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INTRODUCTION

The Yucca Mountain site has the potential of being a technically sound loca-
tion for the long-term isolation of high-level nuclear waste. There are a number of
favorable hydrogeologic features associated with Yucca Mountain such as the fol-
lowing:

1) A relatively thick unsaturated zone;

) Low precipitation and high potential evaporation;

)  The presence of zeolitic clays;

4) Long ground-water travel paths to discharge areas; and
) Limited ground-water development.

Most of these features have been measured and quantified with a fair degree of
accuracy.

However, there are a number of hydrogeologic features which have not been
adequately quantified. One of the main reasons for this lack of quantification is
the extreme complexity of the hydrologic system. Ironically, some of this complex-
ity is due in part to favorable hydrogeologic features listed above. The thick
unsaturated zone makes it extremely difficult to collect hydrologic data with
which to quantify the unsaturated and saturated zones. The low precipitation
rate makes it difficult to quantify the recharge flux.

The SCPCD has identified a number of key issues that need to be addressed
for characterization of the -Yucca Mountain site. A variety of complex experi-
ments have been proposed in an attempt to address these issues. Although a lot
of time, money and effort has been spent on characterizing the Yucca Mountain

area to date, there are still many unresolved technical issues.

Since many of the experiments proposed in the SCPCD have never been done
in an unsaturated fractured media, it is impossible to tell if they will be success-
ful. Resuits of these experiments may indicate that new test designs or data col-

lection procedures are needed to address the issues.

Qur approach to reviewing the SCPCD has been to first identify key techni-
cal issues which have not be resolved and to make specific comments associated

with the hydrologic experiments proposed.

The SCPCD does not provide enough detail on these experiments in order to

evaluate the technical aspects of their design. data collection, and analyses
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procedures. A detailed evaluation of the experiments will be needed when the
Work Plans are released.

Specific comments have been made on virtually all studies and activities we
believe to be relevant from a hydrologic standpoint. For the most part, comments
bave been made on the general conceptual design of experiments. In some cases
additional data collection or design changes have been proposed.

KEY TECHNICAL ISSUES

There are a number of key technical issues which have not been adequately
addressed for the Yueca Mountain site, partly because of the difficulty involved in
measuring the parameters needed to quantify the process. Theoretical and practi-
cal techniques with which to quantify flow and transport in an unsaturated frac-
tured medium are only now being developed. The following key technical issues
need to be resolved before travel times and concentration to the accessible
environment can be evaluated: '

1)’ Mechanisms and rates of water flow in the unsaturated zone;

2) Rates and locations of recharge at Yucea Mountain

3) Rates of flow in the saturated zone; |

4) The validity of models to be used in calculating repository performance;

5) The geochemical environmental, especially with regard to the redox environ-
ment.

These key technical issues are further elaborated on in more detail in the following
section.

CONCEPTUAL MODEL FOR UNSATURATED FLOW

The current conceptual model for unsaturated flow developed by the U.S.
Geological Survey (Montazer and Wilson, 1985) assumes that no significant flux of
moisture occurs within fractures. All moisture that enters a fracture is quickly
sucked into the matrix due to the hypothesized high tensions in the matrix.

This conceptual model has never been tested in field or laboratory experi-
ments. Tensions have not adequately been measured in fractures and matrix
materials. There is only one unsaturated borehole near Yucca Mountain (USW
UZ-1) in which an attempt has been made to measure tensions. Tension measure-

ment in this borehole are continuing to decline as the borehole equilibriates to the



natural conditions. Therefore, it is still questionable, based on this limited data, if
the proposed conceptual model is valid.

Only a limited number of measurements of moisture and even fewer of ten-
sion have been made to date in the tuffs. The reliability of these limited data is
open to question. Even when no water is used, drilling may affect the moisture
characteristics of rock through heating and contact with air at a different humi-
dity than the pore air. There is, for example, a large apparent discrepancy
between tension and moisture content measurements in the Topopahr Springs
Member in well H- 1, which was drilled with mist, and in well UZ-1, which was
dry-drilled. With the observed air movement occurring in the mountain, it may
also be difficult to obtain reliable measurements in the shaft. There is concern
that no reliable determination is yet possible of the extent to which samples have
been disturbed by drilling. This concern is particularly serious for tension meas-
urements, because the addition or subtraction of a small amount of water in the
most permeable pores or fractures could greatly change tensions while having very
little effect on the tota] water content of a sample. The plan to observe moisture
potential over long periods in packed-off intervals has promise for overcoming
these difficulties, but its success is not certain and will require careful verification.

Other features which have not been addressed concerning this conceptual
model are the potential effects of fracture coatings and entrapped air. Fracture
coatings and entrapped air can effectively isolate the fracture from the matrix.
Hence, significant fracture flow could occur. Fracture mapping in the exploratory
shaft will help to define the extent of fracture coatings. The potential impacts of
entrapped air limiting imbibition into the mat}rix need to be evaluated experimen-
tally. There are no experiments currently planned to address the problem of
entrapped air.

The anisotropy of both fracture and matrix material needs to be addressed.
At present no one has attempted to define anisotropy in three dimensions. Flow
directions and paths can be significantly influenced by the anisotropy of the frac-
tures and matrix materials. It is not clear in the SCPCD how the anisotropy of
the system will be determined.

Another key parameter that needs to be addressed is the effective porosity of
the fractures and matrix. The effective porosity in the unsaturated zone is a func-
tion of the moisture content and will have to be defined for both gas and water.
A few of the planned activities indicate that this issue will be addressed; however.

there are some serious concerns about how successful this testing will be.




There is a need to define the preferred flow paths in the unsaturated zone.
At present, the conceptual model predicts the flow paths to be within matrix
material, which has not been experimentally demonstrated. In addition, thereis a
need to evaluate the potential impacts of faults on fow paths. Tests are planned
for both the Solitario and the Ghost Dance Faults. The ultimate success of these
experiments is unknown, since not enough details are provided for the experi-
ments. The SCPCD does not present a specific test plan for Ghost Dance Fauit;
rather it states that they are considering a number of different types of tests.

The potential impacts that the natural flow of air through Yucea Mountain
will have on experiments planned for the exploratory shaft will have to be
evaluated. Tests are planned to quantify the potential impacts air flow has had
on drying the rock surrounding USW UZ-8 and USW UZ-6s boreholes. These
tests should be evaluated prior to shaft excavation, in order that the drying effect
can be minimized and accounted for in the exploratory shaft.

The spatizil variability of hydrologic properties has not been adequately
addressed. Spatial variability needs to be addressed in order to accurately address
the potential recharge flux through the repository. The planned installation and
testing of additional unsaturated boreholes will help to quantify the degree of spa-
tial variability; however, it cannot be determined at this time if the number of
boreholes and tests planned will be sufficient.




The presence or absence of perched water needs to be evaluated for Yucca
Mountain. The only test planned to look for perched water is in the exploratory
shaft. This will consist of a visual inspection of the rocks after each mining shift.
A careful evaluation of neutron hole logs can be used to help identify perched
water, but because water saturation in the tuffs is high, very sensitive logging is
required.

The potential success of the tests planned for the unsaturated zome is still
unknown. Numerical models have been proposed to help in the design and
analysis of tests planned for the unsaturated zone. However, many of the numeri-
cal models have not been identified or developed yet. Therefore, there is a serious
concern if the data from the tests can be analyzed.

The conceptual model for the ground-water flow system underlying Yuecca
Mountain is discussed in Section 3.9.3. On p. 3-208 of that section, the following
is stated:

"...hydrologic data from the unsaturated zone at Yucca Mountain are to
be obtained directly only from the explbratory shaft test facility and
from a relatively small number of surface-based boreholes. Conse-
quently, it will be necessary to rely on indirect methods, such as numeri-
cal flow and solute-transport modeling and geostatistical techniques, to
infer the state of the presently existing natural hydrologic system by
interpolating within and extrapolating from a somewhat incomplete set
of field data."”

Yet, later on p. 3-211, a somewhat contradictory statement is made:

“one of the major tasks to be accomplished through the data-acquisition
program at the site...is to collect sufficiently large sample sets to delimit
the uncertainties associated with the quantitative predictions of the
numerical model.”

There are two issues that follow from the above statements: (1) will sufficient and
representative data be collected to validate the conceptual model of ground-water
flow within Yucca Mountain, and {2) will the models be appropriate and sufficient
to analyze and interpret the data?

It is difficult to answer both questions, given the information in the SCPCD.
For the latter question concerning models, it applies to both models for
mountain-scale conceptualization, as well as models used to interpret various tests

(e.g., pressure or tracer tests). The models discussed in Section 3.9.3.4
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(Unsaturated-zone relationships) were simplified and did not consider all of the
processes that are occurring at Yucca Mountain. The models discussed in Section
8.3.1.2.2.9 (Unsaturated-zone flow and transport modeling) are all TBD (to be
determined). Therefore, how the data will be interpreted and what models will be
used to test conceptualizations of Yucca Mountain are issues that are not clarified
in the SCPCD.

RECHARGE ESTIMATES

One of the key technical issues that has not been adequately addressed is the
estimation of past, present, and future recharge flux for the Yucca Mountain site.
A pumber of investigators have developed empirical formulas and estimates of
recharge and have been referenced in the SCPCD; however, no hard data have
been collected to date to substantiate these estimates. The recharge fux for
Yucca Mountain has been estimated by various investigators to range from 2.0 to
10 mm/yr (SCPCD, p. 3-202 to 3-204). This relatively large range of present day
recharge estimates can significantly impact the performance of the repository and
resultant travel time to the accessible environment. Current conceptual models
proposed for Yucca Mountain assume that significant fracture flow will not occur
(Montazer and Wilson, 1985). This is based in part on the assumption that the
recharge flux for the site is less than 0.5 mm/yr and that tensions in the rock
matrix are large. A preliminary analysis of travel times to the accessible environ-
ment by Sinnock and others (1987) indicates that significant fracture flow can
occur if the recharge flux exceeds the saturated hydraulic conductivity of the rock
matrix times the hydraulic gradient. Hence, recharge fluxes larger than 1 mm/yr
can result in significant fracture flow. Therefore, the potential exists with the
current range of recharge fluxes (0.2 to 10 mm/yr} for much higher travel times
through fractures than have previously been calculated based on matrix flow.
Depending on the actual recharge flux rate, the 1000 vr travel-time requirement
may not be met for this site. Hence, a refinement of the recharge estimates are
needed in order to more accurately evaluate the Yucea Mountain site.

The conceptual models presented by the DOE have been evolving away from
steady uniform infiltration toward areal inhomogeneity and intermittence of
recharge. Now it appears (p. 3-194) that "steady-state moisture flow is presumed
to be established in all but a thin. near-surface interval of the unsaturated zone."
It has not been established whether the system is in a steady state. Transient

behavior might be due to major recharge events occurring as infrequently as once

(%]



every 100 or 500 years. The few interpretations to date of temsion vs. depth
profiles have been based on steady-state concepts. If transient phenomena must
be considered, interpretation of such profiles is more complex and very different
conclusions may be reached.

It is generally agreed that estimation of past recharge rates from paleoclimate
reconstructions remains a problem. The water balance modeling approach does
not provide a credible way of making such estimates in the absence of directly
applicable data. Measurement of present-day recharge in the areas with climate
and vegetation similar to past conditions at Yucea Mountain would be more con-
vincing.

Plans to model ground-water regimes under paleoclimatic conditions have
focused on the question of whether the repository will flood. This certainly may be
important with respect to waste package performance. However, a water table
rise"that comes nowhere near the repository could still adversely affect repository
performance. In particular, if the water table below the repository were to rise
into the densely welded Topopah Springs zone, a lateral pathway could be created
for more rapid transport of radionuclides to the accessible environment. It
appears likely that most of the ground water at Yucca Mountain represents
underflow from recharge areas further north. Consequently, the position of the
water table may depend more on recharge conditions to the north than on the
amount of local recharge. If direct evidence cannot exclude a water table rise large
enough to be of concern, then modeling studies would be needed to estimate piu-
vial water tables. These studies would require estimates of pluvial recharge in the
recharge areas at Timber Mouantain and further north.

Flow of perched water to local discharge areas might drastically shorten
migration path lengths. There is some evidence of ancient springs on Yucca
Mountain. More attention to perched water is needed in the palechydrology pro-
gram.

SATURATED FLOW SYSTEM

Several important, unresolved issues that pertain to the saturated zone near
Yucca Mountain exist:

I. Rates of flow in the saturated zone can be estimated several different
ways. One approach is to estimate an average hydraulic conductivity, an average

hydraulic gradient, and an average effective porosity, and calculate a velocity




using Darcy’s Law. The drawback to this approach is that the hydraulic conduec-
tivity varies greatly. Hence, many measurements are needed before a reliable aver-
age can be calculated. Because most of the water will travel along the most
permeable pathways, the average flow velocity will be faster than calculated using
this approach. A second approach is to use computer models to calculate average
flow rates. In the models that have been developed in the past. the boundary con-
ditions (which of necessity have been estimated) drive the model. Aquifer parame-
ters are backed out of the model as the model is calibrated. The values of the
aquifer parameters should be reasonable, reliable estimates, but are directly
influenced by the boundary fluxes (recharge and discharge) used during develop-
ment of the model. Unfortunately, recharge measurements are difficult to make,
except perhaps in eastern Jackass Flats. The recharge estimates used in the
models are based on empirical procedures that do not consider many of the factors
that affect recharge, and on estimates or measurements of discharge. In the
Amargosa Desert, discharge is primarily by evaporation and transpiration rather
than from springs, and therefore the discharge estimates are probably not very
good.

The repository block is generally bound by known and suspected faults or
fracture zones. The relationship between faults and the observed discontinuities
in hydraulic head is not known. It may be possible that on a repository-to-
accessible-environment scale the effect of fractures on ground-water flow can be
evaluated by applying "bulk properties” to the medium (which means that at a
certain scale the medium will respond like a porous medium). But the distribu-
tion of head data suggests that at least some of the faults are affecting the flow
field by acting as independent hydraulic features whose properties cannot be aver-
aged out in a larger-scale conceptual model. The testing program should deter-
mine the hydraulic characteristics of the faults near the repository block. In order
to assess adequately ground-water flow from the repository to the accessible
environment, a testing program by which the hydraulic character and importance
of these faults can be determined is necessary. Such a testing program needs to
include sufficient measurements to delineate three-dimensional variations in

hydraulic properties and/or parameters.

The areal pattern of hydraulic head measurements suggests the existence of
narrow ground-water barriers across which large potential gradients occur, com-
bined with larger regions of very small gradients. However, the complex pattern of

vertical gradients indicates that a two-dimensional, plan-view conceptual model



would not fully explain the flow system. In particular, variations from point to
point in the location of the water table within each of the zones listed above prob-
ably depend on relationships with deeper aquifers as well as on horizontal flow.
Consequently, additional water-table holes, by themseives, will add little to the
understanding of the flow system. A better understanding of the flow regime will
be aided only by more three-dimensional potentiometric information. Such infor-
mation, along with additional chemical and heat-fow data, is essential to cali-
brate a model.

Closely associated with the problem of areal variation is the issue of scale
dependence and definition of a representative elementary volume (REV). Any
geologic medium is extremely variable on a very small scale; hydrogeologists define
an REV as a volume over which small-scale random variation can be averaged.
Ground-water systems are understood in terms of bulk properties, averaged over
an REV, and large-scale variations which can be observed directly and treated as
known trends or discrete features. The difficulty in a fracture-dominated environ-
ment like Yucca Mountain is finding a scale at which to define an REV so that
bulk properties can be measured and used to interpret the flow system. One or
two experiments with 300-ft spacings may not be adequate to establish an REV.,

2. Controls on water levels near Yucca Mountain are not well known. North
and west of the proposed repository, hydraulic gradients are uncharacteristically
high. Beneath and east of the proposed repository, the gradient is very low. The
causes of the high gradient are not known.

The new water-table wells have helped to clarify the potentiometric surface
{and hence probable flow paths) within and surrounding the repository block.
Preliminary analysis of new head data indicates that if wells penetrating beneath
the Tuffs of Lithic Ridge are excluded, then the potentiometric levels fall into
three closely grouped categories: (a) The two wells north of Drillhole Wash have
heads of 1,020 m and 1,029 m, (b) Wells in Crater Flat and some wells on the
crest of Yucca Mountain have heads between 760 m and 780 m, and (¢} The
remaining wells, within most of the repository block and to the east and south,
have heads between 724 m and 732 m. The deeper wells H-1, P-1, and (perhaps)
G-1, all located in area (c), show heads in the “older tuffs" and Paleozoic car-
bonates to be 20 to 50 meters higher in the younger tuffs.

3. Almost all the measurements of head made in the deeper parts of the
saturated zone (below the upper 200 feet) are either short-term measurements

made in packed-off intervals, or are long-term measurements made over long




intervals of open hole. Therefore, the hydraulic head in low=permeability parts of
the boreholes (where 2 long period of time is required for water levels to equili-
brate) is not known. Most of the measurements made in packed-off intervals were
made in conjunction with hydrologic testing shortly after the well was drilied.
The drilling subjected the rock to higher water pressures than it was naturally
subjected to, which would tend to increase the pore pressure in the rock. How-
ever, pumping tests were generally performed after the hole was drilled but before
the packer tests were performed. Therefore, the water levels measured during the
packer tests could be either higher or lower than would oceur naturally, especially

in the lower permeability rocks. Hence, vertical gradients are not well known.

4. The hydrologic testing that has been performed clearly demonstrates the
importance of fractures in the transmission of water in the saturated zone. Map-
ping of fracture orientations both on the surface and in drillholes indicates that
there is a greater number of fractures with an approximate north-south orienta-
tion than with other orientations. The vast majority of the faults also strike
approximately north-south. Therefore, the rock is not isotropic with respect to
permeability. This fact has not been considered in the modeling that has been
performed, or in estimations of flow directions. No aquifer tests have been
analyzed to determine the effects of the fracturing on anisotropy, and few have
been performed. The effect of the anisotropy will be to make the dominant flow
direction much more to the south than has been previously assumed.

Permeable zones in different boreholes occur at different stratigraphic loca-
tions. These zones have not been successfully correlated areally. The degree of
correlation between permeable zones can yield useful inferences about the nature
and degree of large-scale permeability of the rdcks; such interferences are of partic-
ular value when, as in this case, little information on the extent of and the
hydraulie connection between permeable zones is available.

5. Another factor that might affect direction of flow is the presence of the
tuffaceous beds of Calico Hills between the repository area and Fortymile Wash.
Because of its zeolitized nature, the Calico Hills has been assumed to have a low
permeability. Its permeability has only been tested in situ at UE-25b#1, where it
was fairly permeable. However, it may be cut by faults in that drill hole. At the
C-hole complex, the Calico Hills were not very permeable, and tests were not per-
formed because water did not flow from the unit. If the Calico Hills is generally
of low permeability, then it would tend to hinder the movement of water from .

Yucea Mountain toward the Fortymile Wash area.




6. The effective porosity is an important parameter in the calculation of flow
velocities. This parameter is also difficult to measure, and to date, has not been.
Estimates can be made based on estimates of the number of fractures contained in
a certain volume of rock and their estimated apertures. Fracture network models
of flow in fractures indicate that the details of the network are important in
determining flow velocities, and that calculating flow estimates ignoring the net-
work can be misleading. At present, there are no plans to measure the effective
porosity except at the C-hole complex, the location of which was to be near a
minor fault, and which may not be characteristic of either the majority of the
saturated zone, or of rock near the larger faults.

The overall modeling strategy appears to be one of first modeling the regional
flow and then modeling the subregional flow system as a segment of the regional
system. This, in turn, would lead to modeling the repository block and environs
to assess a repository’'s isolation capability. Insufficient data are available con-
cerning Timber Mountain, northern Yucca Mountain, northern Crater Flat, and
the boundary region between Crater Flat and the Amargosa Desert. Further
refinement of the model seems unlikely to be useful without a large amount of
new data from test wells-throughout the extent of the subregional model area.

The regional model alone, for which transmissivities and fluid potentials are
generalized, usually from sparse data, may not provide a sound basis on which to
establish boundary conditions for the subregional or repository flow models. The
boundaries of the current subregional model are mostly in areas for which little or
no hydrogeologic data has been collected and in which the zonation of the regional
mode] ignores geologic comf:lexitiw. Although current data are insufficient to
calibrate a three-dimensional flow model, existing data do indicate a three-
dimensional nature to the NNWSI flow system. Use of a two-dimensional model
alone may lead to inappropriate interpretations and predictions.

AQUIFER TESTS

Numerous aquifer tests were performed in the past in the saturated zone.
With few exceptions, these have been analyzed using a porous media approach
assuming homogeneity, isotropy, and radial flow. The data do not agree well
with these assumptions. First, it is well known that the fractures control move-
ment of water into and out of the boreholes. These fractures are steeply dipping,
so that the radial flow assumptions may be inappropriate. Second, high flow
rates in the fractures close to the well bore may result in nonDarcian flow, and
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errors may also result from ignoring the kinetic term in the calculation of
hydraulic head. Third, because the fractures are steeply dipping, leakage around
packers during the injection tests is more likely to cccur than in layered. sedimen-
tary rocks. If leakage occurs, then the well bores above and below the test inter-
val may behave as constant-head boundaries, a condition not considered in the
mathematical models used to interpret the test results. Fourth, the high pressures
used in the injection testing may have increased fracture apertures, changing the
hydraulic properties during the test.

Careful analysis of the testing results has not been performed. Even though
poor matches to type curves have consistently been observed, there has been little
effort to determine the causes, or to find other approaches to correctly interpret
the data. The published interpretations of the tests should be viewed with skepti-

cism.

An exception to the statement in the previous paragraph is the interpretive
work performed at the C-hole complex. Research has been performed in the past.,
and additional work is planned, to understand the characteristics of the fractured
tuffs, and correctly interpret the test results. When this work has successfully
developed approaches to interpreting the testing data, these approaches should be
used to reinterpret the testing data collected at other sites around Yucea Moun-
tain. Until the reinterpretation is performed, the published results should be used
as indicators, but not measures, of hydraulic properties.

GEOCHEMISTRY

Insufficient effort has been spent on interpreting the chemical analyses and
integrating them with flow analyses. The recent water analyses have been very
extensive - including a large number of trace elements and isotopes in addition to
major element chemistry. Yet there appears to be no comprehensive synthesis of
the information already available on ground-water chemistry. Further, the chemi-
cal analyses are reported virtuaily independently of the hydrologic and geologic
information. Synthesis of all such data is necessary to make the greatest use of
hydrochemical information. Just as rock properties are now being evaluated in
their stratigraphic and structural framework, ground-water geochemistry must be

considered in light of the geologic, lithologie, and hydrologic setting.

Most of the samples are simply pumped from wells and are considered to be
composite samples, However, the water sampled is probably from the most

permeable zone nearest the pump intake so they are not reaily composite samples
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from all the strata that the well penetrates. Even when samples are taken from
intervals, often these intervals are very large (for example, an 1142 m interval in
USW H-1). But even more problematic, it is still not clear how these intervals are
related to hydrology or lithology. One of the most difficult and necessary tasks is
to truly sample water from different tuff strata. Ideally, each individual stratum
that may uitimately be part of the repository or part of the flow path should be
sampled. Presently, there is no indication that waters from low permeability
zones in the tuff have been sampled. This identification of individual water chem-
istries is necessary if they are to be subsequently used in hydrologic modeling of
flow paths, mixing, etec. The possibility exists that the major element chemistry
of individual waters may not be significantly different from each other. Trace ele
ment or isotopic signatures may still be useful in hydrologic modeling. Current
information is inadequate to address the question of the distinction of individual
water chemistries.

Some samples have been taken from different depths in water standing in the
well bore by lowering remotely-opened bottles. These samples will not be any
more specifically tied to the geologic setting than the composite samples will be.
Further, standing water is much less representative of formation water than those
samples obtained at the conclusion of pumping tests or from production wells.
Chemical and biological reactions are likely to occur in the standing water which
would alter its chemical characteristics. In laboratory studies on geochemical
retardation, LANL (1982) has been using an “average" J-13 sample as a reference
standard water. In experiments contacting this J-13 water for three weeks at
ambient temperature with individual tuff samples, the resuitant water chemistry
was observed to change. Most elements changed somewhat compared to the start-
ing composition. In contact with tuff from the J-13 well, the Mg content of the
water decreased noticeably. With tuffs from another hole (USW G-1), the solution
had especially increased Na and decreased Mg and Ca concentrations.

These results should be considered in light of the hydrochemistry of indivi-
dual tuff layers. It may be that the J-13 composition chosen does not represent
formation water of any one of the tuffs chosen for reaction. Then the subsequent
chemical reactions are to be expected. However, it is possible that the water is not
in chemical equilibrium with its host tuff. This condition would make reaction
path modeling extremely complex. Simple mixing or mass balance models (for
example, BALANCE) could not be readily used fer help with hydrologic modeiing.

Temporal chemical variability of water from cne tuff unit does not necessarily




imply that Kinetically-controlled reactions dominate water chemistry: it may in

fact reflect flow-path conditions.

(1)

There is concern about some of the details of analytical methodology:

Filter size. Several investigators have shown the effects of choice of filter size
on the final chemical analysis of dissolved species (Jones and Kennedy, 1974;
LANL, 1982). The species most affected are those likely to be present as fine
colloidal material such as Si, Fe, Al, Ti, and Mn. LANL workers reported
dramatic influence on chemical analyses and recommended use of 0.05 fm
filters. The USGS and EPA standard methodology uses 0.45 fm filter but a
number of recent studies have used 0.1 fm filters (Jones and Kennedy, 1974).
Some standard methodology should be adopted and reported with the
analysis. If comparison of analyses is to be attempted in detail, it is crucial
that standardized sample collection, treatment, and storage routines be fol-
lowed.

Redox potential. Most of the more recent chemical analyses list Eh. Field
emf measurements are notoriously difficult to make. If the aqueous system is
not well poised (adequate amounts of each species of redox couple), then the
emf measurement is probably meaningless. These are fairly dilute waters
(TDS often near 200 mg/L) with low iron contents (often below 0.05 mgL).
Reported Eh’s have been -0.191 to +0.353V for water of pH 7 to 8. There is
concern about the validity of these data., We suggest analytical measure-
ments of Fe? and Fe3t as well 8042-and NOB- and NO2-. Also, a more
careful consideration of possible redox couples might lead to a better under-
standing of the redox potentials of th&g waters. This information may be
very useful when assessing recharge and the open or closed nature of the flow
system. An interesting set of redox data exists for the mopth of daily samples
taken from the Bullfrog layer by LANL. The samples show a dramatic sys-
tematic increase of dissolved oxvgen. Eh, and NO3' with a decrease in the
reduced species NO, .

Analytical quality. [t would be helpful for the laboratories to routinely give
some information about analytical methodologies and quality. Report of the
charge balance for each analysis and duplicate analyses would give an idea
about laboratory accuracy and precision. Also, detection limits for analytical
procedures should be reported. The use of O for reported concentration can

be misleading.
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COMMENTS

The consultation draft of the Site Characterization Plan for Yucea Mountain
is an extensive document providing a glimpse of investigations planned at Yucca
Mountain. The hydrologic parts of the SCPCD were reviewed, and both general
and specific comments are provided.

GENERAL COMMENTS

1) Insufficient information is provided to allow appropriate comments to be
developed. Many of the tests are experimental, and may or may not be successful.
Both test procedures and interpretive methods have yet to be developed.

2) The studies proposed for unsaturated zone characterization may be inadequate.
It appears that insufficient effort is to be spent developing an adequate under-
standing of flow and transport properties in the fractured tuffs. The movement of
waters in the fractures will largely be determined by the amount of water avail-
able, and the rate at which water will move from the fractures into the matrix.
Too little effort is being directed toward this last question. Proper understanding
of this process is critical for predicting travel time through the unsaturated zone.

3) There is a very strong reliance on the use of unvalidated models for the design
of experiments in the exploratory shaft and the interpretation of the resulting
data. The assumptions of these models should be thoroughly investigated.

4) The construction of the exploratory shaft and test facilities will alter the
hydrologic environment, by drying the rock, unless the humidity of the ventila-
tion air is carefully controlled. The drying process will bias the results of the
experiments toward meeting the regulatory criteria for acceptance of the reposi-
tory and may invalidate the characterization process.

3) Collection of water samples and characterization of water encountered in frac-
tures in the unsaturated zone should receive high priority. This is a critical point.
Adequate characterization will probably require temporary cessation of mining
and other activities. These delays should be planned for, and tec ~cal personnel

need to have the authority to immediately stop other activities in the instance
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water is encountered.

6) There is too great a reliance on previous studies of the saturated zone. The
models used for analysis of the hydrologic tests are not appropriate for use in
interpreting most of the testing; there is poor agreement between the type curves
and the data. These tests should be reevaluated in view of knowie:dge to be
gained from the C-hole complex.

7) The SCP shows no work plans directly related to assessing the recharge poten-
tial of the many ephemeral streams which drain to the east off of Yucca Moun-
tain. It is our opinion that these areas have significant potential to produce local-
ized pulses of recharge into the subsurface. Such phenomena suggest that local
fracture flow may dominate in these areas which must be addressed in the travel
time and radionuclide migration analysis. The SCP indicates only extended stu-
dies of Fortymile Wash will be conducted. Although this feature is important to
the overall ground-water hydrology of the site, it will not influence the recharge
rate estimates through the repository environment.

Our recommendation is that detailed studies be conducted in several wash
environments on Yucca Mountain to quantify this important recharge component.

8) The impacts of air and water vapor migration do not appear to be adequately
addressed. These processes may lead to discharge of the radionuclides to the
immediate surface environment. The SCP deals strictly with travel time from the
repository to the saturated ground-water system while ignoring this process.

The possibility of upward vapor migration has been suggested in Montazer
and Wilson (1984) but research does not appear to be proposed to study the
impacts of such processes on gaseous radionuclide migration.

9) The process of dispersion in partially-saturated, fractured tuff has not yet been
addressed in the scientific literature beyond the theoretical phase. The dispersion
process, while reducing the maximum concentration will also decrease the time of

first arrival at the accessible environment.

The impacts of dispersion will therefore reduce the travel time when com-
pared with the bulk ground-water travel-time expressions suggested by the NRC.

Studies should be conducted to study the dispersion process in the unsaturated
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fractured tuffs of Yucca Mountain to determine if theoretical studies completed to
date agree with field results. Additional work will also be needed in code develop-

ment of model transport in both saturated and partially-saturated. fractured tuff.

10) At this time, the study of water and solute movement in fractured rock is in
its infaney and it therefore does not appear scientifically valid to choose one media
approximation over another until further studies have been completed. An EPM
approach may be valid for bulk fluid transport, however discrete {racture models
may be necessary to handle the transport processes of radionuclides. This discrete
approach is being taken by many other countries (Canada, Switzerland, etc.) and
there is no data to suggest that Yucca Mountain will behave in an equivalent
porous-media manner.

11) There appears to be little attention paid to the SCP to the study of
fracture/matrix interactions, specifically studies aimed at understanding the
hydraulic properties at the fracture/matric interface. There appears to be a feel-
ing within the SCP that fluid will move into the matrices in response to capillary
gradients and governed by matrix permeability. Yet we know from other field
sites and core data that many of the fractures are lined with chemical precipitates
or may have radically differing properties than the interstices of the matrix blocks.
It is quite reasonable to assume that these fracture skins will significantly retard
the uptake of fluid {rom the fractures into the matrices. Such behavior will tend
to channelize fluid Bow and will significantly alter any travel-time calculations.

12} The use of traditional soil physics mass balance equations (Richard’s equa-
tion) for high-tension fractured -uff simulation appears tenuous at this time due
to lack of validation. The conceptual model inherent in the Richard's equation
has only been validated in the true sense of the term by 50 years of soil physics
for shallow-soil studies in humid areas,

It has not been applied, however, to the scenarios of Yucca Mountain tuff,
nor was it ever intended to be used for such conditions. As a resuit, the inherent
assumption that the Richard’s conceptual model of flow can be applied is invalid.
Data must be coitlected to show that all of the processes of fluids moving in frac-
tured rocks are inherent within Richard's model before it can be used indiscrim-
inately.
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Several factors, such as wetting front instability, potential non-wetting or
hydrophobic surfaces, and vapor transport, are likely to be occurring at Yucca
Mountain, however, Richard’s equation does not have such processes as its basis.
[t is clear that much more basic research is needed in the study of partially-
saturated fluid flow in fractured rocks before we can apply our traditional models.

13) The SCP states that the model-calibration phase will use either tension or
water content as the calibration criteria, There is no problem with the use of ten-
sion (other than the data are hard to come by), however, the calibration by water
content (or saturation) is erroneous due to the hysterisis problem. At this time,
no data has been presented on the hysteritic behavior of the tuff-retention charac-
teristics. Based upon traditional soil-physics data, we would expect to see
significant hysterisis in the tuff. Such hysterisis leads to multivalued water con-
tent and therefore multivalued permeability data. Such behavior will significantly
alter travel-time estimates.

14) The SCP (as well as the NRC) places emphasis on the disturbed zone as that
zone where intrinsic permeability and effective porosity are altered. For an
unsaturated-zone repository such factors are not relevant. Disturbed-zone criteria
should be based upon aiteration of the relative permeability curves (analogous to
intrinsic permeability) and water retention (analogous to effective porosity).
These data will control fluid, air, and radionuclide transport near the repository
and will provide a much more coherent picture of the affects of disturbance.

The SCP also states that fluid flow and therefore performance will be within
the matrix within the disturbed zome. There is no data to suggest that the non-
isothermal conditions near the repository will lead to only matrix flow. On the
contrary, we expect (but do not know) that fluid flow will be locally fracture-
controlled due to the nonisothermal conditions. Until data is collected, it is
imperative that both fracture and matrix flow be considered within the disturbed
zone.

The fact that the SCP calls for ignorance of this condition appears to be 2

serious flaw in the planned analysis.
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SPECIFIC COMMENTS



SPECIFIC COMMENTS

The following specific comments are presented to clarify the general concerns
expressed previouslv. They are presented in the order encountered in the SCPCD
with specifics relating to the description of the current state of knowiedge,
Chapters 3, 4, and 5 first. Following that are comments on the proposed tests
and analyses as presented in Chapter 8. The final comments are related to the
Performance Assessment sections of the SCPCD.
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Citation: - SCPCD

Chapter: 3.6.2

Page: 3-61 and 3-62

Subject: Relationship among hydrogeologic units
Specific Inf —

This rather short section conciudes that though vertical flow occurs, the pri-
mary regional component is lateral. Additionally, the section concludes that
“detailed definition of localized vertical gradients over the entire hydrogeologic
study area is unnecessary in a regional reconnaissance.”

Dj .

It may be true that lateral flow is the dominant regional flow direction (not
enough back-up information is supplied to support this conclusion). However,
this does not automatically transiate that vertical fluxes are unimportant in
understanding regional flow. Mapping the locations and determining the quantity
of vertical water movement could be necessary for achieving mass balances and
building realistic groundwater-flow models. Unless some other, unreferenced,
information supports the conclusion of this section, we would say that the
approach is flawed and could lead to overlooking the importance of vertical flow
in regional hydrology. Arguments can be made over the degree of "detail”, but
investigations of vertical fluxes across the entire hydrogeologic study area should
be made, not just focused at the Yucca Mountain site. A step in the right direc-
tion will be to construct separate potentiometric maps for the different hydrogeo;
logic units (see comments for 3.6.3, pg. 3-62).
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Citation: SCPCD

Chapter: 3.8.3
Page: 3-62
Subject: Potentiometric Levels

The introductory paragraph states that the distribution of wells is adequate
for the general definition of the regional potentiometric surface, shown on Figure
3-9.

In a basin containing several discrete hydrogeologic units, it is best to con-
struct potentiometric level maps for each unit separately. It can be useful to com-
pare depths to first saturation {water-table maps) that may combine measure-
ments in different units. However, the significance of a map combining poten-
tiometric levels from confined and unconfined units is unclear. This seems espe-
cially risky given that the previous section (3.6.2) states that upward and down-
ward flow occurs. The steep gradients noted in the discussion may only be
artifacts of mixing data from different units.

Another problem with a composite map such as this is that it can mask data
gaps. The adequacy of data coverage will depend on how many wells are com-
pleted in each hydrogeologic unit. If many of the measurements used for Figure
3-9 are from the lower carbonate aquifer, then the distribution of wells may
indeed be good. However, that means that the data density for the volcanic
aquifers could be very poor. Regardless of the distribution of measurements
among the units, the map in Figure 3-9 has some obvious data gaps, e.g., east of
Nye County, which would be good to try and fill.
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Citation: SCPCD

Chapter: 3

Page: 3-62 and 3-76

Subject: Potentiometric levels/hydraulic heads in the saturated zone
Specific Inf .

Effects of subsurface temperatures on potenticmetric levels/hydraulic heads
in the saturated zone

Di ..

On page 3-62, it is stated that in areas of steep hydraulic gradients, thermal
conditions probably do not aflect steep hydraulic gradients significantly. Allusion
is made to "preliminary analyses,” but no reference/analyses are actually provided.
Thermal effects may or may not be important in areas of steep gradients, but
their effects in areas of suspected vertical flow or "gentle” gradients could be
significant. Our calculations have indicated that thermal effects on potentiometric
levels/gradients can be non-negligible. For example, we recalculated the heads in
well UE-25p#1 and found that when the effects of temperature on heads (via the
change in water density) are included, the static water level in the Tertiary rocks
is 14.30 meters lower and that in the Paleozoic rocks is 18.15 meters lower. These
hardly represent "small effects,” especially when one is concerned with calculating
gradients in areas where the potentiometric surface is nearly flat, such as beneath
Yucca Mountain itself. In the case of UE-25p#1, the direction of the gradient is
unchanged, but the corrected head difference is 16.55 meters versus an uncorrected
difference of 20.41 meters. As an aside, on another project we corrected heads in
Areas 19 and 20 (Pahute Mesa) of the Nevada' Test Site and found changes of up

to 15.1 meters in some cases, which indicates that UE-25p#1 is not an isolated
instance.

The implications of this issue are far-reaching: ground-water travel times.
which are a function of head gradients, may be incorrect; the various modeling
results may be incorrect because the models used the hydraulic head {uncorrected)
as the dependent variable instead of the pressure. In addition, the temperature
effects on the hydraulic conductivity/transmissivity values may be significant.
Depth-averaging would not remove the temperature effects, since temperatures can
vary areally and the precentage change in head will not be the same at each
locale. Regional ground-water flow models probably should have used pressures
and permeabilities (or permeability x thickness) instead of heads and hydraulic

23




conductivities (or transmissivity).

We suspect that regional flow will not be dramatically changed by including
the temperature effects on hydraulic head: however, the changes could become
more significant as one goes from the regional to the local scale. [n addition. we
feel the effort should have been made to calculate these effects instead of making

statements that ternperature effects probably are not significant without providing
any justification.
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Citation: SCPCD

Chapter: 3.6.4
Page: 3-64
Subject: Hydraulic characteristics of principal

hydrogeologic units

This section does not comment on the adequacy (quantity or quality) of data,

nor does it refer to a section of Chapter 8 that describes planned work in this
area,

Di .
Though not referenced in this section, the corresponding part of Chapter 8
seems to be 8.3.1.2.1.3.1 This section recommends performing a sensitivity

analysis to determine what additional measurements of permeability, transmis-
sivity, storage, porosity, recharge, and discharge are needed. Section 3.6.4 clearly
identifies some data gaps, e.g., no data from the upper carbonate aquifer and
upper clastic aquitard and data from only one borehole for the lower clastic aqui-
tard. This section (3.6.4) should comment on the adequacy of these data and
should reference a section of Chapter 8 that deseribes a work plan for filling gaps
(not just an “assessment of data needs").
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Citation; SCPCD

Chapter: 3.7.1.2
Page: 3-71
Subject: Model of recharge and discharge

"Although some uncertainty remains on the quantities and distributions of
recharge over the region, the level of uncertainty does not appear significant in
terms of affecting site-specific analyses and interpretations for Yucca Mountain."”

The above statement is gratuitous and does not really make any sense. How
did the author reach this conclusion? What analyses and interpretations are
unaffected? The discussion preceding this conclusion suggests a high degree of
uncertainty that correspondingly reflects great uncertainty in the regional hydrole-
gic model. This is further supported in the first paragraph, pg. 3-72, where the
author states "Modeling studies...have shown recharge to be a highly sensitive ele-
ment of regional flow models...." The offending statement should be struck and
the additional work planned given the respect it deserves.



Citation: SCPCD

Chapter: 3.7.13

Page: 3-71

Subject: Residence times of the ground water
Specific Inf _—

Item #2 on the page gives one age for the valley-fill aguifer. then speculates
on the age of water in the tuff aquitard.

Di _

This seems to be a highly speculative way of determining the age of water in
the tufls, and probably too general, as well. Section 3.6.4 describes the tuffs as
highly variable in hydrologic properties. The age of water sampled in the tuffs
will depend on how much of its flow path was through fractured, transmissive
parts and how much was through tight matrix blocks. Though ages of several
hundred thousand years are not beyond possibility, much younger ages are also
possible, especially given the uncertainties in rock-property data and recharge esti-
mates (cited as supporting slow vertical flow).
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Citation: SCPCD

Chapter: 3
Page: 72-74, 96-102, 111-113, 164-168, 221-223
Subject: Residence times of ground water: regional isotope

hydrology; ground-water recharge during Late Wisconsin time;
carbon-14 evidence; hydrogeochemistry; hydrochemical confirmation of
ground-water behavior (saturated zone)

Effects of mixing on ground-water ages (carbon-14 dating of ground water)
and relationship between decay ages and actual
Di ..

Carbon-14 decay ages of ground water, whether 'raw" or
"adjusted/corrected” are not necessarily equal to the actual ground-water ages. In
order to relate the two ages, a specific mixing model must be specified. Only in
the case of pure piston flow, i.e., no mixing, are the two ages equivalent. Unless
mixing has been accounted for, interpretations based on decay ages can be errone-
ous. The SCPCD seems to recognize that mixing is a factor in converting decay
ages to ground-water ages (page 74), but there are apparently no plans to develop
mixing models for carbon-14 decay ages.
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Citation: SCPCD

Chapter: 3.7.2.2
Page: 3-78
Subject: Ash Meadows subbasin

"It may be desirable to confirm the interpretations with one or more addi-
tional wells with muitidepth head measurements. Plans for collecting additional
data (of) this type are discussed in Section 8.3.1.2."

Di _—
We heartily support the recommendation for multidepth head measurements.

Uanfortunately, we cannot identify any activities in 8.3.1.2 designed to achieve
this.




Citation: SCPCD

Chapter: 3.7.3.1.1
Page: 3-82
Subject: Chemical composition of ground water

Paragraph 1 says "...with suifate, chloride, and fluoride present in concentra-
tions of 0 to 217 mg/l, 14 to 3 mg/l, and O to 10 mg/l, respectively.

i .
Given that the convention used throughout this section is to report values as
low to high, we suspect that the chioride range is incorrect.
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Citation: SCPCD

Chapter: 3.7.3.1.2
Page: 3-01
Subject: Discharge from the tuff aquifer

Based on the linearity of HCO3 vs. Na and Cl vs. Na, White (1978) con-
cluded that water in alluvium could evolve from tuffaceous compositions by con-
centration increases due to evapotranspiration.

Di . .

It will take more than just evaporation to derive the aljuvium concentration
from the tuffs. On the lower plot, it shows Na increasing at about twice the rate
of Cl. If simple evaporation is the only process, they should increase mole for
mole. Evaporation may certainly be going on, but it must be accomplished by
either a Na-enriching or Cl-depleting process, or both. Cl-depletion is difficult to
postulate, thus it is more likely that Na is buidling up in solution faster than CI
due to incongruent dissolution of Na from volcanic glass. White (1979) also
argues that CaCO3 dissolution occurs (increasing Ca in solution) and that SO4
from hydrothermal sources is added.
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Citation: SCPCD

Chapter: 3.7.3.2.1
Page: 3-79
Subject: Regional isotope hvdrology—tuff aquifer

Paragraph 2 discusses the stable isotopic composition of Yucca Mountain
versus Wash samples and states "This is consistent with rainstorm runoff. rather
than snow melt recharge."

Di _—

As no data are presented on stable isotope compositions of either of these
types of precipitation events, the above-quoted statement is highly speculative. In
fact, as evefY description of the Yuceca Mountain samples is prefaced with the
phrase “..otder high altitude, cold continental recharge...”, it appears that the
interpretation was made before any precipitation data were examined.
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Citation: SCPCD

Chapter: 3.7.3.2.1

Page: 3-96

Subject: Regional isctope hydrology—-tuff aquifer
Specific Inf -

The del D/del O-18 data of groundwater beneath Fortymile Canyon is "con-
sistent in isotopic composition with warmer, mid-continental intense rainstorm
runoff that could cause Fortymile Wash to flow. Rare, high-intensity rainfall
events therefore probably currently recharge the shallow tuff aquifer at this loca-
tion."

Di . .
This hypothesis of the recharge mechanism in Fortymile Canyon seems per-
fectly reasonable, but the stable isotopic data presented do not necessarily support
it. The most obvious gap is the absence of stable isotopic data from precipitation
in the area. How can a determination that the Fortymile Wash data are con-
sistent with present-day, heavy summer rainstorms be made when no data on
present-day rainfall is given? The assumption that observed differences in the iso-
topic content of recharging precipitation could be inaccurate. Slight differences in
geomorphology and sediment type can have a large impact on the isotopic charae-
teristics of recharge (Allison et al., 1985). The relative enrichment in heavy iso-
topes noted in Fortymile Wash is also not characteristic of high-intensity rainfall
events. Rainfall events with high total precipitation volumes are characterized by
lighter isotopic compositions relative to normal area rainfall (Gat and Gonfiantini,
1981: Vogel et al., 1963). Indeed, the study by Vogel and others (1963) found
that ground water in the Kalahari Desert replenished by occasional heavy down-
pours contained considerably less deuterium than either area rain or river water.

Central to all of the stable isotope interpretations in the SCP is the concept
that modern water is enriched in heavy isotopes and older ground water is
depleted. This hypothesis is virtually useless without some idea of what the isoto-
pic composition of modern recharge actually is. Even if the concept proves valid.
it cannot be applied blindly to all ground-water samples without taking into
account all of the processes which may have affected the water's isotopic composi-

tion, e.g., type cf precipitation event, mode of infiltration.
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Citation; SCPCD

Chapter: 3.7.3.2.1 and 3.7.4.5
Page: 3-99 and 3-11
Subject: Carbon-14 dating of water in tuff aquifer and

paleohydrology interpretations

These discussions assume that water from the Cenozoic aquifers does not
need correction of apparent C-14 ages.

The assumption that no correction for "dead" carbon is needed could be seri-
ously in error. Certainly these sections should consider other hypotheses in addi-
tion to Claassen’s (1985). Three possible carbon reservoirs exist, in addition to
atmospheric CO2: 1) caliche and calcium carbonate cements and coatings; 2) car-
bonate within the Cenozoic section, including limestone beds and calcite deposits
along fractures and faults; and 3) the regional Paleozoic carbonate aquifer.

While Claassen (1985) assumes that recharging water has an initial radiocar-
bon content equal to 100 pme, other workers in arid to semi-arid lands have
found values of 85-87 pmec (Vogel, 1970; Wallick, 1973). Claassen (1985) argues
that dissolution of caliche is at best a minor factor in development of the chemical
and isotopic characteristics of groundwater in the tuffs. However, Claassen’s evi-
dence is not conclusive. For instance, a reported lack of caliche within the floor of
Fortymile Draw presupposes this as the dominate recharge pathway. The descrip-
tions of surficial deposits in section 1.2.2.3 indicate the pervasiveness of calcium
carbonate in the Yucca Mountain area soils, and thus its availability to go into
solution. Claassen’s del C-13 argument is also equivocal: he assumes that caliche
would have a del C-13 of "0 per mil, similar to marine limestone. Wallick (1973)
reports a mean value of -3.4 +/- 1.3 per mil for the del C-13 of soil carbonates in
the Tucson Basin. Combining the caliche observations with a larger role for
vegetation’s effect on soil could easily have a soil carbonate component. The role
of vegetation, both present-day and during 2 pluvial period, should be carefully
evaluated.

The other two dead carbon sources should also be considered. Though car-
bonates do not comprise a large proportion of the Cenozoic section, they do cecur
(Sec. 1.2.1.2) and could affect a sensitive measurement like C-14. Similarly, the

addition of carbon originating in the Paleozoic carbonates should also be

34




considered. Potentiometric levels indicate possible upward fuxes of water from
the carbonate aquifer to the tuffs.

Another source of possible error in Claassen’s analysis is the assumption that
the C-14 composition of the soil gas is 100 pme. A good discussion of this prob-
lem is given in Section 3.9.5.2 (Hydrochemical Confirmation of Ground-Water
Behavior) where it is pointed out that Yang et al. (1985) found the C-14 concen-

tration in soil gas CO2 to be as low as 34 pme in samples from 368 m below the
surface in the Yucca Mountain area.

In summary, Claassen's C-14 evaluation represents one interpretation (at the
oldest age endpoint). Other interpretations are possible and should be evaluated.

The range in interpreted ages can then be compared with hydrologic flow models
and paleohydrologic interpretations.
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Citation: SCPCD

Chapter: 3.7.3.2.2
Page: 3-102
Subject: Regional isotope hydrology—carbonate aquifer

"The waters show no hydrothermal fractionation and do not resemble
expected modern precipitation.”
Di .

Just what is the expected modern precipitation? Even if data are lacking at
the site, the "expected" value should be stated and justification given for the
choice, e.g., values from nearby areas. Obviously, someone has a guess 2as to what
they think it should be since the entire isotope section is riddled with references to
a present, warmer precipitation signature versus an older, pluvial one. This guess
should be spelled out instead of implied so that it can be eritically evaluated.
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Citation: SCPCD

Chapter: 3.74.1
Page: 3-106
Subject: Lowering of ground-water levels during the

Quaternary Period

Specific Inf .

Para. 3, "Winograd et al. (1985) describe 2 major and progressive depletion in
the deuterium content of ground-water recharge in the Spring Mountains (Figure
3-19) during the Quaternary Period, and the most likely explanation for this is a

decrease in Pacific moisture due to uplift of the Sierra Nevada and Transverse
Ranges."

Di .

"It is recognized that this section is dealing with a longer time period than the
isotope section apparently does (the entire Quaternary rather than about the last
15,000 years). However, the logic set forth in this section contradicts the simple
tenet of the isotope section that "older" ground water will have a depleted, heavy
isotope composition characteristic of high-altitude, cold continental precipitation.
Winograd and others’ hypothesis would work in the opposite direction: older pre-
cipitation would be less depleted in heavy isotopes than would precipitation after
major uplift. The concept of these opposing hypotheses should be recognized in

the isotope section, accompanied by some discussion of the choice of time scale
under consideration.
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Citation: SCPCD

Chapter: 39.1
Page: 3-148
Subject: Baseline monitoring

Figure. 3-28 is a potentiometric-level map constructed with “composite”
values, The method of selection of these values is unclear.
Di .

The choice of values for this map clearly favored "water table" measurements.
For instance, in well UE-25p#1, the value from the Paleozoic carbonates was not
used while the measurement from the tuffs was. However, this method of selec-
tion is not spelled out and is certainly not obvious since the title of the map is
"preliminary composite potentiometric-surface map”, not "water-table map” or
"depth-to-first-water map.”

Beyond this, the method of data selection is still unclear. The map uses the
"ecomposite" measurement for well USW H-1, while it uses the measurement for
the uppermost isolated interval for well USW H-6. The differences between these
measurements are not great, but Sec. 3.9.1.1.2 states that due to the small range
in water-level altitudes, “measurement precision is important for determination of
fluctuations, gradients, and probably flow paths" (p. 3-153). Therefore, small
differences in water levels are considered important. Surely the map's author had
a system for choosing between several values for one well. It should be spelled out
here.
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Citation: SCPCD

Chapter: 3.8.1.1.1
Page: Page 3-148, para, 3
Subject: Unsaturated zone
Specific Inf .

Unsaturated zone measurements
D .

Paragraph 3 indicates that the silica flour used for heat dissipation probes
was dry. It is our understanding that the flour added was at a suction of -1.0
bars, which is fairly wet. See Montazer et al., 1985.
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Citation: SCPCD

Chapter: 3.9.1.2.1

Page: 3-157 through 3-159

Subject: Unsaturated zone
Unsaturated zone measurements

Based upon the data supplied in the SCP, the height above perched water in
UZ-1 of instrument station 15 is 16 meters. If saturated conditions existed at this
depth (387 meters), then it is expected that the psychrometers and HDP's should
register approximately -1.6 bars. Based upon Figures 3-30 and 3-31, matric
potential values ranged from -1 to -5 bars. We believe these data show an expres-
sion of the experimental variability in measuring potentials and the point shouid
be addressed.
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Citation: SCPCD

Chapter: 3.9.1.2.1

Page: 3-160, para. 1

Subject: Unsaturated zone
Equilibrium of instrumentation )

Di .

The SCP states "...instruments have stabilized sufficiently to yield matrie
potential profile...,” indicative of ambient conditions within the host rock. Mon-
tazer (1986) states that the addition of dry sand to borehole UZ-1 may have
caused significant drying of the rock matrix surrounding the borehole thereby dis-
rupting the natural conditions. The low conductivity of the rock mass will
prevent reestablishment of equilibrium conditions for a long period. The
psychrometer readings therefore may be significantly biased toward the dry range
and true ambient conditions may be much wetter.
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Citation: SCPCD

Chapter: 3.8.3.2.2.
Page: 3-200
Subject: Saturated zone

"Significant vertical hydraulic gradients have been observed in only a few
drillholes..."
Di .

While the above statement is true, it is also true that efforts have not been
made to observe vertical gradients in many drillholes. Table 3-24 lists water-level
measurements from 31 wells. Only seven of these wells provide measurements
from individual zones in addition to composite measurements. Of these seven,
three weils exhibited significant gradients (19 to 54 m) between zones and two
others had differences between 1 and 2 meters. UE-25p#l is apparently the oanly
measurement of head in the regional carbonate aquifer in ‘the Yucea Mountain
area.

The last paragraph in this section expresses great uncertainty about whether
water movement is upward or downward ("Yucca Mountain is an area where local
vertical low may be either up or down'). Given this uncertainty and the fact
that significant vertical gradients were observed in almost half of the wells where
vertical gradients were examined, a specific work plan to investigate the magnj-
tude and direction of vertical fluxes is cailed for. The work plan outlined in
8.3.1.2.3.1.2 (Site potentiometric level evaluation) should include this sort of
study. ‘



Citation: SCPCD

Chapter: 3.8.3.3, 3.7.3.2.1, 3.7.3.2.2, 3.7.4.5, 3.9.5.2
Page: -
Subject: Residence times of the ground water; regional isotope

hydrology (tuff aquifer & carbonate aquifer); ground-water recharge
during Late Wisconsin time: carbon-14 evidence; hydro-chemical
confirmation of ground-water behavior (saturated zone)

Snecific Inf ..

Effects of mixing on ground-water ages (carbon-14 dating of ground water)

Di ..

Carbon-14 decay ages of ground water, whether "raw" or "adjusted and/or
corrected,” are not necessarily equal to the actual ground-water ages. In order to
relate the two ages, a specific mixing model must be specified. Only in the case of
pure piston flow, i.e., no mixing, are the two ages equivalent. Unless mixing has
been accounted for, interpretations based on decay ages can be erroneous. The
SCP seems to recognize that mixing is a factor in converting decay ages to
ground-water ages (last paragraph of page 3-228), but there are apparently no
plans to develop mixing models for carbon-14 decay ages. Reference is made to
"...planned use of initial carbon-14 modeling and relative dating along flow paths
to resolve apparent difficulties of interpretation...”, to be described in Chapter 8,

Section 8.3.1.2.3. This approach does not imply the use of mixing models to
obtain ground-water ages.
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Citation: SCPCD

Chapter: 3.9.4
Page: 3-213
Subject: Ground-water velocity and travel time

This section focuses on determining travel times for “expected" fluxes from
the repository disturbed zone.

