using Dnieper River Water.�  Health Physics, 71, (1), 37-44.  [New
York, New York:  Pergamon].  TIC:  250875.

154601 Bird, D.K. and Elders, W.A. 1976.  �Hydrothermal Alteration and Mass Transfer in
the Discharge Portion of the Dunes Geothermal System, Imperial Valley of
California, USA.�  Proceedings of the Second United Nations Symposium on the
Development and Use of Geothermal Resources, San Francisco, California, USA, 20-
29 May 1975.  1, 285-295.  Washington, D.C.:  U.S. Government Printing Office.
TIC:  249829.

157514 Bird, J.M. 2001.  �John M. Bird.�  Ithaca, New York:  Cornell University.  Accessed
January 30, 2002.  http://www.geo.cornell.edu/geology/faculty/Bird.html  Copyright
Requested Library Tracking Number-251749



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-4 April 2002

157397 Bird, J.M. and Ringwood, A.E. 1980.  Container for Radioactive Nuclear Waste
Materials.  U.S. Patent Number:  4,192,765.  [Washington, D.C.]:  U.S. Patent Office.
TIC:  251651.

157398 Bird, J.M. and Ringwood, A.E. 1982.  Container for Radioactive Nuclear Waste
Materials.  U.S. Patent Number:  4,337,167.  [Washington, D.C.]:  U.S. Patent Office.
TIC:  251653.

157396 Bird, J.M. and Ringwood, A.E. 1984.  Container for Radioactive Nuclear Waste
Materials.  U.S. Patent Number:  4,474,689.  [Washington, D.C.]:  U.S. Patent Office.
TIC:  251649.

105170 Birkholzer, J.; Li, G.; Tsang, C-F.; and Tsang, Y.  1999.  �Modeling Studies and
Analysis of Seepage into Drifts at Yucca Mountain.�  Journal of Contaminant
Hydrology, 38, (1-3), 349-384.  New York, New York:  Elsevier.  TIC:  244160.

100006 Bish, D.L. and Aronson, J.L.  1993.  �Paleogeothermal and Paleohydrologic
Conditions in Silicic Tuff from Yucca Mountain, Nevada.�  Clays and Clay Minerals,
41, (2), 148-161.  Long Island City, New York:  Pergamon Press.  TIC:  224613.

101195 Bish, D.L. and Chipera, S.J. 1989.  Revised Mineralogic Summary of Yucca
Mountain, Nevada.  LA-11497-MS.  Los Alamos, New Mexico:  Los Alamos
National Laboratory.  ACC:  NNA.19891019.0029.

157498 Blanc, P.L. 1996.  Oklo - Natural Analogue for a Radioactive Waste Repository
(Phase 1).  EUR 16587.  Luxembourg, Luxembourg:  Commission of the European
Communities.  Out of Print/Out of Stock Library Tracking Number-251893

124640 Blomqvist, R.; Suksi, J.; Ruskeeniemi, T.; Ahonen, L.; Niini, H.; Vuorinen, U.; and
Jakobsson, K. 1995.  The Palmottu Natural Analogue Project, Summary Report
1992�1994, The Behaviour of Natural Radionuclides in and Around Uranium
Deposits; Nr. 8.  YST-88.  Espoo, Finland:  Geological Survey of Finland.  TIC:
247142.

156337 Bodvarsson, G.S. and Witherspoon, P.A.  1989.  �Geothermal Reservoir Engineering
Part 1.�  Geothermal Science and Technology, 2, (1), 1-68.  New York, New York:
Gordon and Breach Science Publishers.  TIC:  250976.

120055 Bodvarsson, G.S.; Boyle, W.; Patterson, R.; and Williams, D.  1999.  �Overview of
Scientific Investigations at Yucca Mountain�The Potential Repository for High-
Level Nuclear Waste.�  Journal of Contaminant Hydrology, 38, (1-3), 3-24.  New
York, New York:  Elsevier.  TIC:  244160.

138618 Bodvarsson, G.S.; Gislason, G.; Gunnlaugsson, E.; Sigurdsson, O.; Stefansson, V.;
and Steingrimsson, B. 1993.  �Accuracy of Reservoir Predictions for the Nesjavellir
Geothermal Field, Iceland.�  Proceedings, Eighteenth Workshop, Geothermal
Reservoir Engineering, Stanford, California, January 26-28, 1993.  Ramey, H.J., Jr.;
Horne, R.N.; Kruger, P.; Miller, F.G.; Brigham, W.E.; and Cook, J.W., eds.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-5 April 2002

Workshop Report SGP-TR-145.  Pages 273-278.  Stanford, California:  Stanford
University.  TIC:  246821.

136384 Bodvarsson, G.S.; Pruess, K.; Haukwa, C.; and Ojiambo, S.B.  1990.  �Evaluation of
Reservoir Model Predictions for Olkaria East Geothermal Field, Kenya.�
Geothermics, 19, (5), 399-414.  [New York, New York]:  Pergamon Press.  TIC:
246739.

156363 Bohlmann, E.G.; Mesmer, R.E.; and Berlinski, P.  1980.  �Kinetics of Silica
Deposition From Simulated Geothermal Brines.�  Society of Petroleum Engineers
Journal, 20, (4), 239-248.  Dallas, Texas:  Society of Petroleum Engineers.  TIC:
250974.

156635 Boles, J.R.  1999.  �Calcite Precipitates in the Mission Tunnel:  A 90-Year Record of
Groundwater Seeps in Fractured Sandstone.�  EOS, Transactions (Supplement), 80,
(46), F423.  Washington, D.C.:  American Geophysical Union.  TIC:  251227.

156846 Bondar, P.F.; Loshchilov, N.A.; Dugov, A.I.; Ozornov, A.G.; Svidenyuk, N.L.;
Tereshchenko, H.P.; and Maslo, A.V.  1991.  �Obshzhie zakonomernosti
zagryazneniya produktsii rastienivodstva na teritorii podvergsheisya radioaktivnomu
zagryazneniyu v rezultate avarii na ChAES (General characteristics of the
contamination of agricultural products on the territory affected by radioactive
contamination after the the ChNPP accident).�  In: Problemy Sel'skokhozyaistennoi
Radiologii (Problems of Agricultural Radiology).  pp. 88-105.  Kiev, Ukraine:
Ukrainian Research Institute of Agricultural Radioecology.  Copyright Requested
Library Tracking Number-251866

156952 Bondarenko, O.A. 1998.  Metody Izucheniya Formirovaniya doz Oblucheniya ot
Transuranobykh Elementov (Methods of Investigations of Formation of Radiation
Doses of Transuranic Elements).  Kiev, Ukraine:  Naukova Dumka.  On Order
Library Tracking Number-251891

156593 Bondarenko, O.A.; Aryasov, B.B.; and Tsygankov, N.Ya.  2000.  �Evaluation of the
Plutonium Content in the Human Body Due to Global and Chernobyl Fallout.�
Journal of Radioanalytical and Nuclear Chemistry, 243, (2), 473-478. Dordrecht, The
Netherlands:  Kluwer Academic Publishers.  TIC:  251062.

154716 Botto, R.I. and Morrison, G.H.  1976.  �Josephinite:  A Unique Nickel-Iron.�
American Journal of Science, 276, (3), 241-274.  New Haven, Connecticut:  Yale
University, Kline Geology Laboratory.  TIC:  249797.

156456 Breisch, R.L.  1987.  �The Conservation of European Cave Art.�  NSS  News, [45],
285-291.  [Huntsville, Alabama:  National Speleological Society].  TIC:  251229

133930 Brookins, D.G.  1978.  �Retention of Transuranic and Actinide Elements and Bismuth
at the Oklo Natural Reactor, Gabon:  Application of Eh�pH Diagrams.�  Chemical
Geology, 23, 309-323.  Amsterdam, The Netherlands:  Elsevier.  TIC:  247321.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-6 April 2002

109877 Brookins, D.G.  1986.  �Natural Analogues for Radwaste Disposal:  Elemental
Migration in Igneous Contact Zones.�  Chemical Geology, 55, 337-344.  Amsterdam,
The Netherlands:  Elsevier. TIC:  246170.

102004 Broxton, D.E.; Bish, D.L.; and Warren, R.G.  1987.  �Distribution and Chemistry of
Diagenetic Minerals at Yucca Mountain, Nye County, Nevada.�  Clays and Clay
Minerals, 35, (2), 89-110.  Long Island City, New York:  Pergamon Press.  TIC:
203900.

100024 Broxton, D.E.; Warren, R.G.; Byers, F.M.; and Scott, R.B.  1989.  �Chemical and
Mineralogic Trends Within the Timber Mountain�Oasis Valley Caldera Complex,
Nevada:  Evidence for Multiple Cycles of Chemical Evolution in a Long-Lived
Silicic Magma System.�  Journal of Geophysical Research, 94, (B5), 5961-5985.
Washington, D.C.:  American Geophysical Union.  TIC:  225928.

156600 Bruk, G.Y.; Shutov, V.N.; Balonov, M.I.; Basalayeva, L.N.; and Kislov, M.V.  1998.
�Dynamics of {superscript 137}Cs Content in Agricultural Food Products Produced
in Regions of Russia Contaminated after the Chernobyl Accident.�  Radiation
Protection Dosimetry, 76, (3), 169-178.  [Ashford, Kent, United Kingdom]:  Nuclear
Technology Publishing.  TIC:  251136.

157484 Bruno, J.; Duro, L.; and Grivé, M. 2001.  The Applicability and Limitations of the
Geochemical Models and Tools Used in Simulating Radionuclide Behaviour in
Natural Waters, Lessons Learned from the Blind Predictive Modelling Exercises
Performed in Conjunction with Natural Analogue Studies.  SKB TR-01-20.
Stockholm, Sweden:  Swedish Nuclear Fuel And Waste Management Company.
TIC:  251208.

100105 Bruton, C.J. 1995.  Testing EQ3/6 and GEMBOCHS Using Fluid-Mineral Equilibria
in the Wairakei Geothermal System.  Letter Report MOL206.  Livermore, California:
Lawrence Livermore National Laboratory.  ACC:  MOL.19960409.0131.

117033 Bruton, C.J.; Glassley, W.E.; and Meike, A. 1995.  Geothermal Areas as Analogues
to Chemical Processes in the Near-Field and Altered Zone of the Potential Yucca
Mountain, Nevada Repository.  UCRL-ID-119842.  Livermore, California:  Lawrence
Livermore National Laboratory.  ACC:  MOV.19980504.0002.

156304 BSC (Bechtel SAIC Company) 2001.  Drift Degradation Analysis.  ANL-EBS-MD-
000027 REV 01 ICN 01.  Las Vegas, Nevada:  Bechtel SAIC Company.  ACC:
MOL.20011029.0311.

154677 BSC (Bechtel SAIC Company) 2001.  Drift-Scale Coupled Processes (DST and THC
Seepage) Models.  MDL-NBS-HS-000001 REV 01 ICN 01.  Las Vegas, Nevada:
Bechtel SAIC Company.  ACC:  MOL.20010418.0010.

155950 BSC (Bechtel SAIC Company) 2001.  FY 01 Supplemental Science and Performance
Analyses, Volume 1:  Scientific Bases and Analyses.  TDR-MGR-MD-000007 REV



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-7 April 2002

00 ICN 01.  Las Vegas, Nevada:  Bechtel SAIC Company.  ACC:
MOL.20010801.0404; MOL.20010712.0062; MOL.20010815.0001.

154659 BSC (Bechtel SAIC Company) 2001.  FY01 Supplemental Science and Performance
Analyses, Volume 2:  Performance Analyses.  TDR-MGR-PA-000001 REV 00.  Las
Vegas, Nevada:  Bechtel SAIC Company.  ACC:  MOL.20010724.0110.

154554 BSC (Bechtel SAIC Company) 2001.  Lower-Temperature Subsurface Layout and
Ventilation Concepts.  ANL-WER-MD-000002 REV 00.  Las Vegas, Nevada:
Bechtel SAIC Company.  ACC:  MOL.20010718.0225.

155664 BSC (Bechtel SAIC Company) 2001.  Subsurface Facility System Description
Document.  SDD-SFS-SE-000001 REV 01 ICN 01.  Las Vegas, Nevada:  Bechtel
SAIC Company.  ACC:  MOL.20010927.0073.

157151 BSC (Bechtel SAIC Company) 2001.  Technical Update Impact Letter Report.  MIS-
MGR-RL-000001 REV 00 ICN 02.  Las Vegas, Nevada:  Bechtel SAIC Company.
ACC:  MOL.20011211.0311.

157535 BSC (Bechtel SAIC Company) 2001.  Technical Work Plan for Natural Analogue
Studies for License Application.  TWP-NBS-GS-000002 REV 01.  Las Vegas,
Nevada:  Bechtel SAIC Company.  ACC:  MOL.20020213.0181.

157606 BSC (Bechtel SAIC Company) 2002.  Test Plan for:  Alcove 8 Flow and Seepage
Testing.  SITP-02-UZ-003 REV00.  Las Vegas, Nevada:  Bechtel SAIC  Company.
ACC:  MOL.20020204.0144.

157438 Buck, P.E. and DuBarton, A.  1994.  �Archaeological Investigations at Pintwater
Cave, Nevada, During the 1963-64 Field Season.�  Journal of California and Great
Basin Anthropology, 16, (2), 221-242.  Riverside, California:  Malki Museum Press.
Copyright Requested Library Tracking Number-251661

100712 Buddemeier, R.W. and Hunt, J.R.  1988.  �Transport of Colloidal Contaminants in
Groundwater:  Radionuclide Migration at the Nevada Test Site.�  Applied
Geochemistry, 3, 535-548.  Oxford, England:  Pergamon Press.  TIC:  224116.

154295 Buecher, R.H.  1999.  �Microclimate Study of Kartchner Caverns, Arizona.�  Journal
of Cave and Karst Studies, 61, (2), 108-120.  Huntsville, Alabama:  National
Speleological Society.  TIC:  249657.

156596 Bugai, D.A.; Waters, R.D.; Dzhepo, S.P.; and Skal'skij, A.S.  1996.  �Risks from
Radionuclide Migration to Groundwater in the Chernobyl 30-KM Zone.�  Health
Physics, 71, (1), 9-18.  [New York, New York:  Pergamon].  TIC:  251063.

156699 Bulgakov, A.A. and Konoplev, A.V. 2000.  �Modeling of Radionuclide Transfer by
Tree Root System from Disposal Site to the Soil Surface.�  Proceedings,
Radioactivity after Nuclear Explosions and Accidents.  Volume 1, 775-780.  St.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-8 April 2002

Petersburg, Russia:  Hydrometeoizdat. Copyright Requested Library Tracking
Number-251863

144410 Bullivant, D.P. and O'Sullivan, M.J. 1998.  �Inverse Modelling of the Wairakei
Geothermal Field.�  Proceedings of the TOUGH Workshop '98, Berkeley, California,
May 4-6, 1998.   Preuss, K., ed.  LBNL-41995.  Pages 53-58.  Berkeley, California:
Lawrence Berkeley National Laboratory.  TIC:  247159.

156401 Burgess, J.D. 1995.  Results of the Neutron and Natural Gamma Logging,
Stratigraphy, and Perched Water Data Collected during a Large-Scale Infiltration
Test.  INEL-95/062, EDF-ER-WAG7-60.  Idaho Falls, Idaho:  Lockheed Martin
Idaho Technologies.  On Order Library Tracking Number-251836

121857 Byers, C.D.; Jercinovic, M.J.; and Ewing, R.C. 1987.  A Study of Natural Glass
Analogues as Applied to Alteration of Nuclear Waste Glass.  NUREG/CR-4842.
Washington, D.C.:  U.S. Nuclear Regulatory Commission.  TIC:  231239.

101859 Byers, F.M., Jr. and Barnes, H. 1967.  Geologic Map of the Paiute Ridge Quadrangle,
Nye and Lincoln Counties, Nevada.  Map GQ-577.  Washington, D.C.:  U.S.
Geological Survey.  ACC:  HQS.19880517.1104.

104639 Byers, F.M., Jr.; Carr, W.J.; Orkild, P.P.; Quinlivan, W.D.; and Sargent, K.A. 1976.
Volcanic Suites and Related Cauldrons of Timber Mountain-Oasis Valley Caldera
Complex, Southern Nevada.  Professional Paper 919.  Washington, D.C.:  U.S.
Geological Survey.  TIC:  201146.

101326 Carlos, B.A.; Chipera, S.J.; and Bish, D.L. 1995.  Distribution and Chemistry of
Fracture-Lining Minerals at Yucca Mountain, Nevada.  LA-12977-MS.  Los Alamos,
New Mexico:  Los Alamos National Laboratory.  ACC:  MOL.19960306.0564.

154504 Carpenter, D.W. and Chung, D.H. 1986.  Effects of Earthquakes on Underground
Facilities:  Literature Review and Discussion.  NUREG/CR-4609.  Washington,
D.C.:  U.S. Nuclear Regulatory Commission.  TIC:  203428.

124275 Carroll, S.; Mroczek, E.; Alai, M.; and Ebert, M.  1998.  �Amorphous Silica
Precipitation (60 to 120°C):  Comparison of Laboratory and Field Rates.�
Geochimica et Cosmochimica Acta, 62, (8), 1379-1396.  New York, New York:
Elsevier.  TIC:  243029.

109627 Carroll, S.; Mroczek, E.; Bourcier, B.; Alai, M.; and Ebert, M. 1995.  Comparison of
Field and Laboratory Precipitation Rates of Amorphous Silica from Geothermal
Waters at 100 ° C.  Letter Report MOL207.  Livermore, California:  Lawrence
Livermore National Laboratory.  ACC:  MOL.19960415.0465.

156256 Cecil, L.D.; Pittman, J.R.; Beasley, T.M.; Michel, R.L; Kubik, P.W.; Sharma, P.; Fen,
U.; and Gove, H.E. 1992.  �Water Infiltration Rates in the Unsaturated Zone at the
Idaho National Engineering Laboratory Estimated from Chlorine-36 and Tritium
Profiles, and Neutron Logging.�  Water-Rock Interaction, Proceedings of the 7th



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-9 April 2002

International Symposium on Water-Rock Interaction � WRI-7, Park City, Utah, 13-18
July 1992.   Kharaka, Y.K. and Maest, A.S., eds.  1, 709-718.  Brookfield, Vermont:
A.A. Balkema.  TIC:  208527.

157549 Chambers, A.V.; Haworth, A.; Ilett, D.; Linklater, C.M.; and Tweed, C.J. 1998.
�Geochemical Modelling of Hyperalkaline Water/Rock Interactions.�  Chapter 7 of
MAQARIN Natural Analogue Study:  Phase III, Volume I.  Smellie, J.A.T., ed.  SKB
TR-98-04.  Stockholm, Sweden:  Swedish Nuclear Fuel and Waste Management
Company.  TIC:  244013.

124323 Chapman, N.A. and Smellie, J.A.T.  1986.  �Introduction and Summary of the
Workshop.�  Chemical Geology, 55, 167-173.  Amsterdam, The Netherlands:
Elsevier.  TIC:  246750.

100970 Chapman, N.A.; Andersson, J.; Robinson, P.; Skagius, K.; Wene, C-O.; Wiborgh, M.;
and Wingefors, S. 1995.  Systems Analysis, Scenario Construction and Consequence
Analysis Definition for SITE-94.  SKI Report 95:26.  Stockholm, Sweden:  Swedish
Nuclear Power Inspectorate.  TIC:  238888.

152249 Chauvet, J-M.; Deschamps, E.B.; and Hillaire, C. 1996.  Dawn of Art:  The Chauvet
Cave.  New York, New York:  Harry N. Abrams, Inc.  TIC:  248775.

156349 Chigira, M. and Nakata, E.  [1996].  �Geological Influence of Andesite Intrusion on
Diatomite (Part 2)�Physical Property Ghanges of Diatomite and Self-Sealing
Mechanism-.�  Energy Technology Data Exchange, 1-32.  [Abiko Japan:  Central
Research Institute of Electric Power Industry, Abiko Research Laboratory].  TIC:
250950.

156364 Chigira, M.; Nakata, E.; and Watanabe, M. 1995.  �Self-Sealing of Rock-Water
Systems by Silica Precipitation.�  [Proceedings of the 8th International Symposium
on Water-Rock Interaction, WRI-8, Vladivostok, Russia, 15-19 August 1995].
Kharaka, [Y.K.] and Chudeav, [O.V.], eds.  Pages 73-77.  Rotterdam, [The
Netherlands]:  A.A. Balkema.  TIC:  250782.

154599 Cho, M.; Liou, J.G.; and Bird, D.K.  1988.  �Prograde Phase Relations in the State 2-
14 Well Metasandstones, Salton Sea Geothermal Field, California.�  Journal of
Geophysical Research, 93, (B11), 13,081-13,103.  Washington, D.C.:  American
Geophysical Union.  TIC:  249734.

