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EXECUTIVE SUMMARY

The Geologic Simulation Model (GSM) for the Columbia Plateau (Petrie et al.
1981) is a quasi-deterministic process-response model which simulates the
development of the geologic and hydrologic systems of the ground-water basin
containing the Pasco Basin for a million years into the future. Effects of
natural processes on the ground-water hydrologic system are modeled principally
by rate equations. The combined effects and synergistic interactions of differ- -
ent processes are approximated by linear superposition of their effects during
discrete time intervals in a stepwise-integration approach (Figure 1).

Knowledge of natural processes and the modeling of consequences of those
processes are subject to varying degrees of uncertainty. Uncertainties may
arise because of inhomogeneities of the geologic/hydrologic system which preclude
accurate characterization at a reasonable level of data collection and model
complexity, because of lack of knowledge of the underlying physics driving some
phenomena, or because some phenomena are inherently stochastic. The GSM accom-
modates these uncertainties by treating many of the input data as probability
density functions (PDFs). Data whose behavior is better known, for example
scalar quantities or polynomial combinations of other variables, may carry
additional PDF terms to express uncertainties in their values.

Input data used in GSM simulations are presented in Appendix A of this
report. Of 292 input variables, 131 are PDFs (including uncertainty terms for
other variables), 131 are scalar quantities, and 30 are polynomials. Addi-
tional variables are arrays containing geologic system geometric parameters,
and a quantized version of Kukla's (see Scott et al. 1979) astronomical climate
index ACLIN.

These data were assembled from consultant inputs and from internal sources
during development of the GSM, and represent the best "first cut” information
available during that period (CY-1980, 1981). However, they have not been com-
pletely documented, nor have they been subjected to a complete peer review.
Such a review, which should include inputs from Rockwell Hanford Operations and
experts in the scientific community other than the consultants who provided
many of the data, was beyond the scope of the AEGIS GSM development work.
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SUMMARY OF RESULTS

The completed AEGIS GSM was used to generate 500 Monte Carlo simulations
of the behavior of the geologic/hydrologic system affecting a hypothetical
repository in the Pasco Basin over the next million years. As was discussed
above, these simulations used data which were not subjected to a review adequate
to the needs of a real site performance assessment. However, the general care
used in generating the data, and the overall behavior of the GSM suggest that
the results are plausible if not defensible at this time.

The 26 million output data generated in the simulations can be summarized
by considering the three primary questions to be answered by any consequence
analysis: ‘"where," "how much,” and "when." The "where" was an input to the
hydrologic analysis contained in the GSM; the shortestlpath (vertical) from
the hypothetical repository to the unconfined aquifer (Figure 2) was selected
for conservatism and to enable a one-dimensional ground-water flow model to

Qrepresent the three-dimensional behavior of the confined ground-water system
(Petrie et al. 1981). The "how much," and "when" can be determined, for the
most part, by examining the estimated Darcy velocity through the repository

ﬁénd instantaneous travel times for ground-water movement from the repository
tia the Columbia River as functions of time.

‘Darcy Velocity Through Repository

:;“f Figure 3 shows the sum of Darcy velocities through the repository from
the northeast and southwest components of the Grande Ronde flow system (see
Petrie et al. 1981). Shown are the average value (solid 1ine), envelope of
maximum and minimum values (dashed 1ine), and standard deviation (long-dashed,
short-dashed 1ine) as functions of time for the first 20,000 years of simulated
time (Figure 3a) and for the full million years (Figure 3b). General behavior
of the Darcy velocity is a gradual increase over the first half-million years
of a factor of approximately 6, with superimposed increases of the order of
the initial value lasting only a few thousand years.

The repository Darcy velocity is a function of head gradients and average
hydraulic conductivities in the Grande Ronde flow path. The long-period compo-
nent of change in Darcy velocity reflects:

vii
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1. The increase in average hydraulic conductivity of this system caused by
increase of the assumed small hydraulic conductivity of the repository
induced by seismic shaking.

2. The increase of head gradients of the system resulting from net fluvial
erosion of the Pasco Basin which follows glacial advance through the
Wallula Gap in the period from 55,000 to 65,000 years of simulated time.
This advance eliminates the hydraulic-damming effect of Wallula Gap on
future Missoula floods and changes the Pasco Basin regime from one of
net deposition to one of net erosion.

The short-term fluctuations of repository Darcy velocity show the effect of
climatically-induced recharge enhancement, principally during periods of
deglaciation.