This orientation is understandable because of the need to show compliance
with the NRC performance objective (10 CFR 60.113(a) (2)). However, velocities
and travel times are also needed for the analysis of release scenarios to determine
compliance with 40 CFR 181. Section 3.9.4 should recognize this additional need
and consider flow times in units that could be involved in unexpected flow paths,
e.g., those induced by human intrusion. These should include, at a minimum.
flow times in the lower carbonate aquifer, and flow in the upper saturated tuffs in
the flow field was perturbed by a borehole connection with a higher potentiometric
level in the carbonates or older tuffs.
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Citation: SCPCD

Chapter: 3.10.1
Page: 3-233
Subject: Summary of significant results

“...there is no evidence that water levels were more than 100 m higher during
the Quaternary Period.”

i oL
The above statement is incorrect. Though not necessarily conclusive, the car-

bonate deposits exposed in Trench 14 can easily be interpreted as spring deposits
reflecting a very high ground-water level.
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Citation: " SCPCD

Chapter: 3.10.1
Page: 3-233
Subject:. Summary of significant results

"The results...indicate that the climatic regime is unlikely to produce water-
table rises over the next 10,000 years that could inundate the repository. This
unlikely scenario is to be examined further.”

Di .

The modeling by Czarnecki (1985) reported in 3.9.8 does suggest (with many
qualifications) the conclusion stated above. However, Section 3.9.3.4
(Unsaturated-Zone Relationships) reports modeling by Rulon et al. (1988) and
Peters et al. (1984} that predicted "steady net infiltration rates (or percolation
fluxes) exceeding values in the range from 0.5 to 1.0 mm/yr would produce com-
plete matrix saturation in the TSw and TCw units after the mountain equili-
brates to the change in flux. These conditions could lead to liquid-water flow
withid the fractures of these units" {p. 3-211). Cazarnecki's model assumes an
infiltration rate of 8 mm/yr. The models being used to simulate water-table rises
do not seem to be consistent enough to warrant confidence in which model is
correct. It would be best to hold open the possibility of large water-table rises
until future studies narrow the range of possibilities.



Citation: SCPCD

Chapter: 3.6.3, 3.6.1.1.2, 3.9.1.2.2, 3.9.3.2.2, 3.9.4.2
Page: —
Subject: Hydrology/potentiometric levels, site hydrogeologic

system--baseline monitoirng-saturated zone; potentiometric
levels-saturated zone:; ground-water travel times

Effects of temperatures on hydraulic heads and related matters
D‘ - .
On page 3-159, paragraph 3, the following is stated:

"However, effects on water levels caused by water-density differences due
to differences in ground-water temperatures among wells probably are
~ small.”

Our calculations indicate that this is untrue. For example, we recalculated
the heads in well UE-25p#1 and found that when the effects of temperature on
heads (via the change in water density) are included, the static water level in the
Tertiary rocks is 14.30 meters lower and that in the Paleozoic rocks it is 18.15
meters lower., These hardly represent "small effects,” especially when one is con-
cerned with calculating gradients in areas where the potentiometric surface is
nearly flat, such as beneath Yucca Mountain intself. In the case of UE-25p#1, the
direction of the gradient is unchanged, but the corrected head difference is 16.55
meters versus an uncorrected difference of 20.41 meters. As an aside, on another
project, we corrected heads in Areas 19 and 20 (Pahute Mesa) of the Nevada Test
Site and found changes of up to 15.1 meters in some cases, which indicates that
UE-25p#1 is not an isolated instance.

The implications of this issue are far-reaching; ground-water travel times,
which are a function of head gradients, may be incorrect; the various modeling
efforts ,e.g., Waddell, 1982; Czarnecki and Waddeil, 1984, may also have produced
incorrect results; and the various potentiometric surface maps may be wrong. The
modeling results may be incorrect because the models used the hydraulic head
{uncorrected) as the dependent variable instead of the pressure. In addition, the
temperature effects on the hydraulic conductivity/transmissivity values may be
significant. Depth-averaging would not remove the temperature effects, since tem-
peratures can vary by area and the percentage change in head will not be the

same at each locale. Regional ground-water flow models probably should have
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used pressures and permeabilities (or permeability x thickness} instead of heads
and hydraulic conductivities (or transmissivity).

We suspect that regional flow will not be dramaticallv changed by including the
temperature effects on hydraulic head: however, the changes could become more
significant as one goes from the regional to the local scale. In addition, we feel the
effort should have been made to calculate these effects instead of making a blanket
statement that temperature effects "probably are small.” This statement should
be justified.
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Citation: SCPCD

Chapter: 3.9.3.3

Page: -

Subject: Recharge-discharge and leakage

Temporal variability of fluid Aux
D ..

The SCP states that high frequency recharge events will quickly be damped
out as they proceed into the unsaturated zone. Inherent in this statement is that
the matrix and fractures quickly come into thermodynamic equilibrium. As
judged by the recent AGU session and interest in macropores, field data does not
support this assumption. In addition, the SCP makes no mention in the sections
concerning feasurement technologies and data as to the “expected” response of
TCP’s or HDP’s to rapid non-equilibrium fracture flow. Significant laboratory
work must be done to estimate the behavior of these traditional instruments to
these flow phenomena.
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Citation: SCPCD

Chapter: 3.9.3.3, 3.7.3.2.1, 3.7.3.2.2, 3.7.4.5, 3.9.5.2
Page: -
Subject: Residence times of the ground water; regional isotope

hydrology (tuff agquifer & carbonate aquifer); ground-water recharge
during Late Wisconsin time: carbon-14 evidence; hydro-chemical
confirmation of ground-water behavior (saturated zone)

Effects of mixing on ground-water ages (carbon-14 dating of ground water)

Carbon-14 decay ages of ground water, whether raw or
"adjusted/corrected,”" are not necessarily equal to the actual ground-water ages.
In order to relate the two ages, a specific mixing model must be specified. Only in
the case of pure piston flow, i.e., no mixing, are the two ages equivalent. Unless
mixing has been accounted for, interpretations based on decay ages can be errone-
ous. The SCP seems to recognize that mixing is a factor in converting decay ages
to ground-water ages (last paragraph of page 3-228), but there are apparently no
plans to develop mixing models for carbon-14 decay ages. Reference is made to
"...planned use of initial carbon-14 modeling and relative dating along flow paths
to resolve apparent difficulties of interpretation...”, to be described in Chapter 8,
Section 8.3.1.2.3. This approach does not imply the use of mixing models to
obtain ground-water ages.
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Citation: SCPCD

Chapter: 3.7.1.2

Page: -

Subject: Model of recharge and discharge
Regional potentiometric surface

D .

A potentiometric gradient is described, Figure 3-10, from the Sheep Range
toward Yucca Flat. Our data from the area suggest that there may be a ground-
water divide between the Sheep Range and the east Desert Range. Therefore, lit-

tle or no water from the Sheep Range flows toward the west as deseribed in Fig-
ure 3-10.
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Citation: SCPCD

Chapter: 4.1.2.5

Page: Page 4-45, para. 1

Subject: Dissolved gas
Dissolved carbon dioxide

D .

All increases in pH from 7.0 to 8.5 can be accounted for by CO2 degassing;
the second sentence implies this. but the third sentence shows a change of 1077 to
10”2 This is clearly a typing error. However, what are the units for these values
(pCO2, CO2(mg/l), % by weight, etc.)? Ground water having an initial pCO2 =
10713 would equilibrate to atmospheric levels (pCO2 = 10"3'5) when left in an
open container.



Citation; SCPCD

Chapter: 4.1.2.6, 8.3.1.2.3.5, 8.3.1.2.3.2.2
Page: 4-46,47; 8.3.1.2-96; 8.3.1.2-335

Subject: Regional radioisotope activity

q -E. I E - .

On page 4-46 of the SCPCD, the statements "Plans for obtaining additional
.data of the concentration of naturally-occurring radionuclides in Yucea Mountain
ground water are outlined in Section 8.3.1.2. These data will provide baseline
values for future reference in monitoring the ground water at Yucca Mountain.”
are made. However, within the relevant sections (8.3.1.2.1.3.5 and 8.3.1.2.3.2.2)
the only plans for further studies are the collection of ground-water samples that
"will be analyzed for standard ionic composition; carbon-14 and tritium, stable
isotopes of .carbon, hydrogen, oxygen, and sulfur; and other inorganic consti-
tuents, as needed. The usefulness and applicability of uranium-series disequili-
brium analyses will be evaluated; if determined to be appropriate, these analyses
will also be done.”

Nowhere within the SCPCD or within the USGS technical procedure manuals
is a process defined for the baseline monitoring of radionuclides susceptible to
transport from the proposed repository.

Di .

A geochronology procedure outlined in technical procedure manual GCP-04
allows for the determination of uranium-234, uranium-238, and thorium-234. '
This, in conjunction with procedures outlined in Chapter 8.3.1.2 and technical
procedures manual HP-11, allows for the determination of tritium, carbon-14,
total uranium concentration, as well as the isotopes listed above. However, an
attempt should be made to analyze for various radionuclides on a periodic basis in
order to establish a baseline monitoring program for future reference. Kerrisk
(1985) is a good treatise on radionuclides that will be present within the reposi-
tory in quantities greater than their respective EPA release rates.




Citation: SCPCD

Chapter: 5
Page: 5-2. para. 2
Subject: Key meteorological data

“Meteorological data have been collected from monitoring stations operated
by the National Weather Service, and at stations on the Nevada Test Site (NTS)
and Yucca Mountain. Key meteorological data that indicate local climate are
temperature, precipitation, and atmospheric moisture, and to a lesser extent, wind
speed and wind direction."”

Di .

The relative importance of meteorologic data to climatic considerations
depends, in part, upon the scale of climatic interest. From 2 regional perspective,
wind direction may be of greater interest because it reflects both aerosol and mois-
ture sources which ultimately determine precipitation growth mechanisms as well
as temporal and spatial distributions of precipitation. On a local scale, wind
directions are altered by topographic features. Local wind directions influence

meso- to microscale climatic norms (precipitation, temperature) in terms of expo-
sure and drainage.
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Citation: SCPCD

Chapter: )

Page: 3-11, para. 2

Subject: Synoptic scale processes
qpeciﬁc [nformation:

"The link between synoptic-scale processes and their effect on site-specific
meteorology is not kmown at this time because the data are not yet available.
The muiti-tower monitoring program implemented at Yucca Mountain (Section
8.3.1.12) is designed specifically to collect data that can be used to characterize the
relationships between site conditions and regional weather systems.”

Synoptic-scale influences on local climate and meteorology have been studied
by Houghton (1969}, but this work seems to have been neglected throughout the

SCP document in discussions of climate. Houghton studied synoptic patterns in

terms of the amount and distribution (temporal and spatial) of Great Basin pre-
cipitation.
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Citation: SCPCD

Chapter: 5

Page: 5-11, para.
Subject: Dominant winds
Specific Inf _

"Predominantly northerly winds prevail because of synoptic influences in the
fall and winter months, but south to southwesterly winds become dominant dur-
ing the spring and summer.”

Di .

Dominant wind directions as measured at ground stations (800 to 850 mb
level) are strongly influenced by local topography and do not necessarily
correspond to synoptic winds measured at the 700 to 650 mb level (mountain-
top). Houghton's (1969) analysis of dominant synoptic wind patterns suggest
that the climatically important winds in winter come out of the west to
southwest, not the north. In summer, the climatically-important winds are sug-
gested to come out of the south to southeast, not the southwest. Sources of pre-
cipitable moisture are significant to understanding modern climate as well as
paleoclimate.



Citation: SCPCD

Chapter: 5

Page: 3-16, para. 3

Subject: Precipitation and atmospheric circulation
patterns

“Precipitation in the Yucca Mountain area is associated with two distinct
atmospheric circulation patterns. The first of these patterns creates winter frontal
passages that are associated with Pacific air masses moving toward the area from
the west. Approximately 50 percent of the precipitation in the vicinity of Yucca
Mountain occurs as a result of these systems during the months of November
through April, even though the entire area lies in the rain shadow of the Sierra
Nevada. The second type of circulation pattern than occurs in the area creates a
secondary peak in precipitation in the late summer (July and August) and is a
result of thunderstorm acitivities."

i .

Houghton (1969) characterized Great Basin precipitation as being derived
from three triggering mechanisms (Pacific, Continental, and Gulf), which he asso-
ciated with six statistically-distinct, synoptie-circulation patterns. In the southern
Great Basin, the summer Gulf component is the dominant seasonal mechanism,
representing in excess of 25 percent of annual precipitation. The Pacific com-
ponent represents only approximately 40 percent of annual precipitation and 50

percent of winter precipitation. The balance of the annual precipitation results
from the Continental component.

Distinctions regarding the origin of air masses (sources of aerosol and mois-
ture) are important to characterization of both modern and paleoclimate because
they determine development of precipitation and subsequent spatial and temporal
patterns.
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Citation: SCPCD

Chapter: 5
Page: 5-20, para. 3
Subject: Thunderstorm infiltration

"Because the repository would be located in the unsaturated zome beneath
Yucca Mountain, evaluation of the long-term ability of the site to contain stored
waste must include a determination of how much of the precipitation falling at
the surface infiltrates as potential recharge to the ground water. While thunder-
storms are significant events and potentially damaging, they occur in the summer
months when soil moisture is low and potential evapotranspiration is high and
thus are not likely to result in significant ground-water recharge (Nichols, 1986).
The most likely events leading to infiltration that exceed soil moisture deficit and
evapotranspiration and could thus lead to percolation through the repository hor-
izon would occur during the winter months."

The contention that summer thunderstorms do not result in significant
recharge is not universally accepted. These events do lead to significant flows in
wash areas which tend to be filled with alluvial materials that have reasonably
high hydraulic conductivity thus permitting significant infiltration during both
the precipitation and runoff events. While summer evaporation rates are high,
there is evidence that suggests that summer transpiration rates for some dominant
plant species in the Yucca Mountain environment may be low. These data sug-
gest that the plants may enter a summer senescent period and do not respond
during that period to changes in soil moisture. Thus, if moisture infiltrated in the
wash environments reaches below the zone of effective evaporation, then it may

have the opportunity to move through the root zone without being transpired.

Infiltration of winter and spring precipitation may reach the root zone during
periods of maximum plant transpiration and thus be consumed before it has the

opportunity to ever reach the zone of saturation (recharge).
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Citation: SCPCD

Chapter: 3
Page: 5-21. para. 5
Subject: Tower-recorded wind directions

"Data from the towers indicate that wind direction is influenced primarily by
two general types of atmospheric activity. First, large-scale pressure systems
govern seasonal variations in wind direction and produce predominantly northerly
winter winds and predominantly southerly summer winds. Secondary to overall
patterns are terrain-induced wind flow patterns and the effects of ground-surface
heating and cooling."

Dj .
Terrain exercises the dominant influence on tower-measured wind directions.
Mountain-top winds. 650 to 700 mb level, (10,000-12,000 ft msl) reflect the
"large-scale pressure systems." These winds, particularly the climatically-
important ones, are dominantly out of the west during winter months. The meas-
ured northerly and southerly tower-wind directions are the result of terrain effects.
Comparison of the winds, both at upper levels and at the surface, during periods
of precipitation occurs with the overall wind data set would provide a better
understanding of the air flow patterns important to the precipitation process.
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Citation: SCPCD

Chapter: 5
Page: 5-25, para. 5.1.1.5
Subject: Upper air data

Wind measurements in Yucca Flat at 5,000 and 6,000 ft msl are character-
ized as "upper air data" and are compared with NTS tower measurements.

It is not surprising that these wind data are similar to the “ground level"
tower measurements since these elevations are within the zone of terrain influence.
While these data are significant and important to transport of ground-released
radionuclides, they are of lesser significance from a climate point of view. From a
synoptic weather perspective these data would be considered "boundary layer” air
rather than “upper” air. The Las Vegas NWS rawinsonde measurements are the
most long-term source of "upper” air data.



Citation: SCPCD

Chapter: 5
Page: 5-88 and 5-105
Subject: Vegetation data and climate

Page 5-88: "1. Comparisons of maps of species distributions with maps of
climatic parameters. Past changes in the species distribution are assumed to

reflect changes in the subjectively- correlated climatic variable. "Modern plant

distributions are poorly mapped in the West, limiting the applicability of this
method." Additionally, without means of assessing whether there is a mechanism

linking the distribution of a given species with a certain parameter, these mapped
comparisons may be misleaading.” (emphasis added)

Page 5-105: "Climatic, steam-flow and vegetational data for the region dur-
ing the past 50 yr are of fair quality and are probably sufficient for modeling
applications...”

Di .

There is an apparent conflict regarding the adequacy of data on vegetation
distribution. A vegetation-climate "transfer function” may provide important
insight and data on past and potential, future climate regimes. If the vegetation
data base is inadequate to accomplish that analysis, then a mapping program
should be included in the Chapter 8 description of investigations. Such a pro-
gram, however, does not appear in the study plan.
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Citation: SCPCD

Chapter: 5

Page: Page 3-1035, para. 3

Subject: Meteorological data network--evaporation
Specific [nf .

"...a comprehensive, site-specific base of meteorological data. The data
should include hourly averages of wind speed, wind direction temperature, and
parameters for the determination of atmospheric stability. Ideally, the data
should cover as long a time period as possible and should include parameters for
comparison with less site-specific but longer-term climatological records {precipita-
tion and relative humidity). The Meterological Monitoring Plan (SAIC, 1985)
(Section 8.3.1.12) provides a means by which this information need can be
satisfied."”

Di o

Chapter 5 discusses several parallel approaches to defining both modern and
paleoclimatic regimes and thus the potential impact of a future climatic change on
the hydrologic performance of the repository. Within the Great Basin, the ulti-
mate "sink” for all precipitation is evaporation. Past pluvial regimes can be
explained through either the precipitation or evaporation process or some combi-
nation of changes in both. The importance of the evaporation parameter is
stressed in discussion in pages 5-42 to 5-54 (Section 5.2.1.2.1). Measured (pan)
and calculated evaporation rates are strongly correlated with latitude because of
solar energy availability, but show wide year-to-year variability that reflects
meteorological conditions. '

While pan evaporation is not a true measure of natural evaporation from
lakes, streams, or soil, it is a direct measure that can be related to the natural
processes. Given the importance of evaporation, it is curious that such direct
measurement has not been included in the meteorological-data network.
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Citation: SCPCD

Chapter: 8.3.1.2 :

Page: 8.3.1.2-38 to 8.3.1.2-67. 8.3.1.2-82 t0 8.3.1.2-106

Subject: Ground-water flow system conceptual model;: ground-water

flow system: regional and sub-regional ground-water flow models

Description of regional ground-water flow system; numerical modeling of
same

An understanding of the regional hydrologic-flow system is quite important.
As stated on page 8.3.1.2-58, this system must be understood to define present
and expected boundary conditions for site unsaturated and saturated ground-
water models and the hydrogeologic setting in which the site occurs. In turn, the
above must be understood to develop travei-time estimates, flow paths and fluxes
in the vicinity of the repository, and the effects of present and future conditions.
In addition (page 8.3.1.2-60), regional ground-water low models will also provide
the direction for future data collection.

The SCPCD obviously recognizes the importance of the regional subsurface
flow system. Pages 8.3.1.2-38 to 67 and 8.3.1.2-82 to 106 provide background
materiaf, rationale, and activities and investigations designed to improve
knowledge of the regional flow system. Recognition is made of the uncertainties
inherent in boundary conditions and other items and some studies. e.g., ET study.
are proposed to mitigate some of these uncertainites. Efforts will be made to
update the regional model of Waddell (1982)‘and the subregional model of Czar-
necki and Waddell (1984) and to construct a two-dimensional, vertical cross-
sectional model and a quasi-three-dimensional, regional ground-water flow model.
Generzl comments will be made on these efforts and some of the apparent incon-
sistencies.

With regard to improvement of the existing regional/subregional models, it is
implied that the basic conceptual model of Winograd and Thordarson (1875) will
be utilized as a paradigm. One of the problems with the entire modeling program
is that there does not appear to be sufficient latitude to explore different concep-

tual models. Although one of the investigations (8.3.1.2.1) has as its objective to

develop a conceptual model of the regional hydrologic system, it remains to be -

seen how much latitude will be utilized. The Waddell model, used as the hasis for
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the Cgzarnecki-Waddell model (and so on down the line), is based on the
Winograd-Thordarson conceptual model. One wonders what results numerical
models would produce if some alternative to the Winograd-Thordarson conceptual
model were used.

As mentioned previously (page 8.3.1.2-60), regional ground-water flow models
will provide a direction for future data collection. However, on page 8.3.1.2-64. it
is implied that no new program of data collection is expected to be needed.

On page 8.3.1.2-101, the document suggests that the vertical component of
flow is minor, as suggested by potentiometric data. However, on page 8.3.1.2-104.
it is implied that a quasi-three-dimensional model is needed because of the
suspected vertical flow in the Yucca Mountain region due to potentiometric
differences.

One activity of interest is the regional three-dimensional hydrologic modeling
(8.3.1.2.1.4.4). With regard to this effort, 2 number of comments can be made.
Initial recharge and boundary conditions for this model will be taken from the
existing Waddell and Czarnecki and Waddell models. Will the "revised" versions
of these models alluded to earlier be used to provide this information? The impli-

“catjon is that the original models will be used. The quasi-three-dimensional model

will be calibrated in the steady-state mode but will be used in part to simulate
conditions suggesting transcience (climatic change, tectonism, future ground-water
development). Will there be any effort to calibrate agaipst transient conditions?
Virtually no information exists on the vertical hydraulic-conductivity distribution
in the region (page 8.3.1.2-105), yet values of this parameter will probably prove
to be important especially in assessing the effects of increased recharge. No exten-
sive program is planned to evaluate vertical conductivities; each unit in the three-
dimensional model will be assumed isotropic. Although the sensitivity of the
model to the isotropy assumption will be evaluated, it is difficult to see why this
important parameter is not given more attention. Although the "quasi” approach
circumvents the lack of vertical hydraulic-conductivity information to some
degree, this information would seem to be very critical to the proper assessment of

certain effects.

The technical procedures for a number of activities (subregional. two-
dimensional, areal hydrologic modeling; subregional. two-dimensional. cross-
sectional hydrologic modeling; regional. hydrologic-system synthesis and modeling;
regional. three-dimensional. hydrologic modeling; conceptualization of regional

hydrologic models) are not specified.
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Citation: SCPCD

Chapter: 8.3.1.2.1.1

Page: 8.3.1.2-67

Subject: Characterization of the meteorology for regional
hydrology

The objectives of this study are (1) to characterize the area surrounding
Yucca mountain in terms of precipitation and its relationship to surface runofi.
with particular emphasis on the Fortymile Wash drainage basin, and (2) to pro-
vide input into the rainfall-runoff model development effort. One activity is
planned to collect the data required to satisfy these objectives.

Di .

To meet the rather bold objectives of this study component., a much denser
continuous rain gage network may be required than what is general proposed in
the SCPCD. There is much variability in the spatial distributior of summer
storm events in this region due primarily to the complex regional topography and
high relative relief. This complexity requires much more spatial coverage. Non-
recording rain gauges are limited in function because they do not measure rainfall
intensity or duration (hyetographs), and thus should be avoided. Rainfall
intensity-duration will be the key measurement in developing rainfall-runoff rela-
tionships or models. Relevant research in determining the optimum rainfall gag-
ing network has been conducted and should be reviewed prior to network design
(Osborne. et al, 1968; Osborne et al, 1971).
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Citation: SCPCD
Chapter: 8.3.1.2.1
Page: 8.3.1.2-66
Subject: Studies to provide a description of the regional
"Additional precipitation gages will be established to support infiltration stu-
dies (Section 8.3.1.2.2.2) and rainfall runoff modeling (Section 8.3.1.2.1.4.3).”
D .

The SCPCD does not address objectives or activities associated with

rainfall-runoff model development. Referenced Section 8.3.1.2.1.4.3 is not in the
SCPCD. Since much of the data collection programs prescribed in the SCPCD
are to provide specific data for the development of the rainfail-runoff model, it is

crucial to present for review the specific activities and parameters.
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Citation: SCPCD

Chapter: 8.3.1.2.1.1.1

Page: 8.3.1.2-67 ,
Subject: Precipitation and meteorological monitoring

The objective of this study is to provide site-specific information on storm
precipitation at, and near, the network streamflow-measurement sites.
Di .

It is unclear why the SCPCD emphasizes the objective of measuring storm
precipitation at and near streamflow-measurement sites. A storm hyetograph
measured at a streamflow measurement site most often is not representative of the
upgradient watershed's hyetograph that will yield streamflow. The rainfall net-
work must be designed to provide a spatially averaged hyetograph for a given
watershed subunit. The stream flow gage station then is coincidentally located at
the outlet of this watershed unit. In this way the rainfall/runoff relationship of
that particular watershed subunit can be developed. Hydrographs of specific
watershed subunits can then be added and compared to the hydrograph recorded

at the basin outlet to further characterize the watershed response to the storm
event,




Citation: SCPCD

Chapter: 8.3.1.2.1.2.1
Page: 8.3.1.2-72
Subject: Surface-water runoff monitoring

Figure: 8.3.1.2-7 (p. 8.3.1.2-76) Site precipitation, streamflow, and proposed
weather stations

Proposed locations for additional precipitation, streamflow, and weather sta-
tions are presented in the SCPCD-Figure 8.3.1.2-7. The SCPCD does not present
a rationale for the design of the instrument networks or the selection of specific
measurement sites. The design of such networks can only be done after a detailed
study of the Yucca Mountain watershed. Specifically, the investigations to select
rain- gage locations should include: 1) Identification of data gaps in the present
rain gage network; 2) field survey of the local physiography to determine rain sha-
dows and higher precipitation areas; 3) general review of seasonal storm paths; 4)
optimization exercise relating rain gage density and location to the centroid of
watershed subunits and location of stream gages {outlet of the watershed subun-
its). The selection of streamflow gages should be coincidental, focusing on cover-
age of major tributaries (watershed subunits) of the Fortymile Wash,
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.1
Page: 8.3.1.2-82
Subject: Assessment of the regional hydrogeologic data needs in the

saturated zone

Specific Inf ..
It is unclear how this activity will be performed.
Di . .

The model by Czarnecki and Waddell (1984) can be used to evaluate the
effect of uncertainty of some parameters on the possible performance of the reposi-
tory. The measurement parameter of sensitivity should be flow velocities in the
ground-water system near Yucca Mountain; the SCPCD does not indicate what
specific parameter will be used. The model is not accurate enough to address
information needs in the vicinity of Yucca Mountain; a detailed, three-dimensional
model which incorporates the dip of the units and their offset across the larger
faults will probably be needed for that task. Preliminary assessments could be

made close to Yucca Mountain, but the results should be considered to be only
tentative.
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.2
Page: 8.3.1.2-83
Subject: Regional potentiometric level studies

This activity pian seems to be the focus for regional potentiometric level stu-
dies (the other regional studies seem to be modeling exercises) and does not
address concerns raised for Chapter 3.6.3.

Di .

This activity plan lacks any evaluation of potentiometric levels in various
hydrogeologic units and resulting vertical head gradients. Though determining
the location of the water table is an admirable goal, it should not be the sole focus
of the potentiometric studies. There should be explicit plans for obtaining poten-
tiometric level data for all of the identified hydrogeologic units. A first step must
be to construct potentiometric level maps for each unit to identify where new data
would be most helpful. Areas where vertical communication between units is indi-
cated should receive special attention.

An additional concern is that the area of the map presented in Figure
8.3.1.2-8 is much smaller than that shown as the "regional hydrologic study area”
and planned model area (as shown in Figure 8.3.1.2-11). It may be that the field
reconnaissance of existing wells will cover the larger area; if so, the study area
map should be presented. Apparently, only two new regional water-level holes are
currently planned. As there appear to be larger data gaps on Figure 3-9 than
where the two new wells are located, some justification of the well location should

be provided.
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.2
Page: 8.3.1.2-83 through -87
Subject: Regional potentiometric level studies
Specifie Information:
Adequacy of the database
D .

From a Yucca Mountain perspective, there are some deficiencies in the
regional potentiometric database. Very little is known about the change in head
in the vertical direction. Hydraulic heads in northern Yucca Wash and north of
Yucea Wash are not known. It is known that a relatively steep gradient exists
between northern Jackass Flat and the confluence of Pah Canyon with Fortymile
Canyon, but details are not known. In the NTS area, steep gradients are associ-
ated with low-permeability rocks, such as the Eleana. Additional head informa-
tion would be useful in identifying the cause of the high gradients observed north
of the repository block (the high gradient between USW G-2 and USW H-1 is a
different issue). Similarly, little is known about hydraulic-head changes in Crater
Flat; measurements are available from VH-1 and VH-2 only. South of Yucca
Mountain, additional data would be helpful. A gravity high is present southwest
of the intersection of US 95 and Nevada highway 29, which may be caused by
shallow Paleozoic rocks; a well in this location may provide more information on
the hvdraulic relationship between the Tertiary and Paleozoic rocks. Certaini)'/,
data should be collected out of any wells in the vicinity of Yucca Mountain, pro-
vided that the data provide further insight.' It may not be beneficial to obtain
geophysical logs or material-property data out of all the holes provided by the
mining company. Performing permeability measurements on cuttings is question-
able. The usefulness of these data should be evaluated before much effort is
expended.

Vertical gradient data should be collected by drilling and completing holes to
different depths, especially close to Yucca Mountain and downgradient from the
proposed repository. Long-term vertical gradient data are lacking, except at USW
H-1. These holes could be sampled for chemical stratification data, and the deeper
holes (with a short screened interval, approximately 50 ft) could provide useful

information on heat flow and rates of water movement.
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A string of shallow holes down Fortymile Canyon between UE-29a#2 and
UE-25WT#15 would be useful in mapping the change in head down the canyon.
(The canyon is mistakenly labeled "Fortymile Wash"” on Fig. 8.3.1.2-8; the wash
begins where the stream enters Jackass Flat.) These data would help understand
the cause of the high gradient.

Temperature logs are useful in interpreting vertical flow directions. However,
caution is urged in interpreting these logs in open holes, because of the transmis-
sive character of the borehole. Zones of upward and downward flow commonly
occur together in the same hole; the locations of these zones may be determined
more by the locations of permeable fractures encountered by the borehole than by
the head distribution in the hole.

Use of a permeability value from a single test can yield misleading conclu-
sions on flow rates. Careful tests and analytical procedures wiil be needed.
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.3

Page: 8.3.1.2-88

Subject: Fortymile Wash recharge study
Specific Inf .

Quantification of recharge on a regional scale is needed to eliminate some of
the uncertainty associated with the regional ground-water fiow model. However,
we question the ability to measure accurately short term, high intensity floods
resulting from periodic storm events.

The significant volume of suspended sediment and boulders contained within
flash floods on the INTS indicates that a fair amount of channel scouring and sub-
sequent redeposition is occurring. With changes in stream channel geometries

after each storm event it will be difficult to establish a calibrated stage-discharge
relation from which channel losses can be calculated.

Neutron holes will also be installed across the channel to track moisture
fronts resulting from these events (SCP, p. 8.3.1.2-89). Controlled experiments
should be conduct to the established the frequency of logging needed to track the
fronts and the sensitivity of the tool. Ponding experiments are also planned in
this activity (SCP, p. 8.3.1.2-89). It is our recommendation that the ponding
experiments be conducted first to help guide in the collection and analyses of data
from the neutron holes traversing the Fortymile Wash channel.
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.4

Page: 8.3.1.2-93

Subject: Evapotranspiration Studies - Franklin Lake playa
Specifie Information:

The evapotranspiration studies planned for Franklin Lake playa may be use-
ful in quantify evapotranspiration in this area. However, the investigator pro-
poses to develop an empirical relation between evapotranspiration and depth to
water (SCP, p. 8.3.1.2-93). It is questionable whether a meaningful empirical rela-
tion can be developed based on these two parameters and applied to other
discharge areas.

Di . |

This activity involves obtaining measurements of evapotranspiration using
eddy-correlation and Bowen ratio techniques, for correlation with depth to water
in the Amargosa Desert. It is unciear from the SCPCD when these measurements
will be made, or how frequently. This information is critical in assessing the
approach. Multiple measurements are necessary because of the strong probability
that unsteady-state conditions exist, resulting in changes in the amount of water
stored in the unsaturated zone between the water table and the land surface.
Data collected by Czarnecki (1987) from the Franklin Lake playa indicate that the
moisture content in the unsaturated zone changes with time. He calculated that
the ET rate changes by as much as a factor of 6 over time at some sites on the
playa. Therefore, multiple measurements will be necessary.

A third approach that should be investigated for evaporation measurements
is the use of a cuvette, which provides a "direct” measurenient of evaporation, by
measuring the increase ip humidity inside a closed container placed temporarily on
the ground.

Although used to estimate depth to water, geophysical approaches alone may
lack the accuracy needed {or this type of study. They should not be relied upon

without confirmatory measurements in boreholes.

The investigators acknowledge that other factors will influence evapotran-
spiration rates such as soil texture, plant type and density, and that these will be
considered in the analysis (SCP, p. 8.3.1.2-93). Accurate estimate of evapotran-
spiration will also be dependent on meteorological parameters such as wind speed,

humidity, solar radiation. etc.. which will need to be factored into the




envirfonmental settings. Hence, based on the stated approach to this study, we

feel the empirical relation developed from this activity will only be applicable at
this location and cannot be apply in other areas.
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Citation: SCPCD
Chapter: 8.3.1.2.1.3.5
Page: 8.3.1.2-96
Subject: Regional hydrochemical tests and analyses
This plan lacks any reference to analyzing the ground water for radionu-
clides. |
Di ..

There is no mention is this section of analyzing the samples for naturaily-
occurring radionuclides (other than for ground water dating purposes). The
regional and site hydrochemistry programs should include as a task the characteri-
zation of groundwater with regard to both natural and anthropogenic radionu-
clides. The data generated by this task can fulfill several objectives: establishing
levels of radionuclides in the ground-water environment prior to the arrival of
waste, aiding in identifying differing hydrochemical facies and ground-water chem-
ical reactions, and applying the data as analogs (or perhaps in some cases as
direct comparisons) for the transport of waste nuclides by area ground water.

The above comment also applies to Sec. 8.3.1.2.3.2.2 “Hydrochemical Charac-
terization of Water in the Upper Part of the Saturated Zone at the Site."
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Citation: SCPCD

Chapter: 8.3.1.2.1.3.5

Page: 8.3.1.2-96

Subject: Regional hydrochemical tests and analyses

There are apparently no plans to collect data on the stable isotopic composi-
tion of precipitation.

i —

Neither this section nor the precipitation-data sections (8.3.1.2.1.1.1 and
8.3.1.12) mention the collection of precipitation samples for chemical and isotopic
analysis, The maximum amount of information and certainty in interpretations
cannot be acheived from the stable isotope analyses planned in this activity and
- in 8.3.1.2.3:2 (Site Saturated Zone Hydrochemisfry) and 8.3.1.2.2.8 (Unsaturated
Zone Hydrochemistry) without also gathering stable isotope data from precipita-
tion. As noted in Sec. 3.7.3.2.1 (Regional Isotope Hydrology), the collection and
stable isotopic analysis of rainfall and snow samples “will contribute significantly
to an improved interpretation of this system" (p.3-99). In addition, unsaturated-

zone techniques such as chloride profiling would benefit from major ion analyses of
precipitation.
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Citation: - SCPCD

Chapter: 8.3.1.2.1.3.5 (also applies to 8.3.1.2.3.2,
8.3.1.5.2.1.2. and perhaps others)

Page: 8.3.1.2-96

Subject: Carbon-14 dating of ground water

The discussion of isotope hydrology in Chapter 3, as well as the plans in the
above-referenced sections, considers the carbon-isotope systematics of only the
ground-water system, neglecting the need for data from socil gas and carbonates.

The appropriate analyses seem to all be included in the SCP, but they are
located in several different programs. For instance, 8.3.1.2.2.8.1 (Gaseous-Phase
Chemical Investigations) contains plans to sample soil gas for radiocarbon and
stable carbon isotope ratios. Section 8.3.1.5.1.4.3 (Surficial Deposits Mapping of
the Yucca Mountain Area) includes plans for carbon and oxygen isotopic analysis
of secondary carbonates. However, the sections dealing with ground-water
radiocarbon studies neglect to discuss the soil gas and carbonate work as being
necessary to the proper interpretation of the ground-water data. Some cross-
referencing between these plans would be prudent to ensure that the required data
are available to all those who need it.



Citation: SCPCD

Chapter: 8.3.1.2.1.3.5

Page: 8.3.1.2-95 through -97

Subject: Regional hydrochemical tests and analyses
Completeness of analyses and use of data

Di ..

The description lists parameters that will be determined and methods for
interpreting the data. The methods for collection of the samples are not men-
tioned, nor are the locations to be sampled. Information on dissolved oxygen or
redox indicators apparently is not being collected, and should be. Samples should
be collected in a manner to preserve the redox state. Information on vertical
changes in chemistry needs to be collected.

Flow rates are commonly calculated based on C-14 data. It will be impor-
tant to determine flow paths independently. Perhaps more important is investi-
gating whether diffusion of C-14 into the rock matrix from the fractures oeccurs.
If so, flow rates will be greater than would be calculated on the basis of the data
themselves (without accounting for matrix diffusion).

There is no discussion about collection of field duplicates, splits, or other
standard QC approaches. Technical Procedure NWM-USGS-HP-23. R1 may
include this discussion, but probably does not. Sending samples tc more than one
lab for laboratory comparison should also be done periodically.
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Citation: SCPCD

Chapter: 8.3.1.2.1.4

Page: 8.3.1.2-97 through -98

Subject: Conceptualization of regional hydrologic low models
Applicability of model

Di .

The regional ground-water flow model by Waddell certainly requires an
update. New data in the vicinity of Yucca Mountain clearly point out some .
inadequacies in the model, developed in 1980 and 1981. The model should be
updated, but should not be overextended. However, the model is two-dimensional
and may be inadequate for accurately describing flow in the Amargosa Desert area
and to Death Valley. It wi’' be important to look at vertical flow, especially into
or out of the Paleozoic rocks found at fairly shallow depth near Yucca Mountain.
The possibility of underflow from the Ash Meadows area, beneath the Amargosa
Desert, into the Furnace Creek Wash area should be investigated, at least as far
as determining if it could be important in terms of modeling radionuclide tran-
sport near Yucca Mountain. The model of Waddell should be used to integrate
the currently existing data, but its assumptions should be revisited.

g0



Citation: SCPCD

Chapter: 8.3.1.2.1.4

Page: Begins on page 8.3.1.2-97

Subject: Regional hydrologic system synthesis
Activity: Conceptualization

Discussian:

As in section 8.3.1.2.2.10.1, this section implies that no conceptual model
exists for the saturated or unsaturated zone. This is absurd since a conceptual
model is described in detail in Sec. 3.9.3, titled "Ground-Water Flow Systems
Conceptual Model." Although See. 3.9.3 carefully points out that conceptual
models must be continually tested and revised, Chapter 8 indicates that a single
model will be formulated and adopted. No clear provision is made for flexibility
of the model, or careful consideration of alternative models. It is suggested that
the SCPCD take its own advice and specifically include a plan for updating the
conceptual model, and for exploring alternatives. The apparent rigidity of the
SCP is a serious problem. '
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Citation: SCPCD

Chapter: 8.3.1.2.14

Page: 8.3.1.2-99

Subject: Regional hydrologic system synthesis
Activity: Sub-Regional 2-D Model

Discussion:

This is an important and necessary step in the characterization process. but
the SCP does not recognize the probable degree of uncertainty in the results of
this activity. Mention is made of the new results of Czarnecki (1987) in the
Amargosa Desert, and these results illustrate an important point. A few "holes of
opportunity’ demonstrated that our understanding of the regional hydrologic sys-
tem is extremely poor. Czarmecki now believes that discharge from the Yucca
Mountain system is one-third to one-half the value used in his original model
(Czarnecki and Waddell, 1984). Incorporation of this reduced discharge in the
Sub-Regional Areal model will lead to profoundly different results than previous
models. Nomne of the parameters of this activity are well-known today, nor are
they likely to be well-known; therefore, the results of this activity must be clearly
acknowledged.

An assumption inherent in this type of model is that flow is strictly horizon-
tal, and the thickness of the flow zone is constant. Since no accurate cross section
of the area has been constructed, the validity of this assumption is unknown. It
is clearly an oversimplification, and the influence of vertical flow, changes in
aquifer thickness. and thermal buoyancy effects may be significant. The potential
influence of these processes must be evaluated before the model results can be con-

sidered realistic.

An unfortunate fact in regions of limited data is that flow modeling might be
calibrated, i.e., models can match the current known data. but generally cannot
be validated (tested with a data set not used for calibration). The work proposed
in this activity is justified. as long as the resuits are recognized to be strictly

qualitative, and highly uncertain.




Citation: SCPCD

Chapter: 8.3.1.2.1.4.2
Page: . 8.3.1.2-99 through -100
Subject: Subregional two-dimensional areal hydrologic modeling
Specific Inf . .
Incorporation of anisotropy
Discussion:

Previous models have not adequately addressed the effects of anisotropy of
hydraulic conductivity. Czarnecki and Waddell (1984) investigated the effect of
anisotropy on model calibration assuming that the model was correct in all
aspects except the degree of anisotropy, but did not attempt to change model
zonation or boundary conditions. They did not investigate the effect on direction
of flow. Fracture orientation data suggest that the rocks are anisotropic, although
no field tests have been performed and analyzed to measure permeability in
different directions. Anisotropy can have a large effect on flow directions, and

hence calculations of transport directions and interpretations of geochemical data.
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Citation: SCPCD

Chapter: 8.3.1.2.1.4

Page: 8.3.1.2-101

Subject: Regional hydrologic system synthesis
Activity: 2-D Cross-Sectional Model

Di _—

Many of the comments made for 8.3.1.2.1.4.2 apply to this activity as well.
First and foremost, an accurate geologic cross section must be made for this
activity to produce meaningful results. A basic assumption of this type of model
is that no flow occurs into or out of the cross section; for this reason the section is
oriented along stream-lines predicted by the areal model. As discussed above, the
areal model, and therefore the predicted geometry of streamlines, is highly uncer-
tain. In fact, the streamline illustrated in Fig. 8.3.1.2-11 is probably invalid in
view of Czarnecki's Amargosa Desert resuits. Once again, this is 2 necessary
activity, and the uncertainty is unavoidable, but it must be acknowledged. The
uncertainty is clearly pointed out in this particular section. Why isn't it
emphasized in any of the other modeling sections?
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Citation: SCPCD

Chapter: 8.3.1.2.1.4.3
Page: 8.3.1.2-101 through -103
Subject: Subregional two-dimensional cross-sectional hydrologic
modeling
Selected cross section, and assumption of isotropy
Di .

Development of a cross-sectional model is needed. However, development of
such a model on this scale may not provide much useful information because of
the lack of three-dimensional head data and 2 poor understanding of the distribu-
tion of Paleozoic rocks and other deposits beneath the Amargosa Desert. A less
intensive approach, and one that may be appropriate in view of the gaps in data,
would be to prepare detailed geologic sections along the chosen line. incorporating
known head data.

The line of the section should be reevaluated after performing calculations on
the effects of anisotropy. The flow path from Yucca Mountain will probably be
more southerly, rather than southeasterly toward Fortymile Wash.

This section could then be used to guide development of cross-sectional
models in more detail, concentrating on Yucca Mountain and the nearby areas.
Several such models should be developed. Particle-tracking approaches might be
used in both the plan-view and cross-sectional models.
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Citation: SCPCD

Chapter: 8.3.1.2.1.4.4

Page: 8.3.1.2-103

Subject: Regional three-dimensional hydrologic modeling

Area of model, conflict between the models, and sensitivity analyses
Di .

The area to be modeled is not discussed, but presumably is about the same
as the subregional models discussed in other sections of the SCPCD. The amount
of detail planned for the model is unspecified. The relationship of this 3-D model

with the 2-D areal and cross-sectional models is unclear. Which model will control
decisions concerning the site?

Vertical discritization is needed not omly for including layers of different
lithology, but for numerical accuracy. Sensitivity of the model to the number of
layers, even if of the same properties, should be performed. Because of the great
deal of uncertainty about the properties of the underlying layer, the vertical con-
ductivities of the layers, and the hydrologic heads present in the lower iayer, care-
ful sensitivity analyses should be performed, with perhaps several different models
developed to test different hypotheses. It is well known that calibration of a
model to available data does not ensure that the model is correct. When data are
not available, many different interpretations are possible, and the consequences of
these interpretations should be investigated. |
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Citation: SCPCD

Chapter: 8.3.1.2.1.4
Page: 8.3.1.2-103
Subject: Regional hydrologic system synthesis
Specific Inf .
Activity: 3-D Saturated-Zone Models
Di .

Since this activity will be based on the 2-D model results, it will suffer from
all of the problems discussed previously. Objective 2 of the activity {to estimate
hydrologic properties where they are unknown) is extremely risky with this kind
of model, and is in reality a trial-and-error aproach to parameter estimation.
Apparently, reasonable values may be obtained, but their validity is unknown.
As above, this model may be calibrated, but validation using a separate data set
is very unlikely. '

(p.105, para. 2) Assumption of isotropic hydraulic conductivity is uamrealistic in
fractured rocks (see Rulon et al. (1986) for more reasonable treatment).



Citation: SCPCD

Chapter: 8.3.1.2.2.1.2
Page: 8.3.1.2-125
Subject: Natural infiltration analyses

Specifie Information:

The second activity, analyses of natural infiltration, will primarily depend on
the use of neutron access holes to measure the unsaturated zone moisture content
and to track moisture fronts. !

Discyssion:

Neutron logging may not be able to detect water moving in fractures. First,
the neutron access holes would have to penetrate preferential flow paths that may
be present within the fracture planes. Second, the neutron tool will have difficulty
detecting a relatively thin layer of water in a fracture, especially if the saturation
of the matrix is high. Finally, the rate of movement is likely to be rapid, so that
frequent logging will be necessary. Hence, data from the neutron access holes will
have to be evaluated with these potential problems in mind and the limitations
they place on the conclusion drawn from them.
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Citation: SCPCD

Chapter: 8.3.1.2.2.1.2
Page: 8.3.1.2-125
Subject: Tritium Profiling

"Tritium profiling studies will determine flow velocities averaged over approx-
imately the last 30 years by analyzing bomb-produced tritium concentrations in
core obtained from representative neutron access holes."

Di .

The water collected from core for tritium profile analyses will be almost
exclusively from the rock matrix. The absence of post-bomb water will not be
proof that recent recharge and water movement along the fractures has not

occurred. Conversely, the rapid movement of gas in the fractures provides a
mechanism for contamination of the matrix water with post-bomb tritium.
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Citation: SCPCD

Chapter: 8.3.1.2.2.1.3

Page: 8.3.1.2-134

Subject: Double ring infiltrometry measurements and ponding tests.
Specific Information:

"Ponding tests that measure infiltration rates over approximately the upper
15 ft of unconsolidated surficial materials will be conducted at the same locations
as double-ring infiltrometry measurements."”

Di _—
The use of these methods to establish maximum infiltration rates in surficial
materials is appropriate, as long as air entrapment is accounted for; however,
these tests will not address infiltration in areas with limited surficial material.
Precipitation directly on fractured rocks can result in rapid infiltration.

Another objective of the ponding tests is to ascertain the relative importance
of fracture versus matrix flow. The use of neutron access holes to track moisture
fronts in the fractured bedrock will be doubtful for reasons discussed previousty
(Chapter 8.3.1.2.2.1.2). Hence, the potential for successfully tracking moisture
fronts through the fractured bedrock is doubtful. A dye will be added to the
ponded water, such that preferential flow paths can be visuaily identified at the
completion of the study. The mining of the fractured rock below the ponding
sites may provide the data to quantify the accuracy with which moisture fronts
were actually identified through the neutron holes.
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Citation: SCPCD

Chapter: 8.3.1.2.2.1.3
Pages: 8.3.1.2-134 to 135
Subject: Small- and Large-Plot Rainfall Simulations
Specific [nf .
None
Di .

These simulations will be useful in establishing the potential recharge flux
given different rainfall intensities. Limited details are provided on the test design
and instrumentation therefore, it is difficult to comment on the planned tests.
One good aspect of this study is that an attempt will be made to quantify natural
infiltration in control plots adjacent to the artificial plots. This will be the first
time that real data have been collected on natural infiltration adjacent to Yucca
Mountain. However, there is concern about the plan to locate these sites adjacent
to the ponding sites and the potential for interference from lateral spreading of
water.
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Citation: SCPCD

Chapter: 8.3.1.2.2.3.1
Page: 8.3.1.2-140
Subject: Matrix hydrologic properties testing

"Matrix hydrologic property measurements will be conducted on consolidated
geologic rock samples only."
D .

The laboratory hydrologic property measurement activity has been designed
to collect unsaturated and saturated hydrologic property data on the porous
matrix material, while no attempt has been made to coilect unsaturated hydrolo-
gic property data on fractures. Determination of unsaturated hydrologic properties

for fractures has been ignored, in part because of the difficulty in making these
measurements and in obtaining good fracture samples.

There is a proposed activity in the exploratory shaft study to collect four or
five fracture samples for hydrologic and solute transport property analyses. The
collection of fracture property data from the shaft is important; however, fracture
property measurements are needed prior to the collection of fracture samples from
the exploratory shaft, in order to test the USGS/DOE proposed conceptual model
for flow in the unsaturated zone. Most of the activities planned for the explora-
tory shaft are designed based on the USGS/DOE conceptual model. Prototype
festing of this conceptual model prior to the mining of the shaft may identify the
need for additional studies and data collection in the shaft.

Therefore, samples of fractures should be collected from either shaliow exea-
vations or rock outcrops for prototype hydrologic testing. Fracture samples from
core will tend to be unsuitable for hydrologic testing because of their limited size.
Data from these fracture samples should then be used to evaluate the USGS/DOE
conceptual model for the unsaturated zone and hydrologic tests planned for the
exploratory shaft.
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Citation: SCPCD

Chapter: 83.1.2.2.3.2
Page: 8.3.1.2-149
Subject: Site vertical borehole studies

Approximately 17 additional boreholes are planned for unsaturated testing in
this activity. Tests planned for this activity include:

1) Single-hole gas permeability tests;
Cross-hole pneumatic tests;

Gas-tracer diffusion tests;

)
)
4) Long-term monitoring, similar to UZ-1:
) Vertical seismic profiling (VSP); and
)

Fluid-injection tests.

Unsaturated zone testing and data collection, such as was proposed in this
activity, are needed near the proposed 'repository location. However, a major con-
cern for hydrologic testing in this area is the in- situ condition of the fracture and
matrix material as a result of gas and moisture discharges from UZ-6 and UZ-6S.
Work by Weeks (1987) indicate that a significant drying out of the rock around
UZ-6 and UZ- 65 has occurred since they were drilled in September 1984. An
evaluation should be made concerning the potential impacts this drying will have
on the proposed hydrologic tests. In addition, the potential for open boreholes to
act as pathways for gas and moisture flow needs to be minimized in the design
and implementation of these proposed tests.

The gas tracer diffusion tests will be influenced by the flow of air and mois-
ture to open boreholes. Therefore, test intervals will have to be isolated from
barometric and elevation effects to reduce the potential for air flow.
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Citation: SCPCD

Chapter: 8.3.1.2.2.3.3
Page: 8.3.1.2-169
Subject: Solitario Canyon Horizontal Borehole Study.

"It is recognized that the hydraulic properties of the fault zone may vary
from unit to unit, but the principal investigation effort will be focused on the
Topopah Spring unit because it is the proposed repository host rock".

Di .

It is difficult to evaluate the specific test and analyses to be performed on this
fault zone, because of the limited information provided. The difficulty of drilling
and instrumenting a 300 m horizontal borehole will be much greater than previ-
ously encountered at the site. Therefore, new techniques may have to be
developed for instrumenting and testing this hole from those previously used. We
ciuestion the feasibility of installing a horizontal borehole across the Solitario
Fault zone. [t may be better to install vertical boreholes on both sides of the
fault to perform crosshole testing.

94



Citation: SCPCD

Chapter: 8.3.1.2.2.4.1
Page: 8.3.1.2-182
Subject: Intact-fracture tests in the exploratory shaft facility

The first activity proposed under the exploratory shaft program is the collec-
tion and hydrologic testing of fractured rock samples. This will be the first
attempt at measuring fracture flow properties for the tuffs.

Laboratory tests planned for the intact-fracture samples include standard
unsaturated property measurements for the matrix material; the fractures will
have injection tests for two-phase flow properties, tracer column tests, flow chan-
nelization tests and stress permeability measurements.

Di .
"The design of the ESP hydrologic tests is principally based on the initial

conceptual unsaturated-zone hydrologic model for the site..." (SCPCD, p. 8.3.1.2-
177)

A quantification of fracture hydrologic properties is an integral part of
characterizing unsaturated and saturated flow for Yucca Mountain., A conceptual
model has been proposed by the USGS {Montazer and Wilson, 1984) for unsa-
turated flow; however, this conceptual model has never been verified. Yet, the
design of tests proposed for the exploratory shaft are based on this conceptual
model. Hence, there is a need to collect fractured tuff samples and obtain data on
hydrologic properties of the fractures to test this conceptual model prior to the
tests proposed for the shaft. Depending on the results of these tests, there may be
a need to modify the test design or add new tests to the exploratory shaft pro-

gram.

Limited information is provided on the actual tests planned for the fractured

tuff samples. Therefore, we are unable to comment on this aspect of the activity.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.2
Page: 8.3.1.2-193
Subject: Infiltration in the exploratory shaft facility

"The objective of this activity is to determine the hydrologic conditions that
control the occurrence of fracture and matrix flow.”

i .

Infiltration tests in the exploratory shaft facility have the potential of provid-
ing valuable in-situ data on fracture and matrix flow within the Topopah Spring
unit. However, it is not clear from the information provided in the SCPCD how
the experiment will be run, how the hydrologic properties will be measured, or
exacily how the analysis will be performed.

The current design plans calls for the installation of nine horizontal and four
vertical boreholes. The nine boreholes will be drilled in three different horizontal
layers with boreholes on one side instrumented for long-term monitoring and the
boreholes on the other side will be used for logging and tracer detection. It is not
clear from the information provided how the central set of boreholes will be
instrumented for data collection. The infiltration tests will be conducted at
different flow rates; a tracer will also be added to the sand and the concentration
breakthrough- monitored in the boreholes. The data analysis will be performed
with the use of three-dimensional, variability saturated transport computer codes.

It is not clear from the information provided how the stated objective for this
activity will be met. In order to determine the conditions that control the
occurrence of fracture and matrix flow, tensions in both the matrix and fractures
have to be measured. The SCPCD states, "Fracture flow will be assumed to have
occurred when discrete fractures in the middle row of boreholes show significant
difference in water potential from that in the matrix." (SCPCD, P. 8.3.1.2-197).
Yet, the techniques for measuring the water potential of a fracture have not been
developed or presented. A determination of when fracture flow occurs and under
what conditions is the most critical part of this experiment. The success or failure
of this experiment will depend on making these measurements.

The use of three horizontal boreholes per layer appears to be insufficient for
detecting fracture flow. The high potential for channelization within the fracture

planes may result in boreholes missing the preferential flow path. Therefore, an
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increase in the number of boreholes will increase the potential of detecting fracture
flow.