156739 Christiansen, R.L. 2001.  The Quaternary and Pliocene Yellowstone Plateau Volcanic
Field of Wyoming, Idaho, and Montana.  Professional Paper 729-G.  Menlo Park,
California:  U.S. Geological Survey.  TIC:  251137.

156780 Clark, J.F. and Turekian, K.K.  1990.  �Time Scale of Hydrothermal Water-Rock
Reactions in Yellowstone National Park Based on Radium Isotopes and Radon.�
Journal of Volcanology and Geothermal Research, 40, 169-180.  Amsterdam, The
Netherlands:  Elsevier.  TIC:  251240.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-10 May 2002

156636 Corchon, M.S.; Valladas, H.; Becares, J.; Arnold, M.; Tisnerat, N.; and Cachier, H.
1996.  �Dating of the Paintings and a Review of the Paleolithic Art of the Palomera
Cave (Ojo Guareña, Burgos, Spain).�  Zephyrus, 49, 37-60.  [Salamanca, Spain]:
Universidad de Salamanca.  TIC:  251231.

156344 Corsi, R.  1986.  �Scaling and Corrosion in Geothermal Equipment:  Problems and
Preventive Measures.�  Geothermics, 15, (5/6), 839-856.  [New York, New York]:
Pergamon.  TIC:  250785.

124396 Cowan, R. and Ewing, R.C. 1989.  �Freshwater Alteration of Basaltic Glass,
Hanauma Bay, Oahu, Hawaii:  A Natural Analogue for the Alteration of Borosilicate
Glass in Freshwater.�  Scientific Basis for Nuclear Waste Management XII,
Symposium held October 10-13, 1988, Berlin, Germany.   Lutze, W. and Ewing, R.C.,
eds.  127, 49-56.  Pittsburgh, Pennsylvania:  Materials Research Society.  TIC:
203660.

157537 Cramer, J.J. 1994.  Natural Analogs in Support of the Canadian Concept for Nuclear
Fuel Waste Disposal.  AECL-10291.  Pinawa, Manitoba, Canada:  Whiteshell
Laboratories.  TIC:  212296.

157420 Crawford, H. 1979.  Subterranean Britain, Aspects of Underground Archaeology.
New York, New York:  St. Martin's Press.  TIC:  251575.

100972 Crowe, B.; Self, S.; Vaniman, D.; Amos, R.; and Perry, F.  1983.  �Aspects of
Potential Magmatic Disruption of a High-Level Radioactive Waste Repository in
Southern Nevada.�  Journal of Geology, 91, (3), 259-276.  Chicago, Illinois:
University of Chicago Press.  TIC:  216959.

100116 CRWMS M&O (Civilian Radioactive Waste Management System Management and
Operating Contractor) 1996.  Probabilistic Volcanic Hazard Analysis for Yucca
Mountain, Nevada.  BA0000000-01717-2200-00082 REV 0.  Las Vegas, Nevada:
CRWMS M&O.  ACC:  MOL.19971201.0221.

100223 CRWMS M&O 1997.  Determination of Available Volume for Repository Siting.
BCA000000-01717-0200-00007 REV 00.  Las Vegas, Nevada:  CRWMS M&O.
ACC:  MOL.19971009.0699.

132547 CRWMS M&O 1999.  ASHPLUME Version 1.4LV Design Document.  10022-DD-
1.4LV-00, Rev. 00.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20000424.0415.

107292 CRWMS M&O 1999.  License Application Design Selection Report.  B00000000-
01717-4600-00123 REV 01 ICN 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.19990908.0319.

145771 CRWMS M&O 2000.  Analysis of Hydrologic Properties Data.  ANL-NBS-HS-
000002 REV 00.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.19990721.0519.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-11 April 2002

151615 CRWMS M&O 2000.  Biosphere Process Model Report.  TDR-MGR-MD-000002
REV 00 ICN 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20000620.0341.

142657 CRWMS M&O 2000.  Characterize Eruptive Processes at Yucca Mountain, Nevada.
ANL-MGR-GS-000002 REV 00.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20000517.0259.

151551 CRWMS M&O 2000.  Characterize Framework for Igneous Activity at Yucca
Mountain, Nevada.  ANL-MGR-GS-000001 REV 00 ICN 01.  Las Vegas, Nevada:
CRWMS M&O.  ACC:  MOL.20001221.0001.

142321 CRWMS M&O 2000.  Characterize Framework for Seismicity and Structural
Deformation at Yucca Mountain, Nevada.  ANL-CRW-GS-000003 REV 00.  Las
Vegas, Nevada:  CRWMS M&O.  ACC:  MOL.20000510.0175.

152998 CRWMS M&O 2000.  Comparison of ASHPLUME Model Results to Representative
Tephra Fall Deposits.  CAL-WIS-MD-000011 REV 00.  Las Vegas, Nevada:
CRWMS M&O.  ACC:  MOL.20001204.0032.

151954 CRWMS M&O 2000.  Effects of Fault Displacement on Emplacement Drifts.  ANL-
EBS-GE-000004 REV 00 ICN 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20000504.0297.

151953 CRWMS M&O 2000.  Fault Displacement Effects on Transport in the Unsaturated
Zone.  ANL-NBS-HS-000020 REV 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20001002.0154.

141407 CRWMS M&O 2000.  Natural Analogs for the Unsaturated Zone.  ANL-NBS-HS-
000007 REV 00.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.19990721.0524.

152269 CRWMS M&O 2000.  Natural Ventilation Study:  Demonstration of Concept.  TDR-
SVS-SE-000001 REV 00.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20001201.0103.

152146 CRWMS M&O 2000.  Operating a Below-Boiling Repository:  Demonstration of
Concept.  TDR-WIS-SE-000001 REV 00.  Las Vegas, Nevada:  CRWMS M&O.
ACC:  MOL.20001005.0010.

153246 CRWMS M&O 2000.  Total System Performance Assessment for the Site
Recommendation.  TDR-WIS-PA-000001 REV 00 ICN 01.  Las Vegas, Nevada:
CRWMS M&O.  ACC:  MOL.20001220.0045.

152435 CRWMS M&O 2000.  Transfer Coefficient Analysis.  ANL-MGR-MD-000008 REV
00 ICN 02.  Las Vegas, Nevada:  CRWMS M&O.  ACC:  MOL.20001016.0005.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-12 April 2002

151940 CRWMS M&O 2000.  Unsaturated Zone Flow and Transport Model Process Model
Report.  TDR-NBS-HS-000002 REV 00 ICN 02.  Las Vegas, Nevada:  CRWMS
M&O.  ACC:  MOL.20000831.0280.

151945 CRWMS M&O 2000.  Yucca Mountain Site Description.  TDR-CRW-GS-000001
REV 01 ICN 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20001003.0111.

152536 CRWMS M&O 2001.  Disruptive Event Biosphere Dose Conversion Factor Analysis.
ANL-MGR-MD-000003 REV 01.  Las Vegas, Nevada:  CRWMS M&O.  ACC:
MOL.20010125.0233.

152517 CRWMS M&O 2001.  Evaluate Soil/Radionuclide Removal by Erosion and
Leaching.  ANL-NBS-MD-000009 REV 00 ICN 01.  Las Vegas, Nevada:  CRWMS
M&O.  ACC:  MOL.20010214.0032.

100438 Curtis, D.; Benjamin, T.; Gancarz, A.; Loss, R.; Rosman, K.; DeLaeter, J.; Delmore,
J.E.; and Maeck, W.J.  1989.  �Fission Product Retention in the Oklo Natural Fission
Reactors.�  Applied Geochemistry, 4, 49-62.  New York, New York:  Pergamon
Press.  TIC:  237970.

110987 Curtis, D.; Fabryka-Martin, J.; Dixon, P.; and Cramer, J.  1999.  �Nature�s
Uncommon Elements:  Plutonium and Technetium.�  Geochimica et Cosmochimica
Acta, 63, (2), 275-285.  [New York, New York]:  Pergamon.  TIC:  246120.

157497 Curtis, D.B. 1996.  �Radionuclide Release Rates from Spent Fuel for Performance
Assessment Modeling.�  Sixth EC Natural Analogue Working Group Meeting,
Proceedings of an International Workshop Held in Santa Fe, New Mexico, USA on
September 12-16, 1994.   von Maravic, H. and Smellie, J., eds.  EUR 16761 EN,
Pages 145-153.  Luxembourg, Luxembourg:  Commission of the European
Communities.  TIC:  225227.

124785 Curtis, D.B. and Gancarz, A.J. 1983.  Radiolysis in Nature:  Evidence from the Oklo
Natural Reactors.  SKB Technical Report 83-10.  Stockholm, Sweden:  Swedish
Nuclear Fuel and Waste Management Company.  TIC:  205938.

105270 Curtis, D.B.; Fabryka-Martin, J.; Dixon, P.; Aguilar, R.; and Cramer, J. 1994.
�Radionuclide Release Rates from Natural Analogues of Spent Nuclear Fuel.�  High
Level Radioactive Waste Management, Proceedings of the Fifth Annual International
Conference, Las Vegas, Nevada, May 22-26, 1994.  4, 2228-2236.  La Grange Park,
Illinois:  American Nuclear Society.  TIC:  210984.

156374 Dalrymple, G.B.; Grove, M.; Lovera, O.M.; Harrison, T.M.; Hulen, J.B.; and
Lanphere, M.A.  1999.  �Age and thermal history of the Geysers Plutonic Complex
(Felsite Unit), Geysers Geothermal Field, California:    A 40Ar/39Ar and U-Pb
Study.�  Earth and Planetary Science Letters, 173, 285-298.  Amsterdam, The
Netherlands:  Elsevier.    On Order Library Tracking Number-250858



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-13 April 2002

157409 Dames & Moore 1992.  Compilation and summarization of the Subsurface Disposal
Area Radionuclide Transport Data at the Radioactive Waste Management Complex.
EGG-ER-10546.  Washington, D.C.:  U.S. Department of the Interior, Bureau of
Mines. On Order Library Tracking Number-251837

157421 Davies, O. 1935.  Roman mines in Europe. Oxford, [England]:  Clarendon Press.
TIC:  251576

154436 Davis, J.A.; Coston, J.A.; Kent, D.B.; and Fuller, C.C.  1998.  �Application of the
Surface Complexation Concept to Complex Mineral Assemblages.�  Environmental
Science & Technology, 32, (19), 2820-2828.  Washington, D.C.:  American Chemical
Society.  TIC:  249656.

144461 Davis, O.K.  1990.  �Caves as Sources of Biotic Remains in Arid Western North
America.�  Palaeogeography, Palaeoclimatology, Palaeoecology, 76, (3/4), 331-348.
Amsterdam, The Netherlands:  Elsevier.  TIC:  247413.

101557 Day, W.C.; Potter, C.J.; Sweetkind, D.S.; Dickerson, R.P.; and San Juan, C.A. 1998.
Bedrock Geologic Map of the Central Block Area, Yucca Mountain, Nye County,
Nevada.  Miscellaneous Investigations Series Map I-2601.  [Washington, D.C.]:  U.S.
Geological Survey.  ACC:  MOL.19980611.0339.

157473 De la Cruz, B.; Hernán, P.; and Astudillo, J. 1997.  �The El Berrocal Project.�
Seventh EC Natural Analogue Working Group Meeting, Proceedings of an
International Workshop held in Stein am Rhein, Switzerland from 28 to 30 October
1996.   von Maravic, H. and Smellie, J., eds.  EUR 17851 EN, Pages 79-103.
Luxembourg, Luxembourg:  Commission of the European Communities.  TIC:
247461.

101128 Degueldre, C.A. 1994.  Colloid Properties in Groundwaters from Crystalline
Formations.  PSI Bericht Nr. 94-21.  Villigen, Switzerland:  Paul Scherrer Institut.
TIC:  224100.

154749 Dick, H.J.B.  1974.  �Terrestrial Nickel�Iron from the Josephine Peridotite, Its
Geologic Occurrence, Associations, and Origin.�  Earth and Planetary Science
Letters, 24, (2), 291-298.  Amsterdam, The Netherlands:  North-Holland.  TIC:
249849.

157410 Dicke, C.A. 1997.  Distribution coefficients and contaminant solubilities for the
Waste Area Group 7 Baseline Risk Assessment.  INEL/EXT-97-00201.  Idaho Falls,
Idaho:  Lockheed Martin Idaho Technologies Company.  On Order Library Tracking
Number-251838

154503 Dobson, P.; Hulen, J.; Kneafsey, T.J.; and Simmons, A. 2001.  �Permeability at
Yellowstone:  A Natural Analog for Yucca Mountain Processes.�  �Back to the
Future - Managing the Back End of the Nuclear Fuel Cycle to Create a More Secure
Energy Future,� Proceedings of the 9th International High-Level Radioactive Waste



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-14 April 2002

Management Conference (IHLRWM), Las Vegas, Nevada, April 29-May 3, 2001.  La
Grange Park, Illinois:  American Nuclear Society.  TIC:  247873.

154547 Dobson, P.; Hulen, J.; Kneafsey, T.J.; and Simmons, A. 2001.  �The Role of
Lithology and Alteration on Permeability and Fluid Flow in the Yellowstone
Geothermal System, Wyoming.�  Proceedings, Twenty-Sixth Workshop on
Geothermal Reservoir Engineering, Palo Alto, California, January 29-31, 2001.
Workshop Report SGP-TR-168.  Stanford, California:  Stanford University.  TIC:
249825.

154692 DOE (U.S. Department of Energy) 1992.  �Groundwater Hydrology Report.�
Attachment 3 of Remedial Action Plan and Site Design for Stabilization of the
Inactive Uranium Mill Tailings Site at Gunnison, Colorado. Final.  UMTRA-
DOE/AL-050508.0000.  [Albuquerque, New Mexico:  U.S. Department of Energy,
UMTRA Project Office].  TIC:  250151.

104736 DOE (U.S. Department of Energy) 1994.  Radiological Control Manual.
MSS/DOE/RP/001, Rev. 1.  Washington, D.C.:  U.S. Department of Energy.  ACC:
MOL.19950130.0075.

124789 DOE (U.S. Department of Energy) 1995.  Applications of Natural Analogue Studies
to Yucca Mountain as a Potential High Level Radioactive Waste Repository.
DOE/YMSCO-002.  Washington, D.C.:  U.S. Department of Energy, Office of
Civilian Radioactive Waste Management.  ACC:  MOL.19980928.0280.

154693 DOE (U.S. Department of Energy) 1996.  Final Programmatic Environmental Impact
Statement for the Uranium Mill Tailings Remedial Action Ground Water Project.
DOE/EIS-0198.  Two volumes.  Grand Junction, Colorado:  U.S. Department of
Energy, Grand Junction Project Office.  TIC:  249817.

100548 DOE (U.S. Department of Energy) 1998.  Introduction and Site Characteristics.
Volume 1 of Viability Assessment of a Repository at Yucca Mountain.  DOE/RW-
0508.  Washington, D.C.:  U.S. Department of Energy, Office of Civilian Radioactive
Waste Management.  ACC:  MOL.19981007.0028.

101779 DOE (U.S. Department of Energy) 1998.  Viability Assessment of a Repository at
Yucca Mountain.  DOE/RW-0508.  Overview and five volumes.  Washington, D.C.:
U.S. Department of Energy, Office of Civilian Radioactive Waste Management.
ACC:  MOL.19981007.0027; MOL.19981007.0028; MOL.19981007.0029;
MOL.19981007.0030; MOL.19981007.0031; MOL.19981007.0032.

154687 DOE (U.S. Department of Energy) 1999.  Final Site Observational Work Plan for the
UMTRA Project New Rifle Site.  GJO-99-112-TAR, Rev. 1.  Grand Junction,
Colorado:  U.S. Department of Energy, Grand Junction Office.  TIC:  249902.

157603 DOE (U.S. Department of Energy) 2000. �UMTRA Ground Water Project Sites.�
Grand Junction, [Colorado]:  U.S. Department of Energy, Grand Junction Office.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-15 April 2002

Accessed February 13, 2002. TIC:  251850.
http://www.doegjpo.com/ugw/sites/sites.htm

149540 DOE (U.S. Department of Energy) 2000.  Quality Assurance Requirements and
Description.  DOE/RW-0333P, Rev. 10.  Washington, D.C.:  U.S. Department of
Energy, Office of Civilian Radioactive Waste Management.  ACC:
MOL.20000427.0422.

156666 DOE (U.S. Department of Energy) 2001.  Final Site Observational Work Plan for the
UMTRA Project Gunnison Site.  Document Number U0058601, Volumes 1 and 2.
Grand Junction, Colorado:  U.S. Department of Energy, Grand Junction Office.    On
Order Library Tracking Number-251120

153849 DOE (U.S. Department of Energy) 2001.  Yucca Mountain Science and Engineering
Report.  DOE/RW-0539.  [Washington, D.C.]:  U.S. Department of Energy, Office of
Civilian Radioactive Waste Management.  ACC:  MOL.20010524.0272.

156446 Drellack, S.L., Jr. and Thompson, P.H. 1990.  Selected Stratigraphic Data for Drill
Holes in LANL Use Areas of Yucca Flat, NTS.  DOE/NV/10322-39.  Las Vegas,
Nevada:  U.S. Department of Energy, Nevada Operations Office.  TIC:  205994.

156447 Drury, M.J.  1987.  �Thermal-Diffusivity of Some Crystalline Rocks.�  Geothermics,
16, (2), 105-115.  New York, New York:  Pergamon Press. TIC:  251764

156402 Dunnivant, F.M.; Newman, M.E.; Bishop, C.W.; Burgess, D.; Giles, J.R.; Higgs,
B.D.; Hubbell, J.M.; Neher, E.; Norrell, G.T.; Pfiefer, M.C.; Porro, I.; Starr, R.C.; and
Wylie, A.H.  1998.  �Water and Radioactive Tracer Flow in a Heterogeneous Field-
Scale System.�  Ground Water, 36, (6), 949�958.  Westerville, Ohio:  Ground Water
Publishing Company.  TIC:  250984.

157493 Eckel, E.B. 1970.  The Alaska Earthquake, March 27, 1964:  Lessons and
Conclusions. Geological Survey Professional Paper 546.  Washington, D.C.:  U.S.
Government Printing Office.  TIC:  251802.

101069 Eckerman, K.F.; Wolbarst, A.B.; and Richardson, A.C.B. 1988.  Limiting Values of
Radionuclide Intake and Air Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingestion.  EPA 520/1-88-020.  Federal Guidance Report
No. 11.  Washington, D.C.:  U.S. Environmental Protection Agency.  ACC:
MOL.20010726.0072.

154602 Elders, W.A. 1982.  �Determination of Fracture History in Geothermal Reservoirs
Through Study of Minerals.�  Fractures in Geothermal Reservoirs.  Special Report
No. 12.  Pages 62-66.  Davis, California:  Geothermal Resources Council.  TIC:
249737.

154632 Elders, W.A. 1987.  �A Natural Analogue for Near-Field Behaviour in a High Level
Radioactive Waste Repository in Salt:  The Salton Sea Geothermal Field, California,
USA.�  Natural Analogues in Radioactive Waste Disposal, Proceedings, Symposium



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-16 May 2002

held in Brussels, Belgium, 28-30 April 1987.   Côme, B. and Chapman, N.A., eds.
EUR 11037 EN.  Pages 342-353.  Norwell, Massachusetts:  Graham & Trotman.
TIC:  247254.

157502 Elders, W.A. and Cohen, L.H. 1983.  The Salton Sea Geothermal Field, California,
as a Near-Field Natural Analog of a Radioactive Waste Repository in Salt.
BMI/ONWI-513.  Columbus, Ohio:  Battelle Memorial Institute, Office of Nuclear
Waste Isolation.  TIC:  251848

100145 Fabryka-Martin, J.T.; Wolfsberg, A.V.; Dixon, P.R.; Levy, S.S.; Musgrave, J.A.; and
Turin, H.J. 1997.  Summary Report of Chlorine-36 Studies:  Sampling, Analysis, and
Simulation of Chlorine-36 in the Exploratory Studies Facility.  LA-13352-MS.  Los
Alamos, New Mexico:  Los Alamos National Laboratory.  ACC:
MOL.19980812.0254.

156668 Fetter, C.W. 2001.  Applied Hydrogeology.   4th Edition.  Upper Saddle River, New
Jersey:  Prentice Hall.  TIC:  251142.

105591 Finch, R.J. and Ewing, R.C.  1991.  �Alteration of Natural UO2 Under Oxidizing
Conditions from Shinkolobwe, Katanga, Zaire:  A Natural Analogue for the
Corrosion of Spent Fuel.�  Radiochimica Acta, 52/53, 395-401.  München, Germany:
R. Oldenbourg Verlag.  TIC:  237035.