Instantaneous Travel Time

The Hydrology Submode]l of the GSM calculates an instantaneous travel time
from the repository to the Columbia River for each time step using Darcy's Law,
the average hydraulic conductivity of the remaining flow path, and the current
potentiometric head gradient. This travel time is not a measure of how long
it takes an individual particle of water to reach the Columbia River, but rather
an indicator to alert the user to major or catastrophic chan es in the flow
system. Figure 4 shows that instantaneous travel times are large (unrealistically
so as will be discussed below), undergo an order-of-magnitude increase with time,
and are subject to pronounced short-term fluctuations.

The instantaneous travel time is assumed in the GSM to be controlled by
that part of the flow path in the Wanapum-Saddle Mountain layer (Petrie et al.
1981). The increase in travel time is a function of the progressive decrease
in hydraulic conductivity of that layer induced by the formation of gorge on
minor faults cutting the flow path, tempered by the effects of fluvial erosion
which shorten the path length and increase the head gradient as the simulations
proceed. Short-term fluctuations appear to be in concert with climatically-
induced changes in recharge. The factor-of-16 increase in instantaneous travel
time that occurs at 850 years of simulated time is probably the result of a
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subtle bug in the model because it has no basis in the time histories of
hydraulic conductivity, head gradient, or effective porosity (constant).

As was mentioned above, the actual values of instantaneous travel time
are unrealistic; initially of the order of 4 million years compared with the
order of 15,000 years found in Dove et al. 1982. This difference is a result
of incomplete calibration of the GSM Hydrology Submodel against the more
detailed ground-water models, and of the fact that the initial GSM value is
for an undisturbed repository, compared with the faulted one used in the more
detailed analyses. The spread of maximum and minimum values of instantaneous
travel times (initially about three orders of magnitude) is also probably
unrealistic, being the result of uncertainties contained in the PDFs used by
the Undetected Features Submodel to establish the starting values of system
parameters (Petrie et al. 1981). More detailed and effective calibration was
beyond the scope of the GSM development. However, the instantaneous travel
time is linearly dependent upon hydraulic conductivity, head gradient, and
effective porosity, so the behavior with time of a calibrated version will be
proportional to the results shown in Figure 4.

Of particular note is the behavior of the minimum value of instantaneous
travel time, which undergoes a maximum decrease of about a factor of two induced
by a very slight long-term decline with superimposed climatically-induced per-
turbations. If a linear factor is introduced to make these results compatible
with the results of the more detailed hydrologic analyses, and a more reason-
able uncertainty is introduced for the initial value of travel time, then the
shortest travel time experienced during any of the 500 simulations would lie
between 5,000 and 10,000 years. This results in spite of the combinations
of faulting, erosion, and climatically-enhanced ground-water flow rates that
occurred in individual simulations.

DISCUSSION

As has been discussed previously, the results of the GSM simulations are
not yet defensible. They are promising, and the general behavior of the GSM
over the near-term (20,000 years) and long-term (million years) is plausible.
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Thus, in terms of a demonstration of the GSM technology alone, the results
indicate that the development effort was a success, and this report indicates
what additional effort is required to make the GSM defensible. However, the
GSM is a part of a coordinated performance analysis which involves other models
as well, and is intended as a primary guide to analyses to be performed in
addition to that of the present system. The usefulness of the GSM results
reported above to the demonstration of a coordinated performance analysis
technology must be determined by considering the validity of the results and
how they may be applied realistically (unmodified) to guiding more detailed
analyses.

VALIDITY OF RESULTS

Evolution of the GSM hydrologic system resulted primarily from the effects
of climatic changes and of movement on local faults. Thus, the time histories
of Darcy velocity and travel time shown in Figures 3 and 4 depend upon the
accuracy of the Milankovitch climate driver (see Petrie et al. 1981) and ancillary
data and subroutines (for example, rainfall rates, glacial advances, Missoula
floods, and river erosion), and upon the data and code of the Deformation Sub-
model which resulted in insignificant folding, major fault offset, or relative
elevation changes between the Pasco Basin and the ground-water recharge areas.
Review of input data will be necessary before these results can be relied upon
for the full million-year simulations.