Also, it appears that only one side will be instrumented for long- term moni- -

toring, where as the other side will be used for logging. We recommend that addi-
tional boreholes be instrumented for measuring matric potential across the
infiltration site, rather than relying on data from just one side since the system
has a high potential of being both anisotropic and heterogenecus over this test
volume. The heterogeneity and anisotropy needs to be measured and incorporated
into the analysis of the data.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.3
Page: 8.3.1.2-209
Subject: Bulk-permeability test in the exploratory shaft facility

Data collected from the bulk-permeability tests "will be used in 2 mathemati-
cal model (TOUGH) that simulates two-dimensional gas flow in nondeformable
porus media" (SCPCD, p. 8.3.1.2-215).

Di .

The tests being proposed under this activity will be testing individual frac-
tures and fracture sets within the immediate vicinity of the test room. It is not
anticipated that fracture sets within this volume will respond as an equivalent
two-dimensional porous media; yet a two-dimensional porous media model has
been proposed to analyze the results. We recommend that a three-dimensional
fracture flow models be considered for the analysis of the test data.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.3
Page: 8.3.1.2-210
Subject: Bulk-permeabiiity test in the exploratory shaft facility

"Modeling and prototype testing will be used to approximate the minimum
distance that will be required to avoid interference with adjacent activities."”
Di .

The use of models and prototype tests to predict the minimum distance to
avoid interference is appropriate; however, instrumentation of key fracture and
fracture sets in adjacent working areas should be considered as an addiiional
check to verify the model and prototype results. If the fracture system is well
connected to adjacent workings, appropriate boundary conditions will have to be
included in the data analysis or the test conditions will have to be modified. It
would be a mistake to assume that interference effects are not present in the data,
strictly based on the results of modeling and prototype testing with no additional
data for verification.

In addition, the double-bulk head proposed for the access drift may not be
sufficient for isolating it from the bulk-permeability tests. It may be necessary to
seal the wall surfaces of the entire access drift with an impermeable membrane,
similar to that proposed in the infiltration room.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.3

Page: 8.3.1.2-213

Subject: Bulk-permeability test in the exploratory shaft facility
Specific Iof .

"A gaseous tracer will be injected into some of the packed-off intervals, and
its arrival time will be measured at the outflow point to determine the effective
porosity of the system."

i ..

The proposal to use a gas tracer in conjunction with the bulk- permeability
tests to determine the effective porosity of the system is good in concept; however,
the collection and analysis of data from this test will be extremely difficult and
may be of Tittle practical use. First, it will be necessary to identify all potential
discharge points for the tracer in order to measure a ¢concentration breakthrough
curve. Second, if the data could be collected and analyzed, the effective porosity
value would only be applicable to gas and will be highly dependent upon the

moisture contents of the matrix and fracture material. Small changes in moisture
" content can result in large changes in effective porosity. Hence, the applicability
of a gas effective porosity value for unknown moisture conditions is questionable.
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Citation: SCPCD

Chapter: 2.3.1.2.2.4.3
Page: 8.3.1.2-213
Subject: Bulk-permeability test in the exploratory shaft facility

"These tests may be repeated to determine the reliability of the procedure

and the permeability changes caused by the variability of the moisture content in
the rock."

!NSC”SS'IQIJ.

It is not clear with the information provided how the initial moisture content
of the rock will be determined and how the moisture content will be quantified for
subsequent permeability tests. In order to quantify the reliability of the pro-
cedure, it will be necessary to know if changes in permeability are a result of
changes in moisture content or hysteresis in the test procedure.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.4
Page: 8.3.1.2-225
Subject: Radial borehole tests in the exploratory shaft facility

There are two primary objectives for this activity.

1) To detect vertical movement of water in both the vapor and liquid forms
and to evaluate the potential for lateral movement of water along the hydrogeolo-
gic contacts."”

"“2) To evaluate the radial extent of shaft excavation effects on the hydrologic
properties of unsaturated hydrogeologic units.”
Disenssion:

It is highly questionable if the second objective stated for this activity can be
accomplished. It will be difficult to analyze the tests to determine changes in per-
meability and moisture content as a result of mining. First, the air-injection tests
will tend to dry the rock units, increasing the permeability as a result of changes
in moisture content. Second. the presence of the shaft will affect the boundary
conditions associated with the air injection tests. Sections of the shaft that are
grouted will tend to act as a no-flow boundary while the ungrouted portion will
act as a time-dependent constant head. Hence, the permeability of the fractured
rock will change as new fractures are exposed to the shaft and others are sealed.
Therefore, changes in the permeability of the rock units as a result of mining ha\;e
the potential of being overwhelmed by changes in moisture and boundary condi-
tions. It will be very difficult to separate thé changes in permeability as a result
of mining from changes in the test conditions.

Not enough information is provided to evaluate the first objective. It is not
clear how the potential for the lateral movement of air and water along hydrologic
contacts will be detected in the cross-hole tests. The SCPCD (p. 8.3.1.2-228) indi-
cates that these tests will be conducted after long-term monitoring is completed.
Data from USW UZ-1 indicates that years may be required for the hydrologic sys-
tem to equilibrate. Perhaps it might be better to conduct the cross-hole tests

before long-term monitoring.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.5

Page: 8.3.1.2-236

Subject: Excavation effects test in the exploratory shaft facility
ngciﬁc [nformation:

The objective of this activity is to measure stress and permeability changes
as a result of excavation and lining of the shaft.

Discussion:
As was stated in the radial borehole test activity, it may be difficult to detect

changes in permeability of the rock adjacent to the shaft because of changes in

moisture contact and boundary conditions.
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Citation: SCPCD

Chapter: 8.3.1.2.2.4.6

Page: 8.3.1.2-241

Subject: Calico Hills test in the exploratory shaft facility
None

Di .

The Calico Hills tests have not been carefully thought out pending a decision
on whether to penetrate the unit. Basically, the tests planned for this activity
consist of single borehole packer air- injection tests and limited cross-hole testing
with air and water. There is a brief discussion of injecting water into the Ghost
Dance fault and monitoring the breakthrough in deeper boreholes. However, the
SCPCD, (p. 8.3.1.2-244) states that the results of this test may be inconclusive.

The movement of water through the Calico Hills is very important to charac-
terize. Unless fracture flow can be conclusively proven to not occur, credit for
long travel times and retardation should not be allowed. A careful examination of
the Calico Hills is needed.
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Cltation: SCPCD

Chapter: 8.3.1.2.2.4.7

Page: 8.3.1.2-246

Subject: Perched water tests in the exploratory shaft facility
Specific Informagion:

"Aquifer tests will be conducted from the exploratory shaft to determine the
extent, yield and hydraulic coefficients of the perched water zone."
D; .

The most important data to collect if perched water is encountered is a water
sampleter sample for chemical analysis and age dating. Performing an aquifer
test by inserting a small diameter screen into the shaft wall will provide little use-
ful data if the test could be performed. The most likely scenario is that perched
water will be flowing into the shaft from a number of intersecting fractures
planes, such that the insertion of a well screen will do little to concentrate the
flow. It will be important to isolate the zones of discharge, such that changes in
water pressure and water quality can be monitored with time (several years). If
longer term monitoring indicates the perched zone is extensive, specific aquifer
tests might be designed to investigate the zone. However, drying up the 2omne by
draining or pumping it may decrease the moisture content at greater depths,
which would bias the investigations toward acceptance of the site.
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- Citation: SCPCD

Chapter: 8.3.1.2.2.4.8
Page: 8.3.1.2-248
Subject: Hydrochemistry tests in the exploratory shaft facility

One objective of this activity is to "determine the flow direction, fAux and
travel time of water in the unsaturated zone by isotope geochemistry techniques”,
Di . .

In the objectives of this activity it is stated that the flow direction will be
determined from isotope geochemistry techniques. The description of the activity

(SCPCD, p. 8.3.1.2-249) goes even farther and states that flow paths can be deter-
mined from isotope ratios.

Because of the complex nature of ground-water flow in unsaturated, fractured
rock, it will be difficult to interpret the data (assuming the data can be collected).
The use of isotope data to determine the age of recharge water will have to
account for the potential for isotope exchange as a result of natural air flow
through the mountain {Weeks, 1987). In addition, it is not clear how the data
will be corrected for contamination resulting from the shaft ventilation. All dril-
ling gases will have a SI'6 tracer added to it; however, it does not appear that the
shaft ventilation will have a tracer gas added to it. Variable flow rates (fracture
vs. matrix, different fracture apertures, etc.) may make interpretation difficult.
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Citation: SCPCD

Chapter: 8.3.1.2.2.5.1

Page: 8.3.1.2-252

Subject: Diffusion tests in the exploratory shaft facility

"The objective of this activity is to determine in situ the extent to which
monitoring tracers diffuse into the water-filled pores of two of the tuffs {Topopah
Spring welded unit and Calico Hills nonwelded unit) that the exploratory shaft
will pepetrate,”

Di .

The diffusion test proposed under this activity has both theoretical and prac-
tical problems associated with it. The Topopah Spring and Calico Hill tuffs are
unsaturated in the exploratory shaft; this is contrary to the stated objective of
testing water-filled pores. As a result of the pores being unsaturated, there will be
two forces acting on the aqueous tracer solution: 1) a gravity head which will
drive the aqueous tracer solution vertically, and 2) a suction head present in the
unsaturated matrix. The combined effect of these two forces will overwhelm the
diffusivity coefficient that they are attempting to measure.

A second theoretical problem with the test is that a diffusivity coefficient for
the unsaturated zome cannot be measured by the introduction of an aqueous
tracer. The diffusivity coefficient is a function of both the molecular diffusion of
the solute and the tortuosity of the porous medium. In the unsaturated zone the
tortuosity is a function of both the matrix material and moisture content. Hence.
the diffusivity coefficient in the unsaturated zone changes as the moisture content
changes. In the saturated zone the diffusivity ccefficient is a constant, since it is

not a funetion of the moisture content.

A practical problem associated with the test is the identification of nonfrae-
tured section of the borehole through the use of a television iog. It will be
difficult to identify micro-fractures with a television camera log. It would be

better to obtain continuous care for visual inspection.
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Citation: SCPCD

Chapter: 8.3.1.2.2.6

Page: 8.3.1.2-254

Subject: Characterization of flux within the Paintbrush nonwelded unit
in the vicinity of the Ghost Dance fault

A detailed plan has not been developed to test the Ghost Dance fault: how-
ever, ideas are being presented to test this fracture.
D N

We agree that the fault zone should be investigated. At a minimum a series
of neutron holes should be installed through the fault, such that higher moisture
contents can be detected. The potential for success of installing an infiltration

experiment Wwould be highly dependent upon the design of the test. Hence, this
activity will have to be evaluated once more detailed plans are developed.
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Citation: SCPCD

Chapter: - 8.3.1.2.2.7
Page: 8.3.1.2-257
Subject: Characterization of gaseous-phase movement in the unsaturated
zone
None
Di .

The gaseous-phase movement activity is one of the more important studies to
be conducted. The study is ambitious with the type of experiments to be con-
ducted. It is not clear how the analysis will be performed for some of the experi-
ments. As is the case for most of the experiments in fractured rock, it is usually
easier to conduct the experiment than it is to analyze the resuits.

The SCPCD states that gas phase modeling will be used to help interpret the
resuits. The use of the USGS HST code to model the water vapor and gaseous
radionuclide transport from Yucca Mountain is proposed. This code may be a
good first approach at looking at the data; however, it has not been demonstrated
that the {ractured tuff can be represented as a porous media at this scale.

One important assumption that needs to be evaluated in this work is
whether a porous media model is appropriate at the Yucea Mountain scale. The
SCPCD (p. 8.3.1.2-117) indicates that a 3-dimensional, two- phase flow, heat and
transport model will be developed for Yucea Mountain. However, it is not clear if
this will be a fracture flow or porous media model. Other tests in the exploratery
shaft will use a fracture flow model to analyze the results.

Another concern with the development of a two-dimensional cross- sectional
model is the design and parameter values that will ultimately be used in it. Kipp
(1987) performed some preliminary modeling of gas flow through Yucca Mountain.
The model design for this work was over simplified and used some questionable
parameter values. The complex stratigraphy of Yucea Mountain was represented
by two hydrostratigraphic units: one for the fractured tuff and one for the soil.
An accurate model of Yucea Mountain will have to incorporate the welded and

nonwelded stratigraphy as well as zonations for highly fractured zones.

An example of one questionable parameter values used in Kipp's model was a
porosity of 10-percent for the fractured tuffi Work by Erickson and Waddell

(1983) estimates the fracture porosity at 0.1 to 0.01 percent. The final porosity
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value used in the model will have a significant impact on calculated travel times
for gas and moisture transport; travel times will decrease as the porosity values
decrease. Therefore, the final design of the model for this study and other studies
on Yucca Mountain will have major impacts on the data analysis and interpreta-

tion.
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Citation: SCPCD

Chapter: 8.3.1.2.2.8

Page: 8.3.1.2-267 through -269

Subject: Gaseous-phase chemical investigations

Interpretation of information
Di —

In order to interpret the isotopic information, either the isotopic composition
of the water in the unsaturated zone, or the fractionation and exchange relation-
ships between the water and the gas, should be known. The gas composition is
proposed to be used to develop information about the water, so that the latter
information on relationships will be required. Because of temperature changes
with depth, the effects of temperature may be important. both in terms of the
relationships in situ, and in terms of fractionation during sampling. As the water
vapor cools as it is pumped to the surface, it may condense, changing the compo-
sition of the gas. Nonequilibrium effects may also be important. Details on how
these effects will be considered should be presented.

A typographical error exists in the text. "Oxygen-13" should be "oxygen-18".
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Citation: SCPCD

Chapter: 8.3.1.2.2.8.2
Page: 8.3.1.2-269 through -272
Subject: Aquecus-phase chemical investigations

Sampling procedure, isotope and gas exchange, interpretation of ages
Di . .

Collection and preservation methods are not discussed. It will be important
to prevent contamination by exchange with modern gases and liquids, especially
with the radioactive isotopes. Extraction of the water should oceur under 2n inert
atmosphere. It may be possible to extract water using elevated gas pressures,
rather than a triaxial press. This may reduce changes in water chemistry caused
by breakage of grains exposing new surfaces for reaction, although the effect of the
gas pressure increase should be investigated. .

If significant quantities of gas are moving through the unsaturated zone as
suggested by Weeks (1987), the water samples may not be representative of
recharge environments at all. Exchange of gases between the water and gas needs
to be considered.

Interpretation of radioactive "age" data will probably not be straight-forward
because of the gaseous exchange, and because of the possibility of diffusion of dis-
solved gases and ions from fracture surfaces into the rock matrix. For example, in
the saturated zone, diffusion of C-14 from the fracture into the matrix can make
the fiow rate in the fracture appear to be much slower than it actually is.
Diffusion into the matrix makes the C-14 content. of the water a function of the
distance from the fracture. Interpretation of these data will be difficult.
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Citation: SCPCD
Chapter: 8.3.1.2.2.9
Page: 8.3.1.2-273

Subject: Unsaturated-zone flow and transport modeling

Specific Information:

Activity: Preliminary Numerical Modeling

This description begins with the statement that the model will be constructed
by "formulating the controlling hydrologic and transport processes mathemati-
cally," There is no specific discussion of what steps will be taken to ensure that
these processes are correctly identified and formulated. For example, moisture
characteristic curves for fractured rock at Yucca Mountain are based on a formu-
lation for soils. Is this adaptation valid? Are evaporation/condensation relation-
ships adequately formulated in existing models? This section does not ack-
nowledge the limited nature of our understanding of the physics of unsaturated
flow in fractured rocks. Instead, the section implies that modeling can be used to
indicate the validity of the underlying physical theories and mathematical formu-
lations. This would be a dangerous approach, and too much reliance on modeling
to answer fundamental questions of process should not be permitted.
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SUMMARY STATEMENT

We found, early in our review efforts of the CD-SCP, that the massive document has been
organized and written in such a manner as io obfuscate its stated pumpose, that is, to describe the
scientific and technical program of site characterization in detail so that the NRC, affected States and the
public could make comments on its thoroughness and content. In reality, it has been written to show how
the issues and licensing critefia are being approached, but it does not easily yield up a comprehensive
and detailed picture of scientilic and technical activities. i does, however, reluctantly yield a picture of a
research and data gathering plan that we judge to be unlikely to resolve most site selection and site
perormance issues with confident data, and scientificaily valid analyses. Frankly, the CD-SCP is a
masterful sophism.
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INTRODUCTION

The Nuclear Waste Poiicy Act of 1982 and 10 CFR 60 require from the U.S. Cepartment of
Energy (DOE) the submittal of the Site Characterization Plan (SCP) to the U. S. Nuclear Regulatory
Commission (NRC), affected States and Indian Tribes, and the general public for review and comments
prior to the construction of the test shatt at Yucca Mountain. Early in 1988, the DOE provided to the NRC
and Nevada a Consultation Draft of the Site Characterization Plan (CD-SCP). Mifflin & Associates., Inc.
{MAI) is providing a review of the CD-SCP from the hydrogeclogic and closely related perspectives for the
Nuclear Waste Project Office of the State of Nevada.

“As defined in 10 CFR Part 60 site characterization means the program of exploration
and research, both in the laboratory and in the field, undertaken to establish the geclogic
conditions and the ranges of those parameters of a particular site relevant to the
procedures under Part 60. Site characterization includes borings, surface excavations,
excavation of exploratory shafts, limited subsurface lateral excavations and borings and
in-site testing at depth needed to determine the suitability of the site for a geologic
repository. It does not inciude preliminary borings and geophysical testing needed to
decide whether site characterization will be undertaken.” (DOE, OGR/B-5, 1887).

The CD-SCP is a massive document. Part A, consisting of Chapters 1 through 7, describes the
mined geologic-disposal system in terms of what is known at the present time:

Chapter 1 - Geology

Chapter 2 - Geocengineering

Chapter 3 - Hydroiogy

Chapter 4 - Geochemistry

Chapter 5 - Climatology and Meteorology
Chapter 6 - Conceptual Design of a Repository
Chapter 7 - Waste Package

Part B is the site-characterization pregram. The majority of the massive Part B document has been
devoted to discussions of issue, issue-resolution strategies, informational needs, etc., and based on such

considerations, the planned programs and investigations to accomplish the site characterization and
licensing preparation steps. ’

The working elements of the CD-SCP are structured as follows: program, investigation, study,
activity, and subactivity, listed in descending hierarchy. Specific reviews were established at the activity
level, occasionally at the subactivity or study level when appropriate. Each hydrogeologically related
activity in the CD-SCP was reviewed in terms of: 1). conceptual completeness and focus; 2)
appropriateness of methodology to accomplish stated objectives; 3) availability of supportive technology:;
and 4) probability of success and/or feasibility. The following elements of the CD-SCP were reviewed:

83.1.2 Geohydrology Program

8.3.1.3 Geochemistry Program

83.1.4 Rock Characteristics Program

83.15 Climate Program

8.3.1.15 Thermal and Mechanical Rock Properties Program
8.3.4 Waste Package Program

8.3.5 Performance Assessment Program.

We have structured this review into three basic parts:
Overview Comments, where we deal with general impressions;

Issue Resolutlon Comments, where we deal specifically with several of the most important
hydrogeologic issues; and

Actlvity Reviews (Appendix |) where we have, as individuals, reviewed the technicarl
activities.
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Review Authorshlp

This review has been established by the following individuals with expertise and experience as
indicated:

A. Elzeftawy Saoils Physics/Hydrogeology

C. L. Johnson Hydrogeology/Hydrogecchemistry
M. D. Mitffin Climate ChangesHydrogeology

M. E. Morgenstein Mineralogy/Geochemistry

D. L. Shettel, Jr. Geochemistry/Isotope Geology

Specific reviews of the CD-SCP activities have individuai authorship indicated. Lead responsibility for
editing and general content of the review is taken by M. D. Mifflin. The above take responsihility for the
comments.

5 MYB807280



OVERVIEW COMMENTS
GENERAL COMMENTS

The following objectives of the CD-SCP are stated in the Annotated Qutline for Site
Characterization Plans (DOE, February 1987, pp. xii to xiv):

“The purpose of the SCP is to provide a document in which the DOE:

. Describes the site, design of a repository and engineered barrlers appropriate
to the site, waste packages, emplacement environment, and performance

analysis in sufficlent detall so that the planned site characterization program
may be understood.

. identifles the uncerainties and limRations on site- and design-related
information developed during site screening, including Issues that need further
investigation or for which additional assurance is needed.

. Describes the detailed programs for additional work, including performance
confirmation, to (1) resolve outstanding issues, (2) reduce uncertainties in the
data, and (3) make site suitability findings relative to DOE siting guidelines, 10
CFR 960.

The SCP will provide a vehicle for early NRC, State, Indian tribal, and public input on the
DOE'’s data-gathering and development work so as 1o avoid postponing Issues to the
point where modifications would involve major delays or disruptions in the program.
Early review of the DOE's site characterization plans as presented in the SCP will provide
an opponunity for the NRC to evaluate whether the DCE's proposed program is likely to
generate data suitable to suppen a license application.” (OGR/B-5, p. xiii).

We find that the CD-SCP substangiaily, but not completely, meets the above first objective. We
find that it does not consistently meet the second and third objectives. It does not consistently
describe the detalled programs to: 1) resplve outstanding issues; 2) reduce uncentainties in the data;
and 3) make site suitability findings relative to the DOE siting guidelines, 10 CFR 960.

We find that the CD-SCP does not entirely establish what is known about the Yucca Mountain
from site-exploration activities to date. Many if not most aspects and findings are freely and fully
discussed, but key findings, such as evidence of perched water within the vadose zone, and important
observations of gas-circuiation gradients within the vadose zone, are omitted. These omitted
observations could prove to be the most fundamental findings 10 date with respect to the site’s ability to
isolate waste.

We find also, with respect o the above point two objective, that a major issue of fracture fiow in
the vadose zone has been desmed s0 unimportant that the resolution activity is to be primarily taboratory
experiments. Therefore, we judge the CD-SCP fundamentally deficlent with respect to resolving the
issue by reducing or eliminating the uncertainties about fracture flow in the vadose zone.

We find that, with respect to the above, the CD-SCP often fails to provide enough details in the
activity plans to contidently judge the plans.

The following questions are intended to be addressed by the SCP (DOE, OGR/B-5, Febrary
1987);

. Have the important information needs and unresoived issues been identified?
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. Does the SCP specitically address these information needs and present program
plans to obtain the needed information?

. Are the methods of testing and analysis proposed for the planned site
characterization program appropriate?

. Have aiternative methods of testing and analysis been identified and evaiuated,
and has an adequate basis been provided for the selection of the methods 1o be
used?

. Will the data to be collected and the reliability of the collection methods and
analysis be of adequate quality to support site selection and a future license
application?

. Have the testing plans been based on the performance requirements of the
Mined Geologic Disposal System (MGDS) components, and are the tests
adequate to enable evaluation of whether or not the MGDS components will
perform as required?

We recognize aspects where the CD-SCP is seriously deficient in all of the above points of
question. We think that important negative answers can be given for the first five questions when aspects
of vadose-zone hydrology are considered. Point six, discussion of whether tests are adequate to enable
evaluation of the expected performance of the MGDS, is not recognized in the CD-SCP. We assume that
such testing call upon characterizing a combination of dynamic thermal foading and unloading, multiphase
water transport, and dissolution processes based on in-situ geochemistry, alt acting upon the engineered
barriers.

We find the CD-SCP, when judged by the data development/analyses activities, unlikely to create
a technical program that wili establish viable databases to resolve or answer several of the important
issues. The basis for this statement can be further examined in Appendix | reviews. Many activities are
poorly designed and/or focused with respect to available technology. Many others are not feasible with
respect 1o combinations of time, financial resources, and human and laboratory resources. Idealistic
approaches, with much modeling in the face of little or no data and marked uncentainties with respect to
processes operating, characterize the planned technical program. The CD-SCP is very consistent in
calling upon numerical models (using existing, or newly developed, and/or 10 be developed codes) for the
resolution of the characterization issues created by the complexity of the site: and the very limited
databases.

Our opinion is that the CD-SCP activities need to be carefully screened, focused, and modified
into feasible, well-coordinated activity programs that could be completed in five or six years. Each
program {investigation, study, and activity) needs the benefit of peer review by experts experienced in
both theory and field investigation.

Further, an appropriate SCP would clearly identify and rank the most likely fatal flaws {issues) of
the geologic-barrier system of the site to prioritize and coordinate site characterization studies. This has
not been done; the CD-SCP generally fails to establish a vadose-zone fracture flowstravel time-issue
resolution program that will work, and totally ignores the need for a research program to establish the
impacts of the thermat envelope, and the associated extent of the disturbed zone with the induced
hydrothermai system. Such a disturbed system has major potential to impact waste isotation.

DISCLAIMER

We find the disclaimer printed on the back cover of each volume to be inappropriate to the work
presented. It says that the report was prepared as an account of work sponsored by the United States
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Govemment, but neither the U.S. Government nor the U.S. Department of Energy, nor empioyees make
any warranty, nor assumes legal liability or responsibility, etc. It aiso states that the views and opinions of

authors expressed herein do not necessarily state or reffect those of the United State Government nor an -
agency thereof.

The DOE is clearly the author of the CD-SCP, as no authorship is shown other than the U.S.
DOE. If the above disclaimer were to be used in an appropriate manner, the majority of the CD-SCP
should be backed by specific authorships. Specitic authors wouid be appropriate for the expert opinion
and judgment desirable in the planned activities of exploration and research. We find by omitting the
specitic technical authorship, the DOE may have, perhaps inadvertently, diminished the technical quality
of the CD-SCP. We suggest the DOE to recognize the scientific and technical challenge of characterizing
Yucca Mountain, and appropriately indicate specific authorship on scientific and technical activities in the
SCP.

DOE GOALS

A very disquieting presentation ¢characteristic of the CD-SCP is the apparent perception that the
given site,Yucca Mountain, in terms of geologic-barrier performance, can be made better or worse, just as
an engineered system can be made better or worse by design changes. This conceptual approach has
flavored the DOE selection process (Draft Environmental Assessment and Environmental Assessment
documents) and continues in the CD-SCP. Explicit examples occur throughout the CD-SCP discussions
and in tables, such as Table 8.3.1.5-1 on pages 8.3.1.5-4 and 5. This table, dealing with site performance
during a climate change, shows a column of initiating events or processes, and another cormelating
column entitted “tentative goal”, which gives the currently perceived exireme vailues that wouid be
acceptable. Such a title “tentative goal™ would be appropriate for an engineered barrier where engineered
design determines performance. A natural system, the geologic barrier, can not be altered once the
site has been selected. There is no goal, therefore; there is only performance characterization.
Geologic and hydrogeciogic aspects can only be characterized to varying degrees of accuracy as to how
they will perform in waste isolation. Therefore, if the DOE correctly perceived that its mission is to
characterize the site to establish If the repository should be built, the many “tentative goal” columns would
be better named “performance requirement” or “tentative performance requirement.” The term “goal” is
widely used in the CD-SCP, and should not be used for the SCP for uncontrollable geologic and
hydrologic aspects of the specific site. Performance goals are fine for engineered aspects.
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CD-SCP CONTENTS AND TECHNICAL REVIEW

The CD-SCP is so massive and complex in terms of topical scope and objectives that the reader
is easily diverted trom the true intent of the document. The SCP is the program of exploration and
research, both In the laboratory and In the field. Therefore, we have focused our review efforts not on
the very extensive organizational discussions and rationalizations, but on the descriptions of the programs
of expioration and research.

Wae beliave that success or failure in reaching confident site characterization will depend heavily
on the SCP adopted by the DOE. We base this belief on the foliowing: 1) the choice of a
repository-horizon environment that is totaily unknown from a hydrogeologic perspective; 2) the ten years
of effort aiready expended on Nevada Test Site (NTS) and the Yucca Mountain characterization; and 3)
the continuing high degree of uncertainty with respect to many critical performance aspects of the site.
Therefore, the CD-SCP has been reviewed in anticipation of discovering the technical program the DOE
would mount to resolve the many issues and performance questions.

Activities are the technical and/ar scientific efforts planned for site characterization. The CD-SCP
links activities, where there is a usually brief discussion of the planned objectives, methods, and
associated elements, to studies, generally composed of one or more activities, to investigations, which
are composed of studies, to programs. All have been organized and rationalized with respect to
characterization issues from the perspective ot licensing requirements. The CD-SCP provides
reascnable planning discussions at these levels. However, the activitles are a better maasure of the
planned site characterization, and we give, in general, very low marks for the activities.

We have reviewed each activity (Appendix [} in our topical areas of responsibility because we
recognize them as the only fundamental investigative activities in the CD-SCP. These activities, when
executed, must provide the information to deal definitively with all issues and have the power to
characterize the site. Unfortunately, we have found that many actlivities are only at the conceptual
stage at best, and would be better judged when work plans and technical procedures become
avallable. In response 10 this very real problem, we were forced to review the activities from an expert
opinion mode, generally reading between the lines and judging the activity from several perspectives.

Technical Review Criterla: The four criteria adopted in the activity reviews: 1) conceptual completeness
and focus; 2) appropriateness of methodology to accomplish stated obiectives; 3) availability of supportive
technology: and 4) probability of success and/or feasibility, warrant bref discussion. There are, however,
no detailed work plans or technical procedures for each activity upon which we can base an in-depth
review. Our ability to review conceptual aspects of a given activity is, therefore, better than our ability to
review methodology, since the details of methodology are often not compiete. Any activity, If it fails In
any of the four categories, falls to establish what Is required for site characterizatlon and/or Issue
resolution. For example, one might find in a review that conceptual completeness or focus is rated low,
and the other three aspects much higher. This would indicate that in our opinion, the activity can be
performed in terms of methodology, availabie technology, and that there are the necessary resources for
feasible execution, but it will not likely answer the correct questions. Conversely, we also find many of the
activities more or less conceptually appropriate and focused, but unlikely to be successful because of
deficiencies in methodoiogy, available technology, or the likely availability of resources (including time).

in the reviews of the activities we find that. out of a total of 190 individual activities, we judge that
163 (about 86%) will not be successful in terms of the site characterization objectives (Tabie 1). When
analyzed by program, we find only in one program {Climate) where there can be some important progress
towards site characterization.
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Table 1. Summary of MA| Reviews of CD-SCP Activities

CD-SCP PROGRAM XES NQ JOTAL REVIEWED
Geohydrology (8.3.1.2) 6(4) 51{47) 57(51)
Geochemistry (8.3.1.3) 4 33(29) 37(33)
Rock Characteristics (8.3.1.4) 1 5 .6
Climate (8.3.1.5) 14(12) 15(14) 29(26)
Thermat and Mechanical Rock Properties (8.3.1.15) 2 2 4
Waste Package (8.3.4) 1 14(13) 15(14)
Performance Assessment (8.3.5) | ‘

a. Engineered Barrier System (8.3.5.10) 3 23 26

b. Total System (8.3.5.13) 0 30 | 30
Total (with;aut duplication) 3127y 173(183) 204(190)

The DOE has, or could have, at its disposal. the best scientific {acilities and cadre of scientists in
the nation. Such resources have not been effectively tapped in the development of the CO-SCP. We
think it productive to offer the probable reasons for our review findings:

I The site-selection and licensing criteria demand knowledge about natural systems that is
not normally established at the scales of consideration and the levels of confidence
required.

i, The DOE has selected an entirely undocumented and little studied hydrogeologic
environment for the repository at Yucca Mountain. There are few if any useful databases
from similar environments in the word, and there are no proven techniques of study with
respect to several key issues.

L. Fractured, and somewhat porous rock imposes a well-known but analytically intractable
degree of complexity to fluid-flow systems; as does the vadose-zone position of the
repository horizon. It is known that conventlonal mathematicai models and
established fleld-test procedures will not perform adequately in both the saturated
and vadose zones of the Yucca Mountain environment.

. The host-rock stability is uncerntain due to its origin and composition when subjected to
the heat of the thermal envelope.

V. The primary (and possibly only) waste-isolatlon attribute of the Yucca Mountain
sfte s its location In an arid climate. The mechanics and site-specific conditions of
recharge are unknown in these arid climates for most classes of terrane, including that
represented by Yucca Mountain.

The above factors relate to the thoroughness of the technical questions being asked, the very limited

preexisting knowledge, and the complexity of the site. The following, however, relate to the DOE
program:

VL. There is little evidence that the DOE has followed the expert advice offered by early
peer-review groups. The characterization program continues to be weak in the same

10 MYB80728b




areas as the site-selection program (useful field studies lacking, useiess models
dominating).

Vil There is little evidence of peer review in the development of the majority of the CD-SCP
activities. Only one program, climate change, seems to have had the benefit of
independent peer review, and we judge half of the activities may succeed, which is a
major improvement over ail other programs.

Vill.  There is ample evidence that many activities have been conceived and written, or
perhaps rewritten, by authors with fimited experience and training in the topical areas,
and that these activities have not been reviewed by experts.

Points six through eight disappoint us. They indicate one or a combination of the following: 1)
the DOE management has failed to recognize the complexity of the site (has not taken or used expert
advice appropriately}; 2) the DOE management has made a determination that careful characterization is
not necessary, nor perhaps desirable; and/or 3) the DOE has failed to effectively develop and manage the
required scientific program to confidently seiect and characterize the site.
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PERFORMANCE ISSUES

The following sections are discussions and specific comments focused on seiected performance .
issues:

PERFORMANCE ISSUE 1.1

The ability of a mined repository to limit radionuclide releases to the accessible environment is
fundamentally dependent on geoiogic and hydrologic conditions at the site which, combined, establish the
degree of the geologic barrier a specific site offers. Intrinsic properties such as permeability provide one
general measure of site quality, while the chemistry of the rock-water system determines the mobility of
radionuclides as well as the necessary desirable designs for the waste packages. Key Issue | in the
Ofttice of Geologic Repositories issues hierarchy relates to whether the mined geologic-disposal system at
Yucca Mountain will isolate the radioactive waste trom the accessible environment after closure in
accordance with the requirements set forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR Part 960
{CD-SCP, p. 8.2-2). Performance Issue 1.1, “Will the mined geoiogic disposal system meet the system
performance abjective for limiting radionuclide releases to the accessible environment as required by 10
CFR 60.112 and 40 CFR 191.137" (CD-SCP, p. 8.2-3), dictates information needs 1.1.1 through 1.1.5 of
section 8.3.5.13 of the CD-SCP, “Total System Performance”:

Information Need (CD-SCP)

1.1.1 Site informaltion needed to calculate releases to the accessible environment.

11.2 A set of potentially significant release scenario classes that address all events
and processes that may affect the geclogic repository.

1.1.3 Calculational models for predicting releases to the accessible environment
attending realizations of the potentially significant release scenario classes.

1.14 Determination of the radionuclide releases to the accessible environment
associated with realizations of potentially significant release scenario classes.

115 Probabilistic estimates for the radionuclide releases to the accessible

environment considering all significant release scenarios.

Geochemistry

8.3.1.7 Qverview of Rock Dissolution.....
8.3.1.7.1  Investigation: Rates of dissolution of crystaltine and noncrystalline components in tutf,

Comments:

1. The use of the word “investigation” in the title/header is misleading; no investigation is planned.

2. Previous comments (Mifflin & Associates, Inc.) regarding the dissolution section of the EA have
heen ignored.

3. Specifically, considering the listed conclusions (p. 8.3.1.7-1) regarding dissolution in the EA,

restated in the CD-SCP: the second conclusion regarding mineral insolubility is decidedly
incorrect and not based on any factual infermation of which we are aware.

The first part of the fourth conclusion, insolubility of minerals comprising the host rock in and
around Yucca Mountain, is Incorrect as well; therefore the second part of the fourth conclusion,
“gignificant subsurface rock dissolution is not a credible process leading to radionuclide releases greater
than those aflowable...” is incorrect information and contradicts current experiments (J. D. Rimstidt,
personal communication, 1988) that suggest important mass transport occurs under nonequilibrium
conditions (i.e., thermal gradients expected under repository conditions).
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8.3.1.7.1.1 Application of Results

in general, there are no results when no Investigations were specifically conducted to consider
dissolution. The CD-SCP is illogical when it applies speculative conclusions from the EA to this important
site-characterization issue. There are no results, only specutative and totally unsupported conclusions, to
address higher-level findings concerning dissolution.

The dissolution question affects favorable conditions 3, 4, and 7 (Tahle 8.3.5.17-1) and
potentially-adverse conditions (Table 8.3.5.17-2) 5, 7, 8, 10, and especially 23 (potential for future
perched water bodies that may saturate portions of the undenground facility).

Scenarios to characterize potentially-adverse condition [PAC] 5 do not address changes in the
hydrologic conditions caused by the heat envelope generated by the repository after a few hundred years.

Scenarios regarding PAC 7 (ground-water geochemistry conditions that could increase solubility
or chemical reactivity of the engineered-barrier system) do not address the thermal regime imposed by
the waste repository, particularly the hydrochemical and mineralogical reactions that will accompany
vaporization and condensation in fractures.

No scenarios concerning PAC 10 (disselutioning) wiill be characterized further by DOE because
their available information appears adequate to them. This is a serious flaw in the CD-SCP, since the
assumption that dissolution will not occur has no basis in fact.

Scenarios regarding PAC 23, the potential for existing or future perched-water bodies that might
saturate portions of the repository, do not include any that may resuit from actual storage of waste
canisters in the repository over the several hundred years of perturbing thermai infiuences. Only the
potential for perched-water bodies that may form under present {preclosure] conditions will be considered
by the DOE. This Is a serious shortcoming In DOE's site-characterization plans considering the
amount of water vapor that will be driven from the rock matrix in the greater than 95°C portion of
the thermal envelope.

if the DOE continues to assume that host rock and minerals are insoluble, then many other
CD-SCP activities are inappropriate, such as 8.3.1.3.2.2.1 (History of mineralogic and geochemical
alteration...); 8.3.1.3.2.2.2 (Smectite, zeolite, manganese minerals, glass dehydration and transformation);
8.3.1.3.3.2 (Kinetics anc thermodynamics of mineral evolution); 8.3.4.2.4.1.1 (Rock-water interactions at
elevated temperatures); 8.3.4.2.4.1.7 (Numerical analysis and modeling of rock-water interaction); and
8.3.4.2.4.4.2 (Repository horizon rock-water interaction). The CD-SCP dissolution program is totally
deficient. The aforementioned studies and activities need to be integrated into a dissolution program.

General Comments: Geochemlstry Section

The following items represent our major concerns regarding the geochemistry program in the
CD-SCP. For specific comments, see the activity review sheets and the specific comment section of this
review.

1. The continued use of water from well J-13 as a reference water for all experimenta! work is not
justified. Most of the credit taken by DOE for ground-water trave! time is postulated to occur in
the vadose zone and therefore most of the retardation should also occur in the vadose zone.
Thus, obtaining chemical analyses of a vadose-zone water should be of the highest priority in the
CD-SCP. The range of vadose-waters compositions should be determined as quickly as
possible. As experiments and modeling employing J-13 water may have to be redone, it would
be judicious of DOE to suspend those activities utilizing J-13 water until the vadose-water
chemistry is characterized.
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2. Another serious problem invoives extrapolating laboratery sorption data (determination of Kd's

and retardation factors) to actual field conditions. Not enough importance is being attached to -
this subject. It is extremely difficult to envisage how data from experimants employing crushed
tutf could be correlated to the field with any scientifically valid confidence. Crushing tuff
generates new surfaces with attendant high-surface energies and nonrepresentative sorption
characteristics. Furthermore, the mineralogy of the new rock surfaces from a modal standpoint is
not known and should not be assumed from modal mineralogy of a whole rock sample. This may
partially account for the unexplained scatter in pravious experimental work and the differences
between crushed tuff and solid core experiments. Highest priority should be assigned to
validating the proposed experimental approach through field tests of somption/retardation before
additional resources are wasted in this extensively practiced but totally unproven methodology.

3. A major concern is the undue emphasis placed on modeling before experimental methodology is
proven and meaningful field data are collected. Vast resources will apparently be directed to
modeling efforts before sufficient information is collected to justify modsling.

4, Samples to be utilized in activities/studies are not clearly klentified, nor are sample collection and
presarvation techniques. Very little is known about the site to date because of sampling
difficulties.

5. Analytical methodology is not always indicated.

6. Technical procedures are not determined.

7. There are major inconsistencies in planned activities from one section to another,

8. Incomplete or wrong methodologies are used in many cases to obtain the desired information

(See Appendix | Specific comments).
General Comments: igssue 1.1 Resolution Strategy

1. DOE continues to assume that matrix flow predominates over fracture flow in the vadose zone
and that the matrix must be saturated for fracture flow to occur. No data exists t0 support these
assumptions; in fact, based on suction-head data for the varicus rock units, these tulf units are
most likely etfectively saturated and therefore {racture flow should predominate.

2. DOE continues to assume that the percolation flux is uniformly distributed in space and time.
This is highly speculative, not realistic nor conservative, and not supported by any data.

3. The dissolution scenarios (among others) have been ruled “not sufficiently credible to warrant
further consideration” (DOE, 1986) by a “panel of experis”. The same ruling was incredulously
rendeced for the bedded and domed salt sites. This nuling was not made by an Independent
panel of scientifically and/or technically recognized geochemists; but rather it was a DOE pane!
with, apparently, very limited expertise in the main subject area.

4. The DOE should convene a panel of recognized practicing geochemists and charge these
experts with the tasks of evaluation of the rock-dissolution questions, particulary In light of the
thermal envelope and the water content of the repository-rock horizon. Then it needs to
follow the panel recommendations on appropriate rock-dissolution studies and add these to the
SCP, if appropriata.

5. Under “Performance Parameters for Scenaric Class C-3 [Table 8.3.5.13-14., p. 8.3.5.13-63]
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(changes in unhsaturated zone rock hydrologic and geochemical properties)”, no consideration is
given to the effect of waste emplacement in the repository. Specifically, those changes in
rock-water geochemistry and hydrologic properties surrounding the repository leve! that may
result in the formation of a perched-water body in the vadose zone above and below the
repository, such as permeabilily and porosity changes brought about by refluxing of vadose-zone
waters due to the thermal pulse of decaying waste.

6. Individual evaluation of topical scenarios for the purpose of eliminating scenarios with insignificant
cansequences may overlook the coupling that may occur between two of more processes/events
that could produce signiticant consequences for the release of radionuclides to the accessible
environment. Wa think this has occurred: the DOE has omitted the most obvious scenario of
water vapor driven from the thermal envelope condensing In the cooler fractures that
surround the repository horizon and returning to the boiling zone by gravitational forces.

Summary Comments: Issue 1.1 Resolution Strategy

Probabilistic estimates of radionuclide releases to the accessible environment must be based on
sound, statistically valid, data and not on unproven DOE assumptions such as:

Matrix flow predominates in vadose zone,

percolation flux is areally and temporarily uniformly distributed; and

batch sorption experiments employing crushed tuff are representative of field conditions;
nor on statisticaily biased data such as were used by Sinnock, et al. (1986).

RON -

Until the aforementioned assumptions are proven by site characterization or changed to
conservative assumptions, and sound statistical and geostatistical techniques are empioyed to evaluate
data, the resolution of issues will continue to be flawed.
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PERFORMANCE ISSUE 1.3:

Important “special” sources of ground water that are in close proximity to a repository should be ~
well-characterized. Key Issue | in the Office of Geologic Repositories issues hierarchy relates to whether
the mined geologic-disposal system at Yucca Mountain wili isolate the radioactive waste from the
accessible environment after closure in accordance with the requirements set forth in 40 CFR Part 191,
10 CFR Part 60, and 10 CFR Part 960 (CD-SCP, p. 8.2-2). Performance Issue 1.3, “Will the mined
geoiogic disposal system meet the requirements for the protection of special sources of ground water as
required by 40 CFR 191.167" (CD-SCP, p. 8.2-3), dictates information needs 1.3.1 and 1.3.2 of section
8.3.5.15 of the CD-SCP, “Ground-water Protection”.

Information Need (CD-SCP)

1.3.1 Determination whether any Class 1 or special sources of ground water exist at
Yucca Mountain, within the controlled area, or within 5 km of the controlled area
boundary

1.3.2 Determine for all special sources whether concentrations of waste products in the

ground water during the first 1,000 years after disposal could exceed the limits
established in 40 CFR 191.16.

Section 1591.16 of 40 CFR Part 191 was added to the final EPA rute to provide protection for those
individuals in the vicinity of a disposal system (FR 38072, September 19, 1985). The CD-SCP (p.
8.3.5.15-1) provides the following explanation of EPA water-source designations:

“An aquiter musi meet several criteria 1o be designated as a special source. The
first step in the evaluation is to establish whether the aquifer is a Class | source as
defined by the EPA Ground Water Protection Strategy of 1984 (EPA, 1984). The
conditions that must be met for designation as a Class | source are (1) that the source is
highly vuinarable to contamination because of the hydrologic characteristics and {2) that
the source is irreplaceable in that no reasonable alternative is available to substantial
populations or that tha source is ecologically vital in that it provides baseflow to a
sensitive ecological system.

If an aquifer meets the criteria for a Class | source, the next step is to determine
whether it qualities as a special source of ground water. 40 CFR 191.12 defines a
special source of groundwater as “those Class | ground waters identified in accordance
with the agency’'s Ground-Water Protection Strategy . . . that: (1) are within the controlled
area encompassing a disposal system or less than 5 km beyond the controlled area [the
controlied area is the actual area chosen according to the 40 CFR 191.12 definition of the
controlled areaj; (2) are supplying drinking water for thousands of persons as of the date
that the [DOE] chooses a location within that area for detailed characterization as a
potential site for a disposal system (e.g., in accordance with Section 112(b) (1 )(B) of the
Nuclear Waste Policy Act); and (3) are irreplaceable in that no reasonable alternative
source of drinking water is available to that population.”

A valley-till aquifer, a tuff aquifer, and a carbonate aquifer are present at Yucca Mountain. DOE
states that only the valley-fill aquifer was serving a population of thousands of persons at the time that the
site was chosen for characterization (CD-SCP, Section 3.8). DOE also offers a peeliminary detemination
that no potential special scurces of ground water are present at the site, below the site, within the
boundaries of the controlled area. or within 5 km of the controlled area boundary (CD-SCP, p. 8.3.5.15-6).
The hydrologic feasibility of developing the lower carbonate aquifer must consider the possitility of
interbasin diversion of baseflow to the Ash Meadows Springs (Section 8.3.1.9.2.). DOE also considers
that the Ash Meadows area is par of a different ground-water subbasin (Ash Meadows) from the Alkali
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Flat-Furnace Creek Ranch ground-water subbasin, which contains Yucca Mountain (Section 3.6).

The content of Section 8.3.1.9.2 (Investigation: Studies to provide the information required on
present and future value of energy, mineral, land, and ground-water resources) suggests that the
CD-SCP does not intend 1o refine the very poor understanding of the western margin of the Ash Meadows
flow system between Yucca Mountain and Ash Meadows. The projection of this boundary north of
Lathrop Wells is entirely speculative. DOE plans an analysis 1.3.1.1. {p. 8.3.5.15-7) to determine whether
any aquifers near the site meet the Class | or special-source criteria. This analysis consists of two
activities (1.3.1.1.1 and 1.3.1.1.2). These pull hydrologic data from other activities and demographic
information into an assessment. :

Comments and Discussion

DOE prefers to ignore that the western extent of the Ash Meadows' ground-water flow system is
highly uncertain, as well as the carbonate aquiter's uncertain relations with the tuff aquifers of Yucca
Mountain and the valley-fill aquifer in Amargosa Valley.

Yucca Mountain overfies the fragmented western extent of a regional-carbonate aquiter
{Winograd and Thordarson, 1975), which discharges on the order of 17,000 acre-feet per year of
good-quality ground water near Ash Meadows. Structural relationships probably control the extent of the
carbonate aquifer in this area. Four major Mesozoic thrust faults that involve the subvolcanic rocks ara
projected through the Yucca Mountain-Jackass Flats area by Wernicke (1988). From southeast to
northwest, these are the Clery-Spector Range Thrust, the Schwaub Peak-Mine Mountain (?) Thrust, an
equivalent of the back-facing Panama Thrust, and the Last Chance Thrust. These thrust sheets involve a
nearly complete Palgozoic section that is known to include major aquifers in the region. H, as Camr and
Monsen (1988) suggest, the breakaway zone for the Fluorspar Canyon Fault is west of Yucca Mountain
and faults at Yucca Mountain are genetically related to the Crater Fiat graben system, then Paleczoic
carbonates could underlie the entire Yucca Mountain-Jackass Flats area. In the absence of
large-magnitude Cenozoic extension, the Tertiary section woulkd be expected to be underain by an
allochthonous wedge corresponding to rocks between the Marble Canyon and White Top Thrusts, and
equivalents. The Cottonwood Mountains, southern Funera! Mountains, southern Bare Mountain, and
Mine Mountain (NTS) offer the best exposures of tectonic elements that could be structuralily analogous to
those beneath Yucca Mourntain. ln the Grapevine Mountaing, the same structural level ot the fold and
thrust belt is exposed, but Cenozoic rotation and extensional overprinting have confused relations among
pre-Tertiary units there somewhat more than in the other listed areas.

The Mesozoic fold and thrust belt that may underlie Yucca Mountain consists of several discrete
thrust sheets with stratigraphic throws of up to 5 km and the fuill spectrum of brittle through ductile
behavior. A key question is whether extensional crustal thinning has removed Paleozoic carhonates from
beneath Yucca Mountain, and it the Silurian dolomite in UE25-p#1 is part of the laterally continuous
carbonate aquiters which discharges at Ash Meadows. The northwest strike of prethrust normal faults in
the Spring Mountains region indicates that hydraulic relations in and beneath the thrust sheets between
Yucca Mountain and the northern Specter Range-Ash Meadows area should be explored. Because of
the water-resource potential of the regional-carbonate aquifer, an understanding of flow paths within it is
needed to resoive performance issue 1.3. The carbonate aquifer serves as a water supply for NTS
activities and suppons the unique and endangered ecology of the Ash Meadows area, including the
Devil's Hole part of Death Valley National Monument. In addition, the major spring areas in Death Valley
National Monument are the principal water supply for the Furnace Creek area and may be part of the
carbonate-aquiter system.

The available evidence indicates that:

1. The alluvial aquiter is Class 1.
2. The tuff aquifer is Class 1 because it is a prime recharge source to the alluvial aquifer.
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3. The carbonate aquifers that discharge at Ash Meadows and at Death Valley are Class 1. .

We see that the “special source™ designation can only be confidently resolved by determining the
flow-system relationships and boundary conditions between the three aquifers known to exist in the
vicinity of the controlled area. The CD-SCP has no data collection activities that will produce a definitive

database and it therefore offers no useful plan to resolve the ground-water protection “special source”
issues.
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PERFORMANCE ISSUE 1.6

The statutory requirement for evaiuation of ground-water travel time (GWTT) presupposes a need
for understanding the geometry and geoclogic controls on ground-water flow. Key Issue | in the Office of
Geologic Repositories issues higrarchy relates to whether the mined geologic-disposal system at Yucca
Mountain will isolate the radicactive waste from the accessible environment after closure in accordance
with the requirements set forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR Part 960 (CD-SCP, p.
8.2-2.}. Performance issue 1.6, “Will the site meet the performance objective for prewaste-emplacement
ground-water travel time as required by 10 CFR 60.113" (CD-SCP, p. 8.2-5), dictates information needs
1.6.1 through 1.6.5 of section 8.3.5.12 of the CD-SCP, “Ground-water Travel Time™:

Information Need (CD-SCP)

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

Site information and design concepts needed to identify the fastest path of
likely radlonuclide travel and to calculate the ground-water travel time along
that path. ‘

Calcuiational models to predict ground-water travel times between the
disturbed zone and the accessible environment.

Identification of the paths of likely radionuclide travel from the disturbed
Zone to the accessible environment and identification of the fastest path.

Determination of the prewaste-emplacement ground-water travel time along
the fastest path of likely radionucilide travel from the disturbed zone to the
accessible environment.

Boundary of the disturbed zone.

The success of several investigations in the geochemistry program will depend on recognition of
ground-water flow paths:

CD-SCP Section

8.3.1.3.1

8.3.1.3.2

8.3.1.34

83135

8.3.1.3.6

8.3.1.3.7

8§.3.1.3.8

Investigation: studies to provide information on water chemistry within the potential
emplacement horizon and along potential fiow paths;

Investigation: Studies to provide information on mineralogy, petrology, and rock
chemistry within the potential emplacement horizon and along potential flow paths;

Investigation: Studies to provide the information required on radionuctide retardation
by somtion processes along flow paths to the accessible environment;

Investigation: Studies to provide the information required on radionuclide retardation
by precipitation processes along flow paths to the accessible environment;

[nvestigation: Studies to provide the information required on radicnuclide retardation
by dispersive, diffusive, and advective transport processes along flow paths to the
accessible environment;

Investigation: Studies to provide the information required on radionuclide retardation
by all processes along flow paths 10 the accessible environment; and

Investigation: Studies to provide the information required on retardation of gaseous
radionuclides along flow paths to the accessible environment.
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The conceptual framework for calcutating ground-water travel time requires identification of
"likely” flow paths to the accessible environment, along which travel times are calculated, and a
disturbed-zone boundary from which calculations are begun. The original disturbed-zone concept was *
based on a near-field region of difficult-to-modet flow processes (46 FR 35280, 35281, July 8, 1981).
Later, the NRC (Gordon, et al., 1986) proposed to restrict the disturbed-zone definition to include only a
region of intrinsic-property changes. However, this later proposat has not been formally adopted by the
NRC probably because of the large region of hydrothermal (heat-pipe) effects that may develop around
emplaced waste, including non-Darcian fracture flow as condensate accumulates. intrinsic-property
changes will probably accompany boiling and condensation of pore fluids, so even if the restricted
definition of the disturbed-zone boundary, such as proposed by Gordon, et al. (1986) were adopted by the
NRC, the boundary may extend a considerable distance above and below the repository.

Ground-Water Flow Path

it appears that the DOE is approaching the problem of ground-water flow paths from the following
perspectives:

1. Calculate flow paths using two-dimensional porous-medium model.
2. Map the intersection of land surface with a composite regional potentiometric surtace that
rises and falls over geologic time.
3. Deatermine physical-property conditions that govern fracture versus matrix flow.
4, Investigate apparently steep and apparantly flat regions in the composite potentiometric
surface by drilling additional WT-holes and by conducting tracer tests.
5. Prepare a plan to investigate the hydrologic significance of the Ghost Dance Fauit.
Perspective CD-SCP Section Methodology
Calculation based on fluid potentials 8.3.5.123.1.2 Numerical Model
Intersection of composite 8312 Reexamine and redate paludal
regional potentiometric surface deposits
with land surface
Determine physical-property conditions 83123 Develop empirical relations
that govern fracture vs. matrix flow from laboratory tests
investigate steep and tiat regions 8.3.1.2.3.1 Crill WT-holes, hydrology hole,
in composite potentiometric surface and possibly southern tracer
test complex
Investigate steep and flat regions 8.3.1.2.23.3 Solitario Canyon horizontal
in composite potentiometric surface borehole
Investigate hydrologic significance of 8.3.1.2.26 Develop plan onty

Ghost Dance Fault

Disturbed Zone

DOE proposes to develop a disturbed-zone definition (8.3.5.12.5.2, activily 1.6.5.2), and
reevaluate that definition based on saturated and unsaturated-zone system investigations (8.3.1.2.2 and
8.3.1.2.3). We strongly suggest that it would be fundamental for the SCP to include activities that
delineate the extent and character of the disturbed zone as now defined.
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The disturbed zone is an importan focus of State of Nevada review activities. We find that the
zone of difficult-to-understand (and characterize) processes (46 FR 35280, 35281, July 8, 1981) has been
equated conceptually by the DOE to the zone of intrinsic-property changes. The central concept of a
zone of intrinsic-property changes appears in most, if not all, DOE-sponsored literature that requires a
disturbed-zone definition (Langkopf, 1987 and CD-SCP, Secfion 8.3.5.12.5, for example). However, even
if there were no intrinsic property changes whatsoever, heat-driven changes in the hydrologlc system
at Yucca Mountain can reasonably be expected to be protound (and extraordinarily complex from a
modeling perspective). These hydrothermal processes can be reasonably expected to occur within 100
years of repository loading based on simple caiculations using DOE's physical-propenty values.