127908 Finch, R.J. and Ewing, R.C. 1992.  �Alteration of Natural Uranyl Oxide Hydrates in
Si-Rich Groundwaters:  Implications for Uranium Solubility.�  Scientific Basis for
Nuclear Waste Management XV, Symposium held November 4-7, 1991, Strasbourg,
France.  Sombret, C.G., ed.  257, 465-472.  Pittsburgh, Pennsylvania:  Materials
Research Society.  TIC:  204618.

113030 Finch, R.J. and Ewing, R.C.  1992.  �The Corrosion of Uraninite Under Oxidizing
Conditions.�  Journal of Nuclear Materials, 190, 133-156.  Amsterdam, The
Netherlands:  Elsevier Science Publishers.  TIC:  246369.

104367 Finsterle, S. 1999.  ITOUGH2 User�s Guide.  LBNL-40040.  Berkeley, California:
Lawrence Berkeley National Laboratory.  TIC:  243018.

156815 Flexser, S.  1991.  �Hydrothermal Alteration and Past and Present Thermal Regimes
in the Western Moat of Long Valley Caldera.�  Journal of Volcanology and
Geothermal Research, 48, 303-318.  Amsterdam, [The Netherlands]:  Elsevier.  TIC:
251279.

156351 Flint, A.L.; Flint, L.E.; Bodvarsson, G.S.; Kwicklis, E.M.; and Fabryka-Martin, J.
2001.  �Evolution of the Conceptual Model of Unsaturated Zone Hydrology at Yucca
Mountain, Nevada.�  Journal of Hydrology, 247, (2001), 1-30.  [New York, New
York]:  Elsevier.  TIC:  250932.

157411 Flint, A.L.; Flint, L.E.; Kwicklis, E.M.; Fabryka-Martin, J.T.; and Bodvarsson, G.S.
2002.  �Estimating Recharge at Yucca Mountain, Nevada, USA: Comparison of



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-17 May 2002

Methods.�  Hydrogeology Journal, 10, (1), 180-240.  Berlin, Germany:  Springer-
Verlag. TIC:  251765.

156355 Forster, C.B.; Caine, J.S.; Schulz, S.; and Nielson, D.L. 1997.  �Fault Zone
Architecture and Fluid Flow:  An Example from Dixie Valley, Nevada.�
Proceedings, Twenty-Second Workshop on Geothermal Reservoir Engineering,
January 27-29, 1997.  Workshop Report SGP-TR-155, Pages 123-130.  Stanford,
California:  Stanford University.  TIC:  249200.

156245 Fournier, R.O.  1989.  �Geochemistry and Dynamics of the Yellowstone National
Park Hydrothermal System.�  Annual Review of Earth and Planetary Sciences, 17,
13-53.  [Palo Alto, California:  Annual Reviews].  TIC:  250818.

105419 Fournier, R.O. 1991.  �Water Geothermometers Applied to Geothermal Energy.�
Application of Geochemistry in Geothermal Reservoir Development.  D'Amore, F.,
ed.  Rome, Italy:  UNITAR/UNDP Centre on Small Energy Resources.    Copyright
Requested Library Tracking Number-251141

154614 Fournier, R.O. [1985].  �Self-Sealing and Brecciation Resulting from Quartz
Deposition Within Hydrothermal Systems.�  Water-Rock Interaction, [a Collection of
Papers Presented at the] Fourth International Symposium on Water-Rock Interaction
[(W.R.I.), Organized by the Sub-Group on Water-Rock Interaction, a Part of the
Commission on Hydrogeochemistry (I.A.G.C.)], held in Misasa, Japan, on August 29-
September 8, 1983.  Pages 137-140.  [Amsterdam, The Netherlands:  Elsevier].  TIC:
249755.

154527 Fournier, R.O.; Pisto, L.M.; Howell, B.B.; and Hutchinson, R.A.  1993.  �Taming a
Wild Geothermal Research Well in Yellowstone National Park.�  Geothermal
Resources Council Transactions, 17, 33-36.  Davis, California:  Geothermal
Resources Council.  TIC:  249701.

156247 Fournier, R.O.; Thompson, J.M.; and Hutchinson, R.A. 1992.  �The Geochemistry of
Hot Spring Waters at Norris Geyser Basin, Yellowstone National Park, USA.�
Water-Rock Interaction, Proceedings of the 7th International Symposium on Water-
Rock Interaction � WRI-7, Park City, Utah, 13-18 July 1992.   Kharaka, Y.K. and
Maest, A.S., eds.  2, 1289-1292.  Brookfield, Vermont:  A.A. Balkema.  TIC:
208527.

156246 Fournier, R.O.; Thompson, J.M.; Cunningham, C.G.; and Huchinson, R.A.  1991.
�Conditions Leading to a Recent Small Hydrothermal Explosion at Yellowstone
National Park.�  Geological Society of America Bulletin, 103, (8), 1114-1120.
Boulder, Colorado:  Geological Society of America.  TIC:  250862.

156817 Fournier, R.O.; White, D.E.; and Truesdell, A.H. 1976.  �Convective Heat Flow in
Yellowstone National Park.�  Proceedings of the Second United Nations Symposium
on the Development and Use of Geothermal Resources, San Francisco, California,
20-29, May 1975.  1, 731-739.  Washington, D.C.:  U.S. Government Printing Office.
TIC:  251430.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-18 April 2002

127326 Francis, N.D. 1997.  �The Base-Case Thermal Properties for TSPA-VA Modeling.�
Memorandum from N.D. Francis (SNL) to Distribution, April 16, 1997.  ACC:
MOL.19980518.0229.

101173 Freeze, R.A. and Cherry, J.A. 1979.  Groundwater.  Englewood Cliffs, New Jersey:
Prentice-Hall.  TIC:  217571.

100575 Fridrich, C.J.; Dudley, W.W., Jr.; and Stuckless, J.S.  1994.  �Hydrogeologic Analysis
of the Saturated-Zone Ground-Water System, Under Yucca Mountain, Nevada.�
Journal of Hydrology, 154, 133-168.  Amsterdam, The Netherlands:  Elsevier.  TIC:
224606.

156602 Garger, E.K.; Hoffman, F.O.; and Miller, C.W.  1996.  �Model Testing Using
Chernobyl Data:  III. Atmospheric Resuspension of Radionuclides in Ukrainian
Regions Impacted by Chernobyl Fallout.�  Health Physics, 70, (1), 18-24.  [New
York, New York:  Pergamon].  TIC:  251064.

151483 Garger, E.K.; Hoffman, F.O.; Thiessen, K.M.; Galeriu, D.; Kryshev, A.I.; Lev, T.;
Miller, C.W.; Nair, S.K.; Talerko, N.; and Watkins, B.  1999.  �Test of Existing
Mathematical Models for Atmospheric Resuspension of Radionuclides.�  Journal of
Environmental Radioactivity, 42, ([2-3]), 157-175.  [London, England]:  Elsevier
Science.  TIC:  248525.

157542 Gauthier-Lafaye, F. 1996.  �Introduction to the Oklo problematic.�  OKLO Working
Group, Proceedings of the Fourth Joint EC-CEA Progress and Final Meeting held in
Saclay, France, on 22 and 23 June 1995, pp. 5-16.   Blanc, P.L. and von Maravic, H.,
eds.  Nuclear Science and Technology Series.  EUR 16704 EN, Brussels, Belgium:
Commission of the European Communities. Copyright Requested Library Tracking
Number-251757

157499 Gauthier-Lafaye, F.; Ledoux, E.; Smellie, J.; Louvat, D.; Michaud, V.; Pérez del
Villar, L.; Oversby, V.; and Bruno, J. 2000.  OKLO Natural Analogue Phase II,
Behavior of Nuclear Reaction Products in a Natural Environment.  EUR 19139 EN.
Luxembourg, Luxembourg:  Commission of the European Communities.  TIC:
251886

156338 Giggenbach, W.F. 1997.  �The Origin and Evolution of Fluids in Magmatic�
Hydrothermal Systems.�  Chapter 15 of Geochemistry of Hydrothermal Ore Deposits.
3rd Edition.  Barnes, H.L., ed.  New York, New York:  John Wiley & Sons.  TIC:
250951.

157516 Gill, D. 2001.  �The Art and Archaeology of Attica.�  [Swansea, Wales]:  David Gill.
Accessed January 30, 2002. TIC:  251750.
http://www.davidgill.co.uk/attica/thorikos947.htm

156812 Goff, F. and Gardner, J.N.  1994.  �Evolution of a Mineralized Geothermal System,
Valles Caldera, New Mexico.�  Economic Geology, 89, 1803-1832.  [El Paso, Texas:
Economic Geology Publishing Company].  TIC:  251278.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-19 April 2002

156808 Goff, F.; Gardner, J.N.; Hulen, J.B.; Nielson, D.L.; Charles, R.; WoldeGabriel, G.;
Vuataz, F-D.; Musgrave J.A.; Shevenell, L.; and Kennedy B.M.  1992.  �The Valles
Caldera Hydrothermal System, Past and Present, New Mexico, USA.�  Scientific
Drilling, 3, 181-204.  [New York, New York]:  Springer-Verlag.  TIC:  251277.

157422 Golany, G.S. 1983.  Earth-Sheltered Habitat, History, Architecture and Urban
Design.  New York, New York:  Van Nostrand Reinhold.  TIC:  251577.

157423 Golany, G.S. 1989.  Urban Underground Space Design in China, Vernacular and
Modern Practice.  Newark, [New Jersey]:  University of Delaware Press.  TIC:
251579.

156820 Goldman, M.; Catlin, R.J.; and Anspaugh, L. 1987.  Health and Environmental
Consequences of the Chernobyl Nuclear Power Plant Accident.  DOE/ER-0332.
Washington, D.C.:  U.S. Department of Energy.  TIC:  251267.

119228 Grambow, B.; Jercinovic, M.J.; Ewing, R.C.; and Byers, C.D. 1986.  �Weathered
Basalt Glass:  A Natural Analogue for the Effects of Reaction Progress on Nuclear
Waste Glass Alteration.�  Scientific Basis for Nuclear Waste Management IX,
Symposium held September 9-11, 1985, Stockholm, Sweden.   Werme, L.O., ed.  50,
263-272.  Pittsburgh, Pennsylvania:  Materials Research Society.  TIC:  203664.

156218  Grand, P.M. 1967.  Prehistoric Art, Paleolithic Painting and Sculpture.  Greenwich,
Connecticut:  New York Graphic Society.  TIC:  250804.

154663 Grindley, G.W. 1965.  The Geology, Structure, and Exploitation of the Wairakei
Geothermal Field, Taupo New Zealand.  Bulletin n.s. 75.  Wellington, New Zealand:
New Zealand Geological Survey, Department of Scientific and Industrial Research.
TIC:  249790.

154531 Grindley, G.W. and Browne, P.R.L.  1976.  �Structural and Hydrological Factors
Controlling the Permeabilities of Some Hot-Water Geothermal Fields.�  Proceedings
of the Second United Nations Symposium on the Development and Use of Geothermal
Resources, San Francisco, California, USA, 20-29 May 1975. 1.  377-386.
Washington, D.C.:  U.S. Government Printing Office.  TIC:  249789.

107832 Grossenbacher, K. and Faybishenko, B. 1997.  Spacing of Thermally Induced
Columnar Joints in Basalt:  Variation with Depth.  Berkeley, California:  Lawrence
Berkeley National Laboratory, Earth Sciences Division.  TIC:  247646.

107835 Gudzenko, V. 1992.  �Some Problems of the Radionuclides Migration Research.�
Third Research Co-Ordination Meeting on Nuclear Techniques in the Study of
Pollutant Transport in the Environment:  Interaction of Solutes with Geological
Media (Methodological Aspects), Vienna, Austria, 22-25 June 1992.  Vienna, Austria:
International Atomic Energy Agency.  TIC:  247334.

107834 Gudzenko, V.V.; Klimchuk, A.B.; Yablokova, N.L.; Gudzenko, G.I.; and Golikova,
T.A. 1991.  Osushchestvit' Radiogidrogeologicheskie Obsledovanie Tekhnogennykh



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-20 May 2002

Podzemnykh Polosteig. Kieva s Tsel'yu Otsenki Skorosti Proniknoveniya
Radionuklidov v Podzemnuyu Gidrosferu (To Provide Radiohydrogeological
Observations in Underground Adits of the City of Kiev for the Purpose of Evaluating
the Velocity of Radionuclide Migration in the Groundwater System).  Kiev, Ukraine:
Institute of Geological Sciences of the Ukrainian National Academy of Sciences.
ACC:  MOL.20000609.0003.

125020 Gudzenko, V.V.; Shestopalov, V.M.; and Sobotovich, E.V.  1990.  �The Isotopic
Studies of Subsurface Water Protection from Radioactive Pollution in the Areas of
Nuclear Power Plant Siting.�  The International Journal of Radiation Applications
and Instrumentation.  Part E: Nuclear Geophysics, 4, (1), 119-124.  Oxford, England:
Pergamon Press.  TIC:  247327.

156310 Gunderson, R.; Ganefianto, N.; Riedel, K.; Sirad-Azwar, L.; and Suleiman, S. 2000.
�Exploration Results in the Sarulla Block, North Sumatra, Indonesia.�  Proceedings
of the World Geothermal Congress 2000, Kyushu - Tohoku, Japan, May 28 - June 10,
2000.  Iglesias, E.; Blackwell, D.; Hunt, T.; Lund, J.; and Tamanyu, S.; eds.  Pages
1183-1188.  Auckland, New Zealand:  International Geothermal Association.  TIC:
250933.

156361 Gunderson, R.P.; Dobson, P.F.; Sharp, W.D.; Pudjianto, R.; and Hasibuan, A. 1995.
�Geology and Thermal Features of the Sarulla Contract Area, North Sumatra,
Indonesia.�  Proceedings of the World Geothermal Congress 1995, Florence, Italy,
May 18-31, 1995.   Barbier, E.; Frye, G.; Iglesias, E.; and Pálmason, G.; eds.  2, 687-
692.  Auckland, New Zealand:  International Geothermal Association.  TIC:  250774.

157470 Gupalo, T.A. 1999.  Development of Quantitative Criteria for Suitability of Rock
Mass for Safe Long-Term Storage of Waste from Weapon Plutonium Production,
Illustrated by Krasnoyarsk Mining Chemical Combine, Annual Report for the Second
Year (01.10.98 -30.09.99).  Project #307B-97.  Moscow, Russia:  All-Russian
Research and Design Institute of Production Engineering (VNIPIPT). Copyright
Requested Library Tracking Number-251898

157471 Gupalo, T.A. 2001.  Development of Quantitative Criteria for Suitability of Rock
Mass for Safe Long-Term Storage of Waste from Weapons-Grade Plutonium
Production, Illustrated by Krasnoyarsk Mining Chemical Combine, Summary
Technical Report (01.10.1997 -28.02.2001).  Project #307B-97.  Moscow, Russia:
All-Russian Research and Design Institute of Production Engineering (VNIPIPT). On
Order Library Tracking Number-251899

105175 Haar, L.; Gallagher, J.S.; and Kell, G.S. 1984.  NBS/NRC Steam Tables:
Thermodynamic and Transport Properties and Computer Programs for Vapor and
Liquid States of Water in SI Units.  New York, New York:  Hemisphere Publishing
Corporation.  TIC:  241793.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-20a May 2002

100350 Hardin, E.L. 1998.  Near-Field/Altered-Zone Models Report.  UCRL-ID-129179 DR.
Livermore, California:  Lawrence Livermore National Laboratory.  ACC:
MOL.19980504.0577.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-21 April 2002

150043 Hardin, E.L. and Chesnut, D.A. 1997.  Synthesis Report on Thermally Driven
Coupled Processes.  UCRL-ID-128495.  Livermore, California:  Lawrence Livermore
National Laboratory.  TIC:  234838.

105967 Hay, R.L. 1978.  �Geologic Occurrence of Zeolites.�  Natural Zeolites, Occurrence,
Properties, Use, A Selection of Papers Presented at Zeolite, 76, an International
Conference on the Occurrence, Properties, and Utilization of Natural Zeolites,
Tucson, Arizona, June 1976.   Sand, L.B. and Mumpton, F.A., eds.  Pages 135-143.
New York, New York:  Pergamon Press.  TIC:  206755.

157478 Heath, M.J. 1995.  Rock Matrix Diffusion as a Mechanism for Radionuclide
Retardation:  Natural Radioelement Migration in Relation to the Microfractography
and Petrophysics of Fractured Crystalline Rock, (Report on Phase 1, March 1991 �
February 1993).  EUR 15977 EN.  Luxembourg, Luxembourg:  Commission of the
European Communities.  TIC:  251887.

156315 Hedenquist, J.W.  1991.  �Boiling and Dilution in the Shallow Portion of the
Waiotapu Geothermal System, New Zealand.�  Geochimica et Cosmochimica Acta,
55, (10), 2753-2765.  New York, New York:  Pergamon Pess.  TIC:  250973.

156248 Hildreth, W.; Christiansen, R.L.; and O'Neil, J.R.  1984.  �Catastrophic Isotopic
Modification of Rhyolitic Magma at Times of Caldera Subsidence, Yellowstone
Plateau Volcanic Field.�  Journal of Geophysical Research, 89, (B10), 8339-8369.
[Washington, D.C.]:  American Geophysical Union.  TIC:  250819.

156616 Hoffman, F.O.; Thiessen, K.M.; and Watkins, B.  1996.  �Opportunities for the
Testing of Environmental Transport Models Using Data Obtained Following the
Chernobyl Accident.�  Health Physics, 70, (1), 5-7.  [New York, New York:
Pergamon].  TIC:  251067.

125081 Hofmann, B.A. 1989.  �Geochemical Analogue Study in the Krunkelbach Mine,
Menzenschwand, Southern Germany:  Geology and Water-Rock Interaction.�
Scientific Basis for Nuclear Waste Management XII, Symposium held October 10-13,
1988, Berlin, Germany.   Lutze, W. and Ewing, R.C., eds.  127, 921-926.  Pittsburgh,
Pennsylvania:  Materials Research Society.  TIC:  203660.

106045 Honda, S. and Muffler, L.J.P.  1970.  �Hydrothermal Alteration in Core from
Research Drill Hole Y-1, Upper Geyser Basin, Yellowstone National Park,
Wyoming.�  American Mineralogist, 55, 1714-1737.  Washington, D.C.:
Mineralogical Society of America.  TIC:  219076.

156362 Horne, R.N.  1982.  �Geothermal Reinjection Experience in Japan.�  Journal of
Petroleum Technology, [34], 495-503.  [Dallas, Texas]:  Society of Petroleum
Engineers of AIME.  TIC:  250934.

157412 Hubbell, J.M. 1993.  Perched Water Monitoring in the Subsurface Disposal Area of
the Radioactive Waste Disposal Complex, FY-93.  EDF Serial Number ER&WM-



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-22 April 2002

EDF-002293.  Idaho Falls, Idaho:  EG&G Idaho.  On Order Library Tracking
Number-251839

157413 Hubbell, J.M. 1995.  Perched Water Monitoring in the Subsurface Disposal Area of
the Radioactive Waste Management Complex, Idaho, FY-94.  EDF Serial Number
INEL-95/14.  Idaho Falls, Idaho:  EG&G Idaho.  On Order Library Tracking
Number-251840

154600 Hulen, J.B. and Lutz, S.J.  1999.  �Altered Volcanic Rocks as Hydrologic Seals on the
Geothermal System of Medicine Lake Volcano, California.�  Geothermal Resources
Council Bulletin, 28, (7), 217-222.  Davis, California:  Geothermal Resources
Council.  TIC:  249735.

156813 Hulen, J.B. and Nielson, D.L.  1986.  �Hydrothermal Alteration in the Baca
Geothermal System, Redondo Dome, Valles Caldera, New Mexico.�  Journal of
Geophysical Research, 91, (B2), 1867-1886.  [Washington, D.C.]:  American
Geophysical Union.  TIC:  251351.

157491 Humphrey, T.G. and Tingey, F.H. 1978.  The Subsurface Migration of Radionuclides
at the Radioactive Waste Management Complex, 1976-1977.  TREE 1171.  [Idaho
Falls], Idaho:  U.S. Department of Energy, Idaho Operations Office.  TIC:  251849.

156750 IAEA (International Atomic Energy Agency) 1991.  The International Chernobyl
Project, Assessment of Radiological Consequences and Evaluation of Protective
Measures, Summary Brochure.  Vienna, Austria:  International Atomic Energy
Agency.  TIC:  251269.

157485 IAEA (International Atomic Energy Agency) 1999.  Use of Natural Analogs to
Support Radionuclide Transport Models for Deep Geological Repositories for Long
Lived Radioactive Wastes.  IAEA-TECDOC-1109.  Vienna, Austria:  International
Atomic Energy Agency.  On Order Library Tracking Number-251889

155188 IAEA (International Atomic Energy Agency) 2001.  An International Peer Review of
the Biosphere Modelling Programme of the US Department of Energy's Yucca
Mountain Site Characterization Project, Report of the IAEA International Review
Team.  Vienna, Austria:  International Atomic Energy Agency.  TIC:  250092.