However, the first 20,000 years of the simulations are not likely to change
much even if the input data are revised substantially because the major uncer-
tainties discussed above are related primarily to slow-acting processes not
important in the early stages of the simulations. It is not reasonable to
expect significant tectonic warping or major fault displacement in the Columbia
Plateau in the next 20,000 years even if changes in rates from their estimated
past values are occurring. Similarly, based on the late Quaternary, it is
reasonable to expect another stage of continental glaciation and at least one
Missoula flood in the next 20,000 years. The first advance of ice estimated by
the GSM is similar to advances of the Pinedale stages, which allows uniformitar-
ianism to be as much of a guide to validity of the results as would be an

exhaustive peer review of the GSM and its data.
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Thus, with the exception of Hydrology Submodel calibrations discussed
previously, the GSM results for the first 20,000 years of simulated time have
sufficient validity to provide input for the more detailed analyses of a
demonstration of coordinated performance analysis technology (Dove et al. 1982).
Results for the full million years are plausible, but cannot be relied upon yet
as an accurate guide to more detailed performance analysis.
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CHAPTER 1

INTRODUCTION

The geologic simulations reported herein supported the Assessment of
Effectiveness of Geologic Isolation Systems (AEGIS) technology demonstration
in basalt (Dove et al. 1982) and are a continuation of the release scenario
model development effort that began during FY-1976 under the Waste Isolation
Safety Assessment Program at the Pacific Northwest Laboratory. Several geologic
and hydrologic consultants helped identify and analyze the various natural
phenomena that may degrade or disrupt a nuclear waste repository located deep
underground, and provided inputs to a modified Delphi analysis of disruptive
events used by Dove et al. 1982. Although their work continues, many consul-
tant's reports have been published, several of which are cited in appropriate
sections of this document, and others are being prepared for publication. In
addition to these detailed, topical reports, several reports that discuss the
overall AEGIS approach to geologic simulation modeling have been prepared.
Perspectives on the Geological and Hydrological Aspects of Long-Term Release
Scenario Analysis by Stottlemyre et al. (1980) discusses release scenario

development for basalt and other lithologies. Experience gained in this ear-
lier work showed that futher progress was dependent on site-specific analyses,
and much of the work after FY-1979 focused on geologic simulations for nuclear
waste repositories in the Columbia River basalts of the Pasco Basin. A Con-
ceptual Simulation Model for Release Scenario Analysis of a Hypothetical Site

in Columbia Plateau Basalts, Stottlemyre et al. (1981), describes the geologic
considerations and their computerized abstractions that enabled development

of the AEGIS Geologic Simulation Model (GSM) for basalts of the Columbia Plateau.
Geologic Simulation Model for a Hypothetical Site in the Columbia Plateau by
Petrie et al. (1981), the first volume of this two-volume report, describes

the computer model used to describe the behavior of the geologic and hydrologic
systems containing a hypothetical repository in the Pasco Basin.

The geologic simulations conducted for the AEGIS technology demonstration
in basalt are designed to be an integral part of a coordinated performance
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analysis. Such an analysis endeavors to describe the behavior of the system
modeled (for example the patterns of ground-water and contaminant movement),
the 1ikely and possible changes of that behavior over the time period of inter-
est, and the probabilities and uncertainties associated with both the inputs
and outputs of the analysis. The complex phenomenological codes described in
Dove et al. 1982 are too expensive and unwieldy to be used to explore the con-
sequences of every "scenario" of undesirable system changes devised in site
characterization and qualification studies. The performance analysis of a
system whose behavior must be studied over substantial periods of time must
include a geologic simulation model to quantify potential system changes and
their probabilities. This model must include simple versions of the more
complex phenomenological codes so that it can act as a-filter, allowing the
complex codes to be applied to modeling those changed states of the system
which have the greatest combination of probabilities and consequences.

In developing the GSM for basalt, numerous potentially disruptive natural
phenomena were identified and analyzed. These phenomena form two groups, based
on their potential for affecting the repository. The phenomena in Group I--
rock deformation (e.g., folding and faulting), volcanism, and meteorite impact--
could directly disrupt the repository without the interaction of other phenomena.
Group II phenomena could probably cause significant degradation or disruption
only in combination with other phenomena or under unusual circumstances. In
general, Group II contains phenomena that would only affect the geologic and
hydrologic system boundary conditions at the repository. However, such boundary
condition changes may act synergistically with other phenomena and eventually
lead to significant degradation, or may simply affect the initial conditions
for radionuclide transport and consequence analysis.

The geology and environment surrounding a repository will continue to
change over geologic time. Projections of the possible evolutionary paths
can be made from knowledge of the geologic history of the region, the existing
states of the geologic and hydrologic systems, and the scientific understand-
ing of the geologic processes in effect. Based on these considerations, AEGIS
methodology identifies and quantifies geologic states that result in a Toss of
repository integrity and need to be further analyzed (Stottlemyre et al. 1981).

1.2



Development of AEGIS technology has been driven by the need to provide an
auditable method for the derivation and quantification of these geologic states
of interest, with estimates of the plausibility and time of occurrence. A
computer model is used to assist the AEGIS staff and consultants in the analysis
and in keeping track of the potentially large numbers of natural processes and
interactions. In this process, the justification can be developed for discard-
ing low-probability future projections as being implausible.