The CD-SCP assumes that the NRC draft generic technical position {(Gordon, et al., 1986) will be
adopted formally by the NRC. The State of Nevada has pointed out to the NRC that that draft position
{ails to consider the hydrothermal effects of the waste, causing muitiphase fluid fiow. 1t is obvious that the
more restricted (in space) the disturbed-zone definition, the longer the flow paths in the vadose zone
along which travel times are caiculated, and the longer the travel times in any flow scenario.

The potential hydrothermai effects in the vadose zone of Yucca Mountain due 1o waste-generated
temperatures which exceed the boiling temperature of water is generally unrecognized' in the CD-SCP.
Our analysis indicates marked increases in both vapor and liquid-phase flow are expected due to the
strong thermal envelope generated by the waste. in the fractured-rock environment, the complexity of
heat and mass-transfer processes and associated solution-mineral reactions will be greatly increased by
the multiphase liquid and vapor-flow environment. We estimate that about 10,000 acre-feet of water
are present within the volume of rock that Is expected to reach bolling temperature within 100
years.

The CD-SCP definition of the disturbed zone ignores the importance of multiphase fluid transport.
The CD-SCP definition is not as defined and intended in 10 CFR 60.2 (46 FR 35280, 35281, July 8,
1981). Instead of a mechanically disturbed zone of the current DOE definition (measured as extending
several meters from the repository horizon) hydrothermal effects have the potential to extend downward
and upward tens to hundreds of meters from the repository horizon.

Based on our findings of: a) a high probability of field-scale hydrothermal multiphase (heat-pipe)
ettects occurring during repository loading, and b) the resuftant zone of vaporization and condensation
that could extend upward and downward significant distances from the repository horizon, we believe that
a zone of intrinsic property changes is not conservative as a basis for defining the disturbed zone.
Physical and chemical changes within the zone of vaporization and condensation would be difficult. to
characterize by direct observation, and will be impossible to predict accurately based on initial conditions
only. The DOE needs to address and establish a research program to resolve both the thermal and
hydrothermal effects in the repository performance in the SCP.

CD-SCP Ground-Water Travel Time Strategy

The DOE recognizes the “‘reasonable assurance™ licensing requirement (10 CFR 60.101(a)(2))
that the ground-water travel time at Yucca Mountain is at least 1,000 years leaves this issue ambiguous
as 1o what constitutes data of sufficient quantity and quality (p. 8.3.5.12-10).

CD-SCP states (p. 8.0-9):

1. Langkopf (1987) refers to unpublished modeling studies by J. Gauthier and R. R. Paters in a 1986 internal
memorandum (SANDIA) where water redistribution was considered from the repository midline 1o beiow the
repository . Thair reported findings support our scenaro of total water expuision as vapor in a 100-year period.
However, their model assumas the matrix would absorb the maoisture.
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“The top-level strategy focuses strongly on the investigations of the
characteristics of the tiow in the unsaturated zone, relying heavily on the
current view that the percolation is low and that the water in the -
unsaturated zone is tightly confined within the rock matrix. |If thege
concepts can be confirmed, then the general cbjective for the system
and for the post closure performance of the engineered and natural
barriers are very likely to be met. As pant of these investigations, the
program will address alternative concepts including flow in fractures,
lateral movement of water at rock interfaces in the unsaturated zone, and
the etfect on the flow of stryctural features such as faults. The ability of
the unsaturated rock to hold water and limit contact of water with the
waste packages will also be investigated.”

We find that the CD-SCP approach indicated by the above warrans both applause and criticism.
The correct issues have been identified, including ground-water travel times, but the characterization
approach Is to prove conditions and processes favorable to waste isolation. This would make good
sense if there were established technologies, in-depth understanding of the processes, simple natural
systems, and well understood analog environments. This is not the case for the vadose zone at Yucca
Mountain. The SCP therefore needs to be structured to test for the unacceptable conditions, and for
the most part, it fails in terms of the vadose-zone issues.

Vadose-Zone Conceptual Model Comments

The CD-SCP investigation 8.3.1.2.2 entitled “Studies to provide a description of the unsaturated
zone hydrologic system at the site” presents the DOE's purpose and objective as “to develop a model of
the unsaturated-zone hydrologic system at Yucca Mountain that will assist in assessing the suitability of
the site to contain and isoiate waste.” It is also stated that in developing the model the needed
information wili be provided through ten studies to ¢characterize the flow and transport through the Yucca
Mountain unsaturated zone. The major studies planned to be conducted by DOE during site
characterization address the areas of unsaturated-zone infiftration, percolation, gaseous-phase
circulation, and hydrochemistry. Appendix | indicates our opinion of the general failure of these
investigations to adequately establish site characterization objectives.

The CD-SCP conceptual model of water flow through the vadose zone is generally based on the
assumption of steady-state downward fiow. A second assumption is that the water flux through the
vadose zone is so small that most water flow is through the matrix of the rock and not through fractures.
A third assumption is that matrix flow will predominate through the repository horizon (Topopah Spring).
This assumption largely depends upon the hypothesis that excess recharge is both diverted away from
the repository horizon and retarded by capillary and permeability barriers at the contacts between the Tiva
Canyon welded unit and the underlying Paintbrush Tuff nonwelded unit; and between the Topopah Spring
welded unit and the overlying Paintbrush Tuff nonwelded unit.

The CD-SCP vadose-zone conceptual model is articulated on p. 3-207 to 3-213. in reviewing the
CD-SCP, we have become aware of two important facts. First, the CO-SCP does not seriously consider
conservative conceptual models that fit the limited site-specific data and the open-literature data.
Second. the CD-SCP conceptual model, amazingly, perfectly satisfies all of the following conditions:

“(h Low moisture flux in the host rock and in the overlying and underlying
hydrogeologic units; '
(i) A water table sufficiently below the underground facility such that fully
saturated voids contiguous with the water table do not encounter the
underground facility;

{iii) A laterally extensive, low-permeability, hydrogeoiogic unit above the host rock
that woul!d inhibit the downward movement of water or divert downward-moving
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water to a location beyond the limits of the underground facility;

{iv) A host rock that provides for free drainage; or

(v) A cliratic regime in which the average annual historic precipitation is a small
percentage of the average annual potential evapotranspiration.” (10 CFR
60.122(b)(8)).

The above, of course, are the NRC favorable conditions for a repository in a vadose-zone
environment,

Wae think the CD-SCP conceptual model of flow of water through the vadose zone is not based on
nor supported by the available technical data. The estimated downward ground-water flux may be low in
the light of published data. Estimates ot the downward vertical matrix flux {(no fracture flow) through the
repository-horizen host rock range from a low vaiue of 0.003 mmvyear (based on laboratory
determinations on core, Weeks and Wilson, 1984) to a high of 10 mnvyr (Sass and Lachenbruch, 1982)
based on the geothermal-gradient analyses. Montazer and Wilson {1984) data from borehote UZ-1 show
negative (upward) flux of approximately 1 to 2 mmvyr in the Topopah Spring unit. They aiso estimated
that a downward fiux through the same unit o be 1 mnmvyr based on geometric mean of the saturated
hydraulic-conductivity measurements on core samples assuming a hydraulic gradient of one. However,
Montazer and Wilson (1985) reported that the measured hydraulic conductivity of two saturated samples
was two-orders-of-magnitude greater than the geometric mean. For the Paintbrush Tutt nonwelded unit,
they estimated that a vertical flux of 0.1 o about 100 mnvyr may be occurring. Additional uncertainty on
the estimated flux under present conditions is introduced by recharge estimates of 4.5 mmvyr (Rush,
1970) to 5 mmvyr (Waddell, et al, 1984). These estimates of recharge are inconsistent with the
postulated 1 mnvyr by the CD-SCP. If the saturated-matrix conductivity of the Topopah Spring unit is
limited to a maximum of 1 mmyyr as DOE indicates, then the vadose flux could pass through the
repository-harizon host rock {Topopah Spring) as fracture flow.

The CD-SCP conceptual model also assumes by implication that the recharge throughout the
proposed repository boundary area is uniformly distributed. |n desen terrane such as the Yucca Mountain
site, the recharge may be low and variable. However, much of the recharge is certainly concentrated and
focused beneath washes, in and through open and exposed fractures, and through faults in the rock
matrix of the repository block. It is very likely that most of the recharge occurs through the tractures and
in turn gives rise to the flux values that shorten dramaticaily the ground-water travel times through the
vadose zone toward the accessible environment.

The CD-SCP assumption that a capillary barrier exists at the contacts between the Tiva Canyon
welded unit and the underlying Paintbrush Tuff nonweided unit, and between the Topopah Spring welded
unit and the overlying Paintbrush Tuft nonweided unit is unlikely based on the available information
provided by DOE. There is no data or evidence that recharge moves laterally down dip at the contact
between the fractures networks of the Tiva Canyon weided unit and the matrix of the Paintbrush Tuff
nonwelded unit. To date, no field or lahoratory data have been published by DOE which indicate that
saturated conditions have been observed at or near the contact. It is unlikely that water will move laterally
over any significant distance until the tuff is almost saturated.

In addition to the above, the CD-SCP postulates the existence of a capillary barrier between the
Paintbrush Tuft nonwelded and the Topopah Spring units. There is no evidence that water is present
across this contact or as a general condition across the site. Therefore, there is no basis to assume that
“excess recharge” has been stared or that significant lateral flow is occurring within this unit.

The CD-SCP discusses (on pages 8.3.1.2-248 to 250) the use of the geochemical approach to
evalfuate and determine the tlow direction, water flux, and ground-water trave! time in the unsaturated
zone by isotopic techniques. it also states:

“Pore fluids from the matrix and near fractures will be extracted from exploratory shaft

23 MYBBC728b



rubble core for chemical and isotope analyses.”, “Fracture fluids are expected to
permeate the surrounding matrix.”, and “Fluids from samples with moisture contents less
than 11 percent (including samples that have been squeezed and centrifuged) will be
extracted using the vacuum distillation method.”

This technique may be useful in estimating and evaluating the ground-water travel times of water
in the matrix. However, it is not clear from the CD-SCP how water in the fractures, especially the
Topopah Spring unit, will be sampled for the geochemical isotopic technique. Nowhere under any activity
is it explained how fracture waters will be sampled and analyzed when encountered. There are no
activities that address field determination of saturated fractures, or ephemerat fracture fiow. Other
problems that are not addressed by the CD-SCP are the distributed nature of recharge over the repository
block, the scale at which data is developed, the three-dimensionai distribution in space of data collection,
and the manner in which interpretations of these data wiill be made. Based on surface mapping and the
core data, there are several million fractures within the repository block and every one of these is a
possible conduit for both liquid and vapor fiow. In addition, there are very significant {ithologic units and
associated facies that can markedly impact matrix-hydraulic conductivities. We find no activities that
recognize and deal efiectively with these problems.

Vadose Zone Boreholes: The CD-SCP activity 8.3.1.2.3.2 {p. 8.3.1.2-14) entitied *Site vertical borehole
studies” describes the DOE investigation which involves dry drilling and coring of nine planned boreholes
that will range in depth from 122 to 480 meters below the land surface. We are surprised by the
apparent strategy of the vadose-zone drilling program. Based on the existing data on moisture in the
vadose zone, it could be interpreted that the drilling plan has been designed to avold developing
additional data on perched water, or resolving already developed ambiguous data. Specifically UZ-14,
near UZ-1, has a design depth of 120 m. Thus, it will avoid encountering known saturation at 387 m,
which stopped UZ-1 drilling. Also, it will not provide any data to resolve the ambiguous potential records
of UZ-1 in the Tepopah Spring.

In addition, ail the deep boreholes (UZ-9, UZ-8a, UZ-9b, UZ-2, UZ-3, UZ-10) are useless with
respect to evaluating the occurrence and extent of perched water at or below the repository horizon in the
repository biock. UZ-2 and UZ-3 are shallower than UZ-6 and located very close to UZ-6, hence no new
data on the distribution of perched water is likely to be established. UZ-9, UZ-9a, UZ-9b, and UZ-10 are
too far from the repository block to be representative of the block conditions. All the rest of the boreholes
are 1co shallow to develop data at or below the repository horizon. Such a plan is unlikely to establish
new information on perched water and it can not resolve existing questions about already encountered
perched water. ,

We find that the same two drilling techniques previously used in site-selection studies are
planned for all future surface based vadose-zone studies. Both of these drilling methods have serious
weaknesses that are well known to DOE from experience, and these weaknesses seriously impact the
ability of the DOE to characterize the vadose zone. The ODEX method is slow and has produced a depth
maximum of around 400 feet. The reverse-air vacuum produces a large diameter borehole, can not driil
through perched water, produces unstable borehoies in fractured tutf, and is unnecessarlly costly. The
moisture data from UZ-1 and UZ-6 are compromised by the large diameter of the borehole and the
prolonged drilling time.

Vadose Zone Siting Criterla: The NRC siting criteria set forth in 10 CFR 60.122 consist of twa sets of
conditions namely, the first set (10 CFR 60.122(b)) encompasses favorable conditions and the second set
(10 CFR 60.122(c)) encompasses the potentially adverse conditions. The NRC siting criteria inciude the
requirement that DOE must demonstrate and show by analysis that the potentially adversa conditions, if
present at the site, do not affect significantly the ability of the geologic repository to meet the performance
objective related to isolation of the waste. The CD-SCP sets out a plan to prove a conceptual model of
favorable conditions. In doing so, it fails to provide a plan ot activitles that test for unfavorable
conditions !n the vadose zone.
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Concluding vadose Zone Comments

The confident characterization of the vadose-moisture regime of Yucca Mountain fractured tuff is
the most important hydrogeological site-characterization objective. Based on our technical review of the
CD-SCP, the following observations are warranted:

1. The methodologies proposed by DOE for obtaining in-situ physical measurements of moisture
conditions in vadose-zone fractured tuff are based on porous media models which are
inappropriate for fractured tuff; therefore, the proposed methodologies are highly experimental
and have questionable probability of success.

2. Within fractured rocks, such as in the vadose zone of Yucca Mountain, the unresoived problem of
an appropriate scale of data collection is not being addressed. The CD-SCP is not clear on how
this scale problem is going to be resoived.

3. There is no new approach in the CD-SCP for establishing confident travel times in the saturated
zone. We suggest that the SCP should contain field-oriented research activities that attempt to
establish the scale{s) at which the tutt aquiters can be treated as equivalent porous media
between the repository block and the accessible environment.

4, The heavy reliance on computer and numerical codes developed for characterizing the liquid,
vapor, heat, and radionuclide transport within the fractured rocks is disturbing because of the
general abhsance of a reliable validation mathodology and the continuing unavailability of reliable
field data at various scales (laboratory versus repository scale).

Saturated Zone and Regiohai Hydrogeoiogy

A key component of hydrogeologic characterization is establishment of refations between
geologic elements of the system and fluid flow. Boundary conditions for any region of interest are
primarily due to geolkegic controls either directly, as in the case of an impermeable barrier to flow, or
intrinsically, as in the case of a natural conduit. '

In the summary of significant results from Chapter 1 (Geology) of the CD-SCP, the following
statements are made:

"Planned studies will identify and characterize the subvolcanic rocks and delineate their
contact with overlying volcanic rocks (Section 8.3.1.17) to allow for refinement of
hydrologic and tectonic models." (CD-SCP, p. 1-323).

Also,

“Inactive faults and tractures, in their role as hydrologic barriers and conduits, may also

influence the hydrology in the repository area for the postclosure pericd (Chapter 3)."

(CD-SCP, p. 1-328).

Chapter 3 of the CD-SCP summarizes the present state of knowledge concerning the hydrology
of the Yucca Mountain site. Two sections, 3.7.4.2, "Ground-Water Flow Paths During the Quaternary
Period,” and 3.9.3.1, "Accessible Environment and Credible Pathways,” relate to flow-path and travel-time
issues.

The CD-SCP states on p. 3-198:
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"Tests are planned to evaluate the conditions under which flow in fractures and faults
may occur (Section 8.3.1.2.3), thus aiding in the definition of flow paths in the
unsaturated zone."

Also,

"...becaus= of the nearly flat potentiometric surface under parts of Yucca Mountain,
specific tiowpath directions are currently difficult to define. Furthermore, the degree of
anisotropy has not been evaluated. Additional water-table holes and extensive
multiple-well and single-well tracer tests may help define anisotropy, hydraulic
connections, and probable flow paths in the saturated zone (refer to Section
8.3.1.2.3.1)."

According to a statement on p. 3-105, Section 8.3.1.2 includes studies to reexamine and redate
spring and marsh deposits from the south end of Crater Flat and south of Yucca Mountain.

Regarding ground-water tlow paths during the Quatemary pericd, the CD-SCP states on p.
3-107:

"..the occurrence of calcitic veins, tuffs, and marsh deposits kilometers to tens of
kilometers upgradient from areas of modemn ground-water discharge indicates that flow
to points of ground-water discharge were shorter in the past.”

Evidence of possible megascale channeling in carbonate rocks of the southem Great Basin has
been availabie in the open literature for over a decade. The CD-SCP reiterates the results of Winograd
and Pearson {1976): '

"[Winograd and Pearson] have shown a radiocarbon anomaly in Crystal Pool to probably
be caused by megascale channeling, with water moving to this discharge point at
velocities appreciably greater than those to adjacent springs.” {CD-SCP, p. 3-102},

Structural Control on Flow Paths: As stated on p. 8.3.1.17-188, the tectonic synthesis will be applied
to information need 1.6.1 (Section 8.3.5.12.1), "site information and design concepts needed to identify
-the fastest path of likely radionuclide travel and to calculate the ground-water travel time along that path.”
This is one component of the ground-water travel time issue, as outlined on p. 8.3.5.12-23 in a discussion
of interrelationships of information needs. DOE indicates that tectonic synthesis will also be applied to
investigations 8.3.1.2.1 (regional hydrologic system) and 8.3.1.4.2 (geologic framework).

We have reviewed the CD-SCP for investigation activities planned to assess the hydrologic
significance of geoiogic structure in the Yucca Mountain region. We looked for evidence that hydrologic
test drilling is effectively integrated with geologic-characterization activities. The basis for our review
comments is Table 8.3.1.4-2, "Site Characterization Plan Proposed Drilling Requirements,” which fists
proposed boreholes and associated CD-SCP activities.

Only one activity of the CD-SCP is squarely aimed at characterizing the hydrogeologic
significance of a discrete repository-scale geologic structure. Activity 8.3.1.2.3.1.1, "Solitario Canyon
Fault Study In the Saturated Zone," will attempt to determine whether the Solitario Canyon Fault is a
barrier to eastward movement of ground water through the repository block. Two new WT-holes will be
drilled near the Solitario Canyon Fauit, plus a new hydrologic test hole (production well) east of the fault
on the ridge crest of Yucca Mountain, designated H-7. A long-term pumping test intended to ohserve
pumping response across the Solitario Canyon Fault is planned. We commend this effort but question
why similar studies are not pianned to evaluate other known structures, such as the Ghost Dance Fauit.

Steep hydraulic gradients immediately upgradient of the repository appear to nave focused
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DOE's attention with respect to mission objectives. Activity 8.3.1.2.3.1.2, “Site Potentiometric-Level
Evaluation,” calls for two water-table driflholes near Drill Hole Wash to obtain additional data on the
steep hydraulic gradient in this area, and another two water-table drilfholes south and east of the
repository site. It is evident from the discussion on p. 8.3.1.2-302 that data from geologic drilthole USW
G-5 will be used to help determine the probable cause and nature of the steep hydraulic gradient north of
Drilt Hote Wash. Conversely, the region inferred to be down the hydraulic gradient receives virtually no
attention in terms of possible structural controls and hydraulic connection with underlying and overlying
aquifer lithologies.

No plans are given for assessment of preferred flow paths in carbonate rock between Yucca
Mountain and Ash Meadows, or refinement of the inferred western boundary of the Ash Meadows
ground-water flow system. Activity 8.3.1.2.3.1.6, "Well Testing with Conservative Tracers
Throughout the Site,” calls for a possible second multiple-well tracer test complex in a focation "where
the physical rock properties are significantly different from those of the C-hole location® (CD-SCP, p.
8.3.1.2-327). There is no discussion of the many distinct geologle controis on fluid flow that might be
investigated with tracers, nor is there any elaboration of the role of tracers in developing a hydroiogic
characterization of structural discontinuities. Most importantly, the building of a statistically meaningful
sampling rationale from available data is not evident in the geohydrology program.

Hydrologic Effects of Regionat Strain Features: Calcite veins in Pliocene and younger rocks at Ash
Meadows strike N40° £ 10°E (Winograd and Szabo, 1986; CD-SCP, 1988). This is approximately at right
angles to the direction of regional Cenozoic extension. Although major northeast-trending structures exist
in the Yucca Mountain region, the CD-SCP does not appear to address the possibility that they might
represent conduits to ground-water flow because of their fundamentally dilational character.

The CD-SCP alludes to the possible, but unknown hydrologic significance of detachment faults in
the following statement:

"If detachment faults exist at depth below the site, their relevance to repository design
and performance as potential sources of ground motion, rupture, or hydrologic conduits
or barriers hinges on their age, depth, and nature of the intersection of the detachment
faults with the steeply-dipping Quaternary normal faults within the site area” (DOE
CD-SCP, p. 8.3.1.17-132).

The possible hydrogeologic significance of detachment faults is therefore recognized in the CD-SCP, but
no studies are presented for hydrogeologic assessment of detachment faults. The structural studies that
focus on particular groups of faults near Yucca Mountain are 'disjointed from a hydrogeologic perspective,
with the exception of Solitario Canyon Fault studies, since they do not include hydrogeologic objectives.
One of the stated objectives of activity 8.3.1.17.4.12.1 {Evaluate Tectonic Processes and Tectonic
Stability at the Site) is to "...evaluate the regional extent of detachment faults...and evaluate regional
extent of Paleozoic rocks known t0 be aquilers, aquitards, or to provide favored surfaces of detachment
or thrusting” (DOE CD-SCP, p. 8.3.1.17-181). The description of this activity given on p. 8.3.1.17-182 of
the CD-SCP provides for topical reports on "Quaternary wrench faulting, detachment faulting, normal
faulting, and left-lateral strike-slip faulting.” Gravity and magnetic maps will be compiled, and “geologic
cross sections showing inferred subsurface structural and stratigraphic geometry will be prepared.”
Nowhere, however, do we find a statement of any clear hydrogeoiogic objective accompanied by a testing
methodology, in these tectonic studies.

We have been unable to judge the merits of DOE's proposed borehole locations since locations
given in the CD-SCP are inconsistent and generally unjustified. For example, we note major
discrepancies between proposed borehole locations given in Section 8.3.1.2.3.1.2 "Activity: Site
Potentiometric Level Evaluation,” and Section 8.3.1.4.1 "Investigation: Development of an integrated
Drilling Program.” If, as stated on p. 8.3.1.4-18 of the CD-SCP, each proposed drillhole represents a
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source of data intended to answer a particular requirement of design or performance assessment, then all
proposed holes shouid be precisely located and comprehensively justified. Furthermore, if Figure
8.3.1.4-2 contains a mixture of randomly-located and judiciously-sited hoies, they should be clearly -
distinguished. '

The difticuity in defining flow paths in the saturated zone for travel-time calculations is due, as
stated on p. 8.3.1.2-295 of the CD-SCP, to the fact that hydraulic tests at Yucca Mountain have failed to
identify definitive hydrostratigraphic units:

"if pervasive fracturing crosses stratigraphic boundaries and accounts for orders of
magnitude greater hydraulic conductivity than does the matrix, it may not be appropriate
to simulate ground-water flow within a framework of hydrostratigraphic units."

As indicated earlier, onty one activity, 8.3.1.2.3.1.1, "Solitaric Canyon Fauit Study in the Saturated
Zone," is focused directly on determining the hydrologic role of a discrete geologic structure. While it is
recognized that "...flow down the Ghost Dance Fault could result in concentrated flow in a part of the
repository horizon™ (CD-SCP, p. 8.3.1.2-255), a plan to characterize flux in the Ghost Dance Fault has
not been presented in the CD-SCP.

There is no provision in the CD-SCP for hydrogeologic assessment of (discrete) geologic
discontinuities in a geostatistically robust (rigorous) fashion. Ptans have been made for a limited analysis
of the hydrogeclogic significance of the Solitario Canyon Fauit, and as yet no plan exists for analysis of
the Ghost Dance Fault. Activities proposed in the CD-SCP to provide flow-path characterization offer littie
hope of resolving performance issue 1.6 with respect to flow in the saturated zone. A comprehensive
drilling and testing program that includes an assessment of the hydrogeologic character of representative
geologic structures (or areas) is absent from the CD-SCP. The CD-SCP fails to focus
site-characterization activities on real (as opposed to simulated) flow paths.
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APPENDIX |

TECHNICAL REVIEWS OF CD-SCP ACTIVITIES
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APPENDIX 1

This appendix contains specific review comments for activities, subactivities, and studies of CD-SCP _
under seven programs. These programs are:

NP~

Geohydrology Program (8.3.1.2),

Geochemistry Program {8.3.1.3),

Rock Characteristics Program {8.3.1.4),

Climate Program (8.3.1.5),

Thermal and Mechanical Rock Properties (8.3.1.15),
Waste Package Program (8.3.4), and

Performance Assessment Program (8.3.5).

Work plans and technical procedures for each activity were not included in the CD-SCP (nor have they
been established in many cases) and only these more detailed elements of an activity may provide sutfi-
cient information for full evaluation of the technical merits of some activities of the CD-SCP.

The review comments were deveioped for these diverse programs as they relate to the technical
hydrogeologic issues of Yucca Mountain site. Each activity was reviewed in terms of the foliowing four
criteria: 1) conceptual completeness and focus; 2) appropriateness ot methodology to accomplish stated
objective by DQE; 3) probability of success using the existing technology; and 4) feasibility in terms of
time, funding, and human resources. Under each criteria, a unified score system was deveioped that can
be applied to all four criteria. The scoring system range from the lowest grade, 0, to the highest grade of
4. The five grades scoring system covers the following;

0)
1)
2)
3)

4)

insufficient information to judge;

incomplete/unteasible/uniikely to succeed/wilt not establish objectives;

generaily incomplete, probably will not establish objectives/probably will not
succeed/probably unfeasible;

generally complete/probably will establish objectives/probably will succeed/probably
feasible; and

complete/will establish objectives/success likelyfeasible.

The manner in which we believe the review score should be used is as foliows:

if any of the four aspects considered has a numerical score equal to or below 2, we have
judged that the activity will fail to meet the site-characterization objective (indicated by a NO
in the following score summaries). This includes scores of zero, which are given to indicate
there is insufticient information for the reviewer to judge the aspect of the activity.

It all of the four aspects of the activity are scored 3 or above, we have judged that the
addressed site-characterization objective may be established in the time frame available
(indicated by a Yes in the following score summaries). We are assuming that highly qualified
investigators and well-designed and appropriate technical procedures will be used to
accompiish the activity objectives.

When duplicate MAI activity reviews disagreed, we have favored the results of our most
experienced reviewer of the topic of the activily. These are indicated in the summary tables
ot Appendix I.

No review or reviewer is completely unbiased. in recognition of this and the very limited information
Jiven in the activities, our approach 10 the investigative activities of CD-SCP were Impression reviews,
where the most experienced expert with respect to topic within our group reviewed the activities guickly,
by reading them rapidly in context with each other. We provide brief notes as to the why of the scores on
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the review sheets.

Several activities were purposely reviewed by more than one MAI reviewer. Several aspects are
worth noting:

. When the reviewers were both well trained and experienced in the revigwed topic, reviews were
quite similar in results.

il When the reviewers (all of the reviewers are geoscientists, hold Ph.Ds and have at least ten
years of experience in their respective specialties) reviewed outside of their respective
specialties, the scores were significantly higher than scores given by the experienced expert in
the topic. In the tew conflicting double reviews, we favor the results of the more expert reviewer.

We think some of our double review observations may hint at one reason for the overall low
scores given the technical program of the CD-SCP. Activities which may “sound” good to the
inexperienced generalist may, in truth, be very pootly desighed and/or conceived when viewed by an
experienced researcher in the specialized area of effort. Most of us (the reviewers) have rapidly picked
up the jargon and concepts in the areas of expertise of our colleagues with respect to the Yucca Mountain
studies, but our judgment may remain relatively poor on complex research objectives. Only years of
experience allows one to accurately judge what is likely to be feasible, as well as what is correctly
tocused and designed, in efforts to establish viable data and analyses 10 rescive highly complex issues.
Therefore, we conclude that:

a. The majority of activities as presented were not developed by seasoned researchers in
the specialties that are required.

b. The majority of activities as presented were not peer reviewed by highly experienced
experts.
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CD-SCP ACTIVITY REVIEW SUMMARY SHEETS

Ciimate Change Program {8.3.1.5) ... reeererecsenr e crecs e s e st b s
Engineered Barrier System Release Rates Program (8.3.5.10).........cccveveeccenee
Geochemistry Program (8.3.1.3) .. crrereirsser e ersr ree e rees s st ee e e s
Geaohydrology Program {8.3.1.2) ... rtrccrer e e rensirsscsneesssmnese s s essaesesrnnssune
Rock Characteristics Program {8.3.1.4) ...ttt it e
Thermal and Mechanical Rock Properties Program (8.3.1.15)......c..ccoevrrrrrnnnne.
Total Performance Assessment Program (8.3.5)......ccccvveeviinmniciiinnnnincnicnn.
Waste Package Program (B.3.4) .. ..ccoviveiieiieecireeresrrnnsssteceereescese e s erresesseemrenne
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SECTICN
3.3.1.51.11
3.3.1.5.1.2
3.3.1.5.1.2.1
3.3.1.5.1.2.2
8.3.1.5.1.2.3
8.3.1.5.1.23
38.3.1.5.1.2.4
3.3.1.5.1.31
8.3.1.5.1.3.2
3.3.1.5.1.33
8.3.1.5.1.4.1
3.3.1.5.1.41
8.3.1.5.1.42
3.3.1.5.1.42
3.3.1.5.1.43
3.3.1.5.1.4.4
8.3.1.5.1.51
8.3.1.5.1.6.1
8.3.1.5.1.8.2
8.3.1.5.1.6.3
8.3.1.5.2.1.1
8.3.1.5.2.1.2
8.3.1.5.2.1.3
8.3.1.5.2.1.4
8.3.1.5.2.15
8.3.1.5.2.21
8.3.1.52.22
8.3.1.5.2.22
8.3.1.52.23

CCNCEPTUAL

G mt =t P Bobo e Doh W WO ENNDWWE R WD W R

Climate Change Program (8.3.1.5)

IWETHCOCCLCGY

3

W AN WWAAWWWNODL LN WWRMN G WW-— =W

TECHENCLOGY

Wea aNWWWMRHW2LOMNMMNALEMEWODWWL DO WWWMNWWIs

FEASIBILITY

.#-‘—Al\)wmw##—‘#dthUUUUUJ‘ahULQMNUw

SCP CBJECTIVES

YES
YES
NO
NQ
NO*
YES
YES
YES
NO
NO
YES
YES
NO
NO
YES
YES
NO
NO
NO
NO
YES
NO
YES
YES
YES
NO
NO
NO
YES

Review favored by MAI based on relative experience/expertise of the two reviewers in the activity

topic.
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. Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.1.1 page no.: 8.3.1.5-24
ACTIVITY NO. {If applicable):
ACTIVITY TITLE:  Synoptic characterization of regional climate.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Msthodology will establish objective.
3 Gaenerally compiete and/or focused. 3 Methodology probably will establish objective.
2 QGenerally incomplete and/or poortly focused. 2 Methodology probably wili not establish objective,
1 Incompiete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information 1o judge.
SCORE: 4 SCORE: 3
Comments: Comments:
Modesl of C cycle during recharge not
part of the objectives.
Probabilty of Success Using Existing Feagsibility in Terms of Time, Funding, and
Jechnology: Human Resources:
.4  Success likely. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeaed. 2 Probably not feasible.
1 Success unlikely. 1 Urleasible,
0 Insufticient information to judge, 0 Insufficiant infarmation to judge.
SCORE: 4 SCORE: 3
Comments: Comments:
REVIEWER: M. Mifflin. DATE: 09 June 1988.
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Mifftin & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Vaegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

ACTIVITY NO. (It applicable):
ACTIVITY TITLE:  Paleoclimate study: lake, playa, marsh deposits. [Study]

SCP SECTION: 8.3.1.5.1.2 page no.: 8.3.1.5-26

Appropriateness of Methodology to

Canceptual Completeness and Focus Establish Stated Qbjective:

4 Complete and/or focused. 4  Mathodology will establish objective.

3  Generally complete and/or focused. .3 Methodoiogy probably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information ta judge. 9 Insufficient information 10 judge.

SCORE: 4 SCORE: 4

Comments: Comments:
Probability of Success Using Existing Feasibility in Terms of Time. Funding, and
JYechnology: Human Besources:

4 Success likely, 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely, 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information 10 judge.
SCORE: 3 SCORE: 3

Comments: Comments:

REVIEWER: M. Mifflin. DATE: 09 June 1988.
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Mifflin & Associate
2700 East Sunset Road,

inc.
uite G25

.Las Vegas, Navada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.2.1
ACTIVITY NO. (If applicable):
ACTIVITY TITLE:  Paleontologic analyses.

Conceptual Completeness and Focus

Complete and/or focused.

Ganeraily complete and/or focused.
Generally incomplate and/or poorly focused.
Incompiete and/or not focused.

insufticient information 1o judge.

O —+ MW e

SCORE: 3

Comments:

Lacks the way that time wiil be established,
and does not clearly indicate how or if
integrated in to all stratigraphic studies
that are necessary for age control.

Probabllity of Success Using Existing
Technology:

Success likely.

Probably will succead.
Probably will not succead.
Success unlikely,

Insufficient information to judge.

O —= WA

SCORE: 3

Comments:

Very little published work for comparing
paleo with modern environments may prove
to be a problem.

REVIEWER: M. Mifflin.

page no.: 8.3.1.5-28

Apgropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodoiogy probably will establish objective.
Maeathodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

[= B VI /5 39 8

SCORE; 3
Comments:

Some probiem with respect to published
database for environments.

Feasibllity In Terms of Time, Funding, and
Human Resources:

Feasible.

Praobably feasibla.

Probably not feasible.
Unfeasible.

Insutficient information to judge.

O = NWA

SCORE: 2

Comments:

Human resources and/or time as
compared to the magnitude of the effort
seems to be an important limitation.

DATE: 09 June 1988.
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Miffiin & Associstes, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.2.2
ACTIVITY NO. (if applicable):

page no.: 8.3.1.5-31

ACTIVITY TITLE:  Analysis of the stratigraphy-sedimentology of marsh, iacustrine, and

playa deposits.

Conceptuyal Completeness and Focus

Complete and/or focused.

Generally compiete and/or focused.
Genarally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O - MW

SCORE; 2

Comments:

Reliance on seismic techniques suggests
that there is little understanding of

Great Basin depositional environments
and the difficulty of differentiating

depositicnal environments from lithologies.

Probability of Success tising Existing
Jechnology:

Succass likaly.

Probably will succeed.

Probably will not succeed.
Succass unlikely.

Insufficient information to judge.

SCORE: 2
Comments:

Would work only if all seismic work heavily
controlled by coring.

REVIEWER: M. Mifflin.

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
insufficient information to judge.

O—-MNWh

SCORE: 1

Comments:

Only core/outcrops will allow character-
ization of lithologies in terms of
depositional environments.

Feasibility in Terms ot Time. Funding, and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.

Unfeasible.

Insufficient information to judge.

O = N W

SCORE: 3
Comments:

DATE: 09 June 1988.
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Miffiin & Assoclates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

: (702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1
ACTIVITY NO. (if applicable): 8.3.1.5.1.2.3

page no.: 8.3.1.5-33

ACTIVITY TITLE: Geochemical analyses of lake, marsh, and playa deposits.

Conceptual Completeness and Focus

Complete and/or focused.

Ganarally complate and/or focused.
Generatly incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufticient information to judge.

O =MW

SCORE: 2

Comments:

The overall objective is good, but the study
activity proposed will not yield resuits

due to poor focus. Study activity should
be retitled to provide correct focus.

Probabitity of Success Using Existing
Jechnology:

Success likely.

Probabiy will succeed.
Probably will not succeed.
Success uniikely.

Insufficient information to judge.

O = N WA

SCORE: 3

Comments:

Micropaleo techniques with fluid

inclusion work and authigenic mineralogy
geochemistry could provide the information
desired.

REVIEWER: M. Morgenstein.

Appropriateness of Methodology to
Establish Stated Qbjective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably wiil not astablish objsctive.
Methodology will not establish objective.
Insufficient information to judge.

O =N WA

SCORE:. 1

Comments:

Should be looking at fluid inclusions and
micropaleontology techniques. This
section is very poorly developed.
Specific deposits need to be identified
along with good age controls.

Feasibility In Terms of Time, Funding, and
Human Besources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insutficiant information to judge.

O 4N WA

SCORE:; 3

Comments:

The quantity of samples will be the only
limiting factor in obtaining desired
information and results.

DATE: 09 June 1988.
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Miiflin & Associates, inc.
2700 East Sunset Road, Suite C25
as, Nevada 88120

(702)

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.2.3
ACTIVITY NO. (If applicable):
ACTIVITY TITLE:

Conceptual Completeness and Focus

Complete and/or focused.

Ganerailly complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplaete and/or not focused. '
Insufficient infarmation to judge.

O - oW

SCORE:. 3

Comments:

Will only work if closely tied to fieid
mapping and associated sedimentological
and stratigraphic analyses.

Probability of Success Using Existing
JTechnology:

Success likely,

Probably will succeed.

Probably will not succeed.
Success uniikaly.

Insufficient information to judge.

O “MnNnWh

SCORE: 3

Comments:

Potential problems of secondary changes
due to the complex hydrologic histories
and arid conditions.

REVIEWER: M. Mifflin.

page no.: 8.3.1.5-33

Geochemical analyses of lake, marsh, and playa deposits.

Anpropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will establish cbjective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insutficient information to judge.

O = W

SCORE: 3

Comments:

Eeasibiiity in Terms of Time, Funding. and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unteasible.

Insufficient information to judge.

O - NWA

SCORE: 4

Comments:

DATE: 09 June 1988.
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Miffiin & Assoclates, inc.
2700 East Sunset Road. Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.2.4
ACTIVITY NO. (It applicable):

ACTIVITY TITLE:

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Ganeraily complete and/or focused.

2 Ganerally incompigte and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 4
Commaents:
Objective and focus sound.

Probability ot Success Using Existing
Jechnology:

Succass iikely.

Probably will succeed.

Probably will not succeed.
Success unlikely.

Insufticiant information to judge.

O =MWk

SCORE: 3
Comments:

Analytical techniques have some problems
with respect to confident dating.

REVIEWER: M. Mifflin.

page no.: 8.3.1.5-35

Chronoiogic analyses of lake, playa, and marsh deposits.

Appropriateness of Methodology to
Establish Stated Objective:

Maethodology will establish objective.
Methodalogy probably wili establish objective.
Mathodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O =2 NWs

SCORE: 3

Comments:

Some dating methods listed need better
tests when applied to the regional
problems.

Feasibllity in Terms of Time, Funding, and
Human Resources:

4 Feasible,

3 Probably feasible.

2 Probabiy not feasible.

1 Unfeasible.

0 Insufficient infermation to judge.
SCORE: 3

Comments:

DATE: 09 June 1988.

MY8807250
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Miffiin & Associstes, Inc.
2700 East Sunset Road, Suite C25

Las V

s, Nevada 89120
8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.3.1
ACTIVITY NO. (if applicable):

page no.: 8.3.1.5-38

ACTIVITY TITLE:  Analysis of pack rat middens.

Lonceptual Completeness and Focus,

4  Complete and/or focused.

3  Generally complete and/or focused.

2 Generally incompigte and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 4
Comments:

Probabllity of Success Using Existing
Technology:

Succaess likely.

Probabiy will succeed.

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O =W

SCORE; 3

Comments:

Still no agreement on how to best analyze

and interpret pack rat middens.

REVIEWER: M. Mifflin.

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish abjective.
Methadology will not establish objective.
Insufficient information 1o judge.

o= NWAA

SCORE: 4
Comments:

Feasibllity in Terms of Time, Funding. and
Human Resources:

4 Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 4

Comments:

DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.3.2 page no.: 8.3.1.5-39
ACTIVITY NO. (If applicable):
ACTIVITY TITLE: Analysis of pollen samples.

Appropriateness of Methodology to
Conceptual Completeness and Focus Estabiish Stated Objective:
4  Complete and/or focused. 4 Mathodology will astablish objective.
3  Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Ganaerally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incompiete andfor not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficiant information to judge.
SCORE: 4 SCORE: 2
Comments: Comments:
Pollen preservation is too limited to
provide the type of record needed in both
time and space for past vegetation.
Probabllity of Success Using Existing Feasiblity In Terms of Time, Funding. and
Technology: Human Resources:
4  Success likely. 4 Feasibie.
3 Probably will succesd. 3 Probably teasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Success uniikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insutficient information to judge.
SCORE: 2 SCORE: 4
Comments: Comments:
Problems exist in the interpretations of
pollen counts; preservation in arid (oxidized)
sediments a serious problem.
REVIEWER: M. Mifflin. DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunsst Road, Suite C25

“Las ¥V
(702)

as, Nevada 89120
8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.3.3
ACTIVITY NQ. (It applicable):

page no.: 8.3.1.5-41

ACTIVITY TITLE: Determination of vegetation-climate relationships.

Lonceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complate and/or focused.

2 Ganerally incompiete and/or poorly focused.
1 incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 4

comments:

Probabitity of Success Using Existing
Technotogy:

Succass likely.

Probably will succaed.

Probably will not succeed.
Success unlikaly.

Insuificient information to judge.

Q= NWA

SCORE: 1

Comments:

Plant/climatic controls information may
not be well enough developed to use the
transfer function and response function
approach.

REVIEWER: M. Mifflin.

45

Approprigteness ot Methodology to
Establish Stated Objective:

Mothodology will establish abjective,
Methodology probably will establish objective.
Methodalogy probably will not establish objective.
Methodology will not establish objective,
insufficient information to judge.

O =W

SCORE: 2

Comments:

Methodology undemonstrated on the plant
communities and climates ot the arid
southwest.

Feasibitity In Terms of Time, Funding, and
Human Resources;

Feasible.

Probably feasible.

Probably not teasible,
Unfeasible.

insufficient information to judga.

O = N W h

SCORE: 3
Comments:

i approach worked, it is feasible to
execute.

DATE: 09 June 1988.
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Mittlin & Assoclates, inc.
2700 East Sunset Road, Sutte C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.4.1 page no.: 8.3.1.5-44
ACTIVITY NO. (if applicable):

ACTIVITY TITLE: Modeling of soil properties in the Yucca Mountain region.

Appropriateness of Methodology to

Conceptual Completeness and Focus Estabiish Stated Objective:

4  Complete and/or focused. 4 Methodology will establish objective,

3 Generally comptete and/or focusad. 3 Methodoiogy probably will establish objective.
2 Generally incomplete and/or paorty focused. 2 Methodoiogy probably will not establish objactive.
1 Incomplete and/or not focused. 1 Methodology will not establish objactive.

0 [nsufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCOBE: 3

Comments: Comments:

Probabllity of Success Using Existing Feasibiiity In Terms of Time, Funding. and
JTechnology; Human Resources:

4 Success likely. 4 Faasible.

3  Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient infarmation to judge. 0 Insufficiant information to judge.
SCORE: 3 SCORE: 3

Comments: Commaeants:

This will only succeed if dating of soiis and
associated landforms is confident. There is
enough promise in a variety of approaches to
anticipate some success.

REVIEWER: M. Mifflin. DATE: 09 June 1988,

MY880725
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Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Climate page no.: 8.3.1.5-44
ACTIVITY NO. (it applicable): 8.3.1.5.1.4.1
ACTIVITY TITLE: Modeling ot soii properties in the Yucca Mountain region.

Anpropriateness of Methodology tQ

Conceptual Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4  Methodology will establish objective.

3 Generally complete and/or focused. 3  Methodology prabably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incompiete and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE; 3 SCORE: 3

Comments: Comments:

Probability of Success Using Existing Feasibillty in Terms ot Time, Funding. and
JYechnology: Human Resources:

4  Success likely. 4 Foasible.

3 Probabily will succeed. 3  Probably feasible.

2  Probably will not succeed, 2 Probably not feasibls.

1 Sueccass unlikely. 1 Unfeasible.

@ Insufficient information to judge. 0 Insufficient information to judga.
SCORE: 3 SCORE: 3

Comments: Comments:

REVIEWER: A. Eizeftawy. DATE: 13 June 1988.
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Mifflin & Associates, inc.

2700 East Sunset Road,

las V

uite C25

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.4.2
ACTIVITY NQ. (if applicable):
ACTIVITY TITLE:

Conceptual Completeness and Focus

4 Complete and/or focused.

3  Ganerally complete and/or focused.

2 Genaraily incomplete andfor poorly focused.
1 Incomplste and/or not focused.

0 Insufficient information to judge.

SCORE: 2

Comments:

Unfortunately, this study assumes that the
scils in the two areas of study forming now
are in analog pluvial climates.

Probability of Success Using Existing
Jechnology:

4  Success likely.

3  Probably will succeed.

2 Probably wili not succeed.

1 Success unlikely.

0 Insufficient information to judge.
SCORE: 3

Comments:

The characteristics of the soils,
including water chemistry, will likely
succeed.

REVIEWER: M. Mifflin.

Soil moisture analog study.

page no.: 8.3.1.5-48

Appropriateness of Methodology to
Establish Stated Objective;

4  Methodology will establish objective.

3 Methodology probably will estabiish objective.

2 Methodology probably will not estabilish objective.
1 Msthodology will not establish objective.

0 Insufficisnt information to judge.

SCORE: 2
Comments:
Need to expand the range of wetter

climates and use soils on the same parent
terrane.

Feasibilty in Terms of Time, Funding, and
Human Resources;

4  Feasible.

3 Prpbably feasible.

2 Probabiy not feasible.

1 Unfeasibie.

0 Insufficient information to judge.
SCORE: 3

Comments:

DATE: 09 June 1988.
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Miffiin & Assoclate
2700 East Sunset Road,

Lasg V
(702)

Inc.
uite C25

as, Nevada 89120
-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Climate

ACTIVITY NO. (it applicable): 8.3.1.5.1.4.2

ACTIVITY TITLE: Soil moisture analog study.

Conceptual Completeness and Focus

Complete and/or focused.

Ganerally complate sand/or focused,
Generally incomplete and/or poorly focused.
incomplete and/or not focused.

Insufficient information to judge.

O - N W N

SCORE: 2
Comments:

Assume soils are forming under the same
weather of pluvial climates?

Probability of Success Using Existing
Jechnology:

Success likaly.

Probably will succesed.

Probably will not succeed.
Success unlikely,

ingutticient information to judge.

QO - MW

SCORE: 3
Comments:

REVIEWER: A. Elzeftawy.

49

page no.: 8.3.1.5-48

Appropriataness of Methadalogy ta
Establish Stated Objective;

Methodalogy will establish objective.
Methodology probably will estabiish objective.
Mathodology probably will not establish objective.
Methodology will not establish objective.
ingutficient information to judge.

O =MNWhHA

SCORE: 2
Comments:
Need to expand the range of climates.

Feasibliity in Tarms of Time, Funding.and
Human Resources;

Feasible,

Probably feasible.

Probably not feasible.
Unfeasible,

Insufficient information to ]udga

[=JE N VIS

SCORE: 3
Comments:

DATE: 13 June 1988.
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Mitftin & Associates, Inc.
2700 East Sunsat Reoad, Suite C25

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.4.3
ACTIVITY NO. (If applicable):

as, Nevada 89120
(702)798-0402 & 3026

page no.: 8.3.1.5-50

ACTIVITY TITLE:  Surficial deposits mapping of the Yucca Mountain area.

Conceptual Completeness and Focus

Compiete and/or focused,
Generally complete and/or focusad,

incomplete and/or not focused.
Insufficient information to judge.

O = W

SCORE: 4
Comments:

Probabllity of Success Using Existing
Jechnology:

Success likely.

Probably will succaed.
Probably will not succeed.
Success uniikely.

insufficient information to judge.

Q= N WA

SCORE: 4
Comments:

REVIEWER: M, Mifflin,

Generally incomplete and/or poorly focused.

Appropriateness of Methodology to
Establish Stated Objective;

4 Methodology will establish objective,

3 Methodology probably will astablish objective.

2 Methodology probabiy will not establish objective.
1 Mesthodology will not establish objective.

0 Insutficient information to judge.

SCORE: 4
Comments:

Feasibliity In Terms ot Time, Funding, and
Human Besources:

4 Feasible,

3  Probably feasible.

2 Probably not feasible.

1 Unfeasibla.

0 Insutficient information to judge.
SCORE: 4

Comments:

DATE: 09 June 1988.
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Mifflin & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.4.4 page no.: 8.3.1.5-56
ACTIVITY NO. {If applicabie):
ACTIVITY TITLE:  Eolian history of the Yucca Mountain region.

Appropriateness ot Methadology to

Conceptual Completeness and Focus Establish Stated Objective:

4 Compiete and/or focused. 4 Methedology will establish cbjective.

3  Generally complete and/or focused, 3 Methodology probably will establish objective.

2 Generally incompiete and/or poorly focused. 2 Methedology probably will not astablish objective.
1 Incomplete and/or not fecused, 1 Methodology wiil not establish objective.

0 Insutficient information to judge. 0 Insufficient information to judge.

SCoRe: 4 SCORE: 4

Comments: : Commaents:

Prababliity of Succegs Using Existing Feasiblifty in Terms of Time. Funding. and
Jechnology: Human Resources:

4 Success likely, 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed, 2 Probably not feasible,

1 Succass unlikely. 1 Unfeasible.

0 Insufticiant information to judge. 0 Insufficient information to judge.
SCORE: 4 SCORE:; 4

Comments: Comments:

REVIEWER: M. Mifflin. DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunsaet Road, Suite C25

Las Vv

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: 8.3.1.5.1.5.1
ACTIVITY NO. (It appticable):
ACTIVITY TITLE:

Lonceptual Completeness and Focus

Complete and/or focused.

Generaily complete and/or focused.
Generaily incomplete and/or poorly focused.
Incompiete and/or not focused.

Insufficient information 1o judge.

O~ NWH

SCOBE: 3
Comments:

Probabiiity of Success Using Existing
Jechnology:

Success likely.

Probably wilt succeed.

Probably will not succeed.
Succass uniikely.

Insufficient information to judge.

O = N W

SCORE; 2

Comments:

Modern climate models validated by
paleoclimatic data suggest the need for

much more quantitative data than can be
deveioped.

REVIEWER: M. Mifflin.

52

page no.: 8.3.1.5-61

Paleoclimate-paleoenvironment synthesis.

Appropriateness of Methadology to
Establish Stated Objective:

Mathodology will establish objective.
Mathodology probably will astablish objectiva.
Mathodology probably will not establish objective.
Methodology wiil not establish objactive,
Insufficient information to judge.

O = N W~

SCORE: O

Comments:

Not clear or stated as to how to obtain
quantitative data from terrestrial
paleocology and paleoenvironmental
investigations.

Feasibiilty in Terms ot Time, Funding, and
Human Resources:

4 Feasible.

3  Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 2

Comments:

The independent variables of climate--
temperature and precipitation--are
needed for paleoclimates through time
and space. This continues to be a
serious challenge to paleociimate
analysis.

DATE: 09 June 1988.
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& Associates, (nc.

Mitfiin
2700 East Sunset Road,

uite C25

Las Vegas, Nevada 89120

(702)

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.6.1
ACTIVITY NO. (if applicabie):
ACTIVITY TITLE:  Global climate modeling.

Conceptual Completeness and Focus

Complate and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorty focused.
Incompleta and/or not focused.,

Insufficient information to judge,

O =2MNWA

SCORE: 1

Comments:

The sensitivity of a new global modei wil
not better the information available for

a regional model. Poorly focused,
conceptually incorrect.

Probability of Succeas Using Existing
JTechnology: '

Success likely,

Probably will succead.

Probably wili not succeed.
Success unlikely,

Insufficiant information to judge.

(=T LV -

SCORE: 2

Comments:

Global models are not sensitive in a
complex region like the Great Basin and
therefore it would not likely establish
useful information.

REVIEWER: M. Mifflin.

53

page no.: 8.3.1.5-63

Anpropriateness af Methodology to
Establish Stated QObjective:

Methodelogy wiil establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O~NWA

SCORE: 2

Comments:

Appropriate for the first two objectives,
but the global mode! of general circu-
lation probably is not sensitive enough
to provide meaningful boundary
conditions (precipitation, temperature, ET,
etc.} in the Great Basin.

Feasibllity in Terms of Time, Funding, and
Human Resoyrces;

Fdasible,

Probably feasibie,

Probably not feasible.

Unfeasible,
insufficient information to judgs.

O+ NWLA

SCORE: 1

Commants:

A global model sensitive enough to
reach the objectives is not likely to
be feasible in terms of ail the
resources required.

DATE: 10 June 1988.
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Mitflin & Aasociatas, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.6.2 page no.: 8.3.1.5-68
ACTIVITY NO. (if applicable):
ACTIVITY TITLE: Regional climate modeling.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objective,
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not astablish objective.
1 Incomplete andfor not focused. 1 Methodology will not establish objective.
0 Insufficiant information to judge. 0 Insufficiant information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:

Does not recognize the opportunity to
calibrate the regional model with closed
basin lake hydrology of the Great Basin.

_
Technology: Human Resources:

4  Success likely. 4 Feasible.

3  Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 0 SCORE: 4

Comments: Comments:

REVIEWER: M. Mifflin. DATE: 09 June 1988.

This approach is of perhaps greater value than the global model in that Yucca Mountain
climates are being attempted based on regional data.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.1.6.3 page no.: 8.3.1.5-70
ACTIVITY NO. (If applicable):
ACTIVITY TITLE: Linked global-regional climate modeling.

Appropriateness ot Methodology to
Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Mesthodology will establish objective.
3 Gaenarally complete and/or focused. 3 Maethodaology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.
0 Insufficient information to judgs. 0 Insufficient infarmation to judgs.
SCORE: 1 SCORE: 3
Comments: ‘ Comments:
The global model is not likely to be Last paragraph of 8.3.1.5-72, 73 does not
sensitive enough to judge erosion rates, etc. make sense with respect to confirmation
Only regionally derived palecclimate of climatic episodes by statistics, if
evidence is necessary for this analysis. orbital parameters are being used to
predict climate change.
Probabliity of Success Using Existing Feasibliity in Terms of Time. Funding, and .
4  Success likely. 4 Feasibla.
3 Probably will succeed. 3 Probably feasible.
2 Probabiy will not succeed. 2  Probably not feasibla.
1 Succass unlikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficiant information to judge.
SCORE: 1 SCORE: 1
Comments: Comments:
REVIEWER: M. Mifflin. DATE: 09 June 1988.
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Mitflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 83120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.1.1 page no.: 8.3.1.5-82
ACTIVITY NO. (it applicable):
ACTIVITY TITLE:  Regional paleo flood evaluation..