156448 IFC (International Formulation Committee) 1967.  The 1967 IFC Formulation for
Industrial Use, A Formulation of the Thermodynamic Properties of Ordinary Water
Substance.  Düsseldorf, [Germany]:  International Formulation Committee of the
Sixth International Conference on the Properties of Steam.  TIC:  224838.

156430 INEL (Idaho National Engineering Laboratory) 1995.  A Comprehensive Inventory of
Radiological and Nonradiological Contaminants in Waste Buried or Projected to be
Buried in the Subsurface Disposal Area of the INEL RWMC During the Years, 1984�
2003.  INEL/95-0135, Vol. 1.  Idaho Falls, Idaho:  Idaho National Engineering
Laboratory, Lockheed Idaho Technologies Company.  TIC:  251896.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-23 April 2002

137537 Ingebritsen, S.E. and Sorey, M.L.  1988.  �Vapor-Dominated Zones Within
Hydrothermal Systems: Evolution and Natural State.�  Journal of Geophysical
Research, 93, (B11), 13635-13655.  Washington, D.C.:  American Geophysical
Union.  TIC:  247149.

156617 Isaksson, M. and Erlandsson, B.  1998.  �Models for the Vertical Migration of
{superscript 137}Cs in the Ground � A Field Study.�  Journal of Environmental
Radioactivity, 41, (2), 163-182.  [New York, New York]:  Elsevier.  TIC:  251068.

156345 Itoi, R.; Fukuda, M.; Jinno, K.; Hirowatari, K.; Shinohara, N.; and Tomita, T.  1989.
�Long-Term, Experiments of Waste Water Injection in the Otake Geothermal Field,
Japan.�  Geothermics, 18, (1/2), 153-159.  [New York, New York]:  Pergamon Press.
TIC:  250935.

156346 Itoi, R.; Fukuda, M.; Jinno, K.; Shimizu, S.; and Tomita, T.  1987.  �Field
Experiments of Injection in the Otake Geothermal Field, Japan.�  Geothermal
Resources Council Transactions, 11, 541-545.  [Davis, California]:  Geothermal
Resources Council.  TIC:  250936.

156347 Itoi, R.; Maekawa, H.; Fukuda, M.; Jinno, K.; Hatanaka, K.; Yokoyama, T.; and
Shimizu, S.  1984.  �Experimental Study on the Silica Deposition in a Porous
Medium.�  Geothermal Resources Council Transactions, 8, 301-304.  [Davis,
California]:  Geothermal Resources Council.  TIC:  250937.

156352 Itoi, R.; Maekawa, H.; Fukuda, M.; Jinno, K.; Hatanaka, K.; Yokoyama, T.; and
Shimizu, S.  1986.  �Study on Decrease of Reservoir Permeability Due to Deposition
of Silica Dissolved in Reinjection Water.�  Journal of the Geothermal Research
Society of Japan, 8, (3), 229-241.  [Kawasaki, Japan:  Do Gakkai].  TIC:  250938.

156818 Ivanov, Y.A.  2001.  �Dynamics of Redistribution of Radionuclides in Soils and
Plants.�  Chornobyl [Chernobyl], The Exclusion Zone, Collected Papers.
Bar'yakhtar, V.G. ed. 47-76.  Kyiv, Naukova Dumka:  National Academy of Sciences
of Ukraine.   Cataloging

156864 Jacob, P. and Prohl, G. 1995.  Analysis of Migration Pathways and Dose Distribution.
Final Report for Contracts COSU-CT93-0053 and COSU-CT-94-0091.  Brussels,
Belgium:  European Commission.  On Order Library Tracking Number-251878

154296 Jagnow, D.H.  1999.  �Geology of Kartchner Caverns State Park, Arizona.�  Journal
of Cave and Karst Studies, 61, (2), 49-58.  Huntsville, Alabama:  National
Speleological Society.  TIC:  249658.

157489 Jarvis, N.V.; Andreoli, M.A.G.; and Read, D. 1997.  �The Steenkampskraal Natural
Analogue Study and Nuclear Waste Disposal in South Africa.�  Seventh EC Natural
Analogue Working Group Meeting, Proceedings of an International Workshop held
in Stein am Rhein, Switzerland from 28 to 30 October 1996.  von Maravic, H. and
Smellie, J., eds.  EUR 17851 EN, Pages 9-26.  Luxembourg, Luxembourg:
Commission of the European Communities.  TIC:  247461.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-24 April 2002

157463 Jen, C-P. and Li, S-H.  2001.  �Effects of Hydrodynamic Chromatography on
Colloid-Facilitated Migration of Radionuclides in the Fractured Rock.�  Waste
Management, 21, ([6]), 499-509.  [New York, New York]:  Elsevier.  TIC:  251645.

156643 Jensen, C.L. and Horne, R.N. 1983.  �Matrix Diffusion and its Effect on the Modeling
of Tracer Returns from the Fractured Geothermal Reservoir at Wairakei, New
Zealand.�  Proceedings, Ninth Workshop, Geothermal Reservoir Engineering,
December 13-15, 1983, Stanford, California.  Workshop Report SGP-TR-74.  Pages
323-329.  Stanford, California:  Stanford University.  TIC:  248733.

157500 Jensen, K.A. and Ewing, R.C.  2001.  �The Okélobondo Natural Fission Reactor,
Southeast Gabon: Geology, Mineralogy, and Retardation of Nuclear-Reaction
products.�  Geological Society of America Bulletin, 113, (1), 32-62.  Boulder,
Colorado:  Geological Society of America. TIC:  251743.

144605 Jercinovic, M.J. and Ewing, R.C. 1987.  Basaltic Glasses from Iceland and the Deep
Sea:  Natural Analogues to Borosilicate Nuclear Waste-Form Glass.  JSS Project
Technical Report 88-01.  Stockholm, Sweden:  Swedish Nuclear Fuel and Waste
Management Company.  TIC:  205668.

125289 Jercinovic, M.J.; Ewing, R.C.; and Byers, C.D. 1986.  �Alteration Products of Basalt
Glass from Frenchman Springs Flow, Wanapum Basalts, Hanford, Washington.�
Nuclear Waste Management II, Third Annual Symposium on Ceramics in Nuclear
Waste Management, April 28-30, 1986, Chicago, Illinois.  Clark, D.E.; White, W.B.;
and Machiels, A.J., eds.  Advances in Ceramics Volume 20.  Pages 671-679.
Westerville, Ohio:  American Ceramic Society.  TIC:  210019.

157474 Jerden, J.L., Jr. and Sinha, A.K. [2001].  �Natural Attenuation of Uranium in an
Oxidizing Rock-Soil-Groundwater System:  Coles Hill Uranium Deposit, Virginia.�
Abstracts with Programs - Geological Society of America.  Page A364.  [Boulder,
Colorado]:  Geological Society of America.  TIC:  251677.

125291 Johnson, A.B., Jr. and Francis, B. 1980.  Durability of Metals from Archaeological
Objects, Metal Meteorites, and Native Metals.  PNL-3198.  Richland, Washington:
Pacific Northwest Laboratory.  TIC:  229619.

101630 Johnson, J.W.; Knauss, K.G.; Glassley, W.E.; DeLoach, L.D.; and Tompson, A.F.B
1998.  �Reactive Transport Modeling of Plug-Flow Reactor Experiments:  Quartz and
Tuff Dissolution at 240°C.�  Journal of Hydrology, 209, 81-111.  Amsterdam, The
Netherlands:  Elsevier.  TIC:  240986.

156620 Jonsson, B.; Forseth, T.; and Ugedal, O.  1999.  �Chernobyl Radioactivity Persists in
Fish.�  Nature, 400, ([6743]), 417.  [London, England]:  Macmillan.  TIC:  251069.

157472 Jove Colon, C.F.; Brady, P.V.; Siegel, M.D.; and Lindgren, E.R. 2001.  Historical
Case Analysis of Uranium Plume Attenuation.  NUREG/CR-6705.  Washington,
D.C.:  U.S. Nuclear Regulatory Commission.  TIC:  251760.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-25 April 2002

156819 Kashparov, V.A.  2001.  �Formuvannya I dinamika radioaktivnogo zabrudnennya
navkolishnogo seredovushcha (Formation and dynamics of radioactive contamination
of the environment).�  Chornobyl [Chernobyl], The Exclusion Zone, Collected
Papers.  Bar'yakhtar, V.G., eds.  pp. 11-46.  Kyiv, Naukova Dumka:  National
Academy of Sciences of Ukraine.  Cataloging

156622 Kashparov, V.A.; Lundin, S.M.; Kadygrib, A.M.; Protsak, V.P.; Levtchuk, S.E.;
Yoschenko, V.I.; Kashpur, V.A.; and Talerko, N.M.  2000.  �Forest Fires in the
Territory Contaminated as a Result of the Chernobyl Accident:  Radioactive Aerosol
Resuspension and Exposure of Fire-Fighters.�  Journal of Environmental
Radioactivity, 51, 281-298.  [New York, New York]:  Elsevier.  TIC:  251070.

157400 Kashparov, V.A.; Lundin, S.M.; Khomutinin, Yu.V.; Kaminsky, S.P.; Levchuk, S.E.;
Protsak, V.P.; Kadygrib, A.M.; Zvarich, S.I.; Yoschenko, V.I.; and Tschiersch, J.
2001.  �Soil Contamination with {superscript 90}Sr in the Near Zone of the
Chernobyl Accident.�  Journal of Environmental Radioactivity, 56, ([3]), 285-298.
[New York, New York]:  Elsevier.  TIC:  251572.

156623 Kashparov, V.A.; Protsak, V.P.; Ahamdach, N.; Stammose, D.; Peres, J.M.;
Yoschenko, V.I.; and Zvarich, S.I.  2000.  �Dissolution Kinetics of Particles of
Irradiated Chernobyl Nuclear Fuel:  Influence of pH and Oxidation State on the
Release of Radionuclides in the Contaminated Soil of Chernobyl.�  Journal of
Nuclear Materials, 279, ([2-3]), 225-233.  [New York, New York]:  Elsevier.  TIC:
251071.

152663 Keith, T.E.C. and Muffler, L.J.P.  1978.  �Minerals Produced During Cooling and
Hydrothermal Alteration of Ash Flow Tuff from Yellowstone Drill Hole Y-5.�
Journal of Volcanology and Geothermal Research, 3, 373-402.  Amsterdam, The
Netherlands:  Elsevier.  TIC:  219077.

106316 Keith, T.E.C.; White, D.E.; and Beeson, M.H. 1978.  Hydrothermal Alteration and
Self-Sealing in Y-7 and Y-8 Drill Holes in Northern Part of Upper Geyser Basin,
Yellowstone National Park, Wyoming.  Geological Survey Professional Paper 1054-
A.  Washington, D.C.:  U.S. Government Printing Office.  TIC:  219043.

156339 Kennedy, B.M. and Truesdell, A.H.  1996.  �The Northwest Geysers High-
Temperature Reservoir:  Evidence for Active Magmatic Degassing and Implications
for the Origin of the Geysers Geothermal Field.�  Geothermics, 25, (3), 365-387.
[New York, New York]:  Pergamon.  TIC:  250939.

103282 Kersting, A.B.; Efurd, D.W.; Finnegan, D.L.; Rokop, D.J.; Smith, D.K.; and
Thompson, J.L.  1999.  �Migration of Plutonium in Ground Water at the Nevada Test
Site.�  Nature, 397, ([6714]), 56-59.  [London, England:  Macmillan Journals].  TIC:
243597.

125677 Khoury, H.N.; Salameh, E.; Clark, I.D.; Fritz, P.; Milodowski, A.E.; Cave, M.R.;
Bajjali, W.; and Alexander, W.R.  1992.  �A Natural Analogue of High pH Cement
Pore Waters from the Maqarin Area of Northern Jordan. I: Introduction to the Site.�



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 02  16-26 May 2002

Journal of Geochemical Exploration, 46, (1), 117-132.  New York, New York:
Elsevier.  TIC:  247469.

157444 King, M.S. and Paulsson, B.N.P.  1981.  �Acoustic Velocities in a Heated Block of
Granite Subjected to Uniaxial Stress.�  Geophysical Research Letters, 8, (7), 669-702.
[Washington, D.C.]:  American Geophysical Union.  TIC:  251659.

113930 Kingston, W.L. and Whitbeck, M. 1991.  Characterization of Colloids Found in
Various Groundwater Environments in Central and Southern Nevada.
DOE/NV/10384-36.  [Las Vegas, Nevada]:  Desert Research Institute, Water
Resources Center.  ACC:  NNA.19930607.0073.

154460 Kneafsey, T.J.; Apps, J.A.; and Sonnenthal, E.L. 2001.  �Tuff Dissolution and
Precipitation in a Boiling, Unsaturated Fracture.�  �Back to the Future � Managing
the Back End of the Nuclear Fuel Cycle to Create a More Secure Energy Future,�
Proceedings of the 9th International High-Level Radioactive Waste Management
Conference (IHLRWM), Las Vegas, Nevada, April 29-May 3, 2001.  La Grange Park,
Illinois:  American Nuclear Society.  TIC:  247873.

107839 Knutson, C.F.; McCormick, K.A.; Smith, R.P.; Hackett, W.R.; O'Brien, J.P.; and
Crocker, J.C. 1990.  FY 89 Report RWMC Vadose Zone Basalt Characterization.
EGG-WM-8949.  Idaho Falls, Idaho:  EG&G Idaho.  TIC:  245912.

156624 Konoplev, A.V.; Bulgakov, A.A.; Hoffman, F.O.; Kanyar, B.; Lyashenko, G.; Nair,
S.K.; Popov, A.; Raskob, W.; Thiessen, K.M.; Watkins, B.; and Zheleznyak, M.
1999.  �Validation of Models of Radionuclide Wash-Off from Contaminated
Watersheds Using Chernobyl Data.�  Journal of Environmental Radioactivity, 42,
131-141.  [New York, New York]:  Elsevier.  TIC:  251072.

109939 Ku, T.-L.; Luo, S.; Leslie, B.W.; and Hammond, D.E. 1992.  �Decay-Series
Disequilibria Applied to the Study of Rock-Water Interaction and Geothermal
Systems.�  Chapter 18 of Uranium-Series Disequilibrium:  Applications to Earth,
Marine, and Environmental Sciences.  Ivanovich, M. and  Harmon, R.S., eds.  2nd
Edition.  New York, New York:  Oxford University Press.  TIC:  234680.

157506 Kukhar', V.; Poyarkov, V.; and Kholosha, V. 2000.  �Radioactive Waste, Storage and
Disposal Sites.�  Chapter 4 of The Chornobyl Accident, A Comprehensive Risk
Assessment.  Vargo, G.J., ed.  Columbus, Ohio:  Battelle Press.  TIC:  251266.

157604 Kung, S.; Chipera, S.J.; and Reimus, P.W.  2001.  �Characteristics of Natural
Colloids in the Saturated Alluvium South of Yucca Mountain, Nevada.�  Eos,
Transactions (Supplement), 82, (47), F472.  Washington, D.C.:  American
Geophysical Union.  TIC:  251883.

100051 Langmuir, D. 1997.  Aqueous Environmental Geochemistry.  Upper Saddle River,
New Jersey:  Prentice Hall.  TIC:  237107.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-27 April 2002

155885 Larsen, G.; Grönvold, K.; and Thorarinsson, S.  1979.  �Volcanic Eruption Through a
Geothermal Borehole at Namafjall, Iceland.�  Nature, 278, (5706), 707-710.
[London, England]:  Macmillan Journals.  TIC:  250655.

156626 Lazjuk, G.I.; Kirillova, I.A.; Nikolaev, D.L.; Novikova, I.V.; Formina, Z.N.; and
Khmel, R.D.  1995.  �Frequency Changes of Inherited Anomalies in the Republic of
Belaurs After the Chernobyl Accident.�  Radiation Protection Dosimetry, 62, (1/2),
71-74.  [Ashford, Kent, United Kingdom]:  Nuclear Technology Publishing.  TIC:
251135.

125854 Lebedev, I.A.; Myasoedov, B.F.; Pavlotskaya, F.I.; and Frenkel', V.Ya.  1992.
�Plutonium Content in Soils of the European Part of the Country After the Accident
at Chernobyl Nuclear Generating Station.�  Atomic Energy, A Translation of
Atomnaya Energiya, 72, (6), 515-520.  New York, New York:  Consultants Bureau.
TIC:  247771.

100153 LeCain, G.D. 1997.  Air-Injection Testing in Vertical Boreholes in Welded and
Nonwelded Tuff, Yucca Mountain, Nevada.  Water-Resources Investigations Report
96-4262.  Denver, Colorado:  U.S. Geological Survey.  ACC:  MOL.19980310.0148.

155241 Lee, J.H. 2001.  �Median Lead Concentration in Groundwater Samples Cited in
Section 7.3.1.3.4 of the SSPA Report Vol. 1.�  Memorandum from J.H. Lee (BSC) to
P. Pasupathi, June 20, 2001, Proj.06/01.049, with enclosure.  ACC:
MOL.20010621.0155.

156454 Leroi-Gourhan, A.  1982.  �The Archaeology of Lascaux Cave.�  Scientific American,
246, (6), 104-112.  New York, New York:  Scientific American.  TIC:  251232.

101714 Leslie, B.W.; Pearcy, E.C.; and Prikryl, J.D. 1993.  �Oxidative Alteration of Uraninite
at the Nopal I Deposit, Mexico:  Possible Contaminant Transport and Source Term
Constraints for the Proposed Repository at Yucca Mountain.�  Scientific Basis for
Nuclear Waste Management XVI, Symposium held November 30-December 4, 1992,
Boston, Massachusetts.   Interrante, C.G. and Pabalan, R.T., eds.  294, 505-512.
Pittsburgh, Pennsylvania:  Materials Research Society.  TIC:  208880.

101409 Lichtner, P.C. 1996.  �Continuum Formulation of Multicomponent-Multiphase
Reactive Transport.�  Reactive Transport in Porous Media.  Lichtner, P.C.; Steefel,
C.I.; and Oelkers, E.H., eds.  Reviews in Mineralogy Volume 34.  Washington, D.C.:
Mineralogical Society of America.  TIC:  236866.

156428 Lichtner, P.C. 2000.  �Critique of Dual Continuum Formulations of Multicomponent
Reactive Transport in Fractured Porous Media.�  Dynamics of Fluids in Fractured
Rock, [Papers Selected from a Symposium held at Ernest Orlando Lawrence Berkeley
National Laboratory on Februrary 10-12, 1999].  Faybishenko, B.; Witherspoon, A.;
and Benson, S.M.; eds.  Geophysical Monograph 122.  281-298.  [Washington, D.C.]:
American Geophysical Union.  TIC:  250777.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-28 April 2002

156429 Lichtner, P.C. 2001.  FLOTRAN User's Manual:  Two-Phase Nonisothermal Coupled
Thermal�Hydrologic�Chemical (THC) Reactive Flow & Transport Code, Version
1.0.  LA-UR-01-2349.  Los Alamos, New Mexico:  Los Alamos National Laboratory.
TIC:  250889.

100771 Lichtner, P.C. and Seth, M. 1996.  �Multiphase-Multicomponent Nonisothermal
Reactive Transport in Partially Saturated Porous Media.�  Proceedings of the 1996
International Conference on Deep Geological Disposal of Radioactive Waste,
September 16-19, 1996, Winnipeg, Manitoba, Canada.  Toronto, Ontario, Canada:
Canadian Nuclear Society.  TIC:  233923.

121006 Lichtner, P.C.; Keating, G.; and Carey, B. 1999.  A Natural Analogue for Thermal-
Hydrological-Chemical Coupled Processes at the Proposed Nuclear Waste
Repository at Yucca Mountain, Nevada.  LA-13610-MS.  Los Alamos, New Mexico:
Los Alamos National Laboratory.  TIC:  246032.

156627 Likar, A.; Omahen, G.; Lipoglav�ek, M.; and Vidmar, T.  2001.  �A Theoretical
Description of Diffusion and Migration of {superscript 137}Cs in Soil.�  Journal of
Environmental Radioactivity, 57, ([3]), 191-201.  [New York, New York]:  Elsevier.
TIC:  251074.

108896 Linklater, C.M.; Albinsson, Y.; Alexander, W.R.; Casas, I; McKinley, I.G.; and
Sellin, P.  1996.  �A Natural Analogue of High-pH Cement Pore Waters from the
Maqarin Area of Northern Jordan:  Comparison of Predicted and Observed Trace-
Element Chemistry of Uranium and Selenium.�  Journal of Contaminant Hydrology,
21, (1-4), 59-69.  Amsterdam, The Netherlands:  Elsevier.  TIC:  239819.