A major aspect of the design of the GSM has been its modular and inter-
active structure to facilitate peer review and iterative improvement of analyses.
It was intended that this review and update accompany analyses, but that turned
out to be impractical and could not be done in the timely conduct of simulations.
Further, the complex nature of the GSM and the large amounts of data that it
produces preclude casual interaction by technical experts unfamiliar with the
model. For example, a thorough review by Dr. R. G. Craig in the summer of
1981 required 10 weeks of full-time effort.

This report represents an alternative to the original approach, in that
preliminary results are presented in toto. The first round of review can
then be a more studied, but non-interactive one. Iterative development of the
GSM for basalts of the Columbia Plateau is not within the scope of the current
AEGIS Project, but the review will aid in the development of geologic simula-
tion models for other locations which are in the present scope of work.
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CHAPTER 2

RESULTS AND DISCUSSION

Approximately 500 "production" simulations were conducted with the Geologic
Simulation Model for the Columbia Plateau. These were based upon a code which
had been "completely" debugged, a set of "final" input data (Appendix A), and
single and multiple pre-production simulations to test for internal consistency
and subtle bugs "in the code or input data. Output data were processed with the
GSM statistical package (Petrie and others 1981, Appendix F); the behavior of
selected output variables will be presented and discussed in this chapter.

The results presented here emphatically do not constitute an evaluation of
the geologic setting of the Pasco Basin as a potential location for a nuclear
waste repository; considerable work, to be discussed in Chapter 3, will be
necessary to verify input data and submodels of the GSM before it can be con-
sidered a licensing tool. Rather, they represent the first integrated, full-
scale test of the GSM which is necessary to guide subsequent model calibration
and verification. The results indicate that the GSM is fully developed as a
research tool; Chapter 3 will compare the results with what is known of the
actual situation and discuss the means by which the research tool can be
developed into a licensing tool.

CLIMATE
Results

Figure 2.1 shows the average value of climate state, maximum and minimum
values, and standard error for the first 20,000 years of simulated time (Fig-
ure 2.1a) and for the entire million years (Figure 2.1b). This same format will
also be used in subsequent figures. On a large time scale (Figure 2.1b), aver-
age climate for the simulations is repetitive with the climate state varying
between full stadial (climate index of 4) and full interglacial {(climate index
of 1). Little variance is apparent; the climate is very similar to the non-
stochastic part of the climate state input derived from ACLIN (Petrie and
others 1981, Figure 3.4). In detail (Figure 2.1a), the change from warmer to
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colder climate (increasing climate index) is gradual rather than the abrupt
change characteristic of the nonstochastic climate index input. This difference
lends a distinct saw-toothed appearance to the future climate state estimate.

Discussion

The stochastic climate state has two components, the nonstochastic climate
state input derived from ACLIN, and a random input from large volcanic tephra
eruptions which drives the climate to a colder climate state. As the simula-
tions progress through the interstadial (climate index of 3) parts of the non-
stochastic climate state, tephra eruptions become more probable resuiting in
an average cooling behavior that is almost linear with duration of the inter-
stadial. The saw-toothed climate state behavior seen here will be reflected
in the behavior of climate-dependent variables to be discussed below.

HEAD VALUES AT THE RECHARGE AREAS

Results

On the large time-scale graphs (Figures 2.2b to 2.5b), head values change
synchronously with changes in the climate state (Figure 2.1b). This relation
is even more evident in the detailed-20,000 year graph (Figures 2.2a to 2.5a),
in which the saw-tooth pattern of the change from interstadial to stadial cli-
mate state is evident. Long-period upward or.downward trends are not apparent
in Figures 2.2 to 2.5, but head values over most of the first 20,000 years are
smaller than at present.

Discussion

Head values at the recharge areas appear to be largely a function of cli-
mate state. This reflects changes in, for example, precipitation, vegetation
cover, and soil characteristics included implicitly in Probability Density
Functions (PDFs) 17 through 24 (Appendix A). Long-period changes are not
strongly evident because: 1) net uplift or subsidence of the recharge areas
is relatively small (see PDF 107, Appendix A), 2) isostatic effects of conti-
nental glaciation have been ignored for reasons to be explained in a later
section, and 3) orographic effects of elevation changes of the Cascade and
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eastern ranges have been ignored because those changes were relatively small
(Figures 2.6 and 2.7). However, PDFs 9, 10, 13, and 14 (Appendix A) which
describe elevation changes of the Cascade and eastern ranges may be in error,
as will be discussed in Chapter 3.