Appropriateness of Methodology to
Conceptuat Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Meathodology will establish objective.
3 Genarally complete and/or focused, 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Maethodology probabiy will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish abjective.
0 Insutficient information to judge. 0 Insufficient information to judge.
SCORE; 4 ~ SCORE: 3
Comments: Comments:
Probabllity ot Success Using Existing Feagibllity in Terms of Time. Funding. and
Jechnology: Human Resources:
4  Success fikely. 4 Foasible.
3 Probabiy will succeed. 3  Probably feasible.
2  Probabiy wili not succeed. 2 Probably not feasibie,
1 Success unlikety. 1  Unfeasible.
0 Insufficient information to judge. 0 Insutficient information 1o judge.
SCORE: 3 SCORE: 4
Comments: Comments:
REVIEWER: M. Mifflin. DATE: 11 June 1988.

MY380725h
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Miffiin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.1.2
ACTIVITY NO. (it applicable):

page no.: 8.3.1.5-84

ACTIVITY TITLE: Quaternary unsaturated zone hydrochemical analysis.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Ganerally complete and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 4
Comments:

Probability of Success Using Existing
Jechnology:

Success likaly.

Probably will succeed.,

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

o =MW

SCQRE: 2

Comments:

The DOE program has not developed or
used a drilling technique that allows for
the sampling of fracture water at and
below the repository horizon.

REVIEWER: M. Mifflin.

Appropriateness of Methodology to
Establish Stated Objective:

O =P s

Methodology will establish objective.
Methodology probably will @stablish objective.
Mathodology probably will not' establish objective.
Mathodaoiogy will not estabiish objective.
Insufficient information to judge.

SCORE: 4
Commaents:

Feasibiiity In Terms of Time, Funding, and
Human Resources;

(= BE VA -

Feasible.

Prabably feasible.

Probably not feasibla.
Unfeasible.

Insufficiant information to judge.

SCORE: 4
Comments:

57

DATE: 12 June 1988.
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Mifflin & Associate
2700 East Sunset Road,

Las Vegas,

Ine.
uite C25
Nevada 89120

(?02) 8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

€
SCP SECTION: 8.3.1.5.2.1.3 page no.: 8.3.1.5-86
ACTIVITY NO. (It applicable):
ACTIVITY TITLE:  Evaluation of past discharge areas.
G
Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective;
4 Complete and/or focused. 4  Meathodology will astablish objective. C
3 Generally complete and/or focused. 3 Methodology probably will establish obiective. '
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Meathodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
C
SCORE: 4 SCORE: 4
Comments: _ _ Comments:
This is conceptually similar to investigations
now underway by the State in other
discharge areas. ¢
Probabliity ot Success Using Existing Feasibility i Terms of Time. Funding, and
Jechnology: Human Resources:
‘4 Success likely. 4 Feasible. ¢
3 Probably will succeed. 3  Probably feasible.
2 Probably wilt not succeed. 2  Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficient information to judgs. 0 Insuificient information to judge.
SCORE: 3 SCORE:. 3 (
Comments: Comments:
REVIEWER: M. Mifflin. DATE: 12 June 1988. C
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MHTTIn & Associates Inc.
2700 East Sunset Road, Suite C25
Las Vaegas, Nevada 89120

(702)

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.1.4
ACTIVITY NO. (If applicable):

ACTIVITY TITLE:  Analog recharge studies.

Canceptual Completeness and Focus

Complete and/or focused.

Genarally complete and/or focusad.
Genaerally incompiete and/or poorly focused.
incomplete and/or not tocused,

Insufficient information to judge.

O =-MNWA

SCORE: 4

Comments:

This is almost identical in conceptual
approach to the analog recharge studies
proporsed by the State (DRI) in 1984.

Probability of Success Using Existing
Jechnology:

Succaess likely.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufticient information to judge.

Q=N W

SCORE: 3
Comments:

REVIEWER: M. Mifflin.

page no.: 8.3.1.5-93

Appropriateness of Methodology to
Establish Stated Opjective:

Methodology will astablish objective.
Mathodology probably will establish objective,
Mathodology probably will not establish objective.
Methodology will not establish objective,
Insutficient information to judge.

O = N WM

SCORE: 3
Comments:

Eeasibility in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

insutfficiant information to judge.

O == DWwh

SCORE; 3
Comments:

DATE: 12 June 1988,
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Mifflin & Asaocciates, Inc.

2700 East Sunset Road, Suite C25

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.1.5
ACTIVITY NO. (if applicable):

page no.: 8.3.1.5-96

ACTIVITY TITLE:  Studies of calcite and opaline silica vein deposits.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complate and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incompiete and/or not focused.

0 Insufficient information to judge.

SCORE: 4
Comments:

Erobabliity ot Success Using Existing
Jechnoloqy:

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficiant information to judge.

O =MW

SCORE; 3

Comments:

REVIEWER: M. Mifflin.

Appropriateness ot Methodology to
Establish Stated Objlective:

Methodology will establish objective.
Mathodology probably will establish objective.
Methodology probably will not establish objectiva.
Methodology will not estabiish objective.
Insufficient intormation to judge.

O =N W~

SCORE: 3
Comments:

Feagibiifty in Terms of Time. Funding, and
Human Resources;

4 Feasible.
3 Probably feasible.
2 Probably not feasible.
1 Unfeasible.
0 Insuiticient information to judge.
SCORE: 3
Comments:
DATE: 12 June 1988.
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Mifflin & Associate ine.

2700 East Sunset Road,

uite C25

as, Nevada 89120

(702

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.2.1
ACTIVITY NO. (It applicable):

page no.: 8.3.1.5-102

ACTIVITY TITLE:  Analysis of future surface hydrology due to climate changes

Lonceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or pooriy focused.
Incomplete and/or not focused,

Insufficient information to judge.

O =Wk

SCORE: 2
Comments:

It is not clear that there is enough data
to modei modem runoff.

Probabitity of Success Using Existing
Technology:

Success likely.

Probably will succeed.
Probably will not succead.
Succass unlikely.

Insufficient information to judge.

O =L MNW A

SCORE: 2

Comments:

No demonstrated models of ard/semi-arid
stream flow regimens in the region--no
technology.

REVIEWER: M. Mifflin.

Apgropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methcdology probabiy will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O =MWk

SCORE: 2
Comments:

Don't understand the technique to be
used to validate the model.

Eaasibllity In Terms ot Time, Funding, and
Human Resources:

Feasible.

Probably feasibie.

Prebably not feasible.
Unfeasible.

insutficient information to judge.

O -2NWe

SCORE: 2

Comments:

A few years of data collections in the
Yucca Mountain area are not likely to
be enough to model even the present
surtace-water regimen.

DATE: 12 June 1988.
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Mitfiin & Assoclates, inc.
2700 East Sunset Road. Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.2.2 ' page no.: 8.3.1.5-103
ACTIVITY NO. (If appiicable):

ACTIVITY TITLE:  Analysis of future unsaturated zone hydrology due to climate changes.

Appropriateness of Methodology to
Lonceptual Completeness and Focus Establish Stated Qbjective:
4 Complete and/or focused. 4 Mathodology will astablish objective.
3  Genaerally complete and/or focused. 3 Methodology probably will establish objective.
2 Generaily incomplete and/or poorly focused. 2 Methodalogy probably will not establish objective.
1 Incomplete and/or not focusad. 1 Msthodology will not establish objectiva.
G Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE: 1
Comments: Comments:

The activity is flawed by the assumption
that a calibrated vadose zone model will
be established.

Probabllity of Success Using Existing Eeasibiiity in Terms of Time, Funding. and
4  Success likely. ' 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasibie.

1 Succass unlikely, 1 Unteasible,

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 1 SCORE; 1

Comments: Comments:

REVIEWER: M. Mifflin. DATE: 12 June 1988.
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Mifitin & Assoclates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Climate

ACTIVITY NO. (It applicabie): 8.3.1.5.2.2.2

page no.: 8.3.1.5-103

ACTIVITY TITLE: Analysis of future unsaturated zone hydrology due to climate changes.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =N W

SCORE: 1

Comments:

it is flawed because of the complets
reliance on mathematical, theoretical,
and unproven models.

Erobabiiity of Success Using Existing
JTechnology:

Success likaly.

Probabiy will succeed.

Probably will not succeed.
Success unlikely.

Insufficiant information to judge.

O = N WhH

SCORE: 1
Comments:

REVIEWER: A. Elzeftawy.

Appropriateness of Methodology to
Establish Stated Qbjective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not astablish objective.
Methodology will not establish objective.
insufficient information to judge.

O =W

SCORE: 1
Comments:

Feasibility In Terms of Time, Funding, and
Human Resources:

Feasible.

Probabiy feasible.

Probably not feasible.

Unfeasibie.
Insutficient information to judge.

O -~ NWhk

SCORE: 1
Comments:

DATE: 13 June 1988.
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Mitfiln & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.5.2.2.3 pageno.: 8.3.1.5-105

ACTIVITY NO. (If applicabie):

ACTIVITY TITLE:  Synthesis of effects of possible future recharge due to climate changes
' on hydrologic characteristics of the Yucca Mountain saturated zone.

Appropriateness of Methodology to
Conceptual Compjeteness and Fogus Establish Stated Objective;
4  Complete and/or focused. 4 Mathodology will establish objectiva.
3 Generally compiete and/or focused. 3 Maethodology probably will establish objective.
2  Generally incompiete and/or poorly focused. 2 Mathodolegy probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 insufficient information 1o judge. 0 Insufficient infermation to judga.
SCORE: 3 SCORE: 3
Comments: Comments:

The approach is good, but compromised by The two noted problems or weaknesses--
the probable lack of model sensitivity inthe ie. the sensitivity of the modeling in the
areas of discharge where the changes of discharge areas and the type of terrain

WL are established. which produces important recharge.
Probability of Success Using Existing FEeasibility in Terms of Time, Funding. and
4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE; 3 SCORE: 4

Comments: Comments:

A weakness is the lack of knowledge of the
importance of recharge in terrain such as
Yucca Mountain.

REVIEWER: M. Mifflin. DATE: 12 June 1988.
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Engineered Barrier System Release Rates Program (8.3.5.10)

SECTICN  CONCEPTUAL METHODOLOGY TECHNOLOGY FEASIBILITY SCP OBJECTIVES
83512111 2 0 0 0 NO
5.3.5.19.1.1.2 2 0 0 0 NO
8.3.5.12.1.1.3 1 0 0 0 NO
8.3.5.10.2.1.1 2 2 3 3 NO
8.3.5.10.2.1.2 3 3 3 3 YES
3.3.5.10.2.1.3 3 3 3 3 YES
8.3.5.10.2.1.4 3 0 0 0 NO
8.3.5.10.2.1.5 3 3 0 0 NO
8.3.5.10.2.1.6 2 c 0 0 NO
8.3.5.10.2.21 3 3 3 3 YES
8.3.5.10.2.2.2 3 3 3 0 NO
8.3.5.10.2.2.3 3 3 0 0 NO
8.3.5.10.3.1 2 0 0 0 NO
8.3.5.10.3.2 3 3 0 0 NO
8.3.5.10.3.2.2 4 3 3 0 NO
8.3.5.10.3.3 3 3 0 0 NO
8.3.5.10.3.4 3 3 3 0 NO
8.3.5.10.3.5.1 2 0 0 0 NO
8.3.5.10.3.5.2 2 0 0 0 NO
8.3.5.10.3.5.3 3 3 3 0 NO
8.3.5.10.4.1 2 0 0 0 NO
8.3.5.10.4.2 2 0 0 0 NO
8.3.5.10.5.1.1 2 2 0 0 NO
8.3.5.10.5.1.2 3 3 0 0 NO
8.3.5.10.5.2.1 2 0 0 0 NO
8.3.5.10.5.2.2 2 0 0 0 NO
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Miiflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.10 EBS Release Rates page no.: 8.3.5.10-36
ACTIVITY NO. (If applicabie): 1.5.1.1(8.3.5.10.1.1) (sub-activity)

ACTIVITY TITLE:  8.3.5.10.1.1.1 Sub-activity 1.5.1.1.1 Integrate spent fuel information.

Appropriateness ot MethodoloQy to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methedology wiil establish objective.
3 Generally complete and/or focused. 3 Maeathodology probably wili establish objective.
2 Generally incomplate and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplate and/or not focused. 1 Methadology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judgs.
SCORE: 2 SCORE: O
Comments: Comments:

Vague, no specifics.

Probabjiity of Success Using Existing Eeagibllity In Terms of Time, Funding, and
Jechnoiogy: Human Resources:

4 Success likely. 4 Feasible.

3  Probably will succeed. 3 Probably feasible.

2  Probably will not succeed. 2 Probably not feasible.

1 Succass unlikely. 1 Unfeasibie.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-36
ACTIVITY NO. (if applicable): 1.5.1.1 :
ACTIVITY TITLE: 8.3.5.10.1.1.2 Sub-activity 1.5.1.1 Integrate glass waste form infor-

mation.
Appropriateness of Methodology to
Conceptuat Completeness and Focus, Establish Stated Objective:
4 Complate and/or focused. 4  Mathodology will establish objective.
3 Generally complete and/or focused. 3  Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE; 2 SCORE: 0
Comments: Comments:
I
Probabllity of Success Using Existing Feasibility in Terms of Time, Funding, and
Jechnology: Human Resources:
4  Success likely, 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Success unlikely. 5 1 Unfeasible.
0 Insufficiant information to judge. ' 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
REVIEWER: D. Shettel. DATE: 27 June 1988.
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Miffiin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates
ACTIVITY NO. (If applicable): 1.5.1.1

page no.: 8.3.5.10-36

ACTIVITY TITLE:  8.3.5.10.1.1.3 Sub-activity 1.5.1.1.3 Integrate waste package and re-
pository design information.

Conceptual Completeness and Focus
Complate and/or focused.
Generally complete and/or focused.

incomplete and/or not tocused.
Insufficient information to judge.

o = N WA

SCORE: 1
Comments:

Probabliity of Syuccess Using Exjsting
Jechnology:

Success likely.

Probably will succead.

Probably will not succead.
Succass unlikely.

Insutficient information to judge.

O = NWa

SCORE: O
Comments:

REVIEWER: D. Shettel.

Generally incomplete and/or poorty focused.

Appropriateness of Methodology to
Establish Stated Objective:

Mathodology will astablish objective.
Methodoiogy probably will establish objective.
Meathodology probably will not establish objective.
Mathodology will not establish objective.
Insufficient infermation to judge.

O = W

SCORE: O
Comments:

Feasibility in Terms of Time, Funding, and
Human Resources:

4 Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Udfeasible.

0 Insufficient information to judge.
SCORE: O

Comments:

DATE: 27 June 1988.
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Mifflin & Assoclatas, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-39
ACTIVITY NO. (if applicable): 1.5.2.1(8.3.5.10.2.1)

ACTIVITY TITLE:  8.3.5.10.2.1.1 Sub-activity 1.5.2.1.1 Dissolution and leaching of spent

fuel.
Approprigteness ot Methodology to

Lonceptual Completeness and Focus Estabiish Stated Objective:
4 Complete andror focused. 4 Maethodology will establish cbjective.
3 Generally complete and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplete and/or poarly {focused. 2 Mathodology probably will not establish objective.
1 Incompiate and/or not focused. 1 Mathodology will not establish obijective.
0 Insufficient infarmation to judge. G Insufficient information to judge.
SCORE: 2 SCORE: 2
Comments: Comments:

Use of J13 water not justified.

Probability of Success Using Existing Feasibjiity In Terms of Time. Funding, and
JTechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2  Probably will not succeed. 2 Probably not teasibla.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insulficient information to judge.

SCORE: 3 ' SCORE: 3

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.

MY880719tt
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Miffiin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 83120

CD-SCP

SCP SECTION: EBS Release Rates

(702)798-0402 & 3026

ACTIVITY REVIEW FORM

page no.: 8.3.5.10-40

ACTIVITY NO. (If applicabte): (8.3.5.10.2.1) 1.5.2.1

ACTIVITY TITLE: 8.3.5.10.2.1.2 Sub-activity 1.5.2.1.2 Oxidation of spent fuel.

Conceptual Completeness and Focusg

Compiete and/or focused.

Generally complete and/or focused.
Genasrally incomplate and/or poorily focused.
Incomplete and/or not focused.

Insufficient information to judge.

O = MNWa

SCORE: 3
Comments:

Probabllity of Success Using Existing
JTechnology:

4  Succass likely,

3 Probably wiil succeed.

2 Probably will not succeed.

1 Success uniikaly.

0 Insufficient information to judge.
SCORE: 3

Comments:

REVIEWER: D. Shettel.

Apgropriateness of Methodology to
Establish Stated Objective:

Methodolagy will establish objective,

O - MNWM

Methodology will not establish objective.
Insufficient information to judge.

SCORE: 3
Comments:

Methodalogy probably will establish objective.
Methodology probably will not establish objective.

Feasibllity in Terms ot Time, Funding. and

Human Resources:

Feasible.

Probably feasibie.

Probably not feasible.
Unfeasibie.

Insufficient information to judge.

O = WA

SCORE: 3
Comments:

DATE: 27 June
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Miffiin & Associates, Inc.
270Q East Sunset Road, Suite C25
Las VO%%s. Nevada 839120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-41
ACTIVITY NO. (If applicable): 1.5.2.1 (8.3.5.10.2.1.3)

ACTIVITY TITLE:  8.3.5.10.2.1.3 Sub-activity 1.5.2.1.3 Corrosion of zircaloy.

Appropriateness of Methodology to
Lonceptual Completeness and Focus Estabiish Stated Objective;
4 Complete and/or focused. 4 Mathodaology will astablish objective.
3 Generally compiete and/or focused, 3 Methodology probably will establish objective.
2 Ganerally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focusaed. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 ' Insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:

Again, J13 water is being used exciusively.
Should consider vadose water compositions:
when available.

Probability of Success Using Existing Feagibility in Terms of Time. Funding, and
4  Success likely. 4 Faasible.

3 Probably will succeed. 3  Probably feasible.

2 Probabiy will not succeed. 2 Probably not teasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficiant information to judge.

SCORE: 3 SCORE: 3

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.

71 MY880719vv



Mitilin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3025

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-42
ACTIVITY NO. (if applicable): 1.5.2.1.1 {Dissolution and leaching of spent fuel]

ACTIVITY TITLE:  8.3.5.10.2.1.4 Sub-activity 1.5.2.1.4 Corrosion of and radionuclide re-
lease from other materials in the spent fuel waste form.

Appropriateness of Methodology to

Lonceptyal Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4 Methodology will establish objective.

3 Generally complete and/or focused. 3 Mathodology prebably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective,

¢ Insufficient information to judga. 0 insufficient information to judge.

SCORE: 3 SCORE: O

Comments: Comments:

Probability of Success Using Existing Feasibiiity in Terms of Time, Funding, and
4  Success likely. 4 Feasible.

3  Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unilikely. 1 Unfeasible.

G Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Miffiin & Associates, inc.
2700 East Sunset Road, Suite G25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-43
ACTIVITY NO. (if applicable): 1.5.2.1.1 [Dissolution and leaching of spent fuel]

ACTIVITY TITLE:  8.3.5.10.2.1.5 Sub-activity 1.5.2.1.5 Evaluation of the inventory and
release of C-14 from zircaloy cladding.

Appropriateness of Methodology to

Conceptual Completeness and Focus Estabjish Stated Objective:

4 Complete and/or focused, 4 Maethodology will establish objective.

3 Generally complete and/or focused. 3 Maethedology probably will astablish objective.

2 Genwerally incomplete and/or poerly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 . Methodology wili not establish objective.

0 [Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: 3

Comments: Comments:

Probabliity of Success Using Existing Feasibility In Terms ot Time, Funding, and
Jechnology: Human Resources:

4  Success iikely. 4 Feasible.

3 Probably wili succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O

Comments: Comments:

No technical procedures given.

REVIEWER: [. Shettel. DATE: 27 June 1988.
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Mifflin & Assoclates, Inc.
2700 East Sunset Road. Suite C25
Las Vegas, Nevada 89120
(702Y798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-44
ACTIVITY NO. (it applicable): 1.5.2.1.1 [Dissolution and leaching of spent fuel]

ACTIVITY TITLE:  8.3.5.10.2.1.6 Sub-activity 1.5.2.1.6 Other experiments on the spent
fuel waste form.

Appropriateness of Methodofogy to

Conceptyal Completeness and Focus Establish Stated Objective:

4 Complete and/or focused, 4 Maethodology will astablish objectiva,

3 Generally complete and/or focused. 3 Methodology probably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Maethodology probabily will not establish objective,
1 Incompilete and/or not focused, 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: O

Comments: Comments:

Probabliity of Success Using Existing Feasibility in Terms of Time, Funding, and
Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probabiy will not succeed. 2 Probably not feasibis,

1 Succass unlikely. 1 Unfeasible.

0 insutficient information to judge. 0 Insutticient information 1o judge.
SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Aoad, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-45
ACTIVITY NO. (If applicable): 1.5.2.2 [Characterization of glass waste form]

ACTIVITY TITLE: 8.3.5.10.2.2.1 Sub-activity 1.5.2.2.1 Leach testing of glass.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Mathodology will establish objective.
3 Gaenerally complete and/or focused. 3 Methodology probably will establish objective.
2  Ganerally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:
Probabliity of Success Using Existing Feasibiity in Terms of Time, Funding, and
Jechnology: Human Resources:
4  Success iikaly. 4 Feasible.
3 Probabiy will succeed. 3 Probably feasible.
2 Probabiy will not succeed. 2 Pmbabily not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:
REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mifflin & Assoctates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-46
ACTIVITY NO. (I applicable): 1.5.2.2 [Characterization of glass waste form)

ACTIVITY TITLE: 8.3.5.10.2.2.2 Sub-activity 1.5.2.2.2 Materiais interactions affecting
glass leaching.

Appropriateness of Methodology to

Conceptual Completeness and Focus. Establish Stated Objective;

4 Complete and/or focused. 4 Mathodology will establish objective,

3  Generally complate and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish cbjective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: 3

Comments: . Comments:

Perhaps DOE should delay these experi-

ments until vadose water chemistry is

determined, as well as pour canister

material!

Probabliity ot Success Using Existing Eeasibiiity in Terms of Time. Funding, and
Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeaed., 2 Probably not feasible.

1 Success unlikely. 1 Unfeasibie.

0 Insuffictent information to judge. 0 lInsufficient information to judge.

SCORE: 3 SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.;: 8.3.5.10-47
ACTIVITY NO. (if applicable): 1.5.2.2 [Characterization of glass waste form]

ACTIVITY TITLE: 8.3.5.10.2.2.3 Sub-activity 1.5.2.2.3 Cooperative testing with waste

producers.
Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4 Maethodology will establish objective.

3 Generally complete and/or focused. 3 Maethodology probably will establish objective.

2 Gaenaerally incomplete and/or poorly focused. 2 Methodology probably will nat establish objective.

1 Incomplete and/or not focused. 1 - Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: 3

Comments: ‘ Comments:

Probabiiity of Success Using Existing Feasibliity in Terms of Time. Funding. and
Jechnology: Human Resources:

4  Success likely. 4 Foasible.

3 Probably will succeed. .3 Probably feasible.

2 Probably will not succeed. 2 Probabiy not feasible.

1 Success unlikely. 1  Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O
~Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mitflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-54
ACTIVITY NO. (if applicable): (8.3.5.10.3.1) Activity 1.5.3.1

ACTIVITY TITLE: Integrate scenarios for release from waste package.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Mathodology will astablish objective.
3 Generaily complete and/or focused. 3 Mathodology probably will establish objective.
2 Generally incomplate and/or poorly focusad. 2 Mathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: O
Comments: Comments:

If there is oniy one subactivity, this
level of breakdown is not needed.

Probability of Success Using Existing Feasibility in Terms of Time. Funding, and
4  Succaess likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Prbbably not faasible,

1 Success uniikely, 1 Unfeasible. _

0 Insufticient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.

78 MY880719¢ccc




Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates
ACTIVITY NO. (if applicable): 1.5.3.2

page no.: 8.3.5.10-55

ACTIVITY TITLE:  (8.3.5.10.3.2) Sub-activity 1.5.3.2.1 Develop data base for geochemi-

cal modeling.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplate and/or not focused.

Insufficient information to judge.

O - N WA

SCORE: 3

Comments;

Probability of Success Using Existing
Technoiogy:

Success likely.

Probably will succeed.

Prabably will not succeed.
Success unlikely.

insufficient information to judge.

[T S BN I

SCORE: O
Comments:

REVIEWER: D. Shettel.

Anppropriateness of Methodoloqy to
Establish Stated Objective:

4  Methodology will establish objective.

3 Maethodoiogy probably will establish objective.

2  Mathodology probably will not establish objactive.
1 Methodology will not establish objective.

0  Insufficient information to judge.

SCORE: 3
Comments:

Feasibility In Terms of Time, Funding, and
Human Resources:

Feasible,

Probably feasible.

Probably not feasible.
Unfeasible.

Insufticient infarmation ta judge.

O=NWhHh

SCORE: 0
Comments:

DATE: 27 June 1988.
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Mifflin & Associates, Inc,
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates
ACTIVITY NO. (If applicable): 1.5.3.2

page no.: 8.3.5.10-56

ACTIVITY TITLE:  (8.3.5.10.3.2.2) Sub-activity 1.5.3.2.2 Develop gecchemical modeling

code.

Conceptual Completeness and Focus

Compiete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focusaed.
Incomplete and/or not focused.

Insufficient information to judge.

O =2 NWA

SCORE: 4

Commaents:

One must be careful with use of
“equilibrium sorption models” because

they may not apply under all
conditions.

Probabiiity ot Success Using Existing
Iechnology: ‘

Succeass likely.

Probably wiil succeed.
Probably will not succeed.
Succass unlikely.

Insufficient information to judga.

O == MW

SCORE: 3
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Estabiish Stated Objective:

Methodology will astablish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodoiogy will not establish objective.
Insufficient information to judge.

O = NWa

SCORE: 3
Comments:

Feasibliity ip Terms of Time. Funding, and
Human Resources:

Féasibise.

Praobably feasible.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

(=2 S N R

SCORE: O
Commaents:

DATE: 27 June 1988.
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. Mifflin & Associates, inc.
2700 £ast Sunset Road, Suite C25

Vaegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Ratés

page no.: 8.3.5.10-58

ACTIVITY NO. (If appilcable): 1.5.3.3 (8.3.5.10.3.3)

ACTIVITY TITLE: Generate models for release from spent fuel.

Conceptual Completeness and Focus

Completa and/or focused.
Generally complete and/or focused.

Incompiete and/or not focused,
Insufficiant information 1o judge.

O =N WM

SCORE: 3
Comments:

Subactivity designation not needed
if there is only one!

Erobabliity of Succegs Using Existing
Jechnoiogy:

Success likely.

Probably will succeed.

Probably will not succeed.
Succass unlikely,

Insufficient information to judge.

O - WA

SCORE: O
Comments:

REVIEWER: D. Shettel.

Generally incomplete and/or poorly focused.

Anpropriateness of Methodology to
Establish Stated Oblective:

Mathodology wiil establish objective.
Maethodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insutficient information to judge.

O - N Waa

SCORE: 3
Comments:

Feasibliity in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfaasible.

Insufficient information 1o judge.

[=C L R

SCORE: O
Comments:

DATE: 27 June 1988,
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Mitflin & Associates inc.

2700 East Sunset Road, Suite C25

Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-60
ACTIVITY NO. (if applicabte): 1.5.3.4 (8.3.5.10.3.4)

ACTIVITY TITLE: Generate models for release from glass waste forms.

Appropriateness of Methodology 10
Conceptual Completeness and Focus E£stablish Stated Oblective:
4 Complete and/or focused. 4 Mathodology wiil establish objective.
3 Generally complete and/or focused. 3 Mathodology probably will establish objective.
2 Generally incomplete and/or poorty focussd. 2  Maethodailogy probably will not establish objective.
1 Incomiplete and/or not focused., 1 Mathodology will not establish objective.
0 Insufficient information to judge. 0 Iinsufficient information to judge.

SCORE: 3
Comments:

SCORE: 3
Comments:

Subactivity designation not needed if

there is only one!

Erobability of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.
Probably will not succeed.
Succass unlikely.

Insutficiant information to judge.

O =N Wk

SCORE: 3
Commenis:

REVIEWER: D. Shettel.

Feasibliity in Terms of Time, Funding, and
Human Resources:

Faeasible.

Probably feasible.

Probably not feasibla.
Unfeasible.

Insufficient information to judge.

L= BE (S A I

SCORE: 0
Comments:

DATE: 27 June 1888.
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Mifflin & Associate.
2700 East Sunset Road,
as, Nevada 89120

Las V

ine.
uite C25

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates
ACTIVITY NO. (If applicable):

1.5.3.5.1 (8.3.5.10.3.5.1)

page no.: 8.3.5.10-62

ACTIVITY TITLE: Development of system model.
Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Moethodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objaective.
2 Gaenaerally incomplete and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incompiete and/or not focused. 1 Methodology will not establish objective.
0 Insufticient information to judge. 0 Insufficient information to judge.

SCORE: 2

Comments:

Does not address appropriateness of antici-
pated/unanticipated scenarios. Peer
review = validation??? Justification

for simpler models?

Probability of Success Using Existing
JTechnotogy:

Succass likely.

Probably will succeaed.

Probably wiil not succeed.
Success unlikely.

Insufficient information to judge.

O - NWH

SCORE: O
Comments:

REVIEWER: D. Shettel.

SCORE: O
Commaents:

Esasibility In Terms of Time, Funding. and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.

Unfeasibie.
Insufficient information to judge.

QO = MnNW

SCORE: O
Comments:

DATE: 27 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 69120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates

page no.: 8.3.5.10-64

ACTIVITY NO. (If applicable): 1.5.3.5.2 (8.3.5.10.3.5.2)

ACTIVITY TITLE: Development of uncertainty methodology.

Conceptyal Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O~ WwhH

SCORE: 2
Comments:
Validation by peer review???

Probability of Success Using Existing
JTechnojogy:

Succaess likaly.

Probably will succeed.

Probably will not succeed.
Succass unlikely.

Insufticient information to judge.

O - MW

SCORE: O
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to -
Establish Stated Objective:

4 Maethodology will establish objective,

3 Methodology ~robably will astablish objectiva.

2 Methodolog, abably will not establish objectiva.
1 Methodolegy .« not establish objective.

0 Insutficient information to judge.

SCORE: O
Comments:

FEeasibiity In Terms of Time. Funding, and
Human Resqurces:

4 Feasible.

3 Probably teasibla.

2 Probably not feasibla.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: O

Comments:

DATE: 27 June 1988.
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Miffiin & Associates, Inc,
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates

page no.: 8.3.5.10-66

ACTIVITY NO. (It applicable): 1.5.3.5.3 (8.3.5.10.3.5.3)

ACTIVITY TITLE: Woater flow into and out of a breached container.

Conceptual Completeneas and Focus

Complete and/or focused.

Generally compiete and/or focused.
Generally incomplaete and/or poorly focusaed.
Incomplete and/or not focused.

Insufficient information to judge.

O = MNWHM

SCORE: 3

Comments:

Capillary barrier unproven. What
about fracture orientation, dominance
of fracture over matrix fiow, etc.?

Probability of Success Using Existing
Jechnology:

Succass likely,

Probably will succeed.

Probably will not succeed.
Success uniikely.

Insufficient information to judge.

O =N Wwh

SCOBRE: 3
Commaents:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Eatablish Stated Objective:

Methodology will establish objective.
Methodology probably will establish objective.
Methedology probably will not establish objective.
Methodology will not establish cbjective.
Insutficient information to judge.

O = MNWh

SCORE: 3
Comments:

Feasibility in Terms of Time, Funding, and
Human Resoyrces:

Faqasible.

Probably teasibie.

Probably not feasible.
Unfeasible,

Insufficient information to judge.

O =NWwh

SCORE:. O
Comments:

DATE: 27 June 1988.
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Miffiin & Aasociates, inc.
2700 East Sunset Road, Suite C25
- Las Vegas, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-71
ACTIVITY NO. (if appiicable): 1.5.4.1 (8.3.5.10.4.1)

ACTIVITY TITLE:  Deterministic calculation of releases from the waste package.

Appropriateness of Methodoiogy to
Conceptyal Compieteness and Focys Establish Stated Objective:
4 Compiete and/or focused. 4 Maethodology will establish objactive.
3  Generally complete and/or focused. -3 Methedology probably will establish objective.
2  Ganerally incomplete and/or poorly focused. 2 Methodology probably will not astablish objective,
1 Incomplete and/or not focused, 1 Methodology wiil not establish objective.
0 Insufficient information to judge. 0 Insufficient information 1o judge.
SCORE: 2 SCORE: 0
Comments: Comments:
Probabiiity of Success Using Existing - Feasibility in Terms ot Time. Funding, and
4  Succass likely. 4 Feasible.
3  Probably wili succesd. 3 Probably feasible.
2 Probably will not succeed. 2 Probably not feasibla,
1 Success unlikely. 1 Unfeasibie.
0 insufficient information to judge. 0 Insuifficient information to judge.
SCORE: 0 SCORE: 0
Comments: Comments:
REVIEWER: D. Shettel. DATE: 27 June 1988.
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Miifiin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Reiease Rates page no.: 8.3.5.10-71
ACTIVITY NO. (if applicable): 1.5.4.2 {8.3.5.10.4.2)

ACTVITY TITLE:  Probabilistic caicuiations of releases from the waste package.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused, 4  Methodology will establish objective.
3 Goenerally complete and/or focused. 3 Methodology probably will establish objectiva,
2 Generally incompiete and/or poorty focused. 2 Methodology probably will not establish abjective.
1 Incomplete and/or not focused. 1 -Methodology will not establish objective.
0 Insufficient information to judgs. 0 Insufficient information to judge.
SCORE: 2 SCORE: 0
Comments: Comments:
Probability ot Success Using Existing Feasibiiity In Terms of Time, Funding. and
Jechnology: Human Resoyrces:
4  Success likely, 4 Feasible.
3  Probably will succeed. 3 Probably feasible,
2 Probably will not succeed. 2 Prbbably not feasible,
1 Success unlikaly. 1 Unfeasible.
0 Iinsufficient information to judge. 0 Insufficient information 1o judge.
SCORE: O SCORE: O
Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
- LL.as Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates page no.: 8.3.5.10-76
ACTIVITY NO. (If applicable): 1.5.5.1.1 (8.3.5.10.5.1.1) '

ACTIVITY TITLE: Radionuclide distribution in tuff water.

Ahnmnnmms_ammmmgy_m

Conceptual Completeness and Focus Establish Stated Objective;

4 Complete and/or focused. 4 Methodology will establish objective.

3 Generally complete and/or focused. 3 Methodology prabably will establish objective.

2 Ganerally incomplate and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.

0 Insufticiant information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: 2

Comments: Commaents:

Must be able to relate these experiments
to field conditions.

Probabiiity of Success Using Existing Feasibliity In Terms of Time, Funding. and
JTechnotlogy: Human Resources:

4  Succsess likely, 4 Feasible.

3  Probably wili succeed. 3 Probably feasibla.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufliciant information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 27 June 1988.
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Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25
‘Las Vog,ags Nevada 89120

(702)

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates

page no.: 8.3.5.10-76

ACTIVITY NO. (if applicable): 1.5.5.1.2 (8.3.5.10.5.1.2}

ACTIVITY TITLE:  Sub-activity 1.5.5.1.2 Radionuclide distribution in tuff cores.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Estabiish Stated Objective:
4 Complete and/or focused, 4  Methodology will establish objective.
3 Generally complete and/or focusad. 3 Methodoiogy probably will establish objective.
2 Generally incomplete and/or poorty focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: - Comments:
Probability of Success Using Existing Feasibility In Terms of Time, Funding, and,
Jechnology: Human Resources:
4 Succass likely. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficiant information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:

No technical procedures.

REVIEWER: D. Shettei.

a9

DATE: 27 June 1988.
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Miffliin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS Release Rates

page no.: 8.3.5.10-77

ACTIVITY NO. (it apphicable): 1.5.5.2.1 (8.3.5.10.5.2.1)

ACTIVITY TITLE:  Validation of near-fieid transport model using laboratory and field ex-

perimental data.

Lonceptual Completeness and Focus

Camplete and/or tocused.

Generally complete and/or focused.
Ganaerally incomplete and/or poorly focused.
incomplete and/or not focusad.

insufficient information to judge.

O = MW

SCORE: 2
Comments:

Poor discussion of validation. Validation
should be based primarily on field tests.

Probabllity of Success Using Existing
Technology:

4 Success likely.

3 Probably will succeed.

2 Probably will not succeed,

1 Success unlikely,

0 Insufticient information to judge.
SCORE: O

Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Estabiigh Stated Objective:

Methodology will establish objective.
Methodology probably will establish cbjective.
Methodoiogy probabiy will not establish objective.
Mathodoiogy will not establish objective.
Insufficient information to judge.

o—-MNWA

SCORE: O
Comments: «

Feasiblifty In Termns of Time, Funding. and
Human Resources:

4 Feasible. ]
3 Probably feasibla.
2  Probably not feasible.
1  Unfeasible.
0 Insufficient information to judge.
SCORE: O
Commeants:
DATE: 27 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite G25

Las Vv

as, Nevada 89120
8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: EBS' Reiease Rates
ACTIVITY NO. (it applicable): 1.5.5.2.2 (8.3.5.10.5.2.2)

page no.: 8.3.5.10-77

ACTIVITY TITLE:  Application of near-field transport model to waste package releases.

REVIEWER: D. Shettel.

Appropriateness of Methodology to

Canceptual Compiéteness and Focus Establish Stated Objective:

4 Complete and/or focused. 4  Maethodology will establish objective.

3 Ganerally complete and/or focused. 3 Mathodalegy probably will establish objectiva.
2 Generally incomplete and/or poorly focused. 2 Mathodology probably wiil not establish abjective.
1 Incompiete and/or not focused. 1 Methodology will not establish objective,

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: 0

Comments: Comments:

Probability of Success Using Existing Eeasibllity in Terms of Time, Funding. and
Jechnology: Human Resources:

4  Success likely. 4 Feasible,

3 Probably wiil succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 lnsufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O

Comments: Comments:

DATE: 27 June 1988.
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Geochemistry Program (8.3.1.3)
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Mifflin & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 99120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.2.1 page no.: 8.3.1.3-32
ACTIVITY NO. (if applicable): 8.3.1.3.2.1.1
ACTIVITY TITLE: Petrologic stratigraphy of the Topopah Spring Member.

Anpropriateness ot Methodology to
Congceptual Completeness and Focus Eatablish Stated Qbjective:
4  Complete and/or focused. 4 Mathodology wiil establish objective.
3 Generaily compiste and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplete and/or pooriy focused, 2 Methodology probably will not establish objective.
1 Incompiaete and/or not focused. 1 Methodalogy will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE; 3 ' SCORE: 3
Comments: Comments:
Density of samples taken will in part Limited on the basis of core-hole density.
determine if the activity is focused. No SEM work.
Coring fluids may affect mineralogy.
Probabliity of Success Using Existing Foasibiiity In Terms of Time, Funding, and
Jechnology: Human Resources:
4 Success likely. 4 Foasible,
3  Probably will succeed. 3 Probably feasible.
2  Probabiy will not succeed. 2 Probably not feasible.
1 Sucecess unlikely. 1 Unfeasible.
0 Insufficient information to judge. 0 insufficient information to judge.
scope: O SCORE: 4
Comments: Comments:
No data is offered on sampling locations.
REVIEWER: M. Morgenstein. DATE: 09 June 1988
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Miffiin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.2 page no.: 8.3.1.3-34

ACTIVITY NO. (if applicable): 8.3.1.3.2.1.2

ACTIVITY TITLE: Mineral distributions between the host rock and the accessible
environment.

Appropriateness of Methodoiogy 1o

Conceptual Compieteness and Focus Establish Stated Objective:

4 Complate and/or focused. 4 Methodology will establish objective.

3 Generally complate and/or focusad. 3 Methodology probably will establish objective.

2  Generally incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.

1 incomplete and/or not focused. 1 Maethedology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 ' SCORE: 1

Comments: Comments:

Flow path data needed to support this Use of XRD only for identification of

study will be difficult to obtain. minerals is questionable. Small camera
work not stated. . Fracture/matrix
mineralogy difference are very important.

Probability ot Success Using Existing Feasibllity In Terms of Time, Funding. and

Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufticient infformation to judge. 0 Insuifficient information to judge.

SCORE; 1 SCORE: 1

Comments: Comments:

Flow path data requires technology beyond Flow paths are most likely not

that which is existing. determinable.

REVIEWER: M E. Morgenstein. DATE: 09 June 1988.
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Mifflin & Associstes, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.2 page no.: 8.3.1.3-36
ACTIVITY NO. (If applicable): 8.3.1.3.2.1.3
ACTIVITY TITLE: Fracture mineralogy.

Appropriateness of Methodology ta
4 Complete and/or focused. 4  Methodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplets and/or poorly focused. 2 Maethodology probably will not establish objectiva.
1 incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE; 3
Comments: Commaents:
TWS-ESS-DP-16, R2 may not adequately
provide for identification of transition metal
oxyhydroxide minerals.
Probabiily of Success Using Existing Eeaslbility in Terms of Time, Funding, and
4  Success likely. 4 Feasible.
3 Probably will sucteed. 3 Prbbabiy feasible.
2 Probably will not succeed. 2 Probabiy not feasible,
1 Success uniikely, 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: 4
Comments: Comments:
REVIEWER: M. E. Morgenstein. DATE: 09 June 1988.

NOTE: TWS-ESS-DP-16, R2 conflicts with terminology given in 8.3.1.3.2.1.1 page
8.3.1.3-34. '

880715
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Mifiin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.2.2 page no.: 8.3.1.3-38
ACTIVITY NO. {If applicable): 8.3.1.3.2.2.1
ACTIVITY TITLE: History of mineralogic and gecchemical aiteration of Yucca Mountain.

Appropriateness of Methodology to.
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplate and/or not focused. 1 Methodology will not astablish objectiva,
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 4  SCORE: 3
Comments: Commaents:
Should have vadose water chemistry,
especially sodium data to constrain
temperature of zeolite phases.
Probability of Success Using Existing Feasibility in Terms ot Time, Funding, and
Jechnology: Human Resources:
4  Success likely. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Succass unlikely. 1 Unfeasibla.
0 Insufficient information to judge. 0 Indufficient information to judge.
SCORE: 3 SCORE: 4
Comments: Commants:
REVIEWER: M. Morgenstein. DATE: 09 June 1988.
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Miffiin & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.2.2 page no.: 8.3.1.3-40
ACTIVITY NO. (if applicable): 8.3.1.3.2.2.2
ACTIVITY TITLE: Smectite, zeolite, manganese minerals, glass dehydration, and transfor-

mation.

Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4 Maethodology will establish objective.

3 Generally complete and/or focusad. 3 Methedology probably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.

1 Incomplete and/or not focused. 1 Maethodology will not establish objective,

0 Insufficient information to judge. 0  insufficient information 1o judge.

SCORE: 3 SCORE: 3

Comments: Commaents:
Should have EM chemistry of the minerals
as this will effect hydration-dehydration
properties.

Probabllity of Success Using Existing Feasibility in Terms of Time. Funding, and

Jechnology: Human Resourcea:

4 Success likely. 4 - Faasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information 1o judge.

SCORE: 3 SCORE: 4

Comments: Comments:

REVIEWER: M. Morgenstein. DATE: 09 June 1988.
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Mitflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25

Las V!

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.3.3

page no.: 8.3.1.3-47

ACTIVITY NO. (if applicable}: Study - 8.3.1.3.3.1

ACTIVITY TITLE: Study - Natural analog of hydrothermal systams in tuff.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complate and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insuflicient information to judge.

SCORE: 2
Comments:

Input is insufficient to provide meaningful
and usable results.

Probability ot Success Using Existing
JTechnology;

4  Success likely.

3 Probably wili succeed.

2 Probably will not succeed.

1 Success unlikely.

0 Insufficient information to judge.

SCORE: 1

Comments:

Vadose water chemistry is required and,
presently, poorly characterized. Future
characterization at the level required is
questionable.

REVIEWER: M. Morgenstein.

* Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Msthodology probably will astablish objectiva.
Methodology probably will not establish objactive,
Methodology will not establish objective.
Insufficient information to judge.

Q= N WA

SCORE: 1
Comments:

Eeastbility in Terms of Time, Funding, and
Human Resources:

4 Feasible.
3  Probably feasible.
2 Probably not feasible.
1 Unfeasible.
0 Insufficient information 10 judge.
SCORE: 4
Comments:
DATE: 09 June 1988,
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Mitflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

{702}

as, Nevada 89120
8-0402 & 3028

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (If applicable): 8.3.1.3.3.2.1
ACTIVITY TITLE:

Conceptual Compigteness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplete and/or not focused.

Insufticient information 1o judge.

O = WA

SCORE: 3

Comments:

Title out of sync with text. Authors are
discussing silica dissolution/precipitation
kinetics in text.

Probabliity of Success Using Existing
Jechnology;

Success likely,

Probably will succeed.

Probably will not succeed.,
Success uniikely.

Insufficient information 1o judge.

O = NG

SCORE: 1
Comments:

REVIEWER: D. Shettei.

O = N Wi

page no.: 8.3.1.3-51

Kinetic studies of zeolite and related framework silicates.

Appropriateness of Methadology to
[Estabtish Stated Objective:

Maethedology will establish objective.
Methodology probably will estabiish objective.
Mathodalogy probably wiil not astablish objective.
Mathodology will not astablish objective.
Insutficient information to judge.

O~ NWa

SCORE: 1

Comments:

No alternatives given if literature survey
fails to provide needed information, as
it-will regarding zeolites.

Feasibility In Terms of Time, Funding, and
Human Resources:

Feasibla.

Probably feasible.

Probably not feasibla.
Unfeasible.

Insufficient information to judge.

SCORE: 4

Comments:

Feasible to do what is proposed, but it
could have and should have been done
in the time it took to write SCP.

DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road. Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

¢
SCP SECTION: Geochemistry page no.: 8.3.1,3-52
ACTIVITY NO. (If applicable): 8.3.1.3.3.2.2
ACTIVITY TITLE: Determination of end-member free energies for clinoptilolite-heuian-
dite, aibite, and analcime.
¢
Appropriateness ot Methodology to
LCaoncentual Completeness and Focus Establish Stated Objective:
¢
4 Complete and/or focused. 4 Methodology will astablish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
¢
SCORE: 3 SCORE: 3
Comments: Comments:
To avoid solubility measurements at many
temperatures, calorimeter (or DSC) ¢
measurements could have been
performed to obtain AS®,, AH®,, which are
needed for temperature extrapo-
lations/interpolations.
(
Probabllity of Syccess Using Existing Feasib||ity jn Terms of Time. Funding, and
4  Success likely. 4 Feasible.
3 Probably will succeed, 3 Probably feasible.
2  Probably will not succaeed. 2 Probably not feasible. L
1 Success unlikety. 1 Unleasible.
0 Insufficiant infarmation to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: O
Comments: Comments:
REVIEWER: D. Shettel. DATE: 09 June 1988.

MYB880719z
100




Mifflin & Associates, Inc.
2700 East Sunset Road. Suite C25
Las Veg’ags. Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry -
ACTIVITY NO. (If applicable): 8.3.1.3.3.2.3
ACTIVITY TITLE:  Solid solution descriptions of clinoptiloiite/heulandite and analcime.

page no.: 8.3.1.3-54

SCORE: 3
Comments:

Might need to gather crystallographic
information first.

Erobapiiity of Success Using Exisiing
Jechnology:

Success likely.

Probably will succead.

Probably wilt not succeed.
Success untikely.

Insufficient information to judge.

O - N WA

SCORE: 3
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Mathodology will astablish objective.
3 Generally complete and/or focused. 3 Methodology probably will astablish objectiva.
2 -Generally incompiete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Maeathodology will not establish cbjective.
0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE; 3

Comments:

OK if the theoretical entropy calculations
work out, but these should be tested by
some actual measurements by calorime-

try.

Feastbillty in Terms of Time, Funding. and
Human Besourges:

Feasible.

Prpbably feasible.

Probably not feasible,
Unfeasible.

Insufficient information to judge.

O =N Wk

SCORE: O©
Comments;

DATE: 09 June 1988.

101 MY880719aa



Mifflin & Assoclates, Inc.
2700 East Sunsaet Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 30286

CD-SCP ACTIVITY REVIEW FORM ‘

SCP SECTION: Geochemistry page no.: 8.3.1.3-63
ACTIVITY NO. (If applicable): 8.3.1.3.4.1.1
ACTIVITY TITLE:  Batch sorption measurements as a function of solid phase composi-

tion.
Appropriateness of Methodglogy to

Conceptual Completeness and Focus Establish Stated Qbjective:
4 Complete and/or focused. 4 Methodology will establish abjective.
3 Generally complete and/or focused, 3 Methodology probably will estabiish objective.
2 Goenerally incomplete and/or poorty focused. 2 Methodology probably wili not establish objective.
1 Incompiete and/or not focused. 1 Mathodology will not establish objective.
¢ insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 2
Comments: Comments:
Only uses J13 water. Applicability to If speciation can't be worked out,
reality (field) seriously questionable! results uninterpretable.

Needs vadose water chemistry.

Probability of Success Using Existing Feasibiiity in Terms of Time. Funding. and
Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3  Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judga.

SCORE: 1 SCORE: 1

Comments: Comments:

Results would have “unknown” relation- Total sum of batch sorption data to date
ship to the field. is difficult to use/interpret.

REVIEWER: D. Shettel. DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

as, Nevada 89120

(702)708-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (it applicable): 8.3.1.3.4.1.2

page no.: 8.3.1.3-67

ACTIVITY TITLE:  Sorption as a function of sorbing element concentrations (isotherms).

Lonceptual Completeness and Focus

Compilate and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =N WA

SCORE: 2

Comments: -

Needs vadose water chemistry, should
not be using crushed tuff. Applicability
to field unknown

Probability ot Success Using Existing
Jechnology:

Success likely.

Probably will succaed.

Probably will not succeed.
Success untikely.

Insufticient information to judge.

O =W

SCORE: 2
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Estabtish Stated Objective:

Maethodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Mathodology will not establish objective.
Insufficient information to judge.

[=TE S A

SCORE: 2

Comments:

Use of crushed tuff is inappropriate at
this time. Applicability to reality should be
demonstrated before conducting experi-
ments.

Feasibliity In Terms of Time, Funding, and
Human Resources:

Feasible,

Probably feasible.

Probably not feasible.
Unteasible.

Insufticient information to judge.

(=20 S

SCORE: 1
Comments:

DATE: 09 June 1988.
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Mifftin & Assoclate
2700 East Sunset Road,

inc.
uite C25

Las Vog]as. Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM )

SCP SECTION: Geochemistry

ACTIVITY NO. (if applicable): 8.3.1.3.4.1.3
ACTIVITY TITLE:

Longeptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
incomplete and/or not focused.

Insufficient information to judge.

O =MNWAHA

SCORE: 2

Comments:

Vadose water chemistry needed. As most
travel time credit is in vadose zone, more
emphasis should be placed on vadose
zone. Vadose zone is ignored. Assumes
vadose zone waters have higher TDS than
J13--this is unprovent

Probabllity of Success Using Existing
Iechnology:

Succass likaly.

Probably will succeed.

Probably will not succeed.
Succass unlikely.

Insufficient information to judge.

Q=N WA

SCORE:. 2
Comments:

REVIEWER: D. Shettel.

104

page no.: 8.3.1.3-68

Sorption as a function of ground-water composition.

Appropriateness of Mathodology to
Establish Stated Objective:

Methodology will astablish objective,
Mathodoiogy probably will astablish cbjective.
Meathodology probably will not astablish objective.
Meathodology will not establish objective,
Insufficient information to judge.

O =MW

SCORE: 2
Comments:

Batch experiments (crushed tuff)
not proven applicable to field.

Feasibility In Terms of Time, Funding, and.
Humap Resources:

Feasible.

Probably feasible.

Probably nat feasibla.
Unteasible.

Insutficient information to judge.

O - WA

SCORE: 2

Comments:

One should not perform experiments
(waste ratepayers’ money) before
applicability is proven!

DATE: 09 June 1988.
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Mitflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402.& 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry pageno.: 8.3.1.3-70
ACTIVITY NO. (it applicable): 8.3.1.3.4.1.4
ACTIVITY TITLE:  Sorption on particulates and colloids.

Appropriateness of Methodology to
Conceptuai Compileteness and Focus Estabiiah Stated Objective;
4 Complete and/or focused. 4 Maethodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incompiete and/or not focused. 1 Mathodology will not establish objectiva.
0 Insufficient information to judge. 0 Insufficient information te judge.
SCORE; 3 SCORE; O
Comments: Comments: '

' Nothing on how particulates/colloids at
Yucca Mountain will be collected,
sampling locations, etc.

Probability ot Success Using Existing Feasibillity in Terms of Time, Funding, and

4  Success likely. 4 Feasible.

3  Probably wili succeed, 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Usfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O - SCORE: O

Comments: Comments:

Batch methods unproven.

REVIEWER: D. Shettel. DATE: 09 June 1988.
185
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suita C25
- Las Vegas, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Gebchemistry
ACTIVITY NO. (if applicable): 8.3.1.3.4.1.5

page no.: 8.3.1

ACTIVITY TITLE:  Statistical analysis of sorption data.

Conceptual Completeness and Focus.

Complate and/or focused.

Generally complate and/or focused.
Genarally incomplete and/or poorly tocused.
Incomplete and/or not focused.

Insufficient information to judge.

O =N WA

SCORE: 1

Comments:

if the applicabiiity of the sorption measure-
ments to the field is unknown, statistical
analyses are meaningless.

Probabllity of Success Using Existing
Technology:

Success likaly,

Probably will succead.

Probably will not succeed.
Success unlikely.

Insufiicient information to judge.

O =~ NW A

SCORE: 3
Comments:;
As above.

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Estabiish Stated Objective;

Methodology will establish objectiva.

Methodology will not establish objective.
Insutficiant information to judge.

o= MNGwH

SCORE: 3
Comments:
i the utility of the sorption data is

unknown, what difference does
methodology make?

3-71

Methodology probably will establish objective.
Mathodology prebably will not establish cbjective,

Eeasibiiity In Terms of Time. Funding. and

Human Resources:

Faasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

O =N WwahH

SCORE: O
Comments:

DATE: 09 June
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1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (it applicable): 8.3.1.3.5.1.1

page no.: 8.3.1.3-83

ACTIVITY TITLE:  Solubility measurements [of waste elements].

Conceptual Completeness and Focus

Complete and/or focused.

Genaerally complete and/or focusad.
Generally incomplete and/or poarly focused.
Incomplate and/or not focused.

Insufficient information to judge.

O~ N Wb

SCORE: 3

Comments:

This activity should precede all sorption
experiments. Need vadose water
chemistry.

Probabliity of Success Using Existing
JTechnology:

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely,

Insufficient information to judge.

O = W

SCORE: 3
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Establish Stated Objective:

[~ I S B

Methodology will establish objective.
Methodology probably will astablish objective.
Methodology probabtly will not establish objectiva.
Methodology will not establish objective.
insutficient information to judge.

SCORE: 3
Comments:

FeasiDiifty in Terms of Time, Funding, and
Human Resqurces: '

O - N W o

Feasible.

Probably {easible.

Probably not feasible.
Unfeasible,

Insutficient information to judge.