154579 Liu, H.H.; Bodvarsson, G.S.; and Pan, L.  2000.  �Determination of Particle Transfer
in Random Walk Particle Methods for Fractured Porous Media.�  Water Resources
Research, 36, (3), 707-713.  Washington, D.C.:  American Geophysical Union.  TIC:
249733.

105729 Liu, H.H.; Doughty, C.; and Bodvarsson, G.S.  1998.  �An Active Fracture Model for
Unsaturated Flow and Transport in Fractured Rocks.�  Water Resources Research,
34, (10), 2633-2646.  Washington, D.C.:  American Geophysical Union.  TIC:
243012.

157526 Llandudno Museum 1998.  �Virtual Tour - Room 3.�  Llandudno, North Wales:
Chardon Trust.  Accessed January 31, 2002.   http://www.llandudno-
tourism.co.uk/museum/english/panel3.htm  Copyright Requested Library Tracking
Number-251574

157508 Los', I. and Poyarkov, V. 2000.  �Individuals, Accident Remediation Personnel and
Public Doses.�  Chapter 6 of The Chornobyl Accident: A Comprehensive Risk
Assessment.  Vargo, G.J., ed.  Columbus, Ohio:  Battelle Press.  TIC:  251266.

125894 Loshchilov, N.A.; Kashparov, V.A.; and Polyakov, V.D.  1991.  �Sootnosheniya
Transuranovykh Elementov v 'Goryachikh' Chastitsakh, Vypavshikh v Rezultate



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-29 April 2002

Avarii v Blizhnei Zone ChaEs [Relationships of Transuranium Elements in 'Hot'
Particles of the Fallout in the Near-Field Zone of the CHNPP].�  Problemy
Sel�Skokhozyaistennoi Radiologii [Problems of Agricultural Radiology], Pages 45-
48.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural Radioecology.
ACC:  MOL.20000609.0007.

156828 Loshchilov, N.A.; Kashparov, V.A.; and Protsak, V.P.  1991.  �Vliyanie vtorichnogo
pyleperenosa radioaktivnykh veshchestv na zagryasnenie naselennykh punktov v
zone Chernobul'skoi avarii (Effect of resuspension of radioactive particles on
contamination of settlements within the zone of influence of the Chernobyl
accident).�  In: Problemy Sel'skokhozyaistennoi Radiologii (Problems of Agricultural
Radiology).  pp. 61-64.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural
Radioecology. Copyright Requested Library Tracking Number-251866

156823 Loshchilov, N.A.; Kashparov, V.A.; Yudin, E.B.; Protsak, V.P.; and Ioshchenko, V.I.
1991.  �Ingalyatsionnoe postuplenie radionuklidov pri sel'skokhozyaistvennykh
rabotakh na territoriyakh, zagryaznennykh v resultate Chernobyl'skoi avarii
(Inhalation of radionuclides during agricultural work on territories contaminated by
the Chernobyl accident).�  In:  Problemy Sel'skokhozyaistennoi Radiologii (Problems
of Agricultural Radiology).  pp. 197-205.  Kiev, Ukraine:  Ukrainian Research
Institute of Agricultural Radioecology.  Copyright Requested Library Tracking
Number-251866

125914 Louvat, D. and Davies, C., eds. 1998.  Oklo Working Group:  Proceedings of the
First Joint EC-CEA Workshop on the Oklo-Natural Analogue Phase II Project Held
in Sitjes, Spain, from 18 to 20 June 1997.  EUR 18314 EN.  Luxembourg,
Luxembourg:  Office for Official Publications of the European Communities.  TIC:
247709.

157900 Lowry, W.E. 2001.  Engineered Barrier Systems Thermal-Hydraulic-Chemical
Column Test Report.  TDR-EBS-MD-000018 REV 00.  Las Vegas, Nevada:  Bechtel
SAIC Company.  ACC:  MOL.20020102.0206.

100465 Luckey, R.R.; Tucci, P.; Faunt, C.C.; Ervin, E.M.; Steinkampf, W.C.; D'Agnese,
F.A.; and Patterson, G.L. 1996.  Status of Understanding of the Saturated-Zone
Ground-Water Flow System at Yucca Mountain, Nevada, as of 1995.  Water-
Resources Investigations Report 96-4077.  Denver, Colorado:  U.S. Geological
Survey.  ACC:  MOL.19970513.0209.

125923 Lutze, W.; Grambow, B.; Ewing, R.C.; and Jercinovic, M.J. 1987.  �The Use of
Natural Analogues in the Long-Term Extrapolation of Glass Corrosion Processes.�
Natural Analogues in Radioactive Waste Disposal, Symposium held in Brussels on
28-30 April 1987.  Côme, B. and Chapman, N.A., eds. EUR 11037 EN.  Pages 142-
152.  Norwell, Massachusetts:  Graham & Trotman.  TIC:  247254.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-30 April 2002

154720 Macdonald, D.D.  1992.  �The Point Defect Model for the Passive State.�  Journal of
the Electrochemical Society, 139, (12), 3434-3449.  Manchester, New Hampshire:
Electrochemical Society.  TIC:  249804.

156404 Magnuson, S.O. 1995.  Inverse Modeling for Field-Scale Hydrologic and Transport
Parameters of Fractured Basalt.  INEL-95/0637.  Idaho Falls, Idaho:  Idaho National
Engineering Laboratory, Lockheed Martin Idaho Technologies.  TIC:  250952.

156431 Magnuson, S.O. and Sondrup, A.J. 1998.  Development, Calibration, and Predictive
Results of a Simulator for Subsurface Pathway Fate and Transport of Aqueous- and
Gaseous-Phase Contaminants in the Subsurface Disposal Area at the Idaho National
Engineering and Environmental Laboratory.  INEEL/EXT-97-00609.  Idaho Falls,
Idaho:  Idaho National Engineering Laboratory.  TIC:  251678.

126058 Malow, G. and Ewing, R.C. 1981.  �Nuclear Waste Glasses and Volcanic Glasses:  A
Comparison of Their Stabilities.�  Scientific Basis for Nuclear Waste Management,
Proceedings of the Third International Symposium, Boston, Massachusetts,
November 17-20, 1980.   Moore, J.G., ed.  3, 315-322.  New York, New York:
Plenum Press.  TIC:  204407.

154738 Marcus, P. and Maurice, V. 2000.  �Passivity of Metals and Alloys.�  Chapter 3 of
Corrosion and Environmental Degradation.  Schütze, M., ed.  Volume I.  Materials
Science and Technology Volume 19.  New York, New York:  Wiley-VCH.  TIC:
249831.

156449 Mariner, R.H. and Surdam, R.C.  1970.  �Alkalinity and Formation of Zeolites in
Saline Alkaline Lakes.�  Science, 170, (3960), 977-980.  [Washington, D.C.]:
American Association for the Advancement of Science.  TIC:  250891.

156811 Mariner, R.H. and Willey, L.M.  1976.  �Geochemistry of Thermal Waters in Long
Valley, Mono County, California.�  Journal of Geophysical Research, 81, (5), 792-
800.  [Washington, D.C.]:  American Geophysical Union.  TIC:  219144.

156249 Marler, G.D. 1964.  Effects of the Hebgen Lake Earthquake of August 17, 1959 on the
Hot Springs of the Firehole Geyser Basins, Yellowstone National Park.  Geological
Survey Professional Paper 435-Q.  Washington, [D.C.]:  U.S. Governent Printing
Office.  TIC:  250923.

151018 Marshall, B.D.; Neymark, L.A.; Paces, J.B.; Peterman, Z.E.; and Whelan, J.F. 2000.
�Seepage Flux Conceptualized from Secondary Calcite in Lithophysal Cavities in the
Topopah Spring Tuff, Yucca Mountain, Nevada.�  SME Annual Meeting, February
28-March 1, 2000, Salt Lake City, Utah.   Preprint 00-12.  [Littleton, Colorado]:
Society for  Mining, Metallurgy, and Exploration.  TIC:  248608.

156432 Martian, P. 1995.  UNSAT-H Infiltration Model Calibration at the Subsurface
Disposal Area.  INEL-95/0596.  Idaho Falls, Idaho:  Idaho National Engineering
Laboratory, Lockheed Idaho Technologies Company.    On Order Library Tracking
Number-251842



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-31 April 2002

100058 Matyskiela, W.  1997.  �Silica Redistribution and Hydrologic Changes in Heated
Fractured Tuff.�  Geology, 25, (12), 1115-1118.  Boulder, Colorado:  Geological
Society of America.  TIC:  236809.

156628 Mboulou, M.O.; Hurtgen, C.; Hofkens, K.; and Vandecasteele, C.  1998.  �Vertical
Distributions in the Kapachi Soil of the Plutonium Isotopes ({superscript 238}Pu,
{superscript 239,240}Pu, {superscript 241}Pu), of {superscript 241}Am, and of
{superscript 243,244}Cm, Eight Years After the Chernobyl Accident.�  Journal of
Environmental Radioactivity, 39, (3), 231-237.  [London, England]:  Elsevier.  TIC:
251075.

157479 McCarthy, J.F. 1996.  �Natural Analogue Studies of the Role of Colloids, Natural
Organics and Microorganisms on Radionuclide Transport.�  Sixth EC Natural
Analogue Working Group Meeting, Proceedings of an International Workshop held
in Santa Fe, New Mexico, USA on September 12-16, 1994.   von Maravic, H. and
Smellie, J., eds.  EUR 16761 EN, Pages 195-210.  Luxembourg, Luxembourg:
Commission of the European Communities.  TIC:  225227.

110957 McConnell, K.I. and Lee, M.P. 1994.  Staff Technical Position on Consideration of
Fault Displacement Hazards in Geologic Repository Design.  NUREG-1494.
Washington, D.C.:  U.S. Nuclear Regulatory Commission.  TIC:  212360.

157384 McCright, R.D.; Frey, W.F.; and Tardiff, G.E.  1980.  �Localized Corrosion of Steels
in Geothermal Steam/Brine Mixtures.�  Geothermal Resources Council Transactions,
4, 645-648.  [Davis, California]:  Geothermal Resources Council. TIC:  251552.

156433 McElroy, D.L. and Hubbell, J.M. 1990.  �Vadose Zone Monitoring at the Radioactive
Waste Management Complex, Idaho National Engineering Laboratory.�  Proceedings
of the Topical Meeting on Nuclear Waste Isolation in the Unsaturated Zone, FOCUS
'89, September 17-21, 1989, Las Vegas, Nevada.  Pages 359-364.  La Grange Park,
Illinois:  American Nuclear Society.  TIC:  212738.

157486 McKinley, I.G. and Alexander, W.R. 1996.  �The Uses of Natural Analogue Input in
Repository Performance Assessment:  An Overview.�  Sixth EC Natural Analogue
Working Group Meeting, Proceedings of an International Workshop held in Santa
Fe, New Mexico, USA on September 12-16, 1994.   von Maravic, H. and Smellie, J.,
eds.  EUR 16761 EN, Pages 273-282.  Luxembourg, Luxembourg:  Commission of
the European Communities.  TIC:  225227.

126077 McKinley, I.G.; Bath, A.H.; Berner, U.; Cave, M.; and Neal, C.  1988.  �Results of
the Oman Analogue Study.�  Radiochimica Acta, 44/45, (II), 311-316.  München,
Germany:  R. Oldenbourg Verlag.  TIC:  247492.

116222 McKinley, P.W.; Long, M.P.; and Benson, L.V. 1991.  Chemical Analyses of Water
from Selected Wells and Springs in the Yucca Mountain Area, Nevada and
Southeastern California.  Open-File Report 90-355.  Denver, Colorado:  U.S.
Geological Survey.  ACC:  NNA.19901031.0004.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-32 April 2002

101345 Meijer, A. 1987.  Investigations of Natural Geologic and Geochemical Analogs in
Relation to a Potential Nuclear Waste Repository at Yucca Mountain, Nevada.
Milestone R398.  Draft.  Los Alamos, New Mexico:  Los Alamos National
Laboratory.  ACC:  NNA.19900112.0350.

156670 Merritt, R.C. 1971.  The Extractive Metallurgy of Uranium.  [Golden, Colorado]:
Colorado School of Mines Research Center.  TIC:  251119.

106762 Miekeley, N.; Couthinho de Jesus, H.; Porto da Silveira, C.L.; and Degueldre, C.
1992.  �Chemical and Physical Characterization of Suspended Particles and Colloids
in Waters from the Osamu Utsumi Mine and Morro do Ferro Analogue Study Sites,
Poços-de-Caldas, Brazil.�  Journal of Geochemical Exploration, 45, 409-437.
Amsterdam, The Netherlands:  Elsevier.  TIC:  245687.

127199 Miekeley, N.; Coutinho de Jesus, H.; Porto da Silveira, C.L.; and Degueldre, C. 1991.
Chemical and Physical Characterisation of Suspended Particles and Colloids in
Waters from the Osamu Utsumi Mine and Morro do Ferro Analogue Study Sites,
Pocos de Caldas, Brazil.  SKB Technical Report 90-18.  Stockholm, Sweden:
Swedish Nuclear Fuel and Waste Management Company.  TIC:  206355.

126083 Miekeley, N.; Jesus, H.C.; Silveira, C.L.P.; and Kuechler, I.L. 1989.  �Colloid
Investigations in the 'Pocos de Caldas' Natural Analogue Project.�  Scientific Basis for
Nuclear Waste Management XII, Symposium held October 10-13, 1988, Berlin,
Germany.   Lutze, W. and Ewing, R.C., eds.  127, 831-842.  Pittsburgh, Pennsylvania:
Materials Research Society.  TIC:  203660.

156458 Miller, D.M.; Miller, R.J.; Nielson, J.E.; Wilshire, H.G.; Howard, K.A.; and Stone, P.
1991.  Preliminary Geologic Map of the East Mojave National Scenic Area,
California.  Open-File Report 91-435.  [Menlo Park, California]:  U.S. Geological
Survey.  TIC:  251234.

126089 Miller, W.; Alexander, R.; Chapman, N.; McKinley, I.; and Smellie, J.  1994.
Natural Analogue Studies in the Geological Disposal of Radioactive Wastes.  Studies
in Environmental Science 57.  New York, New York:  Elsevier.  TIC:  101822.

156684 Miller, W.; Alexander, R.; Chapman, N.; McKinley, I.; and Smellie, J.  2000.
Geologic Disposal of Radioactive Wastes & Natural Analogues, Lessons from Nature
and Archaeology.  Waste Management Series, Volume 2.  New York, New York:
Pergamon.  TIC:  251762

157570 Mills, J.G., Jr.; Saltoun, B.W.; and Vogel, T.A.  1997.  �Magma Batches in the
Timber Mountain Magmatic System, Southwestern Nevada Volcanic Field, Nevada,
USA.�  Journal of Volcanology and Geothermal Research, 78, ([3-4]), 185-208.
[Amsterdam, The Netherlands]:  Elsevier.  TIC:  251831.

156407 Molloy, M.W. [1981].  �Geothermal Reservoir Engineering Code Comparison
Project.�  Proceedings, Special Panel on Geothermal Model Intercomparison Study,
at the Sixth Workshop on Geothermal Reservoir Engineering, December 16-18, 1980.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-33 April 2002

Workshop Report SGP-TR-42.  Pages 1-26.  Stanford, California:  Stanford
University.  TIC:  250930.

100161 Montazer, P. and Wilson, W.E. 1984.  Conceptual Hydrologic Model of Flow in the
Unsaturated Zone, Yucca Mountain, Nevada.  Water-Resources Investigations Report
84-4345.  Lakewood, Colorado:  U.S. Geological Survey.  ACC:
NNA.19890327.0051.

156320 Moore, D.E.; Hickman, S.; Lockner, D.A.; and Dobson, P.F.  2001.  �Hydrothermal
Minerals and Microstructures in the Silangkitang Geothermal Field Along the Great
Sumatran Fault Zone, Sumatra, Indonesia.�  Geological Society of America Bulletin,
113, (9), 1179-1192.  [Boulder, Colorado]:  Geological Society of America.  TIC:
250940.

156318 Moore, J.N.; Adams, M.C.; and Anderson, A.J.  2000.  �The Fluid Inclusion and
Mineralogic Record of the Transition from Liquid- to Vapor-Dominated Conditions
in the Geysers Geothermal System, California.�  Economic Geology, 95, ([8]), 1719-
1737.  [Lancaster, Pennsylvania:  Economic Geology Publishing].  TIC:  250941.

156319 Moore, J.N.; Lutz, S.J.; Renner, J.L.; McCulloch, J.; and Petty, S.  2000.  �Evolution
of a Volcanic-Hosted Vapor-Dominated System:  Petrologic and Geochemical Data
from Corehole T-8, Karaha-Telaga Bodas, Indonesia.�  Geothermal Resources
Council Transactions, 24, 259-263.  [Davis, California]:  Geothermal Resources
Council.  TIC:  250942.

157466 Mossop, A. and Segall, P.  1999.  �Volume Strain Within The Geysers Geothermal
Field.�  Journal of Geophysical Research, 104, (B12), Pages 29,113-29,131.
[Washington, D.C.]:  American Geophysical Union.  TIC:  251646.

154621 Mroczek, E.K. 1994.  Review of Silica Deposition Rates at Ohaaki, Rotokawa and
Wairakei Geothermal Fields and Comparison of Observed Rates with Predicted
Deposition Rates Calculated Using Three Different Kinetic Deposition Models.
Client Report 722305.15.  Taupo, New Zealand:  Institute of Geological & Nuclear
Sciences Limited.  TIC:  249770.

156342 Mroczek, E.K. and McDowell, G. 1990.  �Silica Scaling Field Experiments.�  1990
International Symposium on Geothermal Energy, Transactions, Geothermal
Resources Council, 1990 Annual Meeting, 20-24 August, 1990, Kailua-Kona, Hawaii.
Volume 14, Part II.  Pages 1619-1625.  Davis, California:  Geothermal Resources
Council.  TIC:  246942.

156360 Mroczek, E.K. and Reeves, R.R. 1994.  �The Effect of Colloidal Silica on Silica
Scaling from Geothermal Fluid.�  Proceedings of the 16th New Zealand Geothermal
Workshop, 1994.   Soengkono, S. and Lee, K.C., eds.  Pages 97-101.  Auckland, New
Zealand:  University of Auckland.  TIC:  250972.

156650 Muffler, L.J.P. and White, D.E.  1969.  �Active Metamorphism of Upper Cenozoic
Sediments in the Salton Sea Geothermal Field and the Salton Trough, Southeastern



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-34 April 2002

California.�  Geological Society of America Bulletin, 80, 157-182.  [Boulder,
Colorado]:  Geological Society of America.  TIC:  251080.

156250 Muffler, L.J.P.; White, D.E.; and Truesdell, A.H.  1971.  �Hydrothermal Explosion
Craters in Yellowstone National Park.�  Geological Society of America Bulletin, 82,
(3), 723-740.  [Boulder, Colorado]:  Geological Society of America.  TIC:  250924.

157494 Mumme, I. 1991.  �The Effect of Earthquakes on Underground Openings.�  Twenty
Fifth Newcastle Symposium on �Advances in the Study of the Sydney Basin,� 12th to
14th April, 1991, Newcastle, NSW Australia.  Publication No. 413, Pages 75-79.
Newcastle, New South Wales, Australia:  University of Newcastle, Department of
Geology.  TIC:  251869.

157487 Murphy, W.M. 2000.  �Natural Analogs and Performance Assessment for Geologic
Disposal of Nuclear Waste.�  Scientific Basis for Nuclear Waste Management XXIII,
Symposium held November 29-December 2, 1999, Boston, Massachusetts.   Smith,
R.W. and Shoesmith, D.W., eds.  608, 533-544.  Warrendale, Pennsylvania:
Materials Research Society.  TIC:  249052.

149529 Murphy, W.M. and Codell, R.B. 1999.  �Alternate Source Term Models for Yucca
Mountain Performance Assessment Based on Natural Analog Data and Secondary
Mineral Solubility.�  Scientific Basis for Nuclear Waste Management XXII,
Symposium held November 30-December 4, 1998, Boston, Massachusetts.
Wronkiewicz, D.J. and Lee, J.H., eds.  556, 551-558.  Warrendale, Pennsylvania:
Materials Research Society.  TIC:  246426.

156612 Murray, L.E.; Rohrs, D.T.; Rossknecht, T.G.; Aryawijaya, R.; and Pudyastuti, K.
1995.  �Resource Evaluation and Development Strategy, Awibengkok Field.�
Proceedings of the World Geothermal Congress 1995, Florence, Italy, May 18-31,
1995.   Barbier, E.; Frye, G.; Iglesias, E.; and Pálmason, G.; eds.  [5], 1525-1529.
[Auckland, New Zealand:  International Geothermal Association].  TIC:  251065.