SCORE: 3

Comments:

107

DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.5.1.2
ACTIVITY TITLE:  Speciation measurements.

page no.: 8.3.1.3-85

Appropriateness of Methodology to
Conceptual Completeness and Focus Establigsh Stated Objective;
4 Complete and/or focused. 4 Methodology will establish cbjective. .
3 Generally complete and/or focused. 3 Maethodology probably will establish objective.
2 Ganaerally incomplete and/or poorty focused., 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 4 SCORE: 3
Comments: Comments:

Probability of Success Using Existing
Techoology;

4 Success likely.

3 Probably wiil succeed,
"2 Probably will not succeed.

1 Success unlikety.

0 Insufficient information to judge.
SCORE: 3

Comments:

REVIEWER: D. Shettel.

Feasibility in Terms of Time, Funding, and
Human Resources:

Q- NWh

Feasible.

Probably feasible.

Praobably not feasible.
Unteasible.

In§uffidant information to judge.

SCORE: O
Comments:

108

DATE: 09 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (if applicable): 8.3.1.3.5.1.3

page no.: 8.3.1.3-86

ACTIVITY TITLE:  Solubility modeling [of waste elements].

Conceptual Completeness and Focus

Complete and/or focused.

Genarally complete and/or focused.
Genaetrally incomplete and/or poorly focused.
Incomplete and/ar not focused.

Insufficient information to judge.

O = N WA

SCORE: 2

Comments:

Data needed. Section does not spacify
where information concerning range of
conditions is derived.

Probablity of Success Using Existing
Jechnology:

Succass likely.

Probably will succeed.

Probably will not succaad.
Success unlikaly.

Insufficient information to judge.

O = Wwah

SCORE: 3

Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Establish Stated Objactive:

Methodology will establish objective.
Maethodology probably will establish objectiva,
Maethodology probably will not establish objective.
Methodology will not establish objactive.
Insufficient information to judge.

O —=~NWM~

SCORE: 3
Commaents:

Feasibilty In Terms of Time. Fynding, and
Human Resources: .
Feasible.

Probably feasible.

Probably not feasible,

Unteasible.
Insufficient information to judge.

O~ N WA

SCORE: 3
Comments:

DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry page no.: 8.3.1.3-87
ACTIVITY NO. (It applicable): 8.3.1.3.5.2.1
ACTIVITY TITLE:  Colloid formation characterization and stability.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Qbjective:
4 Complete and/or focused. 4 Maethodology will establish objective.
3 Generaily complets and/or focused. 3 Methodology probabiy will establish objective.
2  Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objactive.
1 Incomplete and/or not focused. 1 Methodology will not establish objactive.
0 insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 3
Comments: Comments:

No attempt to determine what, if any, natural
colloids exist at or near Yucca Mountain.

Probability of Success Using Existing Eeasibiiity in Terms of Time, Funding, and
Jechnology: Human Resources:

4  Succass likely. 4 Feasble.

3  Probably will succesd. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information 1o judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 09 June 1988.

MY88Q719kk
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25

Las v

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.5.2.2

ACTIVITY TITLE:  Colloid modeling.

Conceptuat Completeness and Focus

Compiete and/or focused.

Generally complate and/or focused,
Generally incomplate and/or poorly focused.
incomplate and/or nat focused.

Insufficient information to judge.

O - N WA

SCORE: 2

Comments: .

Natural coiloid concentrations should
be known before modeling.

Erobabllity ot Success Using Existing
JTechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Succass unlikely.

Insufficient information 10 judge.

O~ N W

SCORE: O
Commants:

REVIEWER: D. Shettel.

page no.: 8.3.1.3-88

Appropriateness of Methodology to
Eatabiish Stated Objective:

o -~ NWh

Mathadolagy will establish objective,
Methodology probably will establish objective.
Methodology probably will not establish objective.
Mathodology will not establish objective.
insufficient information to judge.

SCORE: O
Comments:

FEeasibliity in Terms of Time, Funding, and
Human Resources:

O - N W e

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insutficient information to judge.

SCORE: O
Comments:

111

DATE: 09 June 1988.
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Mifflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (If applicable): 8.3.1.3.6.1.1

page no.: 8.3.1.3-98

ACTIVITY TITLE: Crushed tuff column experiments.

Conceptual Completeness and Focus

Complate and/or focused.

Ganaerally complets and/or focused.
Generally incomplete and/or poorly focused.
incompilete and/or not focused.

Insufficient information to judge.

O~ MNWAe

SCORE: 1

Comments:

Fail to see relevance of crushed tuff to
field situations. Crushing alters mineral
surfaces and changes surface area.
Sample selection implies knowledge of
flow paths--where is this information?
Need to know vadose water chemistry!

Probability of Success Using Existing
Jechnojogy: '

Success likaly.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O~ W

SCORE: 3
Comments:

Sample selection vague, not specific.
Sample characterization?

REVIEWER: D. Shettel,

Appropriateness of Methodology to.
Establish Stated Objective:

Methodology will establish objective.
Methodalogy probably will establish objective.
Methodology probably will not establish objective.
Msthodology will not establish objective.
Insutficient information to judge.

O~ N W

SCORE; 3
Commaents:

Feasibllity Ip Terms of Time, Funding, and
Human Resources: ¢

Feasible.

Probably feasibie.

Probably not feasible.

Unfeasible.

Insutficient information to judge. (

O —=MNWwha

SCORE: O
Comments:

DATE: 09 June 1988.
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Miffiin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (It applicable): 8.3.1.3.6.1.2
Mass transfer kinetics.

ACTIVITY TITLE:

Conceptual Completensss and Focus

Complete and/or focused.

Genarally complete and/or focused.

Generally incomplete and/or poorly focused.
. Incomplaete and/or not focused.

Insufficiant information to judge.

O = N WA

SCORE: 2

Commaents:

Fail to see relevance of crushed rock
columns to field situations. No experi-
ments with fractures or under vadose
zone conditions.

Probability ot Succass Using Existing
JTechnology;

Success likely.

Probably wiil succeed.

Probably will not succead.
Success unlikety.

Insufficient information to judge.

O =+ N WA

SCORE: 2
Comments:

Depends on technology to be deveioped.

REVIEWER: D. Shettsl.

page no.: 8.3.1.3-102

Appropriateness of Methadology to
Establish Stated QObjective:

O =MW

Maethodology wilf establish objective.
Msthodology probably will astablish cbiective.
Mathedology probabiy will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

SCORE: 2
Comments:
Methodology is unproven.

Feasipithty in Terms ot Time, Funding. and
Human Resources:

O =N WA

Feasible.

Prbbably feasible.

Probably not feasible.
Unfeasibie.

Insufficient information to judge.

SCORE: O
Comments:

DATE: 09 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas. Navada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

¢
SCP SECTION: Geochemistry page no.: 8.3.1.3-99
ACTIVITY NO. (If applicable): 8.3.1.3.6.1.2
ACTIVITY TITLE: Mass transfer kinetics.

¢

Appropriatenegs of Methodology to

Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathedology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will gstablish objective.
2 Generally incomplete and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not estabilish objective.
0 Insufficient information to judge. ¢ Insufficient information to judge.

¢
SCORE: 1 SCoRe: 0
Comments: Comments:
What range of water veiocity? What is the new technique?
What is the water veiocity function in
the unsaturated zone? ¢
Probabliity of Success Using Existing FEeagibliity in Terms of Time. Funding, and
JTechnology: Human Resqurces:
4  Success likely. 4 Feasible. (
3 Probably will succeed. 3 Probably feasible.
2 Pmobably will not succeed. 2 Probably not feasible.
1 Success uniikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 0O - SCORE: O (
Comments: Comments:
What, where is the new technique?
REVIEWER: Atef Elzeftawy. DATE: 11 June 1988.%
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Mitflin & Assoclates, inc.

2700 East Sunset Road, Suite C25
as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (if applicable): 8.3.1.3.6.1.3

ACTIVITY TITLE: Unsaturated tuff column.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focusaed.
Genarally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O = NWhA

SCORE: 2
Comments:
Columns are crushed rock or solid rock?

Probability ot Success Using Existing
Jechnology:

Succass likely.

Probably will succeed.

Probably will not succeed.
Suecess unlikely,

Insufficient information to judge.

O =M Wwh

SCORE: 1
Commaents:
Technology to be developed.

REVIEWER: D. Shettel.

page no.: 8.3.1.3-104

Appropriateness of Methodology to
Establish Stated Objective:

O—-=-MNWhA

SCORE: O
Commaents:

Methodology will establish objective.
Methodology prabably will establish objective.
Mathodology probably will not establish objective.
Methodology will not establish objective.
Insutficient information to judge.

Feasibiiity In Terms of Time, Funding, and
Human Resources:

Faasible.

Unfeasible.

O = NWh

SCORE: O
Comments:

115

Probably feasible.
Probably not feasible.

Insutticient information to judge.

DATE: 09 June 1988.
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Miflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM :

SCP SECTION: Geochemistry
ACTIVITY NO. (It applicable): 8.3.1.3.6.1.3

ACTIVITY TITLE: Unsaturated tuff columns.

Canceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused,
Incompiete and/or not focused.

Insufficient information to judge.

O =W ha

SCORE: 1

Comments:

Modifying the effective porosity would not
do it? What does the effective porosity
mean, physically?

Probability of Success Using Existing
Jechnofogy:

Success likely.

Probably will succead.
Probably will not succeed.
Success uniikeiy.

Insufficient information to judge.

O~ WA

SCORE: 1

Comments:

REVIEWER: A. Elzeftawy.

116

(
page no.: 8.3.1.3-101

Appropriateness of Methodolqgy to
Establish Stated Objective:

Methodology will establish objective. (
Mathodology probably will establish objective.
Mathodology probabtly will not establish objective.
Msthodology will not establish objective.
Insufficient information to judge.

Q=MW

SCORE: 1
Comments:

Feasiblifty in Terms of Time, Funding, and
Human Resources:

4 Feasible. (
3 Probably feasible.

2 Prpbably not feasible.

1 Unieasible.

0 Insufficient information to judge.

SCORE: 1 (
Comments:

DATE: 11 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunseat Road, Suite C25

Las V

as, Nevada 89120
(702)798-0402 & 3028

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.6.1.4

page no.: 8.3.1.3-106

ACTIVITY TITLE: Fractured tuff column studies.

Lonceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focused.

2 Generally incompiete and/or poorly focused.
1 Incompiate and/or not focused.

0 Insufficient information to judge.

SCORE: 3

Comments:

Yes, but what about vadose zone
fractured tuff column studies?

Propability of Success Using Existing
Technojogy:

Success likely.

Probably will succeed.
Probably wiil not succeed.
Success unlikely.

Insufficient information to judge.

O =W

SCORE: O
Comments:
Technology to be deveioped.

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will estabiish objective.
‘Mathodoiogy probably will establish objective.
Methodology probably will not establish objective.
Methodoiogy will not establish objective.
Insufticient information to judge.

(=2 I

SCORE: ©
Comments:

Eeasibllity In Terms of Time, Funding, and
Human Resources:

Feasible,

Probably feasible.

Probably not feasible.
Unfeasible.

Insufficient information 1o judge.

o~ NWwh

SCORE: 3

Comments:

DATE: 09 June 1988.
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Mifflin & Assoclates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Navada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM .

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.6.1.4

¢
page no.: 8.3.1.3-103

ACTIVITY TITLE: Fractured tuff column studies.

Sonceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O = N WA

SCORE: 1
Comments:

Curve fitting will mean NOTHING to the
repository scale problems?

Probabiiity of Success Using Existing
Jechnology:

Succaess likely.

Probably wiil succeed.

Probably will not succeed.
Succass unlikely.

Insufficient information to judge.

O = N W

SCORE: ©
Comments:

REVIEWER: A. Elzeftawy.

Appropriateness of Methadology to
Establish Stated Objective:

Methodology will establish objectiva.
Mathodology probably will establish objective.
Methodolegy probably will not establish abjective
Maethodology will not establish objective.
Insufficient information to judge.

oO=Mno A

SCOBRE: O
Comments:

Feasibfiity In Terms of Time, Funding, and
Human Resources:

Feasible. :
Probably feasible. C
Probably not feasible.

Unfeasible.

Insuttficient information 1o judge.

O = N WA

SCORE: O

Comments:

DATE: 11 June 1988.¢
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (if applicable): 8.3.1.3.6.1.5
ACTIVITY TITLE:

Lonceptual Completeness and Focus

Complete and/or focused.

Generally compiete and/or focused.
Generally incomplete and/or poorly focused.
incomplete and/or not focused.

Insufficient information to judge.

O =N WA

SCORE: 3

Commants: _
Reuse of samples from other experiments
is questionable. High pressures for experi-
ments--what are effects, utility thereof!

Probabliity of Success Using Existing
Jechnology:

Success likely.

Probably wiil succeaed.
Probably will not succead.
Success unlikely.

Insutficient information to judge.

O - N WA

SCORE: 1
Comments:
Technology to be developed.

REVIEWER: D. Shettel.

page no.: 8.3.1.3-107

Filtration [of particulates and colloids].

Appropriateness of Mathodology ta
Establish Stated Objective:

Methodology wili establish objective.
Meathodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O~ N Waa

SCORe: ©
Comments:

Feasibility in Terms of Time., Funding.and
Human Resources:

4 Feasible.
3 Probably feasible.
2 Prbbably not feasible.
1 Unfeasible.
0 Insufficiant information to judge.
SCORE: O
Comments:
DATE: 09 June 1988.
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Mifflin & Associztes, Inc.
2700 East Sunset Raoad, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

€
SCP SECTION: Geochemistry page no.: 8.3.1.3-109
ACTIVITY NO. (it applicable);: 8.3.1.3.6.2.1
ACTIVITY TITLE:  Uptake of radionuclides on rock beakers in a saturated system.

<
Appropriateness of Methodojogy to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology wili establish objective. ¢
3 Generally complete and/or focused. 3 Mathodology probably will establish objective.
2 Generaliy incomplete and/or poorly focusad. 2 Maethodoiogy probably will not establish objective.
1 Incomplete and/or not focused, 1 Methodology will not establish objective.
0 Insufficiant information to judge. 0 Insufficient information to judge.
(
SCORE: 3 SCORE: 3
Comments: Comments:
No information on samplie locations
other than Topopah Spring Member.
Probabllity ot Success Using Existing Feasibliity In Terms of Time. Funding, and
Jechnology: Human Resources:
. {
4  Success likely. 4  Faasible.
3 Probably will succeed, 3 Probably feasible.
2 Probably wiil not succeed, 2 Probably not feasible.
1 Success unlikely, 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
-
SCORE: O SCORE: O
Comments: Comments:
.
REVIEWER: D. Shettel. DATE: 10 June 1988.
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Mifflin & Assoclatas, Inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (if applicable): 8.3.1.3.6.2.2

ACTIVITY TITLE:  Diffusion through a saturated tuff slab.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poarly focused,
Incomplate and/or not focused.

Insufficient information to judge.

O = N W

SCORE: 2
Comments:
Sample locations lacking. List of

cations and radionuclides to be analyzed
lacking.

Probabllity of Success Using Existing
Iechnology:

Succass likely,

Probably will succeed.

Probably will not succaeed.
Success uniikely,

insufficient information to judge.

O = W

SCORE: 3
Comments:

REVIEWER: D. Shettel.

pageno.: 8.3.1.3-110

Appropriateness ot Methadoiogy to

Establish Stated Qbjective:

Q- WA

SCORE: O
Comments:

Maethodology will estabiish objective.
Mathodology probably will astablish objective.
Mathodolagy probably will not establish objactive.
Methodology will not establish objective.
Insuificient information 1o judge.

No information on measurement of
porosity, pore tortuosity, and pore

constrictivity.

Feaslbility in Terms ot Time. Funding. and
Human Besources;

Feasibie.

Unfeasible.

O == MW

SCORE: O
Comments:

121

Probably feasible.
Probably not feasible,

DATE:

Insufficient information to judge.

10 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vogras. Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

"™

C
SCP SECTION: Geochemistry page no.: 8.3.1.3-111
ACTIVITY NO. (It appiicable): 8.3.1.3.6.2.3
ACTIVITY TITLE:  Diffusion in an unsaturated tuff block.
¢
Anprogriateness of Methadolagy ta
Lonceptual Completeness and Focus Establish Stated Objective:
4 Completa and/or focused. 4  Methodology will establish objective.
3 Ganerally complete and/or focused. 3 Methodology probably wili establish objective.
2 Generaily incomplete and/or poorly focused. 2 Meathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Masthodology will not astablish objective.
0  Insufficient information to judge. 0 Insufficient information to judge.
_ ¢
SCORE; 2 SCORE: 3
Comments: Comments:

Description of samples to be used is 100
vague. No information on which eilements/
cations are 10 be used.

C
Probability ot Sugcess Using Existing Feasibiilty in Terns of Time, Funding,and
4  Success likaly. 4 Feasible, 4
3  Probably will succeed. 3 Probably feasiblae.
2  Probably will not succeed. 2 Probably not feasible,
1 Success unlikely. 1 Unfeasible.
0 insufficient information to judge. 0 Insufficient information to judge.
SCQORE: 3 SCORE: O ¢
Comments: Comments:
Additional computer codes to be developed!
: <
REVIEWER: D. Shettel. DATE: 10 June 1988.
MYB807 1
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Mitflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Navada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM ‘

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.6.2.3

page no.: 8.3.1.3-108

ACTIVITY TITLE: Diffusion in an unsaturated tuff block.

Lonceptyal Completeness and Focus

4 Complete and/or focused,

3  Generally compiete and/or focused.

2 Generally incomplete and/or poorly focused,
1 Incomplete and/or not focused.

0 Insufficient information 1o judge.

SCORE: 1
Comments:

Injection of fluid will not establish the

needed unsaturated conditions.

Probabiiity of Success Using Existing
Jechnology:

Success likely,

Probably will succeed.

Probably will not succeed.

Success unlikely,
Insufficient information to judge.

Q= N W

SCORE: 3

Comments:
it could be donae.

REVIEWER: A. Elzeftawy.

Appropriateness ot Methodology to
Establish Stated Objective:

O = NWNh

Mathodology will astablish objective.
Methodoiogy probably will establish objective.
Methedology probably will not establish objective.

" Methodology will not establish objective.

insufficient information o judge. -

SCORE: O
Comments:

Esasibility in Terms of Time, Funding, and
Human Resqurces:

S+ N W

Feasible.

Probably feasibie.

Probabiy not feasibie.
Unfeasible.

Insufficient information to judge.

SCORE: 3
Comments:

123

DATE: 13 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemiistry
ACTIVITY NO. (if applicable): 8.3.1.3.7.1.1
ACTIVITY TITLE:

Conceptual Completeness and Focus

Complete and/or focused.

Genarally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =M Wi

SCORE: 1

Comments:

Validation process is wrong. Field
experiments define applicability of
Jaboratory-measured values, not transport
calculations. They are going to “verify”
applicability of laboratory experiments of
saturated zone to vadose zone by
modeling.

Probapility of Success Using Existing
Technology;

4  Success likely.

3 Probably will succead.

2  Probably will not succeed.
1
0

Success untikaly.
Insufficiant information to judge.

SCORE: 1
Comments:
Computer codes not validated.

REVIEWER: D. Shettel.

€
page no.: 8.3.1.3-118

Analysis of physical/chemical processes affecting transport.

Approgriateness of Methodojogy to
Establish Stated Objective:

Mathodoiogy will estabiish objective.
Methodoiogy probably will estabiish cbjactive.
Mathodology probably will not establish objective
Methodology will not establish objective.
Insufficient information to judge.

(=3

SCORE: 1
Comments:
Computer codes need to be validated by

field-laboratory work, not vice versa. ¢
TOUGH omitted!

Feasibility In Terms of Time, Funding. and
Human Resources:

Feasible.

Probabiy feasible. )
Probably not feasible. {
Unfeasibla.

Insutficiant information to judgs.

O = MNWAa

SCORE: O
Comments: £

DATE: 10 June 1988. :
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120

(702)

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. (it applicable): 8.3.1.3.7.1.2

8-0402 & 3026

page no.: 8.3.1.3-122

ACTIVITY TITLE: Geochemicai/geophysical model of Yucca Mountain and integrated
geochemical transport calculations.

Lonceptuat Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O~ NWM

SCORE: 1
Comments:

How does one use a conceptual model to
perform calculations [transport]?

Probabllity ot Success Using Existing
Technology: '
Succass likely.

Probabiy will succeed.

Probably will not succeed.

Success unlikely.
Insufticient information to judge.

O 2 NW A

SCORE: 1
Comments;

REVIEWER: D. Shettel.

Appropriateness of Methodology to
Establish Stated Objective:

Msthodology will establish objective.
Mathodology probably will establish objective.
Methodaiogy probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O =N W

SCORE: 1

Comments:

Calculations based on conceptual mode!
will “validate™ assumptions made by
performance assessment?

Feasibility in Terms of Time, Funding.and
Human Resoutces:

Feusible.

Probabiy feasible.

Probably not feasible.
Unfeasible.

Insutficiant information to judge.

Q =W

SCORE: O
Comments:

DATE: 10 June 1988.
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Mifflin & Associates, inc. <
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM “
SCP SECTION: Geochemistry page no.. 8.3.1.3-124¢
ACTIVITY NO. (If applicable): 8.3.1.3.7.1.3
ACTIVITY TITLE: Transport models and related support,

C
Appropriateness of Methadology to

Conceptual Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4  Methodology will establish objectiva.

3  Generally complete and/or focused. 3 Methodology probably will @stablish objective.

2 Generally incompilate and/or poorly focused. 2 Methodology probably will not establish objectiv&

1 Incomplete and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 _ : SCORE: O ¢

Comments: Comments:

Computer models are used to “predict”

not investigate...processes.

Probabllity of Success Using Existing Eeasibllity in Terms of Time, Funding. and ¢

4  Success likely. 4 Faasible.

3 Probably wiil succead. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely. 1 Urfeasibie. L

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE. O SCORE: O

Comments: Comments: _

None of DOE's computer codes are ¢

validated yet.

REVIEWER: D. Shettel. DATE: 10 June 1988.

&
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Miffiin & Asml:tug Inc.

2700 East Sunset Road, Suite C25
S as, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry ‘ pageno.: 8.3.1.3-134

ACTIVITY NO. (If applicable): 8.3.1.3.8.1.1

ACTIVITY TITLE:  Physical transport mechanisms and rates-retardation mechanisms and
transport with retardation.

Appropriateness of Methodology o

Conceptual Completeness and Focus Establish Stated Objective:

4 Complate and/or focused. 4 Maethodalogy will establish objective.

3 Ganerally complete and/or focused. 3 Methodology probably will establish objective,

2 Generally incomplete and/or poorly focused. 2 Methodolegy probably will not establish objective.

1 Incomplate and/or not focusead. 1 Msthodolegy will not establish objectiva.

0  Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: O

Comments: Comments:

What if models do not exist? DOE does not even know if the models
exist. Models shouid be known by
now from literature survey.

Probapliity ot Syccessg Using Existing Feasibility ip Terms of Time, Funding, and

Jechnology: Human Resources:

4  Success likely. 4 Fe‘asible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Succass uniikaly. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficiant information to judge.

SCQRE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 10 June 1988,

127 MYB880719r



Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry

ACTIVITY NO. (If applicable): 8.3.1.3.8.1.2

€
page no.: 8.3.1.3-135

ACTIVITY TITLE: Gas transport measurements.

Conceptual Completeness and Focus

4 Complets and/or focused.

3 Gaenerally complete and/orfocused.

2 Gaenaerally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 2
Comments:

Writers should learn difference between
verify and validate.

Probabiiity of Success Using Existing
Jechnology:

Success likely.

Probably will succead.

Probabty will not succeed.
Success unlikely.

Insufficient information to judge.

O = N W

SCORE: O
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodoiogy to
Estabiish Stated Objective:

Methodology will establish objective. ¢
Methodology probably will establishk objective.
Mathodology probably will not establish objective.
Methodology will not astablish objective.
Insufficient information to judge.

O - NWAMA

SCORE: O

Comments:

Eeasibility In Terms of Time, Funding, and
Human Resources:

Feasible,

Probably feasible. 1\
Probably not feasible.

Unteasible.

Insufficient information to judge.

o= NWa

SCORE; O

Comments:

DATE: 10 June 1988.

Myggo7-
128



Miffiin & Associates, Inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geochemistry
ACTIVITY NO. {If applicable): 8.3.1.3.8.1.2

page no.: 8.3.1.3-130

ACTIVITY TITLE: Gas transport measurements.

Lonceptual Completeness and Focus

4 Completa and/or focused.

3 Generally compiate and/or focused.

2 Gaenerally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1
Comments:

Poor focus, and do they know what they
are talking about?

Probability ot Success Using Existing
Jechnology:

Succass likely.

Probabiy will succeed. o=
Probably will not succead.

Success unlikely.

Insufficient information to judge.

O - NWA

SCORE: 3
Comments:
It could be done.

REVIEWER: A. Elzeftawy.

Appropriateness of Mathodology tqQ
Establish Stated Objective:

Meathodology will astablish objectiva.
Methodology probably wilt establish abjective.
Mathodolcgy probably will not establish objective.
Mathodoiogy will not astablish objective.
Insufficient information to judge.

O =N WA

SCORE: O
comments:

Feasibiiity In Terms of Time, Funding, and
Human Resources:

4 Feasible.

3 Probably feasible,

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 3

Comments:

DATE: 13 June 1988.
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Miffiin & Associates, Inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology {Regionai)
ACTIVITY NO. (if applicable): 8.3.1.2.1.1.1

¢
page no.: 8.3.1.2-67

ACTIVITY TITLE: Precipitation and meteorological monitoring.

Conceptual Completeness and Focus

Complete and/or focused,

Genaerally complete and/or focusad.
Gensrally incomplete and/or poorly focused.
Incamplete and/or not focused.

Insufficient information to judge.

O =-MWa

SCORE: 1

Comments:

Rain gauges are needed onthe top of
Yucca Mountain and in closer proximity
to the repository surface boundary.

- Probability of Success Using Existing

Technology:

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

QO -mWwha

SCORE: 3
Comments:

REVIEWER: Atef Eizeftawy.

Appropriateness of Mathodology ta
Establish Stated Objective:

Methodology wili estabiish objective.
Methodology probably will establish objective.
Methodology probably will net establish abjective.
Mathodology will not establish abjective.
Insufficient information to judge.

Q = N D e

SCORE: 3
Comments:

Eeasipllity in Terms of Time, Funding, and
Human Resources:

Feasible. C
Probabiy feasible. '
Probably not feasible.

Unfeasibie. )

Insufficient information to judge.

[=JE & I B -

SCORE: 3 €
Comments:

DATE: 10 June 1988.¢
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Mitflin & Associates, inc.
2700 East Sunset Road, Suite C25

{asV

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (it applicable): 8.3.1.2.1.2.1

page no.: 8.3.1.2-72

ACTIVITY TITLE: Surface-water runoff monitoring.

LConceptual Completeness and Focus

Compiete and/or focused.

Generaily complete and/or focused.
Generally incomplete and/or poorly focused.
incomplete and/or not focused.

Insutficient information to judge.

0= wa

SCORE: 3

Comments:

Rain gauges are needed on the top of
Yucca Mountain and in closer proximity
to the repository surface boundary..

Probabliity of Success Using Existing
Jechnoiogy:

Success likely.

Probabiy wiil succeed.

Probably will nat succeed.
Succass unlikely.

Insufficient information to judge.

O =M Wha

SCORE: 3
comments:

REVIEWER: Atef Elzeftawy.

Appropriateness of Mathodology to
Establish Stated Objective:

Mathodalogy will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Maethodology will not establish objective.
Insutficient information to judge.

O = NW A

SCORE: 3
Comments:

Feasiollity in Terms ot Time, Funding, and
Human Resources:

Faasible.

Prabably feasible.

Probably not feasible.
Urieasible.

Insufficient information to judge.

O =N Wh

SCORE: 3
Comments:

DATE: 10 June 1988.
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Miffiin & Associates, Inc.
2700 East Sunset Road, éu'ne cas
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

€
SCP SECTION: 8.3.1.2.1.3.1 page no.: 8.3.1.2-82
ACTIVITY NO. (If applicable):
ACTIVITY TITLE: Assessment of regional hydrogeologic data needs in the saturated
zZone.,
¢
Approprigteness ot Methodology to.
Conceptual Compieteness and Focus Kstablish Stated Objective:
€
4 Complete and/or focused. 4 Moethodalogy will astablish abjective.
3 Generally complete and/or focusad. 3 Methodology probably will establish cbjective.
2 Gansrally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplste and/or not focused. 1 Maethodology will not establish objective.
0 Insufficiant information to judge. 0 Insufficient information to judge.
P
SCORE: 1 SCORE: 1
Comments: Comments:
2-D modeling is not the way to assess A drilling program based on clear hydro- _
data needs. geologic objectives, not 2-D modeling, is €
needed. :
Probability of Success Using Ex]sting Feasibility in Terms of Time, Funding, and -
Jechnoiagy: Human Besources: €
4 Success likely. 4 Faasible.
3 Probably will succead. 3 Probably feasible.
2 Probabiy will not succeed. 2 Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge. (
SCORE: 1 SCORE: 4
Comments: Comments:
Mode! results from this study will be
unreliable. ¢
REVIEWER: C. Johnson. DATE: 14 June 1988.

134 MY8807



Miffiin & Assoclates, inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 83120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.1.3.2
ACTIVITY NO. (if applicable):

page no.: 8.3.1.2-83

ACTIVITY TITLE: Regional potentiometric level studiss.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O+ NWA

SCORE: 3
Commaeants:

Incomplete with respect to carbonate
aquifer.

Probabiiity of Success Using Existing
JTechnology:

Success likely.

Probably will succeed.
Probably will not succesd.
Success unlikaly.

Insufficient information to judge.

O = N Wk

SCORE; 3
Comments:
Jackass Flats area neglected.

REVIEWER: C. Johnson.

Approgtiateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O - MNWHA

SCORE: 3
Comments:

Scope too limited with respect to number
of boreholes.

Feasibliity in Terms of Time, Funding, and
Human Resources:

Faasible.

Probabty feasibie.

Probably not feasible.
Unfeasible.

Insufficient information 1o judge.

- RN

SCORE; 3
Comments:

DATE: 14 June 1988.
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Miffiln & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM .

SCP SECTION: 8.3.1.2.1.3.3
ACTIVITY NO. {If applicable):

ACTIVITY TITLE: Fortymile Wash recharge study.

|
page no.: 8.3.1.2-88

€
Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Maethodology will establish 'obiective. <
3  Gaenarally complete and/or focused. 3 Mathodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objectiv
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
¢
SCORE: 4 SCORE: 4
Comments: Comments:
C
Probability ot Success Using Existing Feasibliity In Terms of Time, Funding, and.
Jechnology: Human Resources:
4 Success iikely. 4 Feasible.
3 Probably will succeed. 3  Probably feasible.
2 Probably wiill not succaeed, 2 Probably not feasible,
1 Success unlikely. 1 Unfeasibie, ¢
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 4 SCORE: 4
Comments: Comments: ¢
REVIEWER: C. Johnson. DATE: 14 June 1988.
L
{
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Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V!

as, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM .

SCP SECTION: Geohydrology

ACTIVITY NO. (If appiicable): 8.3.1.2.1.3.3

page no.: 8.3.1.2-88

ACTIVITY TITLE: Fortymile Wash recharge study.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Geanernally compiete and/or focused.

2 Generally incomplete and/or poorly focusaed.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 2
Comments:

More holes are needed along the Wash.

Three are not enough.

Probability of Success Using Existing,
Jechnology:

4  Success likely.

3 Probably will succeed.

2 Probably will not succeed.

1 Success uniikely.

0 Insufficient information to judge.
SCORE: 3

Comments:

REVIEWER: Atef Elzeftawy.

Appropriateness of Methodology to
Establish Stated Objective:

4 Methodology will establish objective.

3 Msthodology probably will astablish objective.

2 Maethodology probably will not establish objactive,
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: 3
Comments:

Eeaslbliity in Terms of Time, Funding, and
Human Hesources:

4 Feasible.

3 Probably feasible.

2 Probably notfeasible.

1 Unfeasible,

0 Insufiicient information to judge.
SCORE: 3

Comments:

DATE: 10 June 1988.
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Mifflin & Associstes, Inc.
2700 East Sunset Road, Suite C25

' La(s‘rgf)gi

s, Nevada 89120
98-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM ‘

SCP SECTION: Geohydrology

ACTIVITY NO. (Iif appticable): 8.3.1.2.1.3.4
ACTIVITY TITLE: Evapotranspiration studies.

Conceptual Completeness and Focus

Complete andfor focused.

Generally complete and/or focused.
Generally incomplate and/or poorly focused.
Incompiete and/or not focused.

Insufficient information to judge.

O = N W

SCORE: 2
Comments:

Need to monitor the unsaturated zone of
each location (in-situ).

Probability of Success Using Existing
Technology:

Success liksly.

Probably will succeed.

Probably will not succaed.
Succass unlikely,

Insufficiant information to judge.

QO = MW

SCORE: 3
Comments:

REVIEWER: Atef Eizeftawy.

page no.: 8.3.1.2-92

€
Appropriateness of Methodology to
Establish Stated Objective:
4 Methodology will establish objective.
3 Maethodology probabiy will astablish objective. ¢
2 Methodology probably will not establish objective.
1 Methodology will not establish objective.
Q Insufficiant information to judge.

SCORE: 3 ¢
Comments:

Feasibl|#ty in Terms of Time, Funding, and
Human Besources:

Feasibie.

Probably feasibie.

Probabiy not teasible. <
Unfeasible.

Insufficiant information to judge.

o =N W

SCORE: 3
Commaents: C

DATE: 10 June 1988.
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Mifftin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: 8.3.1.2.1.3.4 page no.: 8.3.1.2-92
ACTIVITY NO. (it applicable):
ACTIVITY TITLE: Evapotranspiration studies.

Appropriateness of Methodclogy {0
Conceptual Compileteness and Focus Establish Stated Objective:
4 Complate and/or focused. 4 Mathodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
Q0 Insufficiant information to judge. 0 Insufficient information to judgs.
SCORE: 4 SCORE: 4
Commaents: Comments:
Probability of Success Using Existing Feasiblity in Terms ot Time. Funding. and
Jechnology: Human Resources:
4  Succass likely. 4 Feasible.
3  Probably will succeed, 3 Probably feasible,
2 Probably will not succeed. 2 Probably not feasible.
1 Success uniikely, 1 Unfeasibla.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 4 SCORE: 4
Comments: Comments:
REVIEWER: C Johnson. DATE: 14 June 1988.
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Mifflin & Associates, Inc. <
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.1.3.5 page no.: 8.3.1.2-95
ACTIVITY NO. (I appticable):
ACTIVITY TITLE: Regional hydrochemical tests and analyses.

Appropriateness ot Methadology ta.
Conceptual Completeness and Focus. [Establish Stated Objective:
4 Complete and/or focused. 4  Methodology will establish objective.
3 Generally complete and/or focused. 3 Methodology probabily will astabiish objective. €
2 Genarally incomplete and/or poorly focused. 2 Methodology probably will not establish cojectiv
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 3 ¢
Comments: Comments:

~ Hasn't this all been done? What's new? White, Claassen, and Benson have
published good hydrochemical models.
pe

Probability of Success Using Existing Faasibility in Yerms of Time, Funding, and
Technology: Human Resources:
4  Success likely. 4 Feasible.
3  Probabily will succeed. 3 Probably feasibie.
2 Probabiy will not succeed, 2 Probably not feasible. €
1 Success uniikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insutficient information to judge.
SCORE; 4 SCORE: 4
Comments: Comments: (
REVIEWER: C Johnson. DATE: 14 June 1988(
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Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM ‘

SCP SECTION: 8.3.1.2.1.4.1
ACTIVITY NO. (it applicabie):

page no.: 8.3.1.2-97

ACTIVITY TITLE: Conceptualization of regional hydrologic flow models.

Conceptual Completeness and Focus

Completa and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focusad.
incomplete and/or not focused.

Insufficient information to judge.

O =2 WA

SCORE: 1
Comments:

Hogwash. This should be incorporated in
the “integrated” drilling program.

Lrobabiity ot Success Using Exjsting
Jechnojogy:

Success likely.

Probably will succaed.

Probably will not succeed.
Success unlikely.

insutficient information to judge.

O == oW

SCORE: O
Comments:

REVIEWER: C. Johnson.

Appropriateness of Methodotogy to
Establish Stated Objective:

O = W:hKa

Mathodology will establish objective.
Methodclogy probably will establish objective.
Methodology probably will not establish objective.
Meathodology will not establish objective.
insufficient information to judge.

SCORE: O
Comments:

Eeasibliity In Terms ot Time, Funding, and
Human Resources:

O - NGWH

Feasible.

Probably teasible.

Probabiy not feasible.
Unfeasible.

insutficient information to judge.

SCORE: O
Comments:

DATE: 14 June 1988.
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Mifflin & Asasociates, Inc.
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: 8.3.1.2.1.4.2
ACTIVITY NOQ. (it applicable):

page no.: 8.3.1.2-99

ACTIVITY TITLE: Subregional two-dimensional areal hydrologic modeling.

LConceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
incomplete and/or not focused.

Insufficient information to judge.

O W

SCORE; 2
Comments:

2-D inappropriate, no consideration of
anisotropy or fractures.

Probability of Success Using Existing
Jechnology:

Success likaly.

Probably will succeed.
Probably will not succeed.
Succass unlikely.

Insufiicient information to judge.

[= Tl LS 0%

SCORE: 2
Comments:

2-D, equivalent porous medium
inappropriate.

REVIEWER: C. Johnson.

142

Appropriateness ot Methodology to
Establish Stated Objective:

Methodology will establish objective.
Meathodology probably will establish objective.

Msthodolegy will not establish objective.
Insufficient information to judge.

O =N W~

SCORE: 2

Comments:

Desired parameters will be non-
representative since equivalent porous
medium is assumed.

Feas|blity in Terms of Time, Funding, and
Human Resources:

4 Feasible.

3 Probably feasibls.

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 2

Comments:

Validation not feasible.

DATE:

Methodology probably will not estabiish objective.

€

14 June 1988. ¢

4
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Miffiin & Assoclates, inc.
2700 East Sunset Road, Suite C25
: Las Vegas, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.1.4.3 | page no.: 8.3.1.2-101
ACTIVITY NO. {if applicable):
ACTIVITY TITLE: Subregional two-dimensional cross-section hydrologic modeling.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Wethodology will establish objective.
3  Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or pooriy focused. 2 Methodology probabiy will not establish objactive.
1 Incomplete and/or not focusad. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficiant information to judge.
SCORE: 1 SCORE: 1
Comments: Comments:
No hope of realism in these simulations. Setting up this model will be just guess-
work.
Probabllity of Success Using Existing Feasibility In Terms of Time, Funding, and
Jechnology: Human Resources:
4 Success likely. 4 Feasile.
3 Probably will succeed. 3 Probably feasibie.
2  Probably wilf not succeed., 2 Probably not feasible.
1 Sueccaess unlikely. 1 Ucfeasibla,
0 Insufficient information to judge. 0 Insutticient information to judge.
SCORE: 2 SCORE: 2
Comments: Comments:
Could succeed if accompanied by Much additional drilling would be
comprehensive deep drilling program. required to characterize geometry,
. heterogeneity, anisotropy.
REVIEWER: C. Johnson. DATE: 14 June 1988.
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Mifftin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

{
SCP SECTION: 8.3.1.2.1.4.4 page no.: 8.3.1.2-103
ACTIVITY NO. (if applicable):
ACTIVITY TITLE: Regional three-dimensional hydrologic modeling.
€
Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focusad. 4  Mathodology will estabiish cbjective.
3 Generally complete and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplate and/or poorly focusad. 2 Maethodology probabiy will not establish objective.
1 incomplete and/or not focused. 1 Mathodology will not establish cbjectiva,
0 Insufficient information to judge. 0 Insufficient information to judge.
€
SCoRE: 1 SCORE; 2
Comments: Comments:
For example, how will remote sensing Very unlikely that our understanding
studies provide information on ground- of regional ground-water flow will be
water flow paths? improved by this model. (
Probability of Success Using Existing Feasibllity in Terms of Time, Funding, and
Jechnolagy: Human Resources:
4  Success likely. 4 Feasible. C
3 Probably will succeed. 3 Probably feasibie.
2 Probably will not succeed., 2 Pmbably not feasible.
1 Succass unlikaly. 1 Unfeasible.
0 Insufticient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 4 ¢
Comments: Comments:
Success should be measurable, but The objectives are feasible given
itis not. competent geologic input and a
substantial investment in drilling and
testing. ¢
REVIEWER: C. Johnson. DATE: 14 June 1988,
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Mifflin & Associates, Inc.
2700 East Sunset Road. Suite C25

Las V

as, Nevada 89120

(702). 98-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (It appiicable): 8.3.1.2.2.1

. pageno.: 8.3.1.2-119

ACTIVITY TITLE: Characterization of hydrologic properies of surficial materials.

Conceptual Completeness and Focus -

Complete and/or focused.

Ganerally complete and/or focused.
Generaily incompiete and/or poorly focused.
Incomplete and/or not focused.

Insutficient information to judge.

O~ WA

SCORE: 2
Commaents:
The location of each experiment is

critical in evaluating the usefulness of the

results.

Probability of Success Using Existing
- Technology:

Succass likely.

Probably will succeed.
Probably will not succeed.
Succass unlikaly.

Insufficient information to judgse.

O —=Nwai

SCORE:; 1

Comments:

The technology of the listed methods is
not appropriate.

REVIEWER: A. Eizeftawy.

145

Appropriateness of Methodoiogy to
Establish Stated Objective:

Methodology will establish objective.
Mathodology probably will establish objective.
Mathodology probably will not establish objective.
Mathodology will not establish objective.
Insufficient information o judge.

O~ MW~

SCORE: 1
Comments:

Listed methods are not the correct gnes
to use.

Feasibllity in Terms ot Time, Funding. and
Human Resources;

Feasible.

Probably feasible,

Probably not feasibia,
Unfeasible.

Insufficient information to judge.

O =N WM

SCORE: 1

Comments:

Feasible if the correct methodologies are
used.

DATE: 09 June 1988.
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Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -
¢
SCP SECTION: Geohydrology pageno.: 8.3.1.2-125
ACTIVITY NO. (it applicable}: 8.3.1.2.2.1.2
ACTIVITY TITLE: Evaluation of natural infiltration.
€
Appropriateness ot Methodology to
Conceptyal Completepess and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objective.
3 Generally complete and/or focused. 3  Maethodology probably will establish objective.
2 Generally incomplete and/or poorly tocused. 2 Methodology probably will not establish obiectivg
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE: 1
Comments: Comments: €
The locations of boreholes are not Water budget studies and methodologie
addressing the Yucca Mountain are not appropriate for low fiux.
repository.
<
Probabiiity of Success Using Existing Feasibility In Terms of Time, Funding., and
Jechnojogy: Human Resources:
4  Success likely. 4 Foasible. C
3 Probably will succeed. 3 Probably feasibie.
2 Probabiy wiil not succeed. 2 Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Iinsufficient information to judge. 0 Insufficient information to judge.
SCORE: 0 SCORE: 1 ¢
Comments: Comments:
The tech. procedures are not explained Feasible within the correct locations
or referenced. on the mountain. ¢
LY
REVIEWER: Atef Elzeftawy. DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suita C25

Las Vv

as, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (If applicable): 8.3.1.2.2.1.3.
ACTIVITY TITLE: Evaluation of artificial infiltration.

page no.: 8.3.1.2-132

Appropriateness ot Methodology to
Conceptuat Completeness and Focus Establish Stated Objective:
4 Compilete and/or focused. 4 Methodology will establish objactive.
3 Generally complete and/or focused. 3  Mathodology probably will establish objective.
2 Generaily incomplete and/or poorly focused. 2 Methodology probably will not astablish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.
0 Insutficient information to judge. 0 Insufficiant information to judge.

SCORE: 2
Comments:

The focus should be on fractured
tuff areas and not alluvium.

SCORE: 1

Comments;

Listed methods are suitable for porous
media and not for fractured rock, such as
tuffs.

Probabllity ot Success Using Existing Feasibliity In Terms of Time. Funding, and
Technology: Human Resources:

4  Success likely, 4 Feasible,

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE; 2 SCORE: 3

Comments: Comments:

Modified technology may be useful and Feasible if done using modified
successful. technology and methods.

REVIEWER: A. Eizeftawy. DATE: 09 June 1988.
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Mitflin & Assaciates, inc.

2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (If appilcable): 8.3.1.2.2.2.1

page no.: 8.3.1.2-1 3%

ACTIVITY TITLE: Chloride and chlorine-36 measurements of percolation at Yucca

Mountain.

Conceptual Completeness and Focus

4  Complete and/or focused.

3  Ganaerally complete and/or focused.

2 Genarally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments:

Fragmented information; where, how, what,
when are not addressed.

Probability of Success Using Existing
Jechnoiogy:

Success likely,

Probably will succesd.

Probably will not succeed,
Success unlikely.

Insufficient information to judge.

Q= WA

SCORE: O
Comments:

The discusseion is not clear and does
not address the technology.

REVIEWER: A. Elzeftawy.

148

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective. ¢

Mathodology probably will establish objective.
Methodology probably will not establish objective
Mathodology will not establish objective.
Insutficient information to judge.

O = MW o

SCORE: O
Comments:
No methods listed or discussed.

Feasibiifty In Terms of Time, Fyunding, and
Human Resources;

Feasible.

Probably feasibia. ¢
Probably not feasible.

Unteasible.

Insufficient information to judga.

O =N WK

SCORE; O ¢
Comments:

{

DATE: 09 June 1988.
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Mitfiin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V
(702

as, Nevada 89120
98-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydroiogy

ACTIVITY NO. (if applicable): 8.3.1.2.2.2.1

page no.: 8.3.1.2-137

ACTIVITY TITLE: Chloride and chlorine-36 measurements of percolation at Yucca

Mountain.

LConceptuat Compieteness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focusad.
Incomplete and/or not focused.

Insufficient information to judge.

O =N WA

SCORE: 2

Comments:

What activities/studies/investigations
are concerned with gathering the data
needed?

Prohabllity ot Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success unlikely.

Insufficiant information to fudge.

O = N W

SCORE: 3

Comments:

If data have already been collected,
what are the technical procedures?
Sample localities not mentioned, nor
techniques for obtaining samples.
REVIEWER: D. Shettel.

149

Appropriateness of Methodology to
Establish Stated Objective:

4 Mathodology will establish objective.

3 Methedology probably will establish objectiva.

2 Methodology probably will not establish objective.
1 Maethodology will not establish objective.

0 Insufficient infoermation to judge.

SCORE: 3
Comments:
There are no references to methodology.

Eeasibliity in Terms of Time. Funding, and,
Human Resources:

Feasible.

Probabiy feasible.

Probably not teasibla.
Unfeasible.

insufficient information {o judge.

O =MWk

SCORE: 3
Comments:

If data have been gathered, what is
reference?

DATE: 10 June 1988.
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Miffiin & Assoclates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM .

4
SCP SECTION: Geohydroiogy ) page no.: 8.3.1.2-140
ACTIVITY NO. (if applicable): 8.3.1.2.2.3.1
ACTIVITY TITLE: Matrix hydrolegic properties testing.

€
Appropriateness of Methodology to

Lonceptual Completeness and Focus Establish Stated Objeciive:
4 Complete and/or focused. 4 Methodology will establish objective. <
3 Ganerally complete and/or focused. 3 Maethodology probably will establish objective. '
2 Genaerally incomplete and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
¢ Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 2 ¢
Comments: _ Comments:
Stochastic models are not appropriate Methodologies are not appropriate for
to define hydrogeologic units. unsaturated fractured tuff formations.

C
Probability of Success Using ExIsting Feasibiiity in Terms of Time, Funding, and
Jechnology: Human Resources:
4  Success likely. 4 Faasible. ¢
3 Probably will succeed. 3 Probably feasible.
2  Probably will not succeed. 2 Probably not faasible.
1 Success unlikely. 1 Unfeasible. ‘
0 Insufficient information to judge. 0 Insutficient information to judge.
SCORE; 1 SCORE: 1 ¢
Comments: . Comments: ‘
The technology may be useful if used Does not address the unsaturated zone
properly. work.

¢
REVIEWER: A. Elzeftawy. DATE: 09 June 1988.
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Mitfiin & Aasociates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (If applicable): 8.3.1.2.2.3.2

page no.: 8.3.1.2-149

ACTIVITY TITLE: Site vertical borehole studies.

Conceptuat Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =NWhHA

SCORE: 2
Commaents:

Rationale for locations and depths of
of boreholes is not clear or stated.

Probabiiity ot Success Using Existing
Jechnology:

Succass likely.

Probabty will succaed.

Probabiy will not succeed.
Sucesss unlikely.

Insutficiant information to judge.

[= B AV I gV

SCORE: 2

Comments:

The proposed technique for drilling

is highly questionable for the required
depths (600 m).

REVIEWER: A. Eizeftawy.

151

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methcdology will not establish objective.
Insutficient information to judge.

o= N h

SCORE: 2

Comments:

Methods of drilling may not be useful
in getting needed data.

Feaaibllity in Terms of Time, Funding. and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

insufficient information to judge.

O = NWA

SCORE: 2

Comments:

The cost and time, based on UZ-1 and
UZ-6 boreholes, could be very high to
finish SCP for the site (5 to 6 years).

DATE: 09 June 1988.
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Mitflin & Aasociates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

¢
SCP SECTION: Gechydrology page no.: 8.3.1.2-168
ACTIVITY NO. (it applicable): 8.3.1.2.2.3.3
ACTIVITY TITLE: Solitaric Canyon horizontal borehole study.

€
Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will astablish obiective. < ‘
3 Generally complete and/or focused. 3 Methodology probably will establish cbjective.
2 Generally incomplste and/or poorly focused. 2 Methodology probably will not establish objective
1 Incomplete and/or not focused. 1 Methodology wilf not astablish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
' (
SCORE: 2 SCORE: 2
Comments: Comments:
If successtul, one hole only is not enough?  The method has not been demonstrated
Water may be injected? through fractured tuff formation.
Probabllity of Success Using Exisiing Feasibility in Terms of Time, Funding.and *
Jechnology: Human Resources:
4 Success likely. 4 Feasible,
3 Probably will succeed. 3 Probably feasidle.
2 Probably will not succeed. 2 Procbably not feasible. _
1 Success uniikely. 1 Unfeasible. ¢
0 Insufticient information to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE: 1
Comments: Comments: i
The drilling technology may be proble- Based on the discussion, it is doubtful ¢
matical for horizontal drilling to 300 meters. that any evaluation of parameters could
be attained.
REVIEWER: A. Elzeftawy. DATE: 09 June 1988.
C
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (it applicable): 8.3.1.2.2.4.1

page no.: 8.3.1.2-182

ACTIVITY TITLE: [ntact-fracture test in the exploratory shaft facility.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally compiste and/or focused.

2 Generaily incomplete and/or poorly focusad.
1 Incompiete andsor not focused.

C Insufficient information to judge.

SCORE: 1
Comments:

The laboratory work does not address the
in-situ shaft work (data applied).

Probabliity of Success Using Existing
JTechnology;

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely,

Insufficient information to judge.

O =+ N W

SCORE: 3
Comments:

The proposed technology is appropriate
anly for laboratory work.

REVIEWER: A, Elzeftawy.

Appropristeness of Methodology to
Eatabiish Stated Objective:

Mathodology will establish objective.
Mathodology probably will establish objectiva.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insufficient information to judge.

O = N W

SCORE: 2

Comments:

The methodology does not apply to
in-situ conditions.

Feasibllity in Terms ot Time, Funding. and
Human Resources:

Feasible.

Probably feasible,

Probabiy not feasibie.
Unfeasible.

Insufticient information to judge.

O - N W

SCORE: 2

Comments:

DATE: 09 June 1988.
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Mifflin & Associate
2700 East Sunset Road,

Inc.
uite C25

Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Geohydrology

ACTIVITY NO. (if applicable): 8.3.1.2.2.4.2
ACTIVITY TITLE: Infiltration tests in the exploratory shaft facility.

4
page no.: 8.3.1.2-193

¢
Appropriateness of Methodglogy 1o

Conceptuat Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Methodology will establish objective,
3 Generally complete and/or focused, 3 Mathodology probably will establish objective. ¢
2 Generally incomplete and/or poorly focusad. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 insufficient information to judge.
SCORE: 3 SCORE: 3 ¢
Comments: Comments:

The sand layer on top of tuff may be
problematical. Assumption of steady
state may not be valid.

Probahility of Success Using Existing
Jechnology; :
Success likely.

Probably will succased,

Probably will not succeed,

Succass unlikely.
Insufficient information to judge.

O = M WA

SCORE: 3
Commaents:

With great caution for flow through
fractures. :

REVIEWER: A. Elzeftawy.

154

Some concern with regard to fracture.

Feasibillty in Terms of Time, Funding, and
Human Resoyrces:

Feasible.

Probably feasible.

Probabty not feasible. €
Unfeasible.

Insutficient information to judge.

O - WA

SCORE: 3
Comments: {

it should be observed for a continuous
period of 4 to 5 weeks, at least.

¢
DATE: 09 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Hoad, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (if applicable): 8.3.1.2.2.4.3

page no.: §.3.1.2-209

ACTIVITY TITLE: Bulk-permeability test in the exploratory shatt facility.

Conceptual Completeness and Focus

Complate and/or focused.

Generally complete and/or focused.
Genaerally incomplate and/or poorly {ocused.
Incomplete and/or not focused.

Insufficient information to judge.

O~ MNWw,~

SCORE: 1

Comments:

The description to address the evaulation
of the listed parameters is not clear or
related to the objectives.

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.
Probably will not succsad.
Success unlikely.

Insufficient information to judge.

O =N Wh

SCORE: 3
Comments:

REVIEWER: A. Elzeftawy.

155

Appropriateness of Methodology to
Eatablish Stated Objactive:

Mathodology will astablish obiectiva.
Methodology probably will establish objective.
Meathodology probably will not establish objectiva,
Mathodology will not establish objective.
Insufficient information to judge.

O =MW

SCORE: 3
Comments:

Feagibility in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasibla.

Probabiy not feasible.
Unfeasibia.

Insutficient information to judge.

O == NWA

SCORE; 3
Comments:

DATE: 09 June 1988.
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Mifflin & Associates, Inc.

2700 East Sunset Road, Suita C25
Las V

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Geohydrology
ACTIVITY NO. (if applicabie):

8312244

page no.: 8.3.1 ..‘2-225€

ACTIVITY TITLE: Radial borehole tests in the exploratory shatt facility.

¢
Appropriateness of Methodojogy to

Lonceptual Completeness and Focus Establish Stated Objective:
4  Complete and/or focused. 4  Maeathodology will establish objective.
3 Generally complete and/or focused, 3 Methodology probably will establish objective. C
2 Generally incomplete and/or poorly focusad. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 lInsufficient information to judge.
SCORE: 1 SCORE: 0 (
Comments: Comments:

Why, when, where, and how are not
clearly stated.

Probability of Success Using Existing
Technology:

4  Succaess likely.

3  Probably will succead.

2 Probably will not succaed.

1 Success uniikely,

0 Insufficient information to judge.
SCORE: 3

Comments:

The technology exists for evaluating
the listed objectives.

REVIEWER: A. Eizeftawy.

156

All methods are to be delivered?

Feasibliity In Terms of Time, Funding, and
Human Besgurces:

Feasible.

Probably feasible.

Probably not feasible. (
Unfaasible.

insutficient information to judge.

QN WA

SCORE: 3
Comments: (
It could be done in time.

DATE: 09 June 1988. ¢

MY8807"




Miffiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. {(If applicable): 8.3.1.2.2.4.5

page no.: 8.3.1.2-235

ACTIVITY TITLE: Excavation effects test in the exploratory shaft facility.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complaete and/or focused.
Genarally incomplate and/or poorly focused.
Incomplete and/or not focused.

Insutticient information to judge.

O - N WA

SCORE: 2

Comments:

It is not clearly explained with respect to
how stress is related to the unsaturated
zone hydrology.

Erobabliity of Success Using Existing
Technology: '

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O —= W

SCORE: 3
Comments:

REVIEWER: A. Elzeftawy.

Appropriateness of Methodology to
Establish Stated Objective:

4 Methedology will establish objective.

3 Methoedology probably will establish objective.

2 Methodology probably will not establish objective.
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: 3
Comments:

Feasibility In Terms of Time, Funding, and
Human Besources:

4 Feasible.
3 Probably feasible.
2 Probably not feasible.
1 Unfeasible.
0 [Insufficient information to judge.
SCORE: 3
Comments:
DATE: 09 June 1988.
157
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

~ CD-SCP ACTIVITY REVIEW FORM .

¢
SCP SECTION: Geohydrology page no.: 8.3.1.2-241
ACTIVITY NO. (if applicable): 8.3.1.2.2.4.6
ACTIVITY TITLE: Calico Hills test in the exploratory shaft facility.

€
Appropriateness ot Methodology to

Lonceptual Completenass and Focus Estabiish Stated Objectiva;
4 Complete and/or focused. 4 Mathodology will astablish objsctive. C
3 Genarally complate and/or focused. 3 Methodoiogy probably will establish objective. ™
2 Generally incomplate and/or poorly focused. 2 Maethodology probably will not establish objective
1 Incomplete and/or not focused. 1 Mathodoiogy will not establish objective.
0 Insufficient information to judga. 0  Insufficiant information to judge.
SCORE; 2 SCORE: 2 ¢
Comments: Comments:

No discussion relative to unsaturated work. Methodologies do not address the unsat
urated zone characterization problem.

(
Probabliity of Success Using Existing Feasibllity In Terms ot Time, Funding, and
Jechnology: Human Resources:
4  Success likely. 4 Faasible.
3 Probably will succeed. 3 Probably feasible. C
2 Probably will not succaed. 2 Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficiant information to judge.
SCORE: 3 7 SCORE: 2
Comments: Comments: ¢
REVIEWER: Atef Elzeftawy. DATE: 08 June 1988.

L
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Miffiin & Associates, Inc,
2700 East Sunset Road, Suite C25
as, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrotogy page no.: 8.3.1.2-246
ACTIVITY NO. (if applicable): 8.3.1.2.2.4.7
ACTIVITY TITLE: Perched water test in the exploratory shaft facility.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objective.
3 Generally complete and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:

Some concern with regard to large volumes
of water, if found.

Probabliity ot Success Using Existing Eeasibillity In Terms of Time, Funding, and
Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably wiil succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. ¢ Insufficient information to judge.

SCORE: 3 SCORE: 3

Comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 09 June 1988.
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Mifflin & Associates, Inc. ¢
2700 East Sunset Road, Suta C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (if applicabte): 8.3.1.2.2.4.8

page no.: 8.3.1 .2-248c

ACTIVITY TITLE: Hydrochemistry tests in the exploratory shaft facility.

Conceptual Completeness and Focus

Complete and/or focused.

Generaily complete and/or focused,
Genarally incomplete and/or poorly focused.
Incomplete and/or not focusaed.

insufticient information to judge.

Q== MW e

SCORE: 1
Comments:
Very fragmented and incomplete.

Probabllity of Success Using Existing
Jechnology:

Success likely.

Probably will succead.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O = N W

SCORE: 1

Comments:

Technology proposed is not appropriate
to obtain water of unsaturated zone.

REVIEWER: Atef Elzeftawy.

Appropriateness of Methodology to
Establish Stated Objective:

Methodoiogy will establish objective.

Methadology probably will establish objective. €
Methodology probably will not estabiish objective
Methodology will not establish objective.
Insufficient information 10 judge.

O = NWA

SCORE; 1 ¢
Comments:

Does not state how water would be
obtained from unsaturated zone.

Feasibility in Terms of Time. Funding, and
Human Besources:

Feasible.

Probably feasible. (
Probably not teasible.

Unfeasible.

Insutficient information to judge.

O = MNWh

SCORE: 1
Comments:

{\
DATE: 09 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology page no.: 8.3.1.2-248
ACTIVITY NO. (if applicable): 8.3.1.2.2.4.8
ACTIVITY TITLE: Hydrochemistry tests in the exploratory shait facility.

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Qbjectiva:
4  Complate and/or focused. 4 Methodology will establish objectiva.
3 Generaily complete and/or focused. 3 Maethodoiogy probably will @stablish objective.
2 Generally incomplete and/or poorly focused. 2 Mathodology probabiy will not establish obiective.
1 Incompiete and/or not focusad., 1 Methodology will not establish objectiva.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 . SCORE: 2
Comments: Comments:

There is no provision for perched water or  lt is difficult to determine fiux and flow

saturated fractures, if they are encountered. directions with isotopic techniques unless
there is a good 3D spatial distribution of
samples. ESFis 1D.

Probabllity of Success Using Existing Feasibility in Terms of Time, Funding, and
4  Success likely. 4 Feasible.

3 Probably will succaeed. 3 Probably feasibie.

2  Probably will not succeed. 2 Probably not feasible.

1 Succass unlikely. 1 Unfeasible.

¢ Insuflicient information to judge. 0 insufficient information to judge.

SCORE: 2 SCORE: O

Comments; Comments:

Data can probably be obtained with existing
analytical technology, but interpretation of
the data to satisfy all objectives is uniikely.

REVIEWER: D. Shettel. DATE: 08 June 1988.

MYB80722b
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Mifflin & Assoclates, Inc. ¢
2700 East Sunset Road, Suita C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydroiogy
ACTIVITY NO. (if applicable): 8.3.1.2.2.5.1

-

page no.: 8.3.1.2-252 €

ACTIVITY TITLE: Diffusion tests in the exploratory shaft facility.

Conceptual Completeness and Focus

4 Complste and/or focused.

3 Generally complate and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 2

Comments:

Poorly written and not clear how they are
going to address flow through matrix/
fractures.

Probabijilty ot Success Using Existing
Jechpology:

Success likely.

Probably will succeed.
Probably will not succeed.
Succass unlikely.

Insufficient information to judge.

O WA

SCORE: 3
Comments:

REVIEWER: A. Elzeftawy.

&
Appropriateness of Methodology to
Establish Stated Objective:
4  Mathodology will astaniish objective.
3 Mathodology probably will establish objective. ¢
2 Methodology probably will not establish objective.
1 Methodology will not establish objective,
0 Insufficient information to judga.

SCORE: 3 g
Comments:

Feaslblifty in Terms ot Time, Funding, and
Human Resources:

4 Feasible,

3 Probably feasibie. C
2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.

SCORE: 3

Comments:

DATE: 09 June 1988.

S

MY88073



Miffiin & Assoclates, Inc.

2700 East Sunset Road, Suite C25

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

"'SCP SECTION: Geohydrology

ACTIVITY NO. (it applicable): 8.3.1.2.2.6.1

page no.: 8.3.1.2-255

ACTIVITY TITLE: Plan to charactenze the flux within the Paintbrush nonwelded unit in the
vicinity of the Ghost Dance Fauit.

Appropriateness of Methodology to
Conceptual Compieteness and Focys Establish Stated Objective:
4 Complete and/or focusad. 4 Methedology will establish objective.
3  Generally complete and/or focused. 3 Mathedology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focusad. 1 Methodology will not establish objective.
0 Insufficient infermation to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE: O
Comments: Comments:

Plan has not yet been developed.
When (year 20017).

Probapliity of Success Using Existing
JTechnology:

Success likely.

Probably will succesd.

Probably will not succeed,
Success uniikaly.

insufficient information to judge.

O =MW

SCORE: ©
Comments:

REVIEWER: A. Elzeftawy.

Feasibjlity in Terms of Time, Funding, and
Human Resources:

Feasible.

Probabiy feasible.

Probably not faasibie.
Unteasible.

Insuticient information 1o judge.

O =MW

SCORE: O
Comments:

DATE: 09 June 1988.

MYB80713l




SCP SECTION: Geohydrology

Miffifn & Associates, Inc.

2700 East Sunsat Road, Suite C25
Las Vegas, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

¢
page no.: 8.3.1.2-25¢

ACTIVITY NO. (It applicable): 8.3.1.2.2.7.1
ACTIVITY TITLE: Gaseous phase circulation study.

€
Appropriateness of Methodology to

Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Maethodology wili astablish objective. C
3 Generally complets and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focused. 2 Mathodology probably wiil not establish objective
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
0 Insufficient information to judge. 0 Insutficient infarmation to judge.

<
SCORE: 2 SCORE: O
Comments: Comments:
Too many words but no clear understanding
of what is needed and why?

{
Probability of Success Using Existing Eeasibility in Terms of Time, Funding, and
Jechnology: Human Resources:
4  Success likely. 4 Foasible.
3 Probably will succeed. 3 Probably feasible. ¢
2 Probably will not succesed. 2 Probably not feasible.
1 Success unlikely. 1 Unfeasible.
0 Insufficient infarmation to judge. 0 Insufficient information to judgs.
SCORE: O SCORE: O
Commaents: Comments: ¢

REVIEWER: A. Elzeftawy.

DATE: 09 June 1988. ¢

164 MY8BO7"




Mifflin & Associates, Inc.
2700 East Sunset Road, éuite c2s

Las Vi

as, Nevada 89120

(702)}798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (if appilcable): 8.3.1.2.2.8.1

page no.: 8.3.1.2-267

ACTIVITY TITLE: Gaseous-phase chemical investigations.

Conceptual Completeness and Focus

Compiete and/or focused.

Generally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplete and/ar not focusad, -
Insufficiant information to judge.

QO —~ N WA

SCORE: 2

Comments:

Flux should be measured directly.
Could have multiple packed-off
horizons in borehoies with flow meters.

Erobabllity of Success Using Existing
JTechnology:

Success likely.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O = W

SCORE: 2
Comments:

Data can be obtained, but interpretation
to achieve objectives is unlikely.

REVIEWER: D. Shettel.

Anpropriateness of Methodology to
Establish Stated Objective:

Meathodology will astablish objactive.
Mathodology probably wili establish objective.
Mathodology probably will not establish objective.
Mathodology will not establish obiective.
Insufficient information to judge.

O —=~MNWhk

- SCORE: 2

Comments:

Flux and flow direction are difficult to
determine isotopically, unless there is
extensive 3D sampling available. ESF is
essentially 1D.

~ Feasibility In Terms of Time, Funding, and

165

Human Resources:

Feasible.

Prabably feasible.

Probably not feasible.
Unfeasible.

Insutficient information {0 judge.

O - N WA

SCORE: O
Commaents:

DATE: 08 June 1988.

MYB880719sss



Mifflin & Associates, Inc. ¢
2700 East Sunsat Road, éuite c2s5

Las V

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Geohydrology

ACTIVITY NO. (if applicable): 8.3.1.2.2.8.1

£

page no.: 8.3.1.2-26 v

ACTIVITY TITLE: Gaseous-phase chemical investigations.

€
Appropriateness of Methodology tg

Conceptual Completeness and Focus Estabilsh Stated Objective:
4 Complaete and/or focused. 4 Maethodology will establish objective.
3 Goenerally complete and/or focused. 3 Meathodology probably will establish objective. €
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective
1 Incomplete dand/or not tacused. 1 Methodology will not establish objectiva.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: O ¢
Comments: Commaents:

Not very clear objectives.

Probability of Success Using Existing
JTechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O — N W e

SCORE;: 3
Comments:

REVIEWER: A. Elzeftawy.

166

Eeasibility in Terms ot Time, Funding. and ¢
Human Resources:

4 Feasible.

3 Probably faasible.

2 Probably not feasible.

1 Unfeasibla. ¢

0 insufficient information to judge.

SCORE: O

Comments:
(.

DATE: 09 June 1988.

¢

MYaac




Mifflin & Associates, inc,

2700 East Sunset Road,

uite C25

Las Vegas, Nevada 89120

(702)

8-0402 & 3026

CD-SCP ACTIVlITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (If applicable): 8.3.1.2.2.8.2
ACTIVITY TITLE:

Loncentual Completeness and Focus

Complete and/or focused.

Ganerally complete and/or focused.
Genarally incomplete and/or poorly focused.,
incomplete and/or not focused.

Insufficient information to judge.

O-—=-MNWwaea

SCORE; 2

Comments:

No provision for handling perched water
zones or saturated fractures. Determining
flux and flow direction from stable isotopes
is pushing it.

Probabliity ot Success Using Existing
Technology:

Succass likaly.

Probably wili succeed.

Probably will not succeed,
Success unlikely.

Insufficient information to judge.

O =W

SCORE: 2

Comments: '
Data can probably be obtained, but
interpretation to achieve objectives
is unlikely. Are Al and Si going to be
measured? These are essential for
modeling rock-water interactions.

REVIEWER: D. Shettel.

page no.: 8.3.1.2-269

Aqueous-phase chemical investigations.

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objective.
Mathodology probably will establish cbjective.
Methodology probably will not establish objective.
Methodology will not establish objective.
ingufficient information to judge.

O =MW

SCORE: 2

Comments:

Flux should be measured directly. Flow
direction couid be measured by
geophysical methods.

Eeasiblilty in Terms of Time, Funding. and
Human Resources:

Feasibla.

Probably feasible.

Prbbably not teasible.
Unfeasible.

Insutficiant information to judge.

O - NWhA

SCORE: O
Comments:

DATE: 09 June 1988.

MYBBO71Grrr
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Mitflin & Associates, Inc. ¢
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 83120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: (Geohydrology page no.: 8.3.1.2-269 ¢
ACTIVITY NO. (it applicable): 8.3.1.2.2.8.2
ACTIVITY TITLE: Aqueous-phase chemical investigations.

C
Appropriateness ot Methodglogy to

Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathodology will establish objactive.
3 Generally complate and/or focused. 3 Mathodology probably will establish objective. €
2 Generally incompiete and/or poorly focusead. 2 Methodology probably will not establish objective.
1 Incomplate and/or not focused. 1 Methodology will not astablish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE; 0 ¢
Comments: Comments:

It is not clear if they know the sources of
liquid (fractures/matrix) and how they could
be separated or identified.

Probability of Success Using Existing Feasibility in Terms of Time, Funding, and

Jechnology: Human Resources:

4  Success likely. 4  Feasible.

3 Probably will succeed. 3  Probably feasibie. (
2  Probably wili not succeed. 2 Probably notfeasibie.

1 Success unlikely. 1 Ubfeasible.

0 Insufficiant information to judge. 0 Insufficient information to judge.

SCORE; O - SCORE: O )
Comments: Comments:

REVIEWER: A. Elzeftawy. DATE: 09 June 1988.

1683 MYBEOT-



Las V

Mifflin & Assoclates, lnc.
2700 East Sunset Road, Suite C25

as, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydroiogy

ACTIVITY NO. (if applicable): 8.3.1.2.2.9.1
ACTIVITY TITLE: Preliminary numerical modeling of the site hydrogeologic system.

page ho.: 8.3.1.2-273

Appropriateness of Methodology to
Conceptual Completeness and Focus Estabilish Stated Objective:
4 Complete and/or focused. 4  Mathodology will establish cbjective.
3 Generally complete and/or focused, 3 Methodology probably will establish objective.
2 Generaliy incomplete and/or poorly focused. 2 Maethodology probably will not astablish objective.
1 Incompieta and/cr not focused. 1 Mathodology will not estabiish objective.
0 Insuiticient information to judge. 0 . Insutficient information to judge.
SCORE: 2 SCORE: O
Comments: Comments:

Specific plans have not yet been
developed or coordinated.

Probabliity ot Success Using Existing
JYechnolagy:

4 Success likaly,

3 Probably will succesd.

2 Probably will not succeed.

1 Success unlikely.

¢ Insufficient information to judge.
SCORE: O

Comments:

REVIEWER: A. Elzeftawy.

169

Feasibility In Terms of Time. Funding. and
Human Resources;

4 Foaasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 insufficient information to judge.
SCORE: O

Comments:

DATE: 09 June 1988.

MY880718d



MIfflin & Associates, Inc.
2700 East Sunsat Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (If applicable): 8.3.1.2.2.8.2

page no.: 8.3.1.2-275

ACTIVITY TITLE: Simulation of the natural hydrogeologic system.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally compiete and/or focused.

2 Gaenerally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments:

The physics of the system is not well
understood (not the normal porous media
we know in soil physics).

Probability of Success Using Existing
JTechnology:

Succass likely.

Probably wilt succaed.

Probably will not succeed.
Success unlikely,

Insufficient information to judge.

O - N WA

SCORE: O
Comments:
Use large computers like Crye or others?

REVIEWER: A. Eizeftawy.

Appropriateness of Methodology tg
Establish Stated Qbjective;

4 Mathodology will establish objective,

3 Methodology probably will astablish objactive,

2. Methodology probably will not establish objective.
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: O
Comments:

Feasiblilty in Terms of Time. Funding. and
Human Resources: .

4 Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 lnsuificient information to judge.

SCORE: 2

Comments:

DATE: 09 June 1988,

170
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Mitflin & Associate
2700 East Sunset Road,

Inc.
uite C25

Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology
ACTIVITY NO. (if applicable): 8.3.1.2.2.9.3

page no.: 8.3.1.2-278

ACTIVITY TITLE: Stochastic modeling and uncertainty analysis.

LConceptual Completeness and Focus.

4 Complate and/or focused.

3 Generally complete and/or focused.

2 Generally incomplete and/or poorly focused.
1  Incomplate and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments:

The needed data and site information

are not available and may not be
attainable to forumate this modeling work.

Probability o Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succesd.
Success uniikely.

Insufficiant information to judge.

O - NWe

SCORE: 1
Comments:
Maybe use Cray computers in vain.

REVIEWER: A. Elzeftawy.

171

Appropriateness of Methodology to
Establish Stated Objective:

Methodology will establish objactive.
Methodology probabty will establish objective.
Methodology probably will not establish objective.
Mathodalogy will not establish objective.
Insufficient information to judge.

[= T R PP -

SCORE: 1
Comments:
You can simulate data from a hat?

Feasibillty in Terms of Time, Funding, and
Human Besources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insutficient intormation to judge.

O =W

SCORE: 1
Comments:

Site characterization should be done
within 5 to 6 years?

DATE: 09 June 1988.

MY8307131



Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydroiogy

ACTIVITY NQ. (it applicable): 8.3.1.2.2.10.1

page no.: 8.3.1.2-279

ACTIVITY TITLE: Conceptualization of the unsaturated-zone hydrologic flow system.

Conceptual Completeness and Focus

Complete and/cr focused.

Genaralily complete andfor focused.
Ganerally incompiete and/ar pocrly focused.
Incomplete and/or not focused.

Insufficient information to judgs.

O~ N W M

SCORE. 2

Comments:

How will the fractured unsaturated flow
and transport problem be solved with
respect to the understanding of its
physics?

Probabliity of Success Using Existing
Technology: :
4  Success liksly,

3 Probably will succeed.

2 Probably will not succeed.

1 Suecsess unlikaly,

0 Insufticient information to judge.
SCORE: O

Commaents:

REVIEWER: A. Elzeftawy.

Appropriateness ot Methodology {0
Establish Stated Objective:

4 Methodology will establish objective.

3 Methodology probably will establish objective.

2 Methodology probably will not establish objactive,
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: ©
Commients:

Feasibiifty in Terms of Time, Funding, and
Human Resources:

4  Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasibla.

0 Insufticient information to judge.
SCORE: O

Comments:

DATE: 10 June 1988.

172 MYB880718g
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (if applicable): 8.3.1.2.2.10.2

page no.: 8.3.1.2-281

ACTIVITY TITLE: Numerical simulation of the concepts.

Loncaptual Completeness and Focus

4  Complete and/or focused.

3 Generally compiate and/or focused.

2 Genaerally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insuiticient information to judge.

SCORE: 1

Comments: .

Unsaturated, three-dimensional moisture-
flow model for Yucca Mountain block

is unproven scientifically.

Probablilty of Success Using Existing
JTechnology:

Success likely.

Probably will succead.

Probably will not succesd,

Succass unlikaly.
Insufficient information to judge.

[ B\ IS 9

SCORE: O

Comments:

REVIEWER: A. Elzeftawy.

173

Appropriateness of Methodology to
Establish Stated Objective:

4  Methedology will establish objective.

3 Methodology probably will astablish objective.

2 Methodology probably will not establish objective.
1 Methodology will not establish objectiva.

0 Insufficient information 10 judge.

SCORE: O
Comments:

Eeasibility in Terms of Time. Funding. and
Human Resources:

Feasible,

Probably feasible,

Probably not feasibla.
Uhfeasible,

Insufficient information to judge.

O =N M

SCORE: O
Comments:

DATE: 10 June 1988.

MYB8B80718h




Mitfliin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Navada 89120
(702}798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (If applicable): 8.3.1.2.2.10.3

page no.: 8.3.1.2-283

ACTIVITY TiTLE: System integration: Definition of flow paths and calculation of fluxes
and velocities within the unsaturated zone.

Appropriateness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete andlor focusad. 4  Methodology will establish objective.
3 Generally complete and/or focused. 3 Mathodology probably will astablish objective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objectiva.
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
0 [nsufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
Probability of Success Using ExIsting Eeasibility in Terms of Time. Funding, and
JTechnojogy: Human Resources:
4  Succass likely. 4 Feasible.
3 Probably will succeed. 3 Probably {sasible.
2 Probably wiil not succead. 2 Probably not feasible,
1 Success unlikely. 1 Unfeasibie.
0 Insufficient information to judge. 0  Insutficient information to judge.
SCORE: O SCORE: O
Comments: Comments:

REVIEWER: A. Elzeftawy.

174

DATE: 10 June 1988.

MY880718i



Miffiin & Aasociates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)796-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.2.10.3
ACTIVITY NO. (it applicable):

page no.: 8.3.1.2-283

ACTIVITY TITLE: System integration: Definition of flow paths and calculation of fluxes
and velocities within the unsaturated zone.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complate and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: O

Comments:

Very vague. How can relative impor-
tance of paths be analyzed if no
methodology for defining paths exists?

Erobability of Success Using Existing
Technology:

Success likaly.

Probably will succead,
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O — W

SCORE: O

Comments:
No hope offered.

REVIEWER: C. Johnson.

Appropriateness of Methodology to
Establish Stated Objective;

Mathodology will establish objective.
Mathodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not astahlish objective.
Insufficient information to judge.

O~ MNWhA

SCORE; 0

Comments:
No methodology given.

Feasibliity In Terms of Time. Funding. and
Human Besources:

4 Feasible.

3 Probably feasible.

2  Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: O

Comments:

DATE: 10 June 1988.
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Mitflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.1
ACTIVITY NO. (It applicable):

page no.: 8.3.1.2-298

ACTIVITY TITLE:  Solitario Canyon fault study in the saturated zone.

Conceptual Completeness and Focus

4 Complate and/ar focused.

3 Generally complate and/or focused.

2 Generaily incomplete and/or poorly focused.
1 Incomplete and/or not focusad.

0 insufficient information to judge.

SCORE: 3

Comments:
There should be an attempt to complete
a well within the fault zone.

Probability ot Success Using Existing
JTechnology:

Success likaly.

Probably will succeed.

Probably will not succeed.
Succass uniikely.

Insufficient information to judge.

Q AN W

SCORE: 2

Comments:
Crilling and testing effort is too limited,
and well spacings are too great.

REVIEWER: C. Johnson.

176

Appropriateness of Methodology to
Establish Stated Qbjective;

4  Methodology will establish objective.

3 Mathodology probably will astablish objective.

2 Maethodology probably will not establish objective,
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: 2

Comments:

it is unlikely that the Solitario Canyon
fault is uniform in its hydraulic proper-
ties.

Eeasibility in Terms of Time, Funding. and
Human Resources:

Feasible.

Probabiy feasibie.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

O =MW

SCORE: 4

Comments:

Assessment of the hydrologic signifi-
cance of such a weli-defined structure
is feasible.

DATE: 09 June 1988.

MY380714i



Mitflin & Associates, inc.
2700 East Sunset Road, Suite c2s5
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.2
ACTIVITY NO. (if applicable}:

page no.: 8.3.1.2-300

ACTIVITY TITLE: Site potentiometric-level evaluation.

Lonceptugl Completeness and Focus

Complete and/or focused.

Generally compiete and/or focused.
Ganerally incomplete and/or poorly focusaed.
incomplete and/ar not focused.

Insufficient information to judge.

O e )W

SCORE: 2

Comments:

Assessment of vertical components of
fluid potential gradients are neglected, as
are perched-water zones as in UZ-1.

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success unikely,

Insufficient information to judge.

Lo R LS IS I

SCORE: 2

Comments:

Saturation in vadose zone may not be
recognizabie, and vertical gradients are
generally ignored.

REVIEWER: C. Johnson.

177

Appropriateness of Methodoiogy to
Establish Stated Objective:

4 Methodology will establish objective.

3 Methodclogy probably will estabiish objective,

2  Methodology probably will not establish objective.
1 Meathadalogy will not establish objective,

0 Insufficient information to judge.

Comments:
2-D representation of 3-D system.

Eeasibility in Terms of Time, Funding, and
Human Resources;

Feasible.

Probably feasible.

Probably not teasible.
Unfeasible.

Insutficient information to judge.

O = MW

SCORE: 4

Commaents:
Precise fluid-potential measurement is
feasible.

DATE: 09 June 1988.

MY933714]



Mitflin & Assaciates, Ine,
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.3 page no.: 8.3.1.2-306
ACTIVITY NO. (If applicable):

ACTIVITY TITLE: Analysis of previousily completed hydraulic-stress tests.

Appropriateness of Methodology to

Conceptyal Completeness and Focus Establish Stated Objective;

4 Complete and/or focused. 4 Maeathodology wili establish objectiva.

3 Generally complete and/or focused. 3 Methodoiogy probably will establish objective.

2 Genaerally incomplete and/or pooriy focused. 2 Methodology probably will not establish objective.

1 Incomplete and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 . SCORE: 2

Comments: Comments:

This is the accepted approach to data All this has been attempted already;

analysis, but nothing new is offered. methodology was correct but yielded
poor results due to complexities of
natural system.

Propability ot Success Using Existing Feasibllity in Terms ot Time, Funding, and

4 Succass likely. 4 Feasible.

3  Probably will succeaed. 3 Pribbably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: 2

Comments: Comments:

Convincing analytical solutions have not Some pump test and slug test data do

been presented despite much effort. not fit any idealized response. The
proposed analysis has already been
attempted.

REVIEWER: C. Johnson. DATE: 09 June 1988.

178 MYB8B80714k




MIffiin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.4
ACTIVITY NO. (If applicable):

page.no.: 8.3.1.2-316

ACTIVITY TITLE: Multiple-weli interference testing.

Conceptuaj Compjeteness and Focus

Complete and/or focused.

Generally complate and/or focused.
Generally incomplete and/or poorly focusad.
Incomplete and/or not focused.

Insufficient information to judge.

O - N W

SCORE; 2

Comments:

Approach is conventional and

acceptable, but scope of work is much too
limited with respect to number of test
wells and very uncertain with respect to
interpretation.

Probability of Success Using Existing
Technolagy: |

Success likely.

Probably will succeed.

Prabably will not succeed.
Succass uniikely.

Insufficiant information to judge.

O =W

SCORE; 2

Comments:

Porous-media equivalency is not

evident, and discrete-fracture geometry is
not known and very complex. Success
depends on network model from CD-SCP
activity 8.3.1.2.3.3.2.

REVIEWER: C. Johnson.

Appropriateness ot Methadology to
Establish Stated Objective:

Msthodology will establish objactive.
Methodology probably will astablish objactive.
Mathodology probiably will not establish objactiva.
Mathodology will not establish objective.
Insufficient infarmation to judge.

QO -2 MN W

SCORE: 4

Comments:

There is no known alternative to this type
of test for obtaining field hydraulic
response data.

Eeasibility in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insutficient information to judge.

O = NWa

SCORE; 3

Comments:

Any sample volume may be non-
representative, aithough the tests are
feasible to the extent meaningful intervals
in weils can be recognized and isolated.

09 June 1988.
MY880715a
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Mitflin & Associates, inc.
2700 East Sunset Read, Suite C25

Las V

as, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.5
ACTIVITY NO. (if applicable):

page no.: 8.3.1.2-320

ACTIVITY TITLE: Testing of the C-hole sites with conservative tracers.

Conceptual Completeness and Facus

Complete and/or focused.

Geanerally complete and/ot focused,
Genaerally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O~

SCORE: 2

Comments:

Tracer tests shouid be focused on
exploring fracture geometry in a geologic
context rather than on obtaining estimates
for model-related parameters that may be
non-representative.

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succead.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O = MNWaha

SCORE: 2

Comments:

Results may be impossible to

interpret in fractured terrain, but the
extensive experience base and small size
of the C-well site may allow success.

REVIEWER: C. Johnson.

180

Appropriateness of Methodology to
Establish Stated Objective;

Mathodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish obiective.
Methodology will not establish objactive.
Insutficient infarmation to judge.

O - NWa

SCORE: 2

Comments:

Discrete fractures cause major difficulties,
but at the C-well test scale their role is-
analyzable.

Feasibliity in Terms of Time, Funding. and
Human Besources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

O = N W

SCORE: 3
Comments:
The tests are feasible but not much use in

poorly-characterized fracture systems.
Tests feasible at this scale, though.

DATE: 09 June 1988.
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Mifflin & Aasoclates, inc,
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.6
ACTIVITY NO. (it appiicable):

page no.: 8.3.1.2-324

ACTIVITY TITLE: Weli testing with conservative tracers throughout the site.

Lonceptuat Completeness and Focus

Complete and/or focused.

Ganerally compiete and/or focused.
Genarally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insuificient information to judge.

Q=MW

SCORE: 1

Comments:

Geologic considerations are not evident;
ie. role of discrete structures. Scope of
study should emphasize fracture geometry
rather than numerical modei-related
parameters.

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succaed.

Probably will not succeed.
Success uniikely,

Insutficient information to judge.

O =M WK

SCORE: 1

Comments: Coen

Tests can only succeed to the extent
porous media approximation apply or
fracture geometry is known,

REVIEWER: C. Johnson.

181

Appropriateness of Methodology {0
Establish Stated Objective:

Methodology will establish objective.
Methodology probably will astablish objective.
Methodology probably will not establish objective.
Methodology will nat establish objective.
Insufficient information to judge.

O~ N Wk

SCORE: 2

Comments:

Representative discrete fractures are not
evaluated, and most weils are not
constructed to allow definitive tracer
tests.

Eeaslbility in Terms of Time, Funding, and . .
Human Besources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasibie.

Insutficient information to judge.

O =W

SCORE: 3

Comments:

Single-well and muitiple-well tests are
probably feasible.

DATE: 09 June 1988.

MYB80715¢



- Mifftin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM .

SCP SECTION: 8.3.1.2.3.1.7 page no.: 8.3.1.2-328
ACTIVITY NO. (If appticable):

ACTIVITY TITLE: Testing of the C-hole sites with reactive tracers.

Appropriateness of Mathodology ta
Conceptual Completeness and Focus Establish Stated Qbjective:
4 Complete and/or focusad, 4  Moethodology will establish objective.
3 Generally complete and/or focused. 3  Mathodology probably will establish objective.
2 Genaerally incomplete and/or poorly focused. 2 Methodology probabily will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective,
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: 2
Comments: Comments:
Tracer tests should be focused on Objective may be met at C-weli test

exploring fracture geometry in a geologic scale.
context rather than on obtaining estimates
for model-related parameters.

Probabitity of Success Using Existing Feaglbility in Terms of Time, Funding, and
Tectinology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably will succesd. 3 Probably feasible.

2 Probably wili not succeed. 2 Probabiy not feasible.

1 Success unlikely. 1 Unfeasibie.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: 3

Comments: , Comments:

Fatal flaw is unknown fracture geometry; Test feasible but expectations too great;
Success depends on fracture network C-hole resuits cannot be extrapolated to
modal from activity 8.3.1.2.3.3.2. site in general.

REVIEWER: C. Johnson. DATE: 09 June 1988.
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Las V.

Mitfiin & Assoclates, Inc.
2700 East Sunset Road. Suite C25

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.1.8
ACTIVITY NO, (it applicable):

page no.: 8.3.1.2-332

ACTIVITY TITLE: Waell testing with reactive tracers throughout the site.

Conceptual Compieteness and Focus

4 Compiete and/or focused.

3 Generaily complete and/or tocused.

2 Ganerally incomplete and/or poorly focused.
1t Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments;

Fracture geometry rather than
parameter estimation should be
emphasized.

Probabllity ot Success Using Existing
Technology:

4 Succass likely.

3  Probably will succeed,

2  Probably will not succeed,
1
0

Success uniikely,
Insutficient information to judge.

SCORE: 1

Comments:

Fatal flaw is unknown fracture geometry.

REVIEWER: C Johnson.

183

Appropriateness of Methodology to
Establish Stated Objective:

4 Maethodology will establish objective.

3 Maethodology probably wiill establish objective.

2 Maethodology probably wiil not establish objective.
1 Methodology will not establish objective.

0 Insufficient information to judge.

SCORE: 2
Comments:

Most existing wells were not constructed
to allow definitive tracer tests.

Feaslbliity in Terms of Time, Funding, and
Human Resources:

Feasible,

Probably feasible.

Probably not feasible.
Unfeasible.

Insutficient information to judge.

O =MW

SCORE: 3
Comments:
Tests feasible but expectation too great.

DATE: 09 June 1988.

MY880715e



Mifflin & Associates, inc,
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:  Geohydrology page no.: 8.3.1.2-334
ACTIVITY NO. (If applicable): 8.3.1.2.3.2.1
ACTIVITY TITLE: Assessment of site hydrochemical data avaiiability and needs.

Appropriateness ot Methodology 1o
Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Mathodology will establish abjective.
3 Generally complete and/or focused. 3 Mathodology probably will establish objsctive.
2 Generally Incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.
1 Incompiete and/or not focusad, 1 Methodology wilf not astablish objective.
0 Insufficient information to judge. 0 Insufficient information 1o judge.
SCORE: 2 SCORE: 3
Comments: ' Comments:

Where do they think they are going to
sample that hasn't already been sampied?
Which isotopes? What does assembling
sampling materials have to do with SCP

activity?

Probability of Success Using Existing Feasibility in Terms of Time, Funding, and
Technology: Human Resources:

4 Success likely, 4 Feasible.

3 Probably will succeed. 3 Probably feasibie.

2 Probably will not succeed. 2 Probably not feasible.

1 Success untikely. 1  Unfeasibla.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: 4

Comments: Comments:

REVIEWER: D. Shettel. DATE: 14 June 1988.

MY880719
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Geohydrology

ACTIVITY NO. (it applicable): 8.3.1.2.3.2.2

ACTIVITY TITLE:
urated zone at the site.

 Conceptual Completeness and Focus

Campleta and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufticient information to judge.

O - N Wwh

SCORE: 2

Comments:

They should sample zones <1 m, <10 m,
<20 m, <50 m, <100 m, etc. Are Si and
Al going to be analyzed for? Why is
geophysics mixed in here? If it pertains
to another activity, what is reference?

Probabllity of Success Using Existing
Jechnology:

Succass likely,

Probably will succeed.

Probably will not succeed.

Success uniikely,
insufficient information to judge.

O =N W s

SCORE: 4
Comments:

REVIEWER: D. Shettel.

page no.: 8.3.1.2-334

Hydrochemical characterization of water in the upper part of the unsat-

Approprateness of Methodology to
Establish Stated Objective:

Mathodology will establish objective.

Methodoiogy probably will establish objactive.

Methodology probably will not establish objective.

Maethedology will not establish objective.
_Insufficient information to judge.

O = NWh

SCORE: 1

Comments:

It's too late to perform this type of
sampling now; it should have been done
when well was initially drilled. Initially,
wells were drilled with the wrong tech-
nology.

Feasibliity In Terms of Time. Funding, and
Human Resources:

feasible.

Probably feasible.

Probably not feasible,
Unfeasibla.

Insutficient intormation to judge.

QO =N W

SCORE: 4
Comments:

DATE: 14 June 1988.
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MItflin & Associates, inc.
2700 East Sunset Road, éuile C2s
Las Vegas, Navada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.3.1 pageno.: 8.3.1.2-338

ACTIVITY NO. (if applicable):

ACTIVITY TITLE: Conceptualization of saturated zone flow models within the boundaries
of the accessible environment.

Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective:

4  Complete and/or focused. 4 Methodology will establish objective.

3 Generally complete and/or focused. 3 Methodology probably will establish abjective.
2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 |ncomplete and/or not focused. 1 Methodology wiil not establish objective.

0 Insufficiant information to judge. 0 Insufficient information to judge.

SCORe: O SCORE: O

Comments: Comments:

Very weak presentation. No methodology described.

Probabiliity of Success Using Existing Feasibliity In Yerms of Time, Funding, and
I X | B . -

4  Succaess likaly. 4  Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasibla.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

No measure of success is available. Feasibility can only be considered in the
- context of defined goals.

REVIEWER: C. Johnson DATE: 09 June 1988

MYBBQ714c
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Mitftin & Associates, inc.
2700 East Sunset Road, Suite G25
as, Nevada 89120
{702)798-0402 & 3026

Las V

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.3.2
ACTWITY NO. (it applicable):

page no.: 8.3.1.2-339

ACTIVITY TITLE: Development of fracture network modei.

Conceptual Compieteness and Focus

Complete and/or focusad.

Genarally compiete and/or focused.
Genarally incomplete and/or poorly focusaed.
Incompiste and/or not focused,

Insufficient information to judge.

O = N WA

SCORE: 2

Comments:

There is nothing new here, and resuits
at a given multiple-well site cannot be
extrapolated to the site in general.
Assumes existence of an R.E.V.

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probabiy will not succeed.
Success uniikely.

Insufficient information to judge.

O = N WA

SCORE; 3

Comments:
Since such a model already exists,
DOE will probably succeed.

REVIEWER: C. Johnson.

187

Appropriateness of Methodology to
Estabilish Stated Objective:

Methodology will establish objective.
Methodology probably will astablish objective.
Methodology probably will not astablish objective.
Methodology will not establish objective.
Insufficient information to judge.

Q = WD

SCORE: 3

Comments:

Todd Rasmussen of the University of
Arizona has already developed such a
model.

Eeasibility in Terms of Time, Funding, and
Human Resoutces:

4 Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 2

Comments:

Development of such a model is feasible;
successful appiication may not be. Veri-
fication and validation may never be
attained

DATE: 10 June 1988.

MY880714d




Miffiin & Aasoclates, inc.
2700 East Sunset Road, Suite C25
as, Nevada 89120
(702)798-0402 & 3026

Las V.

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.2.3.3.3
ACTIVITY NO. (if applicable):

page no.: 8.3.1.2-342

ACTIVITY TITLE: Calculation of flow paths, fluxes, and velocities within the saturated
zone to the accessible environment.

Conceptual Completeness and Focus

Complete and/or focused.

Genarally complete and/or focused.
Generally incomplete and/or poorly focused.
Incompiete and/or not focused.

Insufficient information to judge.

QO =N WA

SCORE: 1

Comments:

There is no viable alternative to
porous-medium approximation given;
geologic controls are inadequately
explored; limitations of technology not
recognized.

Probability ot Success Using Existing
Jechnology:

4  Success likely.

3 Probably wiil succeed.

2  Probably will not succeed.

1 Success uniikely.

0 Insufficiant information to judge.
SCORE: 1

Comments:

No hope at proposed level of drilling
and testing effort.

REVIEWER: C. Johnson.

128

Appropriatenegs of Methodology to
Establish Stated Qbjective:

Methodology will establish objactive.
Methodology probably will establish objective.
Msthodology prabably will not establish objectiva.
Methodoiogy will not astablish objective.
Insufficient information to judge.

O =~ NWA

SCORE; 1

Comments:
Direct observation in the field must be
more thorough before this modeling is
justified. How about discrete fracture
mapping?

Feasibility In Terms of Time, Funding. and
Human Resources;

Feasible.

Probabiy feasible.

Probably not feasible.

Unteasible.
Insutficient information to judge.

[= Tt \& I 5

SCORE: 1

Comments:

Would require much more drilling and
much less statistical manipulation to
succeed.

DATE: 10 June 1988.

MY880714e
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Rock Characteristlcs Program (8.3.1.4)

SCTICN CCNCEPTUAL METHODCLOGY TECKNOLCGY FEASIBILITY SCP CBJECTIVES
B B PR I 3 ) 0 0 NO
314012 1 2 0 0 NO
3.1.4.1.1.3 1 0 0 0 NO
3.1.42.11 4 3 3 4 YES
314318 2 2 2 3 NO
3.1.4.3.2.1 1 1 1 2 NO
189
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Mitflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Rock Characteristics page no.: 8.3.1.4-24
ACTIVITY NO. (if applicable): 8.3.1.4.1.1.1

ACTIVITY TITLE: Develop a position on drilling within the boundaries of the repository pe-

rimeter drift,
Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective;
4 Complete andfor focused. 4  Maethodology will establish objective.
3 Genaerally complete and/or focused. 3 Methodology probably will @stablish objective.
2 Generally incomplete and/cr poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
0 Insufficiant information to judge. 0 Insufticient infarmation to judge.
SCORE: O SCORE: O
Comments: Comments:
Probability of Success Using Existing Feasibliity in Terms of Time, Funding, and
Technolagy: Human Resources;
4  Success likaly. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2  Probabiy will not succead. 2 Probably not feasible.
1 Succass unlikely, 1 Unfeasible.
0 Insufficient information to judge. 0 lInsufficient information to judge.
SCORE: O SCORE: O
Comments: Commenis:
REVIEWER: Atef Eizeftawy. DATE: 13 June 1988.
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Mifflin & Associates, Inc,
2700 East Sunset Road, Suite C25

Las Vi

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Rock Characteristics

page no.: 8.3.1.4-25

ACTIVITY NO. (it applicable): 8.3.1.4.1.1.2 (sub - .1 to .4)

ACTIVITY TITLE: The effects of drilling boreholes on the unsaturated zone using water,
mud, or air foam as a drilling circulation medium (4 sub-activities).

Lonceptuat Compieteness and Focus

4 Compiete and/or focused.

3  Generally complete and/or focused.

2 Geanarally incompleta and/or poarly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judgs.

SCORE; 1
Comments:

Appropriateness of Methodology to
Establish Stated Objectlve:

Mathodology will establish objective.
Meathodology probably will establish objective.

- Mathodology probably will not establish chjective.
Mathodology will not establish objective.
Insufticient information to judge.

[= I 5 £ N

SCORE: O
Comments:

The 4 sub-activities are vague and position

papers would not do it. Need technical
work?

Probabllity ot Success Using Existing
Technology:

Success likely.

Probably will succeed.
Probably will not succeed.
Succass uniikaly.

Insufficient information to judge.

Q=MW

SCORE: O
Comments:

REVIEWER: Atef Elzeftawy.

Feasiblity in Terms of Time, Funding, and
Human Besources:

4 Feasible,

3 Probably feasible.

2 Probably not feasible,

1  Unfeasibie.

0  Insufficient information to judga.
SCORE: O

Comments:

DATE: 13 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, éuite 25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Rock Characteristics page no.: 8.3.1.4-27

ACTIVITY NO. (It applicable): 8.3.1.4.1.1.3

ACTIVITY TITLE: Evaluation of drillhole and other subsurface data for the purpose of sit-
ing additional drillholes..

Appropriateness ot Methodoiogy to
Conceptual Completeniess and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objactiva.
3 Generaily complete and/or focused. 3 Methodology probably will astablish objective.
2  Generally incomplete and/or poarly focused. 2 Msthodology probably will not establish objective. -
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficiant information to judge. 0 Insutficient information to judge.
SCORE: 1 : SCORE: O
Comments: Comments:

The statisticatl evaiuation will not work!

Probabitity of Success Using Existing Feasibliity In Terms of Time, Funding, and
Jechnology: Human Resources:

4  Success likely. 4 Feasible.

3 Probably wiil succeed. 3 Probably faasible.

2 Probably wiil not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufticient information to judge. 0 Insutficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 13 June 1988.
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Miftlin & Assoclates, inc.
2700 East Sunset Road, duite C25

Las V

as, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.4.21

ACTIVITY NO. (if applicable): 8.3.1.4.2.1.1

page no.: 8.3,1.4-37

ACTIVITY TITLE: Surface and subsurface stratigraphic studies of the host rocks and sur-

rounding units.

Lonceptual Completeness and Focus

Complete and/or focused.

Ganerally complete and/or focused.
Generally incompiete and/or poorly focused.
Incomplate and/or not focused.

Insufticient information to judge.

O = N W

SCORE: 4
Comments:

Probability of Success Using Existing
Technology:

Succass likely.

Probably will succead,
Probably will not succeed.
Success unlikely.

Insufficient information 1o judge.

O = Wwaha

SCORE; 3

Commaents:

REVIEWER: M. Morgenstein.

193

Appropriateness of Methodology to
Establish Stated Objective;

4 Mesthodoiogy will astablish objective.

3 Mathodology probably will establish objective.

2  Methodology probably will not establish objectiva.
1 Methodology will not establish objectiva.

0 - Insutficient infarmation to judge.

SCORE: 3

Comments:

Paleomagnetic sampling shouid be tightly
spaced--spacing is unknown here.
Sampling interval for mineralogy not clear.
Fracture vs matrix mineratogy data?
Drilling liquids contamination problem!

Feasibility in Terms ot TIme, Funding. and
Human Besources:

Feasible.

Probably teasibie.

Probably not teasible.
Unfeasible.

Insutiiciant information to judge.

Q=N WA

SCORE: 4
Comments:

DATE; 09 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.4.3.1.1 page no.: 8.3.1.4-89
ACTIVITY NO. (It applicable):
ACTIVITY TITLE: Systematic drilling program.

Appropriateness ot Methodology to

Conceptual Compieteness and Focus Estabiish Stated Objective:

4 Complete and/or focused. 4  Methodology will establish objactive,

3 Generally complete and/or focused. 3 Maethodology probably will estabiish objective.

2 Generally incomplete and/or poorly focused. 2 Mathodology probably will not astablish objective.

1 Incomplete and/ar not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. Q0 Insuiticient information to judge.

SCORE: 2 SCORE: 2

Comments: Comments:

Holes will be drilled only to 200 feet Too great an emphasis is placed on core

below the static water table. and on the expected success of geo-
statistical methods.

Probabliity ot Success Using Existing Feasibllity in Terms of Time, Funding. and

JTechnology: Human Besources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3  Probably feasibie.

2  Probably will not succeed. 2 Probably not feasible.

1 Success unlikety. 1 Unfeasibla. .

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 2 SCORE: 3

Comments: Comments:

Correlation distances are expected to be Systematic core drilling is of course

much less than nominal borehole spacing.  feasible, but adequate characterization
is not.

REVIEWER: C. Johnson. DATE: 10 June 1988.

NOTE: “Determination of adequate characterization of spatial variability will depend
heavily upon geostatistical techniques and wiil be identified in close cooperation
with the modeling efforts of study 8.3.1.4.3.2" (3-D rock characteristics model).
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suita C25
as, Nevada 89120 .
(702)798-0402 & 3026

Las V

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.1.4.3.2.1
ACTIVITY NO. (It applicable):

page no.: 8.3.1.4-95

ACTIVITY TITLE: Development of three-dimensional models of rock characteristics at the

repository site.

Conceptual Completeness and Focus

Complete and/or focused.

Generaily complete and/or focused.
Generally incomplate and/or poorly focused.
Incomplate and/or not focused.

Insufficient information to judge.

Q- MnNwhA

SCORE: 1

Comments:

Material-property characterization is
approached as if discrete structures and

material domains are not yet recognized.

Probabiiity of Success Using Existing
Jechnology:

Success likaly.

Probably will succeed.

Probably wili not succesd.
Success unlikely.

Insufficient information to judge.

O = oW e

SCORE: 1

Comments:

Depends on a much-too-limited and
incompiete systematic driilling program,
activity 8.3.1.4.3.1.1.

REVIEWER: C. Johnson.

135

Appropriateness of Methodology to
Establish Stated Objective:

Mathodology will establish objective.
Maethodology probably will establish objective.
Methodology probably will not establish objective.
Meathodology will not astablish objective.

- Insufficiant information to judge.

[= B I R

SCORE; 1

Comments:

Despite the great expenditure, little in the
way of new data can be expected from
drilling on a 3500 to 4200-foot grid in the
repository block.

Feasibliity in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

O =W

SCORE: 2

Comments:

Probably not feasible without compro-
mising site integrity. The proposed grid
is much too coarse for fracture characteri-
zation.

DATE: 10 June 1988.
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Mifflin & Associates, Inc,
2700 East Sunset Road, Suite C25

Vegas, Nevada 89120
{702}798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Thermal and Mechanical Properties pageno.: 8.3.1.15-29
ACTIVITY NO. (It applicable): 8.3.1.15.1.1.2
ACTIVITY TITLE: Volumetric heat capacity characterization.

; Anppropriateness of Methodology to
Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objective.
3 Generally compiete and/or focused. 3 Mathedology probably will astablish objective.
2 Generally incomplete and/or pooriy focused. 2 Methodology probably will not establish objectiva.
1 Incomplete and/or not focused. 1 Mathodology will not establish objectiva,
0 Insufficient information to judga. 0 Insufficient information to judge.
SCORE: 2 SCORE; 3
Comments: Comments:

Core samples may not reflect the true
in-situ heat properties of the rocks.

Probabillity of Success Using Existing Eeaslbility in Terms of Time, Funding.and,
Jechnology: Human Besources:

4  Suctess likely. 4 Feasible,

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insutficiant information to judge.

SCORE: 3 - SCORE: 3

Comments: Comments:

REVIEWER: Atef Eizeftawy. DATE: 13 June 1988.

197 MYBE0718ii



Miffiin & Assoclates, inc.
2700 East Sunset Hoad, Suite C25

Las Vi

as, Nevada 89120

{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Thermal and Mechanical Properties
ACTIVITY NO. (If applicable): 8.3.1.15.1.1.3

pageno.: 8.3.1.15-31

ACTIVITY TITLE: Thermal conductivity characterization.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focused.

2 Genaerally incomplete and/or pooriy focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1
Comments:

Cores may not be representative of in-
situ.

Probability of Success Using Existing
Jechnology:

Succass likely.

Prabably will succeed.

Probably will not succaed.
Succass unlikaly.

Insufficient information to judge.

o= MNWhA

SCORE; 3
Comments:

REVIEWER: Atef Elzeftawy.

Appropriateness of Methodology to
Establish Stated Objective:

4  Methodology will establish objective.

3 Methodology probably will establish objective.

2 Methodology probably will not establish objective.
1 Methodology will not establish objective.

0 Insufficient infermation to judge.

SCORE; 3
Comments:

Feasibillty In Terms of Time., Funding, and
Human Resources:;

4 Feasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

0 lInsufficient information to judge.
SCORE: 3

Comments:

DATE: 13 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Road, éuita C25

Las Vi

as, Nevada 89120

-(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:
ACTIVITY NO. (if applicable):

Thermal and Mechanical Properties
8.3.1.15.1.1.1

page no.: 8.3.1.15-26

ACTIVITY TITLE: Density and porosity characterization.

Conceptual Completeness and Focus

4  Complete and/or focused.

3 Generaily complete and/or focused.

2  Generally incomplete and/or poorly jocused.
1 Incomplete and/or not focused.

Q0 Insufficient information to judge.

SCORE: 3
Comments:

Cores may not be representative of the
repository block.

Probability of Success Using Existing
JIechnology:

Succass likely.

Probabiy will succeed.

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O =M wWwha

SCORE: 3

Comments:

REVIEWER: Atef Elzeftawy.

199

Appropriateness of Methodology to
Establish Stated Objective:

Q= N WA

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not estabiish objective.
Methodology will not establish objective.
Insufficient information to judge.

SCORE: 3
Comments:

Feasibility in Terms of Time. Funding, and
Human Resources:

O = MW

Feasible.

Probably feasibla,

Probably not feasible.
Unfeasible.

Insufficient information to judge.

SCORE: 3

Comments:

DATE: 13 June 1988.
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Miffiin & Aasoclates, Inc,
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Postclosure Tectonics

ACTIVITY NO. {if applicable): 8.3.1.8.5.2.3

pageno.: 8.3.1.8-119

ACTIVITY TITLE: Heat flow at Yucca Mountain and evaluation of regional ambient heat
flow and local heat flow anomalies.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments:

Data are needed; however, nothing is

stated with regard to acquiring the data.

Probabiiity ot Success Using Existing
Jechnology:

4  Success likaly.

3 Probably will succeed.

2 Probabiy will not succeed.

1 Success unlikely.

0 Insufficient information to judge.
SCORE; 3

Comments:

REVIEWER: Atef Elzeftawy.

200

Appropriateness ot Methodology to
Estabiish Stated Objective:

Mathodolegy will establish objective.
Mathodology probably will establish objective.
Methcdology probably will not astablish objective.
Maethodology will not establish objective.
Insufficient information to judge.

O =N W

SCORE: O
Comments:

Feaslbiilty In Terms of Time, Funding, and
Human Resoyrces:

4 Feasible.

3 Probably feasible,

2 Probably not feasible.

1 Unfeasible.

0 Insufficient information to judge.
SCORE: 3

Comments:

DATE: 13 June 1988.
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SECTION
8.3.5.12.2.1
8.3.5.12.2.1.1
3.3.5.12.2.1.2
8.35.12.2.2
8.3.5.12.2.2.1
38.3.5.12.2.2.2
8.3.5.12.3.1.9
8.3.5.12.3.1.2
8.3.5.12.4.1
83512413
3.3.5.12.5.1
8.3.5.12.5.2
8.3.5.12.5.2
8.3.5.13.2.1
8.3.5.13.2.1.2
8.3.5.13.2.2
8.3.5.13.3.1.1
8.3.5.13.3.1.2
8.3.5.13.3.1.3
8.3.5.13.3.1.4
8.3.5.13.4.1.1
8.3.5.13.4.1.2
8.3.5.13.4.2.1
8.3.5.13.4.2.2
8.3.5.13.5.1.1
8.3.5.13.5.1.2
8.3.5.13.5.1.3
8.3.5.15.1.1.1
8.3.5.15.1.1.2
8.3.5.15.2.2

Total Performance Assessment Program {8.3.5)

CCNCEPTUAL METHODOLQGY TECHNOLOGY FEASIBILITY SCP OBJECTIVES
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Mifflin & Associate
2700 East Sunset Road,

Inc.
uite C25

Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:

Ground-Water Travel Time

page no.: 8.3.5.12-44

ACTIVITY NO. (it applicable): 8.3.5.12.2.1 (and sub-activities)

ACTIVITY TITLE: Model development.

“Covers pages 8.3.5.12-1 t0 8.3.5.12-44)."

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focused.

2 Gaenerally incomplete and/or poorly focused.
1 Incomplete and/or nat focusad.

0 insufficient information to judgs.

SCORE: O
Comments:
Unsaturated zone matrix flow/fractures

flow problem has not been recognized
by D.O.E.

Prebability of Success Using Existing
Technology:

Success likely,

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O =N WA

SCORE: O
Comments:

REVIEWER: Atef Elzeftawy.