156365 Nakata, E.; Chigira, M.; and Watanabe, M. 1998.  �Transformation of Diatomite into
Porcelanite and Opaline Chert Under the Influence of an Andesite Intrusion in the
Miocene Iwaya Formation, Japan.�  [Proceedings of the International Symposium on
Water-Rock Interaction, WRI-9, Taupo, New Zealand, 30 March-3 April 1998].
Arehart, [G.B.] and Hulston, [J.R.], eds.  Pages 333-336.  Brookfield, Vermont:  A.A.
Balkema.  TIC:  250944.

100061 National Research Council 1990.  Rethinking High-Level Radioactive Waste
Disposal, A Position Statement of the Board on Radioactive Waste Management.
Washington, D.C.:  National Academy Press.  TIC:  205153.

126123 Naudet, R. 1978.  �Etude Parametrique de la Criticite des Reacteurs Naturels.�  Les
Reacteurs de Fission Naturels, Natural Fission Reactors.  Proceedings of a Meeting
on the Technical Committee on Natural Fission Reactors, Paris, 19 to 21 December
1977.  Pages 589-599.  Vienna, Austria:  International Atomic Energy Agency.  TIC:
247910.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-35 April 2002

156632 NEA (Nuclear Energy Agency) 1995.  �Chernobyl, Ten Years On, Radiological and
Health Impact.�  Paris, France:  Organisation for Economic Co-operation and
Development.  Accessed December 19, 2001.  TIC:  251078.
http://www.nea.fr/html/rp/chernobyl/

150092 Nelson, P.H.; Rachiele, R.; Remer, J.S.; and Carlsson, H. 1981.  Water Inflow into
Boreholes During the Stripa Heater Experiments.  LBL-12574.  Berkeley, California:
Lawrence Berkeley Laboratory.  TIC:  228851.

156221 Neumayer, E. 1983.  Prehistoric Indian Rock Paintings.  New Dehli, India:  Oxford
University Press.  TIC:  250805.

156434 Newman, M.E. 1996.  Evaluation of the Mobility of Am, Cs, Co, Pu, Sr, and U
through INEL Basalts and Interbed Materials: Summary Report of the INEL/Clemson
University Laboratory Studies.  WAG7-82, INEL-95/282.  Idaho Falls, Idaho:  Idaho
National Engineering Laboratory, Lockheed Idaho Technologies Company.
Copyright Requested Library Tracking Number-251897

154458 Nimmo, J.R.; Perkins, K.S.; Rose, P.E.; Rousseau, J.P.; Orr, B.R.; Twining, B.V.; and
Anderson, S.R. 2001.  �Kilometer-Scale Rapid Flow in a Fractured-Basalt
Unsaturated Zone at the Idaho National Engineering and Environmental Laboratory.�
Fractured Rock 2001, An International Conference Addressing Groundwater Flow,
Solute Transport, Multiphase Flow, and Remediation in Fractured Rock, March 26-
28, 2001, Toronto, Ontario, Canada.   Kueper, B.H.; Novakowski, K.S.; and
Reynolds, D.A., eds.  Smithville, Ontario, Canada:  Smithville Phase IV.  TIC:
249909.

117880 Nitao, J.J. 1998.  �Thermohydrochemical Alteration of Flow Pathways Above and
Below the Repository.�  Chapter 5.6 of Near-Field/Altered-Zone Models Report.
Hardin, E.L.  UCRL-ID-129179 DR.  Livermore, California:  Lawrence Livermore
National Laboratory.  ACC:  MOL.19980504.0577.

156637 Norris, R.M.  1999.  �Geologic Setting of Mitchell Caverns.�  California State Parks
Brochure, (8/99), .  xxx, xxx:  xxx.  Copyright Requested Library Tracking Number-
251426

151592 NRC (U.S. Nuclear Regulatory Commission) 1999.  �Issue Resolution Status Report
Key Technical Issue:  Igneous Activity.�   Rev. 2.  [Washington, D.C.]:  U.S. Nuclear
Regulatory Commission.  Accessed September 18, 2000.  TIC:  247987.
http://www.nrc.gov/NMSS/DWM/ia-rev2.htm

126162 NWTRB (Nuclear Waste Technical Review Board) 1990.  Second Report to the U.S.
Congress and the U.S. Secretary of Energy.  Washington, D.C.:  Nuclear Waste
Technical Review Board.  ACC:  HQX.19901214.0061.

157447 Nyhan, J.W.; Drennon, B.J.; Abeele, W.V.; Wheeler, M.L.; Purtymun, W.D.; Trujillo,
G.; Herrera, W.J.; and Booth, J.W.  1985.  �Distribution of Plutonium and Americium
Beneath a 33-yr-old Liquid Waste Disposal Site.�  Journal of Environmental Quality,



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-36 April 2002

14, (4), 501-509.  Madison, Wisconsin:  American Society of Agronomy.  TIC:
218692.

154567 O'Sullivan, M.J.; Bullivant, D.P.; Follows, S.E.; and Mannington, W.I. 1998.
�Modelling of the Wairakei - Tauhara Geothermal System.�  Proceedings of the
TOUGH Workshop '98, Berkeley, California, May 4-6, 1998.   Pruess, K., ed.  LBNL-
41995.  Pages 1-6.  Berkeley, California:  Lawrence Berkeley National Laboratory.
TIC:  247159.

156353 O'Sullivan, M.J.; Pruess, K.; and Lippmann, M.J.  2001.  �State of the Art of
Geothermal Reservoir Simulation.�  Geothermics, 30, ([4]), 395-429.  [New York,
New York]:  Elsevier.  TIC:  250945.

100069 Oliver, T. and Root, T. 1997.  Hydrochemical Database for the Yucca Mountain
Area, Nye County, Nevada.  Denver, Colorado:  U.S. Geological Survey.  ACC:
MOL.19980302.0367.

100485 Oversby, V.M. 1996.  Criticality in a High Level Waste Repository, A Review of
Some Important Factors and an Assessment of the Lessons that can be Learned from
the Oklo Reactors.  SKB Technical Report 96-07.  Stockholm, Sweden:  Swedish
Nuclear Fuel and Waste Management Company.  TIC:  226156.

155058 Ozment, K.  1999.  �Journey to the Copper Age.�  National Geographic, 195, (4), 70-
79.  Washington, D.C.:  National Geographic Society.  TIC:  249913.

107408 Paces, J.B.; Neymark, L.A.; Marshall, B.D.; Whelan, J.F.; and Peterman, Z.E. 1998.
�Inferences for Yucca Mountain Unsaturated-Zone Hydrology from Secondary
Minerals.�  High-Level Radioactive Waste Management, Proceedings of the Eighth
International Conference, Las Vegas, Nevada, May 11-14, 1998.  Pages 36-39.  La
Grange Park, Illinois:  American Nuclear Society.  TIC:  237082.

124806 Papp, Z.; Bolyos, A.; Dezso. Z; and Daroczy, S.  1997.  �Direct Determination of
90Sr and 147Pm in Chernobyl Hot Particles Collected in Kiev Using Beta Absorption
Method.�  Health Physics, 73, (6), 944-952.  Baltimore, Maryland:  Williams and
Wilkins.  TIC:  247152.

126526 Parker, J.C. and van Genuchten, M. Th.  1984.  �Determining Transport Parameters
from Laboratory and Field Tracer Experiments.�  Virginia Agricultural Experiment
Station.  Bulletin 84-3.  [Blacksburg, Virginia]:  Virginia Polytechnic Institute and
State University.  TIC:  223781.

124812 Payne, T.E.; Edis, R.; and Seo, T. 1992.  �Radionuclide Transport by Groundwater
Colloids at the Koongarra Uranium Deposit.�  Scientific Basis for Nuclear Waste
Management XV, Symposium held November 4-7, 1991, Strasbourg, France.
Sombret, C.G., ed.  257, 481-488.  Pittsburgh, Pennsylvania:  Materials Research
Society.  TIC:  204618.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-37 April 2002

157563 Pearcy, E.C. and Murphy, W.M. 1991.  �Geochemical Natural Analogs.�  Chapter 7
of Report on Research Activities for Calendar Year 1990.  Patrick, W.C., ed.
NUREG/CR-5817.  Washington, D.C.:  U.S. Nuclear Regulatory Commission.  TIC:
208964.

100486 Pearcy, E.C.; Prikryl, J.D.; Murphy, W.M.; and Leslie, B.W.  1994.  �Alteration of
Uraninite from the Nopal I Deposit, Pena Blanca District, Chihuahua, Mexico,
Compared to Degradation of Spent Nuclear Fuel in the Proposed U.S. High-Level
Nuclear Waste Repository at Yucca Mountain, Nevada.�  Applied Geochemistry, 9,
713-732.  New York, New York:  Elsevier Science.  TIC:  236934.

156822 Perepelyatnikov, G.P.; Prister, B.S.; and Sobolev, A.S.  1991.  �Migratiya
radionuklidov v sisteme voda-pochva-rastenie na ugod'yakh oroshaemykh vodoi reki
Dnepr posle avarii na ChAES (Migration of radionuclides in the system water-soil-
plant on lands irrigated using Dnieper water after the ChNPP accident).�  In:
Problemy Sel'skokhozyaistennoi Radiologii (Problems of Agricultural Radiology).
pp. 106-112.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural
Radioecology. Copyright Requested Library Tracking Number-251866

101053 Perfect, D.L.; Faunt, C.C.; Steinkampf, W.C.; and Turner, A.K. 1995.
Hydrochemical Data Base for the Death Valley Region, California and Nevada.
Open-File Report 94-305.  Denver, Colorado:  U.S. Geological Survey.  ACC:
MOL.19940718.0001.

144335 Perry, F.V.; Crowe, B.M.; Valentine, G.A.; and Bowker, L.M., eds. 1998.  Volcanism
Studies:  Final Report for the Yucca Mountain Project.  LA-13478.  Los Alamos,
New Mexico:  Los Alamos National Laboratory.  TIC:  247225.

121957 Peters, R.R.; Klavetter, E.A.; Hall, I.J.; Blair, S.C.; Heller, P.R.; and Gee, G.W. 1984.
Fracture and Matrix Hydrologic Characteristics of Tuffaceous Materials from Yucca
Mountain, Nye County, Nevada.  SAND84-1471.  Albuquerque, New Mexico:
Sandia National Laboratories.  ACC:  NNA.19900810.0674.

105743 Philip, J.R.; Knight, J.H.; and Waechter, R.T.  1989.  �Unsaturated Seepage and
Subterranean Holes:  Conspectus, and Exclusion Problem for Circular Cylindrical
Cavities.�  Water Resources Research, 25, (1), 16-28.  Washington, D.C.:  American
Geophysical Union.  TIC:  239117.

110009 Pickett, D.A. and Murphy, W.M. 1999.  �Unsaturated Zone Waters from the Nopal I
Natural Analog, Chihuahua, Mexico - Implications for Radionuclide Mobility at
Yucca Mountain.�  Scientific Basis for Nuclear Waste Management XXII, Symposium
held November 30-December 4, 1998, Boston, Massachusetts.  Wronkiewicz, D.J.
and Lee, J.H., eds.  556, 809-816.  Warrendale, Pennsylvania:  Materials Research
Society.  TIC:  246426.

156638 Pinto, D.G. 1989.  The Archeology of Mitchell Caverns.  California Archeological
Reports, No. 25.  Sacramento, California:  Resource Protection Division, Cultural



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-38 April 2002

Heritage Association, California Dept. of Parks and Recreation.    Copyright
Requested Library Tracking Number-251647

156159 Polyak, V.J.; McIntosh, W.C.; Güven, N.; and Provencio, P.  1998.  �Age and Origin
of Carlsbad Cavern and Related Caves from {superscript 40}AR/{superscript 39}AR
of Alunite.�  Science, 279, (5358), 1919-1922.  Washington, D.C.:  American
Association for the Advancement of Science.  TIC:  250925.

157523 Power, M.S.; Rosidi, D.; and Kaneshiro, J.Y. 1998.  �Seismic Vulnerability of
Tunnels and Underground Structures Revisited.�  North American Tunneling
Conference, Newport Beach, California, February 21-28, 1998.  New York, New
York:  American Institute of Mining, Metallurgical, and Petroleum Engineers.  On
Order Library Tracking Number-251801

157503 Poyarkov, V. 2000.  �Introduction.�  Chapter 1 of The Chornobyl Accident, A
Comprehensive Risk Assessment.  Vargo, G.J., ed. Columbus, Ohio:  Battelle Press.
TIC:  251266.

151817 Pratt, H.R.; Hustrulid, W.A.; and Stephenson, D.E. 1978.  Earthquake Damage to
Underground Facilities.  DP-1513.  Aiken, South Carolina:  E.I. du Pont de Nemours
and Company, Savannah River Laboratory.  TIC:  210276.

156824 Prister, B.S.; Omel'yanenko, N.P.; Perepelyatnikova, L.B.; and Lavrovsky, A.B.
1991.  �Vetroerozionnye protsessy i osobennosti sozdaniya optimal'nykh
komplekhsnykh reshenii okhrany pochv v zone zagryazneniya radionuklidami (Wind-
erosion processes and particularities of the development of optimal, complex
measures for soil protection within the zone of radionuclide contamination).�  In:
Problemy Sel'skokhozyaistennoi Radiologii (Problems of Agricultural Radiology).
pp. 64-74.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural
Radioecology.  Copyright Requested Library Tracking Number-251866

157548 Prister, B.S.; Perepelyatnikova, L.V.; and Perepelyatnikov, G.P. 1991.  �Effectiveness
of remediation on the reduction of contamination of agricultural produce in areas
contaminated as a result of the ChNPP accident.�  In:  Problemy
Sel'skokhozyaistennoi Radiologii (Problems of Agricultural Radiology).  pp. 141-
153.  Kiev, Ukraine:  Ukrainian Research Institute of Agricultural Radioecology.
Copyright Requested Library Tracking Number-251866

100413 Pruess, K. 1991.  TOUGH2�A General-Purpose Numerical Simulator for
Multiphase Fluid and Heat Flow.  LBL-29400.  Berkeley, California:  Lawrence
Berkeley Laboratory.  ACC:  NNA.19940202.0088.

101707 Pruess, K. and Narasimhan, T.N.  1985.  �A Practical Method for Modeling Fluid and
Heat Flow in Fractured Porous Media.�  Society of Petroleum Engineers Journal, 25,
(1), 14-26.  Dallas, Texas:  Society of Petroleum Engineers.  TIC:  221917.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-39 April 2002

157385 Pye, D.S.; Holligan, D.; Cron, C.J.; and Love, W.W.  1989.  �The Use of Beta-C
Titanium for Downhole Production Casing in Geothermal Wells.�  Geothermics, 18,
(1/2), 259-267.  [New York, New York]:  Pergamon Press.  TIC:  251554.

156640 Quindos, L.S.; Bonet, A.; Diaz-Caneja, N.; Fernandez, P.L.; Gutierrez, I.; Solana,
J.R.; Soto, J.; and Villar, E.  1987.  �Study of the Environmental Variables Affecting
the Natural Preservation of the Altamira Cave Paintings Located at Santillana Del
Mar, Spain.�  Atmospheric Environment, 21, (3), 551-560.  New York, New York:
Pergamon Press.  TIC:  251037.

156450 Quinlivan, W.D. and Byers, F.M., Jr. 1977.  Chemical Data and Variation Diagrams
of Igneous Rocks from the Timber Mountain-Oasis Valley Caldera Complex,
Southern Nevada.  Open File Report 77-724.  [Boulder, Colorado]:  U.S. Geological
Survey.  ACC:  NNA.19890303.0035.

106634 Ratcliff, C.D.; Geissman, J.W.; Perry, F.V.; Crowe, B.M.; and Zeitler, P.K.  1994.
�Paleomagnetic Record of a Geomagnetic Field Reversal from Late Miocene Mafic
Intrusions, Southern Nevada.�  Science, 266, 412-416.  Washington, D.C.:  American
Association for the Advancement of Science.  TIC:  234818.

156439 Rawson, S.A.; Walton, J.C.; and Baca, R.G.  1991.  �Migration of Actinides from a
Transuranic Waste Disposal Site in the Vadose Zone.�  Radiochimica Acta, 52/53,
477-486.  München, [Germany]:  R. Oldenbourg Verlag.  TIC:  251669.

157613 Richards, J.I. and Hance, R.J.  1996.  �Agricultural Countermeasures.�  Chernobyl,
IAEA Bulletin, 38, (3).  [Vienna, Austria]:  International Atomic Energy Agency.
Library Tracking Number-251880

156440 Rightmire, C.T. and Lewis, B.D. 1987.  Geologic Data Collected and Analytical
Procedures Used During a Geochemical Investigation of the Unsaturated Zone,
Radioactive Waste Management Complex, Idaho National Engineering Laboratory,
Idaho.  Open-File Report 87-246.  Idaho Falls, Idaho:  U.S. Geological Survey.  TIC:
251805.

156441 Rightmire, C.T. and Lewis, B.D. 1987.  Hydrogeology and Geochemistry of the
Unsaturated Zone, Radioactive Waste Management Complex, Idaho National
Engineering Laboratory, Idaho.  U.S. Geological Survey Water-Resources
Investigations Report 87-4198.  Idaho Falls, Idaho:  Radioactive Waste Management
Complex, Idaho National Engineering Laboratory. On Order Library Tracking
Number-251843

156442 Rightmire, C.T. and Lewis, B.D. 1988.  Influence of the Geochemical Environment
on Radionuclide Migration in the Unsaturated Zone, Radioactive Waste Management
Complex, Idaho National Engineering Laboratory, Idaho.  U.S. Geological Survey
Open-File Report 95-.  Idaho Falls, Idaho:  Idaho National Engineering Laboratory.
On Order Library Tracking Number-251844



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-40 April 2002

101708 Rimstidt, J.D. and Barnes, H.L.  1980.  �The Kinetics of Silica�Water Reactions.�
Geochimica et Cosmochimica Acta, 44, 1683-1699.  [New York, New York]:
Pergamon Press.  TIC:  219975.

142190 Rimstidt, J.D.; Newcomb, W.D.; and Shettel, D.L., Jr. 1989.  �A Vertical Thermal
Gradient Experiment to Simulate Conditions in Vapor Dominated Geothermal
Systems, Epithermal Gold Deposits, and High Level Radioactive Repositories in
Unsaturated Media.�  [Proceedings of the 6th International Symposium on Water-
Rock Interaction, WRI-6, Malvern, United Kingdom, 3-8 August 1989].   Miles, D.L.,
ed.  Pages 585-588.  Rotterdam, The Netherlands:  A.A. Balkema.  TIC:  241868.

126287 Rivas, P.; Hernan, P.; Astudillo, J.; Bruno, J.; Carrerra, J.; De la Cruz, B.; Guimera,
J.; Gomez, P.; Ivanovich, M.; Marin, C.; Miller, W.; and Perez del Villar, L. 1998.
Nuclear Science and Technology, El Berrocal Project.  EUR 17830 EN.
Luxembourg, Luxembourg:  Commission of European Communities.  TIC:  247318.

100416 Robinson, B.A.; Wolfsberg, A.V.; Viswanathan, H.S.; Bussod, G.Y.; Gable, C.W.;
and Meijer, A. 1997.  The Site-Scale Unsaturated Zone Transport Model of Yucca
Mountain.  Milestone SP25BM3.  Los Alamos, New Mexico:  Los Alamos National
Laboratory.  ACC:  MOL.19980203.0570.

157445 Robinson, R.A. 1985.  �Summary results and conclusions from the cooperative
project at Stripa, between Sweden and the United States during 1977-1980.�
Proceedings from the Second NEA/SKB Symposium on the International Stripa
Project, Sweden, Stockholm, June 1985.  Washington, D.C.:  OECD Nuclear Energy
Agency. On Order Library Tracking Number-251879

157386 Robles-Camacho, J. and Armienta, M.A.  2000.  �Natural Chromium Contamination
of Groundwater at León Valley, México.�  Journal of Geochemical Exploration, 68,
([3]), 167-181.  [New York, New York]:  Elsevier.  TIC:  251555.

154320 Rogers, K.L.; Repenning, C.A.; Luiszer, F.G.; and Benson, R.D.  2000.  �Geologic
History, Stratigraphy, and Paleontology of SAM Cave, North-Central New Mexico.�
New Mexico Geology, 22, (4), 89-100.  Socorro, New Mexico:  New Mexico Bureau
of Mines and Mineral Resources.  TIC:  249818.

157573 Romero, L.; Neretnieks, I.; and Moreno, L.  1992.  �Movement of the Redox Front at
the Osamu Utsumi Uranium Mine, Pocos de Caldas, Brazil.�  Journal of
Geochemical Exploration, 45, (1-3), 471-502.  Amsterdam, The Netherlands:
Elsevier.  TIC:  251833

156341 Rose, P.E.; Benoit, W.R.; and Adams, M.C. 1998.  �Tracer Testing at Dixie Valley,
Nevada, Using Pyrene Tetrasulfonate, Amino G, and Fluorescein.�  Geothermal
Resources Council Transactions, 22, 583-587.  Davis, California:  Geothermal
Resources Council.  TIC:  250946.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-41 April 2002

154862 Rosenberg, N.D.; Gdowski, G.E.; and Knauss, K.G.  2001.  �Evaporative Chemical
Evolution of Natural Waters at Yucca Mountain, Nevada.�  Applied Geochemistry,
16, ([9-10]), 1231-1240.  [New York, New York]:  Pergamon.  TIC:  249879.

156629 Rosner, G. and Winkler, R.  2001.  �Long-Term Variation (1986�1998) of Post-
Chernobyl {superscript 90}Sr, {superscript 137}Cs, {superscript 238}Pu and
{supercript 239,240}Pu Concentrations in Air, Depositions to Ground, Resuspension
Factors and Resuspension Rates in South Germany.�  The Science of the Total
Environment, 273, ([1-3]), 11-25.  [New York, New York]:  Elsevier.  TIC:  251076.

102097 Rousseau, J.P.; Kwicklis, E.M.; and Gillies, D.C., eds. 1999.  Hydrogeology of the
Unsaturated Zone, North Ramp Area of the Exploratory Studies Facility, Yucca
Mountain, Nevada.  Water-Resources Investigations Report 98-4050.  Denver,
Colorado:  U.S. Geological Survey.  ACC:  MOL.19990419.0335.

156223 Ruspoli, M. 1987.  The Cave of Lascaux, The Final Photographs.  New York, New
York:  Harry N. Abrams.  TIC:  250806.

157316 Salve, R. and Oldenburg, C.M.  2001.  �Water Flow Within a Fault in Altered
Nonwelded Tuff.�  Water Resources Research, 37, (12), 3043-3056.  Washington,
D.C.:  American Geophysical Union.  TIC:  251485.

156848 Salve, R.; Hudson, D.; and Cook, P.  2001.  �Investigation of Flow Along a Vertical
Fault:  Field Techniques.�  Eos, Transactions (Supplement), 82, (47), F382.
[Washington, D.C.]:  American Geophysical Union.  TIC:  251282.

157382 Sánchez-Moral, S.; Soler, V.; Cañaveras, J.C.; Sanz-Rubio, E.; Van Grieken, R.; and
Gysels, K.  1999.  �Inorganic Deterioration Affecting the Altamira Cave, N Spain:
Quantitative Approach to Wall-Corrosion (Solutional Etching) Processes Induced by
Visitors.�  The Science of the Total Environment, 243/244, 67-84.  [New York, New
York]:  Elsevier.  TIC:  251550.

157465 Sasaki, S.  1998.  �Characteristics of Microseismic Events Induced During Hydraulic
Fracturing Experiments at the Hijiori Hot Dry Rock Geothermal Energy Site,
Yamagata, Japan.�  Tectonophysics, 289, ([1-3]), 171-188. [Amsterdam], The
Netherlands:  Elsevier.  TIC:  251882.

148612 Savino, J.M.; Smith, K.D.; Biasi, G.; Sullivan, T.; and Cline, M.  1999.  �Earthquake
Ground Motion Effects on Underground Structures/Tunnels.�  Eos, Transactions
(Supplement), 80, (17), S10.  Washington, D.C.:  American Geophysical Union.  TIC:
247757.

100075 Sawyer, D.A.; Fleck, R.J.; Lanphere, M.A.; Warren, R.G.; Broxton, D.E.; and
Hudson, M.R.  1994.  �Episodic Caldera Volcanism in the Miocene Southwestern
Nevada Volcanic Field:  Revised Stratigraphic Framework, 40Ar/39Ar
Geochronology, and Implications for Magmatism and Extension.�  Geological
Society of America Bulletin, 106, (10), 1304-1318.  Boulder, Colorado:  Geological
Society of America.  TIC:  222523.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-42 April 2002

156641 Schick, T. 1998.  The Cave of the Warrior, A Fourth Millennium Burial in the Judean
Desert.  IAA Reports, No. 5.  Jerusalem, Israel:  Israel Antiquities Authority.  TIC:
251260.

154644 Schiffman, P.; Bird, D.K.; and Elders, W.A.  1985.  �Hydrothermal Mineralogy of
Calcareous Sandstones from the Colorado River Delta in the Cerro Prieto Geothermal
System, Baja California, Mexico.�  Mineralogical Magazine, 49, (Part 3), 435-449.
London, England:  Mineralogical Society.  TIC:  249764.

101156 Scott, R.B.; Spengler, R.W.; Diehl, S.; Lappin, A.R.; and Chornack, M.P. 1983.
�Geologic Character of Tuffs in the Unsaturated Zone at Yucca Mountain, Southern
Nevada.�  Role of the Unsaturated Zone in Radioactive and Hazardous Waste
Disposal, May 31-June 4, 1982, Philadelphia, Pennsylvania.  Mercer, J.W.; Rao,
P.S.C.; and Marine, I.W., eds.  Pages 289-335.  Ann Arbor, Michigan:  Ann Arbor
Science Publishers.  TIC:  245124.

157464 Segall, P. and Fitzgerald, S.D.  1998.  �A Note on Induced Stress Changes in
Hydrocarbon and Geothermal Reservoirs.�  Tectonophysics, 289, ([1-3]), 117-128.
[Amsterdam], The Netherlands:  Elsevier.  TIC:  251894.

157480 Seo, T.; Edis, R.; and Payne, T.E. 1994.  �A Study of Colloids in Groundwaters at the
Koongarra Uranium Deposit.�  Fifth CEC Natural Analogue Working Group Meeting
and Alligator Rivers Analogue Project (ARAP) Final Workshop, Proceedings of an
International Workshop, held in Toledo, Spain, from 5 to 9 October 1992.   von
Maravic, H. and Smellie, J., eds.  EUR 15176 EN, Pages 71-76.  Luxembourg,
Luxembourg:  Commission of the European Communities.  TIC:  247923.

154505 Sharma, S. and Judd, W.R.  1991.  �Underground Opening Damage from
Earthquakes.�  Engineering Geology, 30, (3/4), 263-276.  Amsterdam, [The
Netherlands]:  Elsevier.  TIC:  226268.

156673 Shea, M. 1984.  �Uranium Migration at Some Hydrothermal Veins Near Marysvale,
Utah:  A Natural Analog for Waste Isolation.�  Scientific Basis for Nuclear Waste
Management VII, Symposium held November 14-17, 1983, Boston, Massachusetts,
U.S.A.   McVay, G.L., ed.  26, 227-238.  New York, New York:  Elsevier.  TIC:
204393.

156672 Shea, M. and Foland, K.A.  1986.  �The Marysvale Natural Analog Study:
Preliminary Oxygen Isotope Relations.�  Chemical Geology, 55, 281-295.
Amsterdam, The Netherlands:  Elsevier.  TIC:  251138.

157425 Shepherd, R. 1993.  Ancient mining.  494 pages.  New York, New York:  Elsevier.
On Order Library Tracking Number-251583

156451 Sheppard, R.A. 1993.  �Geology and Diagenetic Mineralogy of the Castle Creek
Zeolite Deposit and the Ben-Jel Bentonite Deposit, Chalk Hills Formation, Oreana,
Idaho.�  Zeo-Trip '93, [An Excursion to Selected Zeolite and Clay Deposits in
Southeastern Oregon and Southwestern Idaho], June 26-28, 1993.  [Mumpton, F.A.,



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-43 April 2002

ed].  Pages 1-13.  [Brockport, New York:  International Committee on Natural
Zeolites].  TIC:  251008.

157507 Shestopalov, V. and Poyarkov, V. 2000.  �Environmental Contamination.�  Chapter 5
of The Chornobyl Accident: A Comprehensive Risk Assessment.  Vargo, G.J., ed.
Columbus, Ohio:  Battelle Press.  TIC:  251266.

107844 Shestopalov, V.M. 1996.  Atlas of Chernobyl Exclusion Zone.  Kiev, Ukraine:
[Kartohrafiia].  TIC:  248100.

126508 Silant'ev, A.N.; Shkuratova, I.G.; and Bobovnikova, Ts.I.  1989.  �Vertical Soil
Migration of Radionuclide Fallout from the Chernobyl' Accident.�  Translated from
Atomnaya Energiya [Soviet Atomic Energy], 66, (3), 221-225.  New York, New
York:  Plenum Publishing.  TIC:  247772.

157578 Simmons, A.M. 2002.  �Scientific Notebooks Referenced in the Natural Analogue
Synthesis Report, TDR-NBS-GS-000027 REV00.�  Interoffice correspondence from
A.M. Simmons (BSC) to File, February 14, 2002, with attachments.  ACC:
MOL.20020311.0230.

157544 Simmons, A.M. 2002.  Natural Analogues.   Scientific Notebook YMP-LBNL-AMS-
NA-1.  ACC:  MOL.19990927.0459; MOL.20000817.0316; MOL.20010713.0016;
MOL.20020204.0265.

157538 Simmons, A.M. 2002.  Scientific Investigation Test Plan for Peña Blanca and Drift
Shadow Zone Natural Analog Studies.  SITP-02-NA-001 REV 00.  [Berkeley,
California]:  Lawrence Berkeley National Laboratory.  ACC:  MOL.20020211.0003.

126511 Simmons, A.M. and Bodvarsson, G.S. 1997.  Building Confidence in
Thermohydrologic Models of Yucca Mountain Using Geothermal Analogues.
Milestone SPLE1M4.  Berkeley, California:  Lawrence Berkeley National
Laboratory.  ACC:  MOL.19970710.0328.

126633 Smellie,  J.A.T., ed. 1998.  MAQARIN Natural Analogue Study:  Phase III.  SKB
Technical Report 98-04.  Two volumes.  Stockholm, Sweden:  Swedish Nuclear Fuel
and Waste Management Company.  TIC:  244013.

126636 Smellie, J.; Chapman, N.; McKinley, I.; Penna Franca, E.; and Shea, M. 1989.
�Testing Safety Assessment Models Using Natural Analogues in High Natural-Series
Groundwaters.  The Second Year of the Pocos de Caldas Project.�  Scientific Basis
for Nuclear Waste Management XII, Symposium held October 10-13, 1988, Berlin,
Germany.   Lutze, W. and Ewing, R.C., eds.  127, 863-870.  Pittsburgh, Pennsylvania:
Materials Research Society.  TIC:  203660.

126645 Smellie, J.A.T.; Winberg, A.; and Karlsson, F. 1993.  �Swedish Activities in the Oklo
Natural Analogue Project.�  [2nd Joint CEC-CEA Progress Meeting of the Oklo
Working Group, Brussels, Belgium, April 6-7, 1992.   von Maravic, H., ed.  EUR



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-44 April 2002

14877 EN].  Pages 131-142.  [Luxembourg, Luxembourg:  Commission of the
European Communities].  TIC:  247581.

156906 Smith, J.T.; Comans, R.N.J.; Beresford, N.A.; Wright, S.M.; Howard, B.J.; and
Camplin, W.C.  2000.  �Pollution, Chernobyl's Legacy in Food and Water.�  Nature,
405, (6782), 141.  [London, England:  Macmillan Journals].  TIC:  251283.

157433 Smith, J.T.; Kudelsky, A.V.; Ryabov, I.N.; and Hadderingh, R.H.  2000.
�Radiocaesium Concentration Factors of Chernobyl-Contaminated Fish:  A Study of
the Influence of Potassium, and �Blind� Testing of a Previously Developed Model.�
Journal of Environmental Radioactivity, 48, 359-369.  [New York, New York]:
Elsevier.  TIC:  251582.

134218 Sobotovich, E.V. 1992.  Radiogeokhimiia v Zone Vliianiia Chernobyl�Skoi AES
(Radiogeochemistry of the Zone of Influence of Chernobyl NPP).  Kiev, Naukova
Dumka, [Ukraine]:  Academy of Sciences of Ukraine.  ACC:  MOL.20000629.0589.

156821 Sobotovich, E.V. and Dolin, V.V.  1994.  �Mechanism of Accumulation of Migration
Forms of 137Cs and 90Sr in Soils of the Near-Field Zone of CHNPP.�  Problems of
Chernobyl Exclusion Zone.  Volume 1.  pp. 55-60.  Chernobyl, Ukraine:
Administration of the Chernobyl Exclusion Zone.  Cataloging

117127 Sonnenthal, E.L. and Bodvarsson, G.S.  1999.  �Constraints on the Hydrology of the
Unsaturated Zone at Yucca Mountain, NV from Three-Dimensional Models of
Chloride and Strontium Geochemistry.�  Journal of Contaminant Hydrology, 38, (1-
3), 107-156.  New York, New York:  Elsevier.  TIC:  244160.

156809 Sorey, M.L. and Lewis, R.E.  1976.  �Convective Heat Flow From Hot Springs in the
Long Valley Caldera, Mono County, California.�  Journal of Geophysical Research,
81, (5), 785-791.  [Washington, D.C.]:  American Geophysical Union.  TIC:  251349.

156816 Sorey, M.L.; Suemnicht, G.A.; Sturchio, N.C.; and Nordquist, G.A.  1991.  �New
Evidence on the Hydrothermal System in Long Valley Caldera, California, from
Wells, Fluid Sampling, Electrical Geophysics, and Age Determinations of Hot-Spring
Deposits.�  Journal of Volcanology and Geothermal Research, 48, 229-263.
Amsterdam, [The Netherlands]:  Elsevier.  TIC:  251348.

156400 Starr, R.C. and Rohe, M.J. 1995.  Large-Scale Aquifer Stress Test and Infiltration
Test: Water Management System Operation and Results.  INEL-95/059.  [Idaho Falls,
Idaho:  Idaho National Engineering Laboratory].  TIC:  250953.

156714 Steefel, C.I. and Lichtner, P.C.  1998.  �Multicomponent Reactive Transport in
Discrete Fractures II:  Infiltration of Hyperalkaline Groundwater at Maqarin, Jordan,
a Natural Analogue Site.�  Journal of Hydrology, 209, ([1-4]), 200-224.  [New York,
New York]:  Elsevier.  TIC:  251162.

156343 Stefánsson, V.  1997.  �Geothermal Reinjection Experience.�  Geothermics, 26, (1),
99-139.  [New York, New York]:  Pergamon Press.  TIC:  250947.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-45 April 2002

156642 Stein, B. and Warrick, S.F. 1979.  Granite Mountains Resource Survey.
Environmental Field Program, Publication 1.  Santa Cruz, California:  University of
California, Santa Cruz.    On Order Library Tracking Number-251328

156686 Steingrimsson, B.; Bodvarsson, G.S.; Gunnlaugsson, E.; Gislason, G.; and
Sigurdsson, O. 2000.  �Modeling Studies of the Nesjavellir Geothermal Field,
Iceland.�  Proceedings of the World Geothermal Congress 2000, Kyushu - Tohoku,
Japan, May 28 - June 10, 2000.   Iglesias, E.; Blackwell, D.; Hunt, T.; Lund, J.; and
Tamanyu, S.; eds.  Pages 2899-2904.  Auckland, New Zealand:  International
Geothermal Association.  TIC:  251140.

154501 Stevens, P.R. 1977.  A Review of the Effects of Earthquakes on Underground Mines.
Open-File Report 77-313.  Reston, Virginia:  U.S. Geological Survey.  TIC:  211779.

117820 Stockman, H.; Krumhansl, J.; Ho, C.; and McConnell, V. 1994.  The Valles Natural
Analogue Project.  NUREG/CR-6221.  Washington, D.C.:  U.S. Nuclear Regulatory
Commission.  TIC:  246123.

100419 Stout, R.B. and Leider, H.R., eds. 1997.  Waste Form Characteristics Report Revision
1.  UCRL-ID-108314.  Version 1.2.  Livermore, California:  Lawrence Livermore
National Laboratory.  ACC:  MOL.19980512.0133.

156614 Strobel, C.J. 1993.  �Bulalo Field, Philippines:  Reservoir Modeling for Prediction of
Limits to Sustainable Generation.�  Proceedings, Eighteenth Workshop, Geothermal
Reservoir Engineering, January 26-28, 1993.  Ramey, H.J., Jr.; Horne, R.N.; Kruger,
P.; Miller, F.G.; Brigham, W.E.; and Cook, J.W., eds.  Workshop Report SGP-TR-
145.  Pages 5-10.  Stanford, California:  Stanford University.  TIC:  246821.

151957 Stuckless, J.S. 2000.  Archaeological Analogues for Assessing the Long-Term
Performance of a Mined Geologic Repository for High-Level Radioactive Waste.
Open-File Report 00-181.  Denver, Colorado:  U.S. Geological Survey.  ACC:
MOL.20000822.0366.

154525 Sturchio, N.C.; Binz, C.M.; and Lewis, C.H., III  1987.  �Thorium-Uranium
Disequilibrium in a Geothermal Discharge Zone at Yellowstone.�  Geochimica et
Cosmochimica Acta, 51, (7), 2025-2034.  New York, New York:  Pergamon Press.
TIC:  249702.

154529 Sturchio, N.C.; Bohlke, J.K.; and Binz, C.M.  1989.  �Radium-Thorium
Disequilibrium and Zeolite-Water Ion Exchange in a Yellowstone Hydrothermal
Environment.�  Geochimica et Cosmochimica Acta, 53, 1025-1034.  [New York, New
York]:  Pergamon Press.  TIC:  249703.

154524 Sturchio, N.C.; Keith, T.E.C.; and Muehlenbachs, K.  1990.  �Oxygen and Carbon
Isotope Ratios of Hydrothermal Minerals from Yellowstone Drill Cores.�  Journal of
Volcanology and Geothermal Research, 40, 23-37.  Amsterdam, The Netherlands:
Elsevier.  TIC:  249710.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-46 April 2002

156253 Sturchio, N.C.; Muehlenbachs, K.; and Seitz, M.G.  1986.  �Element Redistribution
During Hydrothermal Alteration of Rhyolite in an Active Geothermal System:
Yellowstone Drill Cores Y-7 and Y-8.�  Geochimica et Cosmochimica Acta, 50, (8),
1619-1631.  New York, New York:  Pergamon Journals.  TIC:  250863.

156923 Tagami, K. and Uchida, S.  1999.  �Chemical Transformation of Technetium in Soil
During the Change of Soil Water Conditions.�  Chemosphere, 38, (5), 963-971.
[New York, New York]:  Elsevier.  TIC:  251292.

156920 Tarapon, A.G.  2001.  �Reconstruction of the Accident at Chernobyl NPP Using
Models of Heat and Mass Transfer.�  Electronic Modeling, 23, (3), 89-104.  Kiev,
[Ukraine]:  National Academy of Science of Ukraine.  TIC:  251290.

157439 Thomassin, J.H. and Rassineux, F.  1992.  �Ancient Analogues of Cement-Based
Materials:  Stability of Calcium Silicate Hydrates.�  Applied Geochemistry,
Supplemental Issue No. 1, 137-142.  [New York, New York]:  Pergamon Press.  TIC:
251663.

157429 Toprak, V.; Keller, J.; and Schumacher, R. 1994.  �Volcano-tectonic features of the
Cappadocian volcanic province.�  1994 International Volcanology Congress of the
International Association of Volcanology and Chemistry of the Earths Interior.  58
pages.  Amsterdam, The Netherlands:  Elsevier. On Order Library Tracking Number-
251890

101024 Triay, I.R.; Furlano, A.C.; Weaver, S.C.; Chipera, S.J.; and Bish, D.L. 1996.
Comparison of Neptunium Sorption Results Using Batch and Column Techniques.
LA-12958-MS.  Los Alamos, New Mexico:  Los Alamos National Laboratory.  ACC:
MOL.19980924.0049.

100422 Triay, I.R.; Meijer, A.; Conca, J.L.; Kung, K.S.; Rundberg, R.S.; Strietelmeier, B.A.;
and Tait, C.D. 1997.  Summary and Synthesis Report on Radionuclide Retardation for
the Yucca Mountain Site Characterization Project.  Eckhardt, R.C., ed.  LA-13262-
MS.  Los Alamos, New Mexico:  Los Alamos National Laboratory.  ACC:
MOL.19971210.0177.

156350 Truesdell, A.H.; D'Amore, F.; and Nieva, D.  1984.  �The Effects of Localized
Aquifer Boiling on Fluid Production at Cerro Prieto.�  Geothermal Resources Council
Transactions, 8, 223-229.  [Davis, California]:  Geothermal Resources Council.  TIC:
250948.

137577 Tsang, Y.W. and Birkholzer, J.T.  1999.  �Predictions and Observations of the
Thermal-Hydrological Conditions in the Single Heater Test.�  Journal of
Contaminant Hydrology, 38, (1-3), 385-425.  New York, New York:  Elsevier.  TIC:
244160.