202

Appropriateness of Methodology to
Establish Stated Objective;

4 Maethedology will establish objective.

3 Maeathodology probably will establish objective.

2 Mathodology probably will not establish objective.
1 Maethodology will not establish objective.

0 Insufficient information to judge.

SCORE: O

Comments:

Feasibilfity in Terms of Time, Funding, and

Human Resources:;

4 Feasible.

3 Probabiy feasible.

2 Probably not feasible.

1  Unfeasibie,

0 Insufficient information to judge.
SCORE: O

Comments:

DATE: 10 June 1888.
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Miffiln & Aasociates, Inc,
2700 East Sunset Road, Suite C25
Las Vegas, Navada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.1 2-45
ACTIVITY NO. (If applicable): 8.3.5.12.2.1.1 {(Sub-activity 1.6.2.1.1)

ACTIVITY TITLE: Development of a theoretical framework for calcuiational models. (Sub-

activity).
Appropriateness of Methodology to

Conceptual Completeness and Focus, Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will establish objective.
3 Generaily complete and/or focusad. 3  Methodology probably will establish objective.
2 Generally incomplate and/or poorly focused. 2  Methodology probabiy will not establish objective.
1 Incompiete and/or not focused. 1 Mathodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
Probability ot Success Using Existing Feasibility in Tepms of Time, Funding. and
4  Success likely, 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeed. 2 Prabably not feasible.
1 Success uniikely. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
REVIEWER: C. Johnson. DATE: 09 June 1988.

NOTE: Will work in conjunction with 8.3.1.2.2.
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Miffliin & Associates, Inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.12-456
ACTIVITY NO. (it applicable): 8.3.5.12.2.1.2 (Sub-activity 1.6.2.1.2)

ACTIVITY TITLE: Development of calculational models. {Sub-activity)

Appropriateness of Methodology to-
Lonceptual Completeness and Focus Establish Stated QObjective:
4 Compiste and/or focused. 4 Maethodology will establish obiective.
3 Ganarally complete and/or focused. 3 Methoedokegy probably will establish objective.
2 Ganarally incomplete and/or poorly focused. 2 Maethodology probably will not astablish objective.
1 Incomplete and/or not focused. 1 Methedology will not establish objective.
0 Insufficient information to judge. 0 Insufficiant information to judge.
SCORE: O : SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
Probabliity of Success Using Existing Eeasibllity In Terms of Time. Funding. and
JTechnology; Human Resources:
4  Success likely. 4 Feasible.
3  Probably will succeed. 3  Probably feasibla.
2 Probably will not succeed. 2 Probably nat feasible.
1 Success uniikely. 1 Unteasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
REVIEWER: C. Johnson. DATE: 09 June 1988.

NOTE: “Calculational models will be developed in cooperation with plans in 8.3.1.2.2."
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Mifflin & Associates inc.
- 2700 East Sunset Reoad, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.12-45
ACTIVITY NO. (If applicable): 8.3.5.12.2.2 (and two sub-activities)

ACTIVITY TITLE: Verification and validation.

Appropriateness of Methodology to
Conceptual Completepess and Focus Establish Stated Objective:
4 Compiete and/or focused. 4  Moethodology will establish objective.
3 Generally complete and/or focused. 3 Moethodology probably will astablish objective.
2 Generally incomplete and/or poorily focused. 2  Msthodology probably wilt not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.
0 Insufficient information to judge. 0 . Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:

They cannot make up their mind--validation
or no validation?

Probabiiity of Success Using Existing Feasibiity in Terms of Time. Funding, and
Technology: Human Resources:

4 Success likely, 4 Feasile.

3 Probably will succaed. 3  Probably feasible.

2 Probably wiil not succeed. 2 Probably not feasible.

1 Succass unlikely. 1 Unfaasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE; O SCORE: O

Comments: ) Comments:

REVIEWER: Atef Elzeftawy. DATE: 10 June 1988.
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Miffiin & Assaclatas, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.12.2.2.1 page no.: 8.3.5.12-45
ACTIVITY NO. (if applicable): 1.6.2.2.1 (Sub-Activity)

ACTIVITY TITLE: Verification of codes. (Sub-activity)

Appropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Methodalogy will establish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incompiete and/or poorly focused. 2  Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methedology will not establish objective.
0 Insufficient information 1o judge. 0  insufficient information 1o judga.
SCORE: O SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
Probability of Success Using Existing FeasibilRy in Terms of Time, Funding, and
Technology: Human Resources;
4 Success likely. 4 Feasible.
3  Probably will succeed. 3 Probably feasible.
2  Probably wili not succeed. 2 Probably not feasible.
1 Sueccess unlikely. 1 Unfeasible.
0 insufficient information 1o judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
Based on this section alone. Based on this section alone.
REVIEWER: C. Johnson. DATE: 09 June 1988.

NOTE: “Details in Sections 8.3.5.19 and 8.3.5.20.7
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Mifflin & Asaociates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.12.2.2.2

page no.: 8.3.5.12-46

ACTIVITY NO. (If applicable): 1.6.2.2.2 (Sub-activity)

ACTIVITY TITLE: Validation of models. (Sub-activity)

Conceptual Completeness and Focus

Complate and/or focused.

Generaily completa and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =P M

SCORE:

Comments:

There is no emphasis on the role of tield-
scale discrete fractures or vaporization/

condensation in strong thermal gradients.

Probapllity of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

O = MW A

SCORE: 3

Comments:

These experiments have been shown
to succeed, but do not constitute
meaningful model validation.

REVIEWER: C. Johnson.

Appropriateness of Methodoloqy to
Establish Stated Objective:

Msthodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not astablish objective.

- Insutticient information to judge.

O - NWA

SCORE: 1

Comments:

Additional determinations of matrix
characteristics do not constitute meaning-
ful model validation to support information
need 1.6.2.

Feasibiilty In Terms of Time, Funding, and
Human Resources:

Feasibla.

Probably feasible.

Probably not feasibie.
Unfeasible.

Insutficient information to judge.

O = W

SCORE: 3

Commaents:

Validation of models that include strong
thermal gradients cannot be accom-
plished by these experiments but the
experiments themselves are quite
feasible.

DATE; 09 June 1988.

NOTE: Details in Section 8.3.5.18, “substantially completed analytical techniques” (?).
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Navada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM ’

SCP SECTION: 8.3.5.12.3.1.1 page no.: 8.3.5.12-52
ACTIVITY NO. (if applicable): 1.6.3.1.1 (Sub-activity)

ACTIVITY TITLE: Unsaturated zone flow analysis. {Sub-activity)

Appropriateness of Methodology to

Conceptual Compieteness and Focus Establish Stated Objective:

4 Complete and/or focused. 4 Methodology will establish objective.

3  Generally complete and/or focused. 3 Methodoiogy probably will establish objective.
2  Generally incomplete and/or poorly focused. 2 Methodoiogy probably will not establish abjective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective,

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

Based on this section alone. Based on this section alone.
Probability ot Success Using Existing Eeasibiifty in Terms of Tinte, Funding, and
Technoiogy: Human Regources:;
4 Success likely, 4 Feasible.

3  Probabiy will succeed, 3  Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insuflicient information to judge.

SCORE: O ' SCORE: O

Comments: Comments:

Based on this section alone. Based on this section alone.
REVIEWER: C. Johnson. DATE: 09 June 1988.

NOTE: “Description of flow paths will be performed in conjunction with 8.3.1.2.2.10.3."
“Concepts....will be used in conjunction with 8.3.1.2.2.6.3."
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MIffin & Associates, inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.12.3.1.2

page no.: 8.3.5.12-52

ACTIVITY NO. (If applicable): 1.6.3.1.2 (Sub-actjvity)

ACTIVITY TITLE: Saturated zone flow analysis. (Sub-activity)

Conceptual Completeness and Focus

Compieta and/or focused.

Generally compiete and/or focused.
Generally incomplete and/or poorly focused.
incompiete and/or not focusead.,

Insufficient information to judgs.

O =N WwM

SCORE: 1

Comments:

Two-dimensianal model in a region of
such complex and uncertain geologic
structure is decidedly not focused on
determining flow paths.
Probabliity of Success Using Existing
JYechnology:

Succass likaly.

Probably will succeed.

Probably will not succeed.
Success unlikaly.

Insutticient information to judge.

O =MW

SCORE: 1

Comments:

No hope of success in this geologic
environment.

REVIEWER: C. Johnson.

Appropriateness of Methodology to
Establish Stated Objective:

Methodclogy will establish objective.
Methodology probably will establish objective.
Mathodology probably will not establish objective.
Methodology will not establish objective.
Insutficient information to judge.

O =W

SCORE: 1

Comments:

Modeling activities proposed to resolve
information need 1.6.3 do not
adequately represent structural
controis on ground-water flow.

Feasibility in Terms of Time, Funding, and
Human Resources:

Feasibie.

Probably feasible.

Probably not feasibie.
Unfeasible.

Insutficient information to judge.

O =N WM

SCORE: 1
Comments:
Characterization of all likely flow paths
in the saturated zone at Yucca
Mountain is not feasible.

DATE: 09 June 1988.

NOTE: “Will be coordinated with saturated zone modeling in 8.3.1.2.3.3.3."
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Mifflin & Associates, Inc,
2700 East Sunset Road, Suite C25
Las Veqas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.12-56
ACTIVITY NO. (If applicable): 8.3.5.12.4.1 (and three sub-activities)

ACTIVITY TITLE: Calculation of pre-waste-emplacement ground-water travel time.

Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective;

4 Completa and/or focused. 4 Methodology will establish objective.

3 Genaerally complete and/or focused. 3 Methodology probably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.

0 Insuificient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

Probability of Success Using Existing Feasibifity in Terms of Time, Funding, and
Jechnology: Human Resources:

4  Succass likely. 4 Feasible,

3  Probably will succeed. 3 Probaniy feasibla.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Ugfeasible.

0 Insufficiant infformation to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 10 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las ¥

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.12.4.1.3

page no.: 8.3.5.12-57

ACTIVITY NO. (it appticable): 1.6.4.1.3 (Sub-activity)

ACTIVITY TITLE: Determination of the pre-waste-emplacement ground-water travel time.

(Sub-activity)

Conceptual Completeness and Focus

Complete and/ar focused.

Generally corriplete and/or focused,
Gaenerally incomplete and/or poorly focused.
Incomplete and/or not focused.

insufficient information to judge.

O - N WA

SCORE: 1

Comments:

There is little hope of overcoming
problems with the ill-defined Disturbed
Zone boundary and flow paths.

Probability of Success Using Existing
Jechnology: ‘
4 Success likely.

3 Probably will succeed.

2 Probably will not succeed.
1
0

Succass unlikely. :
insufficient information to judge.

SCORE: 1

Comments:

The validity of this approach cannot be
assessed with the existing or expected
data bases.

REVIEWER: C. Johnson.

Appropriateness ot Methodology to
Eatablish Stated Objective:

Methodology will establish objective.
Msthodology probably will establish cbjective.
Methodology probably will not establish objective.

- Mathodology will not establish objective.
Insutficient information to judge.

O=NWa

SCORE: 1

Cotmments:

The probabilistic approach is not
justifiable in absence of knowledge of
spatial correlation of parameters; does
not resolve information need 1.6.4.

Feasibllty In Terms of Time. Funding, and
Human Resources:

Féasible.

Probabiy feasible.

Probably not feasible.
Unfeasibie.

Insutficient information to judge.

O =N W

SCORE: 1

Comments:

Spatial correlations will not be known from
proposed drilling effort, nor will properties
of major discrete fractures.

09 June 1988.

MYB880715x

DATE:

211




Mifftin & Assaclates, Inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Nevada 89120

- (702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.12-67
ACTIVITY NO. (If applicable): 8.3.5.12.5.1
ACTIVITY TITLE: Ground-water travel time after repository construction and waste em-

placement.
Appropriateness of Methodology to

Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/ar focused. 4 Methodology will establish objective.
3 Genarally complete and/or focused. 3 Methodology probably will astablish objective,
2 Generally incomplete and/or poorly focusad. 2 Maethodology probably will not establish cbjective.
1 Incompiete and/or not focused. 1 Methodology will not establish objactive.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE; 1
Comments: - Comments:
Probability of Success Using Existing Feasibiiity in Terms of Time, Funding, and
Jechnology: Human Resources:
4  Succass likely. 4 Feasible.
3 Probabiy will succead. 3 Probably feasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Succass uniikely. 1 Unfeasible.
0 Insufficient information to judge. 0  Insufficient information to judge.
SCORE: 1 SCORE: 1
Comments: Comments:
REVIEWER: Atef Eizeftawy. DATE: 10 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: 8.3.5.12.5.2
ACTIVITY NO. (it applicable): 1.6.5.2

page no.: 8.3.5.12-68

ACTIVITY TITLE: Definition of the Disturbed Zone.

Conceptual Completeness and Focus

Compilete and/or focused,

Gengrally complete and/or tocused.
Generally incompiete and/or poorly focused.
Incomplete and/or not focused.

insufficient information to judge.

[= e N 55

SCORE: 1

Comments:

Awareness of heat pipe effect and
complexities of vaporization and conden-
sation on Disturbed Zone definition is not
evident. Matrix flow is assumed.

Probabiiity of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.
Probably wil not succeed.
Success unlikely.

Insufficient information to judge.

O —= MW

SCORE: 1

Comments:

We cannot predict the future thermo-
hydroiogic environment with existing
technology.

REVIEWER: C. Johnson.

Appropriateness of Methodology to
Estabiish Stated Objective:

Meathodology will establish objective.
Methodology probably will estabtish abjectiva.
Methodology probably will not establish objective.
Mathedology will not establish objective.
Insufficient information to judge.

O = MNWA

SCORE; 1

Comments:

The only real methodology that is
evident is the prolonged effort to
restrict rather than conservatively
extend the estimated boundary. Does
not resolve information need 1.6.5.
Eeasiblifty in Terms ot Time, Funding. and
Human Resources;

Feasible.

Probabiy feasible.

Probably not feasible.
Urfeasible.

Insufticiant information 1o judge.

Q2N WA

SCORE: 1

Commaents:

Not feasible because of observational,
monitoring and computer-related
limitations.

DATE: 08 June 1988.

NOTE: Disturbed Zone definition will be reevaluated based on results of Sections
8.3.1.2.2 (unsaturated zone hydrologic system investigation) and 8.3.1.2.3 {sat-
urated zone hydrologic system investigation).
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Travel Time page no.: 8.3.5.12-68
ACTIVITY NO. (If applicable): 8.3.5.12.5.2
ACTIVITY TITLE: Definition of the Disturbed Zone.

Appropriateness of Methodology to

Conceptual Completeness and Focus Establish Stated Objective;

4  Completa and/or focused. 4 Moethodology will astablish objective,

2 Ganaraily complete and/or focused. 3 Meathodology probably will establish objective.

2 Gaeneraliy incomplete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incompiete and/or not focused. 1 Methodology will not establish obijective.

0 Insufficient information to judge. 0 Insufficient information 1o judge.

SCORE: 1 SCORE; 1

Comments: Comments:

Probability of Success Using Existing [Eeaslbility in Terms of Time, Funding, and
Jechnology: Human Besources:

4 Success likely. 4 Feasible.

3 Probably will succeed, 3 Probabily feasible.

2 Probabiy will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufticient information to judgs. 0 Insufficient information to judge.

SCORE: 1 SCORE: 1

Comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 10 June 1988.

MYBBOT7 181
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Mifflin & Associstes, inc.
2700 East Sunset Road, Suite C25

Las V.
{(702)

as, Nevada 89120
8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total System Performance (8.3.5.13.2.1) page no.: 8.3.5.13-87

ACTIVITY NO. (it applicable): 1.1.2.1

(8.3.5.13.2.1.1)

ACTIVITY TITLE:  Preliminary identification of potentially significant sequences of events
and processes at the Yucca Mountain repository site. (Sub-activity).

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Genserally incomplete and/or poorly focusad.
Incomplate and/or not focusaed.

insufficient information to judge.

O —- WA

SCORE: O

Comments:

Most information is scattered throughout
this section, but is not in this sub-
activity.

Probabiiity of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succead.
Success unlikely.

Insufficiant information 10 judge.

O - f WA

SCORE: 3
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology ta
Establish Stated Objective:

Methodology wiil establish objective.
‘Methodology probably will establish objactive.
Mathodology probabiy will nat astabdish objective.
Methodoiogy will not establish objective.
Ingutficient information to judge.

O -« N W

SCORE: 2

Comments:

Method for identifying probable events/
processes is flawed {from EA, panel of
“experts”]. Experts were not indepen-
dent of DOE, nor particularly qualified.

Eeasibliity in Terms of Time, Funding, and
Humap Resources:

4 Feasible.

3 Probably {easibla.

2 Probabiy not feasible.

1 Unfeasible.

0 Insufficient information to judge.

SCORE: ©

Comments:

DATE: 22 June 1988.
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Mifflin & Auoctltué Inc.
2700 East Sunset Road, Suite C25
-Las Vagas, Nevada 89120

{702)

8-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total System Performance (8.3.5.13.2.1.2)

pagenc.: 8.3.5.13-88

ACTIVITY NO. (if applicable): 1.1.2.1.2 (Sub-activity)

ACTIVITY TITLE:
classes..

Preliminary identification of potentially significant release scenario

Appropriateness of Methodology to

Lonceptual Completeness and Focus Estabiish Stated Qbjective:

4 Complete and/or focused. 4  Methodology will establish objective,

3 Genarally compiete and/or focused. 3 Methodology probably will establish objective.

2 Generally incomplete and/or poarly focusad, 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodoikogy will not establish objective.

0 lnsufficient information to judge. 0 Insufficient information to judge.

SCORE: 1 SCORE: 2

Commaents: Comments:

Use of EA as a reference is inappropriate;
similar to inbreeding, but in this case of
pseudo-scientific ideas.

See previous comments.

Probability of Success Using Existing @ Eeasiblilty In Terms of Time, Funding,. and

JIechnology: Human Besources:

4  Success likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succead, 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: 4

Comments: Comments:

REVIEWER: D. Shettel. DATE: 22 June 1988.
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MHflin & Associates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Totat Systems Performance {8.3.5.13.2.2) pageno.: 8.3.5.13-88

ACTIVITY NO. (if applicable): 1.1.2.2

ACTIVITY TITLE:  Final selectian of significant release scenario classes to be used in li-

censing assessments..

Appropriateness of Methodology to

Conceptual Completeness and Focus Establish Stated Objective:

4 Completa and/or focused. 4  Meathodology will establish objective.

3 Genaerally complete and/or focused. 3  Methodology probably will establish objectiva,

2 Generally incomplste and/or poorly focused. 2 Maethedology probably will not establish objective.

1 incomplete and/or not focused. 1 " Methodology will not establish objective.

0 Insufticient information to judge. 0 Insufficient informationto judge.

SCORE: 3 SCORE: 2

Comments: Comments:
Assumes site characterization plan and
activities will be sufficient.

Probability of Success Using Existing Eeasibility in Terms of Time, Funding, and

4 Success likely. 4 Feasible.

3 Probably will succeed, 3 Probably feasible.

2  Probably will not succased. 2 Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 22 June 1988.
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Mifflin & Associates, Inc.
2700 Zast Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Total System Performance (8.3.5.13.3.1.1) page no.: 8.3.5.13-93

ACTIVITY NO. (if applicable): 1.1.3.1
ACTVITY TITLE: Development of models for releases along water pathways.

Anpropriateness of Methodology to

Lonceptual Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4 Methodology will establish objective.

3 Generally complete and/or focused. 3 Methodology probably will establish objective.

2 Generally incomplete and/or poorly focused. 2 Methodoiogy probably will not establish objective.

1 Incomplete and/or not focusad. 1 Mathodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 3 SCORE: 1

Comments: Comments:
Use of less than 3D models must be
justified. Use of preexisting models
that are based on unproven assumptions
(Sinnock, etc.) are biased (not
statistically valid), and do not take into
account site characterization findings is
unwarranted and unjustified.

Probabliity of Success Using Ex|sting Feasibliity in Terms of Time, Funding, and

Technology: Human Resources:

4  Success likeiy. 4 Feasible.

3 Probably will succeed, 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 1 SCORE; O

Comments: Comments:

See previous comments.

REVIEWER: D. Shettel. DATE: 22 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.3.1.2) page no.: 8.3.5.13-94

ACTIVITY NO. (if applicable): 1.1.3.1.2
ACTIVITY TITLE: Development of a model for gas-phase releases.

Apnpropriateness of Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Methodelogy will establish objective.
3 Generally complete and/or focused. 3  Maethodology probably will establish objectiva,
2 Generally incomplete and/or poorly focused. 2 Mathodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodeiogy will not establish objective.
0 Insufficient information to judge. 0 . Insufficient information 1o judge.
SCORE: 2 SCORE: 0
Comments: Comments:
it is not clear if site characterization data
will be incorporated into model.
Probabllity of Success Using Existing Feastbiity in Terms of Time, Funding, and
Jechnology: Human Resources:
4 Succsss likely. ' 4 Feasible.
3 Probably will succeed. 3 Prpbably feasible.
2 Probably will not succeed. 2 Probably not feasible.
1 Success unlikely, 1 Unfeasible.
0 Insufficient informatien 16 judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
REVIEWER: D. Shettel. DATE: 22 June 1988.
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Miffiln & Associates, Inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 2026

CD-SCP ACTIVITY REVIEW FORM .

| ¢
SCP SECTION: Total Systems Performance page no.: 8.3.5.13-95
ACTIVITY NO. (If applicable): 1.1.3.1.3 {8.3.5.13.3.1.3)
ACTIVITY TITLE: Development of a model of releases through basaltic volcanism. ©

Appropriateness of Methadology to
Lonceptual Completeness and Focus Establish Stated Objective: ¢
4 Complete and/or focused. 4 Methodology will establish objective.
3 Generally complate and/or focused. 3 Mathodology probably will establish objectiva.
2 Gaenerally incomplete and/or poorly focused, 2 Methodology probably will not astablish objective.
1 Incompiete and/or not focused. 1 Maethodology will not astablish objective, .
0 Insufficient information to judge. 0 Insufficient information to judge. ¢
SCORE: 1 SCORE: O
Comments: Comments: C
Probabliity of Success Using Existing Feasibility in Terms of Time. Funding. and
Jechnology: Human Resources:
4  Success likely. 4 Foasible. L
3 Probably will succeed. 3 Probably teasible.
2  Probably will not succeed. 2 Probably not feasible.
1 Success unlikely, 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
L.

SCORE: O SCORE: O
Comments: Comments:
REVIEWER: D. Shettel. DATE: 22 June 1988.
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Mitflin & Aasociates, Inc,
2700 East Sunset Road, Suite C25

Las Vv

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.3.1.4)

ACTIVITY NO. (If applicable): 1.1.3.1.4
ACTIVITY TITLE:

Conceptyal Completeness and Focus

Complete and/or focusaed.

Generally complete and/or focused.
Genaerally incomplete and/or poorty focused.
Incomptlete and/or not focused.

Insufficient information to judge.

O = N W

SCORE: 1

Comments:

More complicated mathematical models
do not necessarily form bases for
simplified models. All models need to be
validated.

Probabliity of Success Using Existing
JTechnology:

Succass likely.

Probably will succeed.
Probably will not succeed.
Succass unlikely,

Insufficient information to judgs.

O~ N Waa

SCORE: 0
Comments:

REVIEWER: D, Shettal.

page no.: 8.3.5.13-95

Development of a model of releases through human intrusion.

Anproptiateness of Methodoiogy to
Establish Stated Qbjective:

Methodology will establish objective.
Mathodology probably will establish objective,
Maethodology probably will not establish objectiva.

. Methodelogy will not establish objactive.
Insufficient information to judge.

O = NW

SCORE: ¢©
Comments:

Eeasibiity in Terms of Time, Funding, and
Human Resources:

Feasible.

Probably feasibie.

Probably not feasibla.
Unfeasible.

Insufficient information to judge.

O = NWA

SCORE: O
Comments:

DATE: 22 June 1988.
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Mifflin & Assoclates Inc.
2700 East Sunset Road, Suita C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.4.1.1} page no.: 8.3.5.13-98

ACTIVITY NO. (If applicable): 1.1.4.1.1
ACTIVITY TITLE:  The screening of the preliminary scenario classes..

Appropriateness ot Methodology to
Conceptyal Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathodology wilt establish abjective.
3 Generaily complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorty focused. 2 Methodoiogy probably will not establish objective.
1 Incomplete and/or not focused, 1 Methodology will not establish objective.
0 [Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:

Use of a DOE panel of self-proclaimed
experts is biased. Reference by CDSCP

to other DOE (non-independently peer
reviewed) documents is questionable

and misleading. Similar to building a house

of cards!

Probability of Success Using Existing Feasibiiity in Terms of Time, Funding, and
JTechnoiogy: Human Besources:

4 Succass Iikely. 4 Feasible.

3 Prabably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikefy. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficiant information to judge.

score: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 22 June 1988.
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Mifilin & Assoclates, inc,
2700 East Sunset Road, Suite C25

Las V.

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:

ACTIVITY NO. (If applicable): 1.1.4.1.2

Total Systems Performance (8.3.5.13.4.1.2)

pageno.: 8.3.5.13-98

ACTIVITY TITLE: A final screening of scenario classes.
Appropriateness of Methodology to

Conceptyal Completeness and Focus Establish Stated Objective:

4 Complete and/or focused. 4  Methodology will establish objectiva.

3 Generally complete and/or focused. 3 Mathodology probably will establish objective,

2  Generally incomplete and/or poorly focused. 2 Mathodology probably will not astablish abjective.

1 “Incomplete and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: 1

Comments:

Models should be developed after data are
in hand.

Probabllity ot Success Using Existing
Jechnology:

Success likely.

Probably will succesd.

Probably will not succeed.
Success unlikely.

Insufficient information to judge.

oO—-MnWwaa

SCORE: O

Comments:

REVIEWER: D. Shettel.

SCORE: O
Comments:

Feasibiilty in Terms of Time, Funding. and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unfeasibie.

Insuflicient information to judge.

OV WahA

SCORE; O
Comments:

DATE: 22 June 1988.
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Mitflin & Associates, Ine.
2700 East Sunset Foad, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

' CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.4.2.1) -

ACTIVITY NO. (if applicable): 1.1.4.2.1
ACTIVITY TITLE:
nario-class models.

Conceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

insufficient information to judge.

[« S WA R N

SCORE: 1

Comments:

Models are being simplified (apparently)
in order to obtain the desired results?
Scientifically, there is no justification to
simplify models.

Probabliity of Success Using Existing
Jechnology:

Succaess likely.

Prabably will succeed.

Probabiy will not succesd.
Sucgcess unlikely.

insufficient information to judge.

S = N W

SCORE: O
Comments:

REVIEWER: D. Shettel.

224

page no.: 8.3.5.13-99

Preiiminary development of simplified, computationally efficient sce-

Appropriateness of Methodology to
Estabiish Stated Objective;

Methodology will establish objective.
Methodology prabably will estabiish objective.
Maethodology probably will not establish objective.
Methodology will not establish objective.
insufficient information 1o judge.

O - N W

SCORE: O
Comments:

Feastbility in Terms of Time, Funding, and
Human Resources:

[}

4 Feasible.
3  Prohably feasible.
2 Probably not teasible.
1 Unfeasible.
0 Insufficient information to judge.
SCORE: O
Comments:
DATE: 22 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:  Total Systems Performance (8.3.5.13.4.2.2) page no.: 8.3.5.13-29

ACTIVITY NO. (if applicable): 1.1.4.2.2

ACTIVITY TITLE: Development of the final, computationally efficient models of the sce-
nario classes that will be used to represent all significant processes
and events in the simulation of the total system.

Appropriateness of Methadology to
CLonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4 Methodology will estabiish objective.
3 Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Generally incomplete and/or poorly focusad. 2 Methodology probably will not establish abjective.
1 Incompiate and/or not focused. 1 Methodology will not establish objective.
0 insufticient information to judge. 0 Insutficient information 1o judge.
SCORE: 1 SCORE: O
Comments: Comments:

See comments on “Preliminary develop-
ment of simplified computationally
efficient...” [8.3.5.13.4.2.1].

Probabitity ot Success Using Existing Feasjbility in Terms of Time, Funding, and
Jechnology: Human Resources:

4 Sucecsss likely. 4 Feasible.

3 Probably will succeed. 3 Prabably feasibla.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikaly. 1 Unfeasibie,

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. . DATE: 22 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

LasV

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.5.1.1) page no.: 8.3.5.13-101

ACTIVITY NO. (It applicable): 1.1.5.1.1 (Sub-activity)

ACTIVITY TITLE:  Construction of the total system simulator. {Sub-activity)

Lonceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focused,

2 Generally incomplete and/or poorly focused.
1 Incomplate and/or not focused.

0 Insufficient information to judge.

SCORE: 1

Comments:

See previous comments on preceding
subactivities.

Probabiiity of Success Using Existing
Technology:

Success likely.

Probably wiil succeed.

Probably will not succeed.
Success uniikely.

Insufticient information to judge.

O =N Wwaha

SCORE: O
Comments:

REVIEWER: D. Shettel.

Appropriateness of Methodology to

Methodology wilt establish objaective.
Meathodology probably will establish objective.
Maeathodology probably will not establish objactive.
Methedology will not establish objective.
Insutficient information to judge.

O = N W M

SCORE: O
Comments:

Eeasibility in Terms of Time, Funding, and
Human Resources:

4 Feasible.

3 Probably feasible.

2 Probably not feasibie.

1 Unfeasible.

0 Iinsufficient information to judgs.
SCORE: O

Comments:

DATE: 22 June 1988.
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- Mifflin & Assoclates, Inc.
2700 East Sunset Road, Suite C25

Las V

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION:

Total Systems Performance (8.3.5.13.5.1.2)

page no.: 8.3.5.13-102

ACTIVITY NO. (if applicable): 1.1.5.1.2 (Sub-activity)

ACTIVITY TITLE:  Construction of the joint probability distribution to be used in the licens-

ing assessment calculations. (Sub-activity)
Appropriateness ot Methqdology to

Lonceptual Completeness and Focus Estabiish Stated Objective:

4 Complete and/or focused. 4  Methodology will establish objective,

3 Generally complete and/or focused. 3 Methodology probably will establish objective.

2 Generally incomplete and/or poorly focused. 2  Methodology probably will not establish objective.

1 Incomplete and/or not focusaed. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Iinsufficient information to judge.

SCORE: 1

Comments:

Garbage (biased) information in (based
on assumptions or invalid statistics),
garbage out!

Probabllity of Success Using Existing
Technology:

Succaess likely.

Probably will succaad.

Probably will not succeed.
Success unlikaly.

Insufficient information to judge.

S = N W

SCORE: O

Comments:

REVIEWER: D. Shettel.

SCORE: O
Comments:

Eeasibliity in Terms of Time, Fynding, and
Human Resources:

O = N W

Feasible.

Probably feasibla.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

SCORE: O

Comments:

227

DATE: 22 June 1988.

MY880720e



Miffiln & Associates, Inc.
2700-East Sunsat Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Total Systems Performance (8.3.5.13.5.1.3) page no.: 8.3.5.13-102

ACTIVITY NO. (If applicable): 1.1.5.1.3 (Sub-activity)

ACTIVITY TITLE:  Construction of an empirical complementary cumulative distribution
function for licensing action.

Apgropriateness of Methodology to
Lonceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mesthodology will establish objective.
3 Ganarally complate and/or focused. 3 Mathodaology probably will establish objective.
2 Generally incomplate and/or poorly focusad. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objectiva,
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 2 SCORE: O
Comments: Comments:

GIGO (garbage in, garbags out).

Probability ot Success Using Existing Feasibility in Terms of Time, Funding, and.
4  Succass likely. 4 Feasible.

3  Probably will succeed. 3 Probably feasible.

2  Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible,

0 Insufficient information to judge. 0 Insufficient information to judge.

SCORE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 22 June 1988.
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Mitfiin & Associates, inc.
2700 East Sunset Road, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Groundwater Protection page no.: 8.3.5.15-7

ACTIVITY NO. (it applicabie): 8.3.5.15.1.1.1

ACTIVITY TITLE: Synthesis and evaluation of hydrologic and environmental information
needed to determine whether aquifers at the site meet the special
source criteria.

‘
Conceptual Completeness and Focus Establish Stated Qbjective:

4 Compiete and/or focused. 4  Mathodology will establish objactive.

3  Ganerally complate and/or focused. 3 Methodology probably will establish objective.

2. Generally incompiete and/or poarly focused. 2 Methodalogy probably wifl not establish objective,
1 Incompiete and/or not focused. 1 -Maethodology will not establish objective.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCOBE: 1 SCORE: 3

Comments: Comments:

By using more boreholes, data are Mathods are available to use.

needed for the alluvium, tuff, and carbonate
aquifers to resolve this issue.

Probabliity of Success Using Existing Feasibiiity in Terms of Time, Funding, and
4  Success likely, 4 Faasible,

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2  Probably not feasible.

1 Success uniikely. 1 Unfeasible.

0 Insufficient information to judge. 0  Insufficient information to judge.

SCORE: 3 SCORE: 4

Comments: Commaents:

Could be done.

REVIEWER: Atef Elzeftawy. DATE: 15 June 1988.

Y880719I
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Miffiin & Associates, inc.
2700 East Sunsat Road, Suite C25
Las Vegas, Navada 8912¢
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Ground-Water Protection page no.: 8.3.5.15-8

ACTIVITY NO. (I appiicable): 8.3.5.15.1.1.2

ACTIVITY TITLE: Synthesis and evaluation of demographic and economic data needed to
determine whether Class | or special sources of groundwater exist.

Appropriateness of Methodology to
Lonceptuat Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathodology will establish objectiva.
3 Generally compilete and/or focused. 3  Msthodology probably will establish objective.
2 Generaily incomplete and/or paarly focused. 2 Methodology prebably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not establish objective.
0 Insufficiant information to judge. C Insufficient information to judge.
SCORE: 2 SCORE: 3
Commaents: Comments:
Vague, unclear, badly written and not
focused.
Pr i m in
Jechnology: Human Resources:
4  Success likely. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2  Probably wiil not succeed. 2 Probably not teasible.
1 Success unlikaly. 1 Urfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 3 SCORE: 3
Comments: Comments:
REVIEWER: Atef Elzeftawy. DATE: 15 June 1988.
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Miffiin & Aasociates, Inc.
2700 East Sunset Road, Sutte C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Groundwater Protection

ACTIVITY NO. (if applicable): 8.3.5.15.2.2

page no.: 8.3.5.15-10

ACTIVITY TITLE: Synthesis and evaluation of releases of waste products to special
sources of groundwater during the first 1000 years after disposal.

Conceptyal Completeness and Focus

Complete and/or focused.

Generaily complete and/or focused.
Gaenerally incomplete and/or poorly focused.
Incompiete and/or not focused.

Insufficient information to judge.

O —-MNWwa

SCORE: 1

Comments:

Modeling the total performance will not
accomplish the task. Real data are
badly needed.

Probability of Success Using Existing,
JTechnoiogy:

Success likely.

Probably will succeed.
Probably will not succeed.
Succass uniikely,

Insufficient information te judge.

O = W oA

SCORE: 1
Comments:

REVIEWER: Atef Elzeftawy.

Approprigteness ot Methadology to.
Establish Stated Objective:

Q= W o

Methodology will establish objective, .
Methodology probably will establish objective.
Methodology probably will not establish objective.

Mathodology will not establish objective.

Insufficient information to judge.

SCORE: 1
Comments:

Feas|bliity in Terms of Time, Funding, and
Human Resources:

O~ N W,

Feasible.

Probably feasible.

Probably not feasible.
Unfeasibie.

insufficient information to judge.

SCORE: 1
Comments:

231

DATE: 15 June 1988.
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Waste Package Program (8.3.4)

SZCTIiCN CCONCEPTUAL NETHOCCLCGY TECHMCLCGY FEASIBILITY SCP CBJECTIVES
8.3.42.4.1.1 3 3 J 0 NO
8.3.4241.1 1 2 1 0 NO
3.3.4.24.1.2 1 0 0 0 NO
8.3.4.2.4.1.3 i 1 K| 3 NO
18.3.42.41.3 1 3 4] 0 NO
8342414 3 3 3 3 YES
8.3.42.4.1.5 2 3 3 0 NO
8.3.4.2.4.1.6 2 3 3 0 NO
8342417 2 3 3 0 NO
3.3.42.4.2.1 1 0 a 0 NO
8.3.42.422 1 0 -0 0 NO
8.3.42423 1 0 0 0 NO
8.3.4.2.4.4.1 1 0 0 0 NG
8.3.42.4.42 1 0 0 0 NO
8.3.4.2.4.4.3 1 0 0 0 NO
MYgao7zan

232




Mifftin & Assoclates, Inc.
2700 East Sunset Road. Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package page no.: 8.3.4.2-45
ACTIVITY NO. (it applicable): 8.3.4.2.4.1.1
ACTIVITY TITLE: Rock-water interactions at elevated temperatures.

Appropriateness of Methodalogy ta
Conceptual Completeness and Focus Establish Stated Objective:
4 Compiete and/or focused, 4 Methodology will estabiish objective.
3 Generally complete and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplete and/or poorly focusad. 2 Methodology probably will not establish objective.
1 incomplete and/or not focused. 1 Maethodology will not establish objective.
0 Insufficient information to judge. 0 Insufficient infarmation to judge.
SCORE: 1 SCORE: O
Comments: Comments:

It is believed that vadose waters are
chemically different than saturated
waters. Also, saturated water chemistry
will not bound the vadose zone waters.

Probability of Success Using Existing Eeasiblity In Tenns of Time, Funding, and
Technology: Human Resources:

4 Success likely. 4 Foasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely, 1 Unfeasible,

0 Insufficient infermation to judge. 0 Insufficient information to judge.

SCORE: O SCORE: 0

Comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 13 June 1988.

MY8307194




Mifflin & Associates, Inc.
2700 East Sunset Road, Suite ces

Las V

as, Navada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO. (if applicable): 8.3.4.2.4.1.1

page no.: 8.3.4.2-45

ACTIVITY TITLE: Rock-water interactions at elevated temperatures.

Conceptual Completeness and Focus

4 Complate and/ar focused.

3 Generally complete and/or focused.

2 Generally incomplete and/or poorly focused.
1 Incomplete and/or not focused.

0  Insufficient information 1o judge.

SCORE: 1

Comments:

Uses reference water only (J13). No
consideration of thermal gradients.

Probabllity ot Success Using Existing
Technology:

4 Succass likely.

3  Probably will succesd.

2 Probably will not succeed.

1 Succass unlikely.

0 Insufficient information to judge.
SCORE: 1

Comments:

Experiment does not allow for boiling
off of liquid water and consequent
changes in fluid chemistry.

REVIEWER: = D. Shettel.

Appropriateness of Methodology 10

Methodology will establish objective.
Methodology probably will establish objective.
Methodology probably will not establish objective.
Methodology will not establish objective.
Insutficient information to judge.

O =N Wh

SCORE: 2
Comments:

Using isothermal experimental tech-
niques.

Feasibllity In Terms ot Time. Funding. and
Human Resources:

Feasible.

Prpbably feasible.

Probabiy not feasibie.
Unfeasible.

Insufticiant information to judge.

O = W

SCORE: ©

Commaents:

DATE: 11 June 1988.
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Miffiin & Assoclates, inc.
2700 East Sunset Road, Suite C25
Las Veqas, Nevada 89120
(702)796-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package page no.: '8.3.4.2-4‘6
ACTIVITY NO. (if appiicable): 8.3.4.2.4.1.2
ACTIVITY TITLE:  Effect of grout, concrete, and other repository materials on water com-

position.
Appropriateness of Methodology to

Conceptual Completeness and Focus Establish Stated Qbjective:
4 Complgte and/or focused. 4 Mathodology will establish objective.
3 Generaily complete and/or focused. 3 Maethodology probably will establish objective.
2 Generally incomplate and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Maethodology will not establish objective.
0 Insufficiant information to judge. 0 .Insufficient information to judge.
SCORE: 1 SCORE: O
Comments: Comments:

The whole activity is only a paragraph. This
is & nice conceptual beginning.

Probabllity ot Success Using Existing Feasibllity in Terms of Time. Funding, and
Technology; Human Resources:,

4  Succsss likely. 4 Feasible.

3 Probably will succeed. 3 Probably feasible.

2 Probably will not succeed, 2 Pmobabily not feasible.

1 Success uniikely, 1 Uriteasible.

0 Insufficient information to judge. 0 Insufficient information to judge.

SCOoRE: O SCORE: O

Comments: Comments:

REVIEWER: D. Shettel. DATE: 11 June 1988.
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Mifflin & Associates, inc.

2700 East Sunset Road, Suite C25
. Las Veqgas, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Waste Package

page no.: 8.3.4.2-46

ACTIVITY NO. (if applicable): 8.3.4.2.4.1.3
ACTIVITY TITLE: Composition of vadose zone water from the waste package environ-

ment.
Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective:
4 Compiete and/or focused. 4 Methodology will establish objective.
3  Generally compiete and/or focused. 3 Mathedology probabiy will @stablish objective.
2 Generally incomplete and/or poarly focused. 2 Mathodology probably will not astablish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0 Insutficient information to judge.
SCORE: 1 SCORE: 1
Comments: Comments:

Theoretical models will not do it. We
need to understand the physics of the

system first.

Probabliity of Success Using Existing
Jechnology:

Succass likaly.

Probably will succeed.
Probably will not succeed.
Success unlikely.

Insufticient information to judge.

O =MW aa

SCORE: 3
Comments:

REVIEWER: Atef Elzeftawy.

Eeasibillty in Terms of Time, Funding, and
Human Resources:

Faasibla.

Probably feasible.

Probabiy not feasible.
Unfeasible.

Insufficient information to judge.

Q= W b

SCORE: 3
Comments:

DATE: 14 June 1988.
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Miffiln & Associates, Inc. |

2700 East Sunset Road, Suite C25 \
Las Vegas, Navada 89120

(702)798-0402'& 3026 |

'CD-SCP ACTIVITY REVIEW FORM |

SCP SECTION: Waste Package
ACTIVITY NO. (if applicable): 8.3.4.2.4.1.3

page no.: 8.3.4.2-46

ACTIVITY TITLE: Composition of vadose water from the waste package environment.

Lonceptual Completeness and Focus

Complete and/or focused.

Generally complete and/or focused.
Generally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficiant information to judge.

O~ N W

SCORE: 1

Comments:

Comparison of actual vadose water with
equilibrium models to determine contami-
nation is backwards. Water should be
checked for tracers and polymers from
drilling fluids.

Probability of Success Using Existing.
Technology:

Success likely.

Probably will succeed.

Probably will not succeed.
Succass unlikaly,

Insufficient information to judge.

O - N W

SCORE: O
Comments:

REVIEWER: D. Shettei.

Appropriateness of Methodology to
Estabiish Stated Objective;

Methodology will establish obiective.

Methodology probably will establish objective.

Methodology probably will not establish objective.

Methadclogy will not establish objective.
-Insufficient information to judge.

O - W0

SCORE: 3
Comments:

Eeasibliity In Terms of Time. Funding, and
Human Resources;

237

Feasible.

Probably feasible.

Probably not feasible.
Unfeasible.

Insufficiant information to judge.

o~ N W

SCORE: O
Comments:

DATE: 13 June 1988.
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Mifflin & Associates, Inc.
2700 East Sunset Road, dutte C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package page no.: 8.3.4.2-47
ACTIVITY NO. (If applicable): 8.3.4.2.4.1.4
ACTIVITY TITLE:  Dissolution of phases in the waste package environment.

Appropriateness ot Methodology to

Conceptual Completeness and Focus Establish Stated Objective;

4 Complete and/or focused. 4  Methedology will establish objective.

3 Generally complete and/or focusad. 3  Methedology probably will establish objactive.

2 Generally incomplete and/or poorly focused. 2 Maethodology probably will not establish objective.
1 Incomplate and/or not focused. 1 Methodology will not establish objective.

0 Insufficient information to judge. 0 Insufiicient information to judge.

SCORE: 3 SCORE: 3

Comments: Comments:

Probabllity ot Success Using Exlsting - Eeasiblifty in Terms of Time, Funding. and.
Jechnology; Human Resources;

4  Success likely. 4 Faasible.

3 Probably will succeed. 3 Probably feasible,

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. t  Unfeasible,

0 Insufficiant information to judga. 0 Insufficient information to judge.
SCORE: 3 SCORE: 3

Comments: ‘ Comments:

REVIEWER: D. Shettel. DATE: 13 June 1988.
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270

Mitflin & Associates, inc.

0 East Sunset Road, Suite C25
Las

Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

page no.: 8.3.4.2-48

ACTIVITY NO. (if applicable): 8.3.4.2.4.1.5
ACTIVITY TITLE:  Effects of radiation on water chemistry.

Appropriateness of Methodology to
Lonceptual Completeness and Focus KEstablish Stated Objective:
4 Complete and/or focused. 4 Meathodology will gstablish objective.
3 Generally complete and/or focused, 3 Maethodology probably will establish objective.
2 Goenerally incomplete and/or poorly foctused. 2 Methodology probably will not establish objective.
1 incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insutlicient information to judge. 0 Insufficient information to judge.

SCORE: 2
Comments: -
Need vadose water composition!

Probability of Syccess Using Existing
Jechnology:

Succass likaly,

Probably will succeed.
Probably will not succeed.
Success unlikely.

insufficient infarmation to judge.

O~ N W2

SCORE: 3
Comments:

REVIEWER: D. Shettel.

SCORE: 3
Comments:

Feasibility in Yerms of Time. Funding. and
Human Resources:

Feasible.

Probably feasible.

Probably not feasible.
Unteasible.

Insufficient infermation to judge.

O =W

SCORE: O
Comments:

DATE: 13 June 1988.

- MYB880719xxx
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Mitfiin & Aasociates, inc.

2700 East Sunsat Road, Suite C25

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO. (if applicable): 8.3.4.2.4.1.6

as, Nevada 89120
(702)798-0402 & 3026

page no.: 8.3.4.2-49

ACTIVITY TITLE: Effects of container and borehole liner corrosion products on water

chemistry.
Appropriateness ot Methodology to

Conceptual Compieteness and Focug Establish Stated Objective;
4 Complete and/or focused. 4 Methodology will establish cbjective.
3  Generally complete and/or focused. 3 Methodology probably will establish objective.
2 Gaenerally incomplete and/or pooriy focusad. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology will not astablish objective.
0 Insufficient information to judge. 0 Insulticient information to judge.
SCORE: 2 SCORE: 3
Comments: Comments:

Needs vadose water compaosition.

Probability of Success Using Existing
Jechnology:

4  Success likely.

3 Probably will succeed.

2 Probably will not succeed.

1 Success unlikely.

0 Insufficient information to judge.
SCORE: 3

Commaents:

REVIEWER: D. Shettal.

240

Feasibllity In Terms of Time, Funding, and
Human Besources:

4 Feasible.
3 Probably feasible.
2 Probably not feasible.
1 Unfeasible.
0 Insufiicient infarmation to judge.
SCORE: O
Comments:
DATE: 13 June 1988.

MYBBO719yyy
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Miffiin & Associstes, Inc.
2700 East Sunset Road, Suite C25
as, Nevada 89120
{702)798-0402 & 3026

Las V

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO, (it applicable): 8.3.4.2.4.1.7
Numerical analysis and modeling of rock-water interaction.

ACTIVITY TITLE:

Conceptual Completeness and Focus

Complete and/or focused.

Generally complate and/or focusad,
Ganarally incomplete and/or poorly focused.
Incomplete and/or not focused.

Insufficient information to judge.

O =W e

SCORE: 2

Comments:

Assumes equilibrium generally (locally)
in the sense of constant temperature
(isothermal condition). EQ3/6 or any
other known code can't handie thermal
gradients.

Probability of Success Using Existing
Technology:

Success likely.

Probably will succeed.

Probably will not succeed.

Success unlikely.
insufficient information to judge.

O 4N W

SCORE: 3
Commaents:

REVIEWER: D. Shettel.

page no.: 8.3.4.2-50

Appropriateness of Methodology to
Establish Stated Objective:

O - Wwa

Methodology will astablish objective.
Methodology probably will establish objective.
Methodology probably will not establish cbjective.
Methodology will not establish objective.
Insutticiant information to judge.

SCORE: 3
Comments:

Feasibility in Terms of Time, Funding, and
Human Resources:

O = MW

Feasible.

Probably faasible,

Probably not feasibie.
Unfeasible.

Insutficient information to judge.

SCORE: O
Comments:

241

DATE: 13 June 1988.
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Mifflin & Associates, inc.
2700 East Sunset Road, Suile C25
Las Vegas, Nevada 89120
{702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM -

SCP SECTION: Waste Package page no.: 8.3.4.2-51
ACTIVITY NO. (it applicabte): 8.3.4.2.4.2.1 _
ACTIVITY TITLE: Single-phase fluid system properties.

Appropriateness ot Methodology ta
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Mathodology will estabiish objective.
3 Generally compiete and/or focused. 3 Methodology probably will establish objective,
2 Generally incomplete and/or poarly focused. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Mathodology wili not establish objective.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: 1 SCORE; O
Comments: Comments:
Probability of Success Using Existing Feaglbiiity in Terms of Time. Funding. and
4  Succass likely. 4 Feasible.
3 Probably will succeed. 3 Probably feasible.
2 Probably will not succeed. 2. Probably not feasible.
1 Success unlikaly. 1 Unfeasible.
0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O SCORE: O
Comments: Comments:
REVIEWER: Atef Elzeftawy. DATE: 13 June 1988.
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Mitfiin & Associates, Inc.
2700 East Sunset Road, Suite C25
as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO. (it applicable): 8.3.4.2.4.2.2

page no.; 8.3.4.2-52

ACTIVITY TITLE: Two-phase fluid system properties.

Lonceptual Completeness and Focus

Complete and/or focusad,

Generally complete and/or tacused.
Generally incomplete and/or poorly focused.
Incompleta and/or not focused.

Insufficient information to judge.

O~ NWaa

SCORE: 1

Comments:

How could you separate the gas phase
from the liquid phase of water in the
rock?

Probability of Success Using Existing
Jechnology:

Succass likely.

Probably wili succeed.

FProbabiy will not succeed.
Succaess unlikely.

Insufficient information to judge,

O = oW

SCORE: O
Commems:

REVIEWER: Atef Elzeftawy.

Appropriateness of Methodoiogy to
Establigh Stated Objective:

O = N

Mathodology will establish objective.
Maethodology probably will establish objective.
Maethodology probably wiil not establish objective.
Mathodology will not establish objectiva.
Insufficient information to judge.

SCORE: O
Comments:

Feasibilfty in Terms of Time. Funding, and
Human Resources:

O =MW

Feasible.

Probably feasible,

Probably not feasitle.
Unfeasible.

Insutticient information to judge.

SCORE: O
Comments:

243

DATE: 14 June 1988.
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Mifflin & Asasociates, Inc.
2700 East Sunset Road, Suite C25
as, Nevada 89120
(702)798-0402 & 3026

Las V.

'CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package
ACTIVITY NO. (If applicable): 8.3.4.2.4.2.3

page no.: 8.3,4.2-53

ACTIVITY TITLE: Numerical analysis of flow and transport in laboratory systems.

Conceptual Completeness and Focus

4 Complets and/or focused.

3 Genaeraily complete and/or focused.

2 Generally incomplate and/or poorly focusad.
1 Incomplete and/or not focused.

0 Insufficient information to judge.

SCORE: 1
Comments:

Laboratory tests will not validate flow
and transport models of repository scale!

Probabliity of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success uniikely.

Insufficient information to judge.

O - Wb

SCORE: O
Comments:

REVIEWER: Atef Eizeftawy.

244

Appropriateness of Methodology to
Establish Stated Objective:

4 Methodology will establish objective.

3 Maeathodology probably will establish objective,

2 Mathadology probably will not establish objective.
1 Mathodology will not establish objective.

0 Insufficient information to judge.

SCORE: O
Comments:

Feasibliity in Terms of Time, Funding, and

Human Resources:

Feasible.

Probably feasible.

Probably not feasibie.
Urfeasible.

insutficient information o judge.

O =N Wwh

SCORE: O
Comments:

DATE: 14 June 1988.
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Las V

Mifflin & Associates, Inc.
2700 East Sunset Road, Suite C25

as, Nevada 89120

(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO. (If applicable): 8.3.4.2.4.4.1
ACTIVITY TITLE: Repository horizon near-field hydrologic properties.

page no.: 8.3.4.2-56

Approprigteness ot Methodology to
Conceptual Completeness and Focus Establish Stated Objective:
4 Complete and/or focused. 4  Methodology will establish objactive.
3 Generally compiete and/or focused. 3 Methodoiogy probably will astablish objsctive.
2 Generally incomplete and/or poorly focusad. 2 Maethodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.
0 Insufficient information to judge. 0  insufficient information 1o judge.

SCORE: 1
Comments:

Probability of Success Using Existing
Jechnology:

Success likely.

Probably will succeed.

Probably will not succeed.
Success unikely.

Insufficient information to judge.

Q- N WA

SCORE: O
Comments:

REVIEWER: Atef Elzaftawy.

245

SCORE: O
Comments:

Feasibllity In Terms of Time, Funding, and
Human Resgutces;

Feasible,

Probabiy feasible.

Probably not feasible.
Unfeasible.

Insufficient information to judge.

O =W

SCORE: O
Comments:

DATE: 14 June 1988.
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Miffiin & Associates, Inc,
2700 East Sunset Road. éu'rta C25

Las V

as, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package

ACTIVITY NO. (if applicable): 8.3.4.2.4.4.2

page no.: 8.3.4.2-57

ACTIVITY TITLE: Repository horizon rock-water interaction.

Conceptual Completeness and Focus

4 Complete and/or focused.

3 Generally complete and/or focusad.

2 Generally incompiete and/or poorty focused.
1 Incomplete and/or not focused.

¢ Insufficient information to judge.

SCORE: 1

Comments:

Probability of Success Using Existing
Technology;

4  Success likely.

3 Probably will succead.

2 Probably will not succeed,

1 Success unlikely.

0 Insufficient information to judge.
SCORE: O

Comments:

REVIEWER: Atef Elzeftawy.

Appropriateness ot Methodology to
Estabtish Stated Objective;

4 Methodology will astablish objective.

3  Methodolagy probably will establish objective.

2 Methodology probably will not establish objective.
1 Methodology will not estabiish objective.

0 Insufficient information to judge.

SCORE: O
Comments:

Feasibliity in Terms of Time, Funding, and
Human Resqurces:

4 Faasible.

3 Probably feasible.

2 Probably not feasible.

1 Unfeasible.

¢ Insufficient infermation to judge.
SCORE: O

Comments:

DATE: 14 June 1988.
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Miffiin & Assoclates, Inc.
2700 East Sunset Aoad, Suite C25
Las Vegas, Nevada 89120
(702)798-0402 & 3026

CD-SCP ACTIVITY REVIEW FORM

SCP SECTION: Waste Package page no.: 8.3.4.2-57

ACTIVITY NO. (I applicable): 8.3.4.2.4.4.3

ACTIVITY TITLE: Numerical analysis of fluid flow and transport in the repository horizon
near-field environment.

Appropriateness of Methodology to

Canceptual Completeness and Focus Establish Stated Qbjective:

4 Complete and/or focused. 4 Methodology will establish objective.

3 Generally complate and/or focused. 3 Methodology prabably will establish objective.

2 Generally incompiete and/or poorly focused. 2 Methodology probably will not establish objective.
1 Incomplete and/or not focused. 1 Methodology will not establish objective.

0 lInsufficient information 10 judge. 0 Insufficient information to judge.
SCORE: 1 SCORE: O

Comments: Comments:

Probabllity of Success Using Existing Feasibiity in Terms of Time, Funding, and
Jechnology: Human Resources:

4  Succéss likely. 4 Feasible.

3  Probably will succeed. 3 Probably feasible.

2 Probably will not succeed. 2 Probably not feasible.

1 Success unlikely. 1 Unfeasible.

0 Insufficient information to judge. 0 Insufficient information to judge.
SCORE: O - SCORE; 0

Comments: Comments:

REVIEWER: Atef Elzeftawy. DATE: 14 June 1988.
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