157415 U.S. Geological Survey 2000.  Review of the transport of selected radionuclides in
the Interim Risk Assessment for the Radioactive Waste Management Complex, Waste
Area Group 7 Operable Unit 7-13/14.  Administrative Report.  Idaho Falls, Idaho:



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-47 April 2002

Idaho National Engineering and Environmental Laboratory.   On Order Library
Tracking Number-251845

156925 Uchida, S.; Tagami, K.; Rühm, W.; and Wirth, E.  1999.  �Determination of
{superscript 99}Tc Deposited on the Ground Within the 30-km Zone Around the
Chernobyl Reactor and Estimation of {superscript 99}Tc Released into Atmosphere
by the Accident.�  Chemosphere, 39, (15), 2757-2766.  [New York, New York]:
Elsevier.  TIC:  251293.

156945 Uchida, S.; Tagami, K.; Wirth, E.; and Rühm, W.  1999.  �Concentration Levels of
Technetium-99 in Forest Soils Collected Within the 30-km Zone Around the
Chernobyl Reactor.�  Environmental Pollution, 105, 75-77.  [Barking, Essex,
England]:  Elsevier.  TIC:  251333.

157515 Undara Experience 2001.  �Undara Experience: Australia's Accessible Outback.�
Queensland, Australia:  Undara Experience.  Accessed January 30, 2002.
http://www.undara-experience.com.au  Copyright Requested Library Tracking
Number-251752

156398 Unger, A.J.A.; Faybishenko, B.; Bodvarsson, G.S.; and Simmons, A.M. 2002.  A
Three-Dimensional Model for Simulating Ponded Infiltration Tests in the Variably
Saturated Fractured Basalt at the Box Canyon Site, Idaho.  LBNL-44633.  Berkeley,
California:  Lawrence Berkeley National Laboratory.  ACC:  MOL.20020213.0195.

100354 USGS (U.S. Geological Survey) 1998.  Probabilistic Seismic Hazard Analyses for
Fault Displacement and Vibratory Ground Motion at Yucca Mountain, Nevada.
Milestone SP32IM3, June 15, 1998.  Three volumes.  Oakland, California:  U.S.
Geological Survey.  ACC:  MOL.19980619.0640.

157517 USGS (U.S. Geological Survey) 2000.  �Lava Tube.�  Photo Glossary of Volcano
Terms.  Menlo Park, California:  U.S. Geological Survey.  Accessed January 30,
2002.  TIC:  251751.  http://volcanoes.usgs.gov/Products/Pglossary/LavaTube.html

119132 Valentine, G.A.; WoldeGabriel, G.; Rosenberg, N.D.; Carter Krogh, K.E.; Crowe,
B.M.; Stauffer, P.; Auer, L.H.; Gable, C.W.; Goff, F.; Warren, R.; and Perry, F.V.
1998.  �Physical Processes of Magmatism and Effects on the Potential Repository:
Synthesis of Technical Work Through Fiscal Year 1995.�  Chapter 5 of Volcanism
Studies:  Final Report for the Yucca Mountain Project.  Perry, F.V.; Crowe, B.M.;
Valentine, G.A.; and Bowker, L.M., eds. LA-13478.  Los Alamos, New Mexico:  Los
Alamos National Laboratory.  TIC:  247225.

100610 van Genuchten, M.T.  1980.  �A Closed-Form Equation for Predicting the Hydraulic
Conductivity of Unsaturated Soils.�  Soil Science Society of America Journal, 44, (5),
892-898.  Madison, Wisconsin:  Soil Science Society of America.  TIC:  217327.

155042 Vandergraaf, T.T.; Drew, D.J.; Ticknor, K.V.; and Seddon, W.A. 2001.
�Radionuclide Migration in Tuff Under Unsaturated Conditions.�  �Back to the
Future - Managing the Back End of the Nuclear Fuel Cycle to Create a More Secure



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-48 April 2002

Energy Future,� Proceedings of the 9th International High-Level Radioactive Waste
Management Conference (IHLRWM), Las Vegas, Nevada, April 29-May 3, 2001.  La
Grange Park, Illinois:  American Nuclear Society.  TIC:  247873.

105946 Vaniman, D.T.; Bish, D.L.; Chipera, S.J.; Carlos, B.A.; and Guthrie, G.D., Jr. 1996.
Chemistry and Mineralogy of the Transport Environment at Yucca Mountain.
Volume I of Summary and Synthesis Report on Mineralogy and Petrology Studies for
the Yucca Mountain Site Characterization Project.  Milestone 3665.  Los Alamos,
New Mexico:  Los Alamos National Laboratory.  ACC:  MOL.19961230.0037.

157427 Vaniman, D.T.; Chipera, S.J.; Bish, D.L.; Carey, J.W.; and Levy, S.S.  2001.
�Quantification of Unsaturated-Zone Alteration and Cation Exchange in Zeolitized
Tuffs at Yucca Mountain, Nevada, USA.�  Geochimica et Cosmochimica Acta, 65,
(20), 3409-3433.  [New York, New York]:  Elsevier.  TIC:  251574.

157416 Vigil, M.J. 1988.  Estimate of Water in Pits During Flooding Events.  Engineering
Design File BWP-12.  Idaho Falls, Idaho:  EG&G Idaho. On Order Library Tracking
Number-251846

108261 Vilks, P.; Cramer, J.J.; Bachinski, D.B.; Doern, D.C.; and Miller, H.G.  1993.
�Studies of Colloids and Suspended Particles, Cigar Lake Uranium Deposit,
Saskatchewan, Canada.�  Applied Geochemistry, 8, (6), 605-616.  London, England:
Pergamon Press.  TIC:  237449.

156656 Villadolid, F.L. 1991.  �The Applications of Natural Tracers in Geothermal
Development:  The Bulalo, Philippines Experience.�  Proceedings of the 13th New
Zealand Geothermal Workshop, 1991.   Freeston, D.H.; Browne, P.R.L.; and Scott,
G.L., eds.  Pages 69-74.  [Auckland, New Zealand]:  Geothermal Institute, The
University of Auckland.  TIC:  251257.

145806 Villar, E.; Bonet, A.; Diaz-Caneja, B.; Fernandez, P.L.; Gutierrez, I.; Quindos, L.S.;
Solana, J.R.; and Soto, J.  1985.  �Natural Evolution of Percolation Water in Altamira
Cave.�  Cave Science, 12, (1), 21-24.  Bridgwater, United Kingdom:  British Cave
Research Association.  TIC:  247713.

156921 Voitsekhovitch, O.; Prister, B.; Nasvit, O.; Los, I.; and Berkovski, V.  1996.  �Present
Concept on Current Water Protection and Remediation Activities for the Areas
Contaminated by the 1986 Chernobyl Accident.�  Health Physics, 71, (1), 19-28.
[New York, New York:  Pergamon].  TIC:  251291.

127454 Walton, J.C.  1994.  �Influence of Evaporation on Waste Package Environment and
Radionuclide Release from a Tuff Repository.�  Water Resources Research, 30, (12),
3479-3487.  Washington, D.C.:  American Geophysical Union.  TIC:  246921.

151821 Wang, J-M.  1985.  �The Distribution of Earthquake Damage to Underground
Facilities During the 1976 Tang-Shan Earthquake.�  Earthquake Spectra, 1, (4), 741-
757.  [Berkeley, California]:  Earthquake Engineering Research Institute.  TIC:
226272.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-49 April 2002

154297 Weeks, K.R.  1998.  �Valley of the Kings.�  National Geographic, 194, (3), [5]-33.
Washington, D.C.:  National Geographic Society.  TIC:  249629.

156644 Weres, O. and Apps, J.A. 1982.  �Prediction of Chemical Problems in the Reinjection
of Geothermal Brines.�  Recent Trends in Hydrogeology.  Narasimhan, T.N., ed.
Special Paper 189.  407-426.  Boulder, Colorado:  Geological Society of America.
TIC:  251079.

154773 Whelan, J.F.; Roedder, E.; and Paces, J.B. 2001.  �Evidence for an Unsaturated-Zone
Origin of Secondary Minerals in Yucca Mountain, Nevada.�  �Back to the Future -
Managing the Back End of the Nuclear Fuel Cycle to Create a More Secure Energy
Future,� Proceedings of the 9th International High-Level Radioactive Waste
Management Conference (IHLRWM), Las Vegas, Nevada, April 29-May 3, 2001.  La
Grange Park, Illinois:  American Nuclear Society.  TIC:  247873.

156452 Whitbeck, M. and Glassley, W.E. 1998.  �Reaction Path Model for Water Chemistry
and Mineral Evolution in the Altered Zone.�  Chapter 5.3 of Near-Field/Altered-Zone
Models Report.  UCRL-ID-129179 DR.  Livermore, California:  Lawrence Livermore
National Laboratory.  ACC:  MOL.19980504.0577.

156814 White, A.F.  1986.  �Chemical and Isotopic Characteristics of Fluids Within the Baca
Geothermal Reservoir, Valles Caldera, New Mexico.�  Journal of Geophysical
Research, 91, (B2), 1855-1866.  [Washington, D.C.]:  American Geophysical
Research Union.  TIC:  251350.

154530 White, D.E.; Fournier, R.O.; Muffler, L.J.P.; and Truesdell, A.H. 1975.  Physical
Results of Research Drilling in Thermal Areas of Yellowstone National Park,
Wyoming.  Geological Survey Professional Paper 892.  Washington, D.C.:  U.S.
Government Printing Office.  TIC:  235251.

156340 White, S.P.; Kissling, W.M.; and McGuinness, M.J.  1997.  �Models of the Kawareu
Geothermal Reservoir.�  Geothermal Resources Council Transactions, 21, 33-39.
[Davis, California]:  Geothermal Resources Council.  TIC:  250949.

157442 Wieland, E. and Spieler, P.  2001.  �Colloids in the Mortar Backfill of a Cementitious
Repository for Radioactive Waste.�  Waste Management, 21, ([6]), 511-523.  [New
York, New York]:  Elsevier.  TIC:  251666.

156613 Williamson, K.H. 1992.  �Development of a Reservoir Model for the Geysers
Geothermal Field.�  Monograph on the Geysers Geothermal Field.  Stone, C., ed.
Special Report No. 17.  Pages 179-187.  Davis, California:  Geothermal Resources
Council.  TIC:  251066.

156254 Winograd, I.J.  1971.  �Hydrogeology of Ash Flow Tuff:  A Preliminary Statement.�
Water Resources Research, 7, (4), 994-1006.  [Washington, D.C.]:  American
Geophysical Union.  TIC:  217736.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-50 April 2002

127015 Winograd, I.J. 1986.  Archaeology and Public Perception of a Transscientific
Problem�Disposal of Toxic Wastes in the Unsaturated Zone.  Circular 990.  Denver,
Colorado:  U.S. Geological Survey.  TIC:  237946.

110071 WoldeGabriel, G.; Keating, G.N.; and Valentine, G.A.  1999.  �Effects of Shallow
Basaltic Intrusion into Pyroclastic Deposits, Grants Ridge, New Mexico, USA.�
Journal of Volcanology and Geothermal Research, 92, ([3]), 389-411.  [New York,
New York]:  Elsevier Science B.V..  TIC:  246037.

156741 Wolery, T.J. 1979.  Calculation of Chemical Equilibrium Between Aqueous Solution
and Minerals:  The EQ3/6 Software Package.  UCRL-52658.  Livermore, California:
Lawrence Livermore Laboratory.  ACC:  HQS.19880517.2586.

157417 Wolfram, S. 1991.  Mathematica, A System for Doing Mathematics by Computer.
2nd Edition.  Redwood City, California:  Addison-Wesley.  TIC:  251766.

157467 Wollenberg, H.A.; Flexser, S.; and Smith, A.R.  1995.  �Mobility and Depositional
Controls of Radioelements in Hydrothermal Systems at the Long Valley and Valles
Calderas.�  Journal of Volcanology and Geothermal Research, 67, ([1-3]), 171-186.
Amsterdam, The Netherlands:  Elsevier.  TIC:  251861

103731 Wong, I.G. and Stepp, C. 1998.  Probabilistic Seismic Hazard Analyses for Fault
Displacement and Vibratory Ground Motion at Yucca Mountain, Nevada.  Milestone
SP32IM3, September 23, 1998.  Three volumes.  Oakland, California:  U.S.
Geological Survey.  ACC:  MOL.19981207.0393.

102047 Wronkiewicz, D.J.; Bates, J.K.; Wolf, S.F.; and Buck, E.C.  1996.  �Ten-Year Results
from Unsaturated Drip Tests with UO2 at 90°C:  Implications for the Corrosion of
Spent Nuclear Fuel.�  Journal of Nuclear Materials, 238, (1), 78-95.  Amsterdam,
The Netherlands:  North-Holland Publishing Company.  TIC:  243361.

117161 Wu, Y-S.; Haukwa, C.; and Bodvarsson, G.S.  1999.  �A Site-Scale Model for Fluid
and Heat Flow in the Unsaturated Zone of Yucca Mountain, Nevada.�  Journal of
Contaminant Hydrology, 38, (1-3), 185-215.  New York, New York:  Elsevier.  TIC:
244160.

156399 Wu, Y.S.; Liu, H.H.; Bodvarsson, G.S.; and Zellmer, K.E. 2001.  A Triple-Continuum
Approach for Modeling Flow and Transport Processes in Fractured Rock.  LBNL-
48875.  Berkeley, California:  Lawrence Berkeley National Laboratory.  TIC:
251297.

156453 Wu, Y.S.; Ritcey, A.C.; Ahlers, C.F.; Mishra, A.K.; Hinds, J.J.; and Bodvarsson, G.S.
1997.  Providing Base-Case Flow Fields for TSPA-VA:  Evaluation of Uncertainty of
Present-Day Infiltration Rates Using DKM/Base-Case and DKM/Weeps Parameter
Sets.  Milestone SLX01LB2.  Berkeley, California:  Lawrence Berkeley National
Laboratory.  ACC:  MOL.19980501.0475.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-51 April 2002

117167 Wu, Y.S.; Ritcey, A.C.; and Bodvarsson, G.S.  1999.  �A Modeling Study of Perched
Water Phenomena in the Unsaturated Zone at Yucca Mountain.�  Journal of
Contaminant Hydrology, 38, (1-3), 157-184.  New York, New York:  Elsevier.  TIC:
244160.

156280 Xu, T. and Pruess, K.  2001.  �Modeling Multiphase Non-Isothermal Fluid Flow and
Reactive Geochemical Transport in Variably Saturated Fractured Rocks:  1.
Methodology.�  American Journal of Science, 301, 16-33.  [New Haven, Connecticut:
Yale University, Kline Geology Laboratory].  TIC:  251482.

156779 Xu, T. and Pruess, K.  2001.  �On Fluid Flow and Mineral Alteration in Fractured
Caprock of Magmatic Hydrothermal Systems.�  Journal of Geophysical Research,
106, (B2), 2121-2138.  [Washington, D.C.]:  American Geophysical Union.  TIC:
251239.

100194 Yang, I.C.; Rattray, G.W.; and Yu, P. 1996.  Interpretation of Chemical and Isotopic
Data from Boreholes in the Unsaturated Zone at Yucca Mountain, Nevada.  Water-
Resources Investigations Report 96-4058.  Denver, Colorado:  U.S. Geological
Survey.  ACC:  MOL.19980528.0216.

157501 Zetterström, L. 2000.  Oklo, A Review and Critical Evaluation of Literature.  SKB
TR 00-17.  Stockholm, Sweden:  Swedish Nuclear Fuel and Waste Management
Company.  TIC:  249383.

156951 Zhdanaova, N.; Redchitz, T.; Vasilevskaya, A.I.; Vember, V.; Fomina, M.;
Zheltonozhsky, V.A.; Bondarkov, M.D.; Lashko, T.N.; Ukhin, M.A.; Olsson, St.;
Mück, K.; Strebl, F.; and Gerzabek, M.H. 2000.  Interaction Between Biota
Micromycetes and Hot Particles After the Chernobyl NPP Accident and Atomic
Explosions and Investigation of their Influence in Rehabilitating Contaminated Areas,
Final Report.  INTAS-UKRAINE 95-0171.  Seibersdorf, Austria:  Austrian Research
Centers.  TIC:  251553.

156630 Zheltonozhsky, V.; Mück, K.; and Bondarkov, M.  2001.  �Classification of Hot
Particles from the Chernobyl Accident and Nuclear Weapons Detonations by Non-
Destructive Methods.�  Journal of Environmental Radioactivity, 57, ([2]), 151-166.
[New York, New York]:  Elsevier.  TIC:  251077.

138273 Zimmerman, R.M.; Schuch, R.L.; Mason, D.S.; Wilson, M.L.; Hall, M.E.; Board,
M.P.; Bellman, R.P.; and Blanford, M.L. 1986.  Final Report:  G-Tunnel Heated
Block Experiment.  SAND84-2620.  Albuquerque, New Mexico:  Sandia National
Laboratories.  ACC:  MOL.19961217.0085.

100615 Zyvoloski, G.A.; Robinson, B.A.; Dash, Z.V.; and Trease, L.L. 1997.  User�s Manual
for the FEHM Application�A Finite-Element Heat- and Mass-Transfer Code.  LA-
13306-M.  Los Alamos, New Mexico:  Los Alamos National Laboratory.  TIC:
235999.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-52 April 2002

16.2 CODES, STANDARDS, REGULATIONS, AND PROCEDURES

101680 64 FR (Federal Register) 8640.  Disposal of High-Level Radioactive Waste in a
Proposed Geologic Repository at Yucca Mountain, Nevada.  Proposed rule 10 CFR
Part 63.  Readily available.

156671 66 FR 55732.  Disposal of High-Level Radioactive Wastes in a Proposed Geologic
Repository at Yucca Mountain, NV.  Final Rule 10 CFR Part 63.    Readily available.

AP-2.14Q, REV 2, ICN 0.  Review of Technical Products and Data.  Washington, D.C.:  U.S.
Department of Energy, Office of Civilian Radioactive Waste Management.  ACC:
MOL.20010801.0316.

AP-3.11Q, Rev. 3, ICN 1.  Technical Reports.  Washington, D.C.:  U.S. Department of Energy,
Office of Civilian Radioactive Waste Management.  ACC: MOL.20020404.0078.

AP-12.1Q, Rev. 0, ICN 2.  Control of Measuring and Test Equipment and Calibration
Standards.  Washington, D.C.:  U.S. Department of Energy, Office of Civilian Radioactive
Waste Management.  ACC: MOL.20020207.0111.

AP-SI.1Q, Rev. 3, ICN 3.  Software Management.  Washington, D.C.:  U.S. Department of
Energy, Office of Civilian Radioactive Waste Management.  ACC: MOL.20020102.0200.

AP-SIII.1Q, Rev. 1, ICN 1.  Scientific Notebooks.  Washington, D.C.:  U.S. Department of
Energy, Office of Civilian Radioactive Waste Management.  ACC:  MOL.20010905.0138.

AP-SIII.3Q, Rev.1, ICN 1.  Submittal and Incorporation of Data to the Technical Data
Management System.  Washington, D.C.:  U.S. Department of Energy, Office of  Civilian
Radioactive Waste Management.  ACC:  MOL.20020102.0196.

LANL-EES-DP-16, R5.  Siemens X-ray Diffraction Procedure.  Los Alamos, New Mexico:  Los
Alamos National Laboratory.  ACC:  NNA.19920430.0206.

LANL-EES-DP-24, R3.  Calibration and Alignment of the Siemens Diffractometers.  Los
Alamos, New Mexico:  Los Alamos National Laboratory.  ACC:  NNA.19920430.0207.

LANL-EES-DP-56, R4.  Brinkman Automated Grinder Procedure.  Los Alamos, New Mexico:
Los Alamos National Laboratory.  ACC:  MOL.19980626.0230.

16.3 SOURCE DATA, LISTED BY DATA TRACKING NUMBER

145412 GS980908312322.008.  Field, Chemical, and Isotopic Data from Precipitation
Sample Collected Behind Service Station in Area 25 and Ground Water Samples
Collected at Boreholes UE-25 C #2, UE-25 C #3, USW UZ-14, UE-25 WT #3, UE-
25 WT #17, and USW WT-24, 10/06/97 to 07/01/98.  Submittal date:  09/15/1998.



Natural Analogue Synthesis Report

TDR-NBS-GS-000027 REV 00 ICN 01 16-53 April 2002

157569 LB0201YSANALOG.001.  Permeability and Porosity Measurements of Core
Samples from Core Samples at Yellowstone National Park.  Submittal date:
01/25/2002.

157610 LB0202PBANALOG.001.  Stable Isotope Analyses of Pena Blanca Waters.
Submittal date:  02/12/2002.

16.4 OUTPUT DATA, LISTED BY DATA TRACKING NUMBER

N/A