Lower head values, compared with present ones, over the first 20,000 years
of simulated time are related to glacial effects modeled in the GSM. The two
extremes of potential effects of a glacier covering the recharge area completely
are elimination of recharge by permafrost under the ice, and enhancement of
recharge under a wet-based glacier if meltwater is confined and pressurized by
ice Toading. In this latter case, 2 to 5 cmyr'] of water would be available
for recharge on a continual basis (Bull 1980). The probability and probable
duration of pressurized recharge are not known, and the subroutine dealing with
pressurized recharge was not used in the simulations. Thus, lower head values
under glacial conditions in the recharge areas will always occur in simulations
unless pressurized recharge can somehow be quantified.

Figures 2.3 and 2.4 show that northeast system heads have extreme low
values that are negative. These negative values are artifacts of the model
response to zero recharge. If the recharge is zero, head values at the north-
east recharge area are set to the current elevation at the discharge point.
This gives a zero head gradient and no-flow conditions in the northeast ground-
water system.

GLACIER MOVEMENTS

Results

Figure 2.8b shows that simulated lobes of the Cordilleran Ice Sheet cover
the Pasco Basin several times in the million-year simulations. However, for
the first 20,000 years of simulated time, glacial advances mimic those of the
late Pleistocene. Figure 2.8a shows that simulations had, with little stochastic
variation, one major advance, a minor retreat, then initiation of another advance
in the first 20,000 years. During this period, maximum ice advance is approxi-
mately the same as the Pinedale advance of the late Pleistocene, and as will be
discussed in a later section, Missoula floods occur during these advances as
they have in the past.
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The simulated glaciers enter the Pasco Basin for the first time after
approximately 60,000 years of simulated time. Several prolonged periods of
ice cover follow, with the one from about 500,000 to 600,000 years AP being
the longest.

Discussion

Glaciers will introduce several alterations to the environment of the
Pasco Basin, including changes in the unconfined ground-water system pathlengths
and velocities, permafrost effects, Missoula flooding, erosion and deposition,
changes in bedrock hydraulic properties induced by ice loading and isostatic
movements, and changes in the recharge area of the northeast ground-water sys-
tem. A1l of these factors will be discussed in later sections except for ice
loading and isostatic effects on bedrock hydrualic properties.

Subroutines analyzing these last two effects are included in the GSM, but
were not used in the simulations. Isostatic effects were not considered because
they were thought to be small at the time, and because their removal would be
conservative in that head gradients in the northeast groundwater system are
greater in the absence of isostatic effects. Further, during the first
20,000 years of simulated time, glaciers did not set close enough to the Model
Cross Section (MCS, see Petrie and othersv1981) to induce isostatic adjustment
(see Figure 8a; and scalar EXTRNE, Appendix A). However, isostatic effects on
the ground-water system cannot be dismissed intuitively during the unexpectedly
long periods of ice residence in the Pasco Basin suggested by the simulations.
This variable should not be "turned off" in future simulations of the Columbia
Plateau.

The GSM allows for changes in hydraulic conductivity in response to stresses
induced by ice loading. However, at the time that the simulations were run, »
needed data were not available. A weak consensus among the consultants for
the GSM suggested that glacially-induced fracturing would not induce significant
changes in the hydraulic conductivity of the basalts of the Pasco Basin; never-
theless, early heuristic runs with test data showed that ice-loading effects
could dominate all changes in hydrologic properties. Ice-loading processes
were "turned off" so that the effects of other, better-understood phenomena



could be observed in these simulations. Clearly, more study of the hydrologic
effects of ice loading is warranted if the behavior of glaciers predicted by
the GSM for the Columbia Plateau is verified.

SEA-LEVEL CHANGES

Results

Comparison of Figures 2.8 and 2.9 shows that changes of sea level are in
phase with changes in the position of the glacier margin. Maximum depression
of sea level below the present value is 150 metres during the entire million
years, and about 100 metres during the first 20,000 years of simulated time. '
Figure 2.9 shows that scatter of sea-level values is larger than that of the
corresponding glacier margin position.

Discussion

Maximum depression of sea level is an important parameter because sea level
is the ultimate base level for subaerial erosion in the Pasco Basin. In the
simulations reported here, it is reasonable to use change of sea level as the
relative change between sea level and the repository elevation because vertical
tectonic movements in the Pasco Basin were small (see PDF 34, Appendix A). This
latter assumption may be based on inaccurate tectonic rate data, and will have
to be studied further before it is defensible.

The larger variation for sea-level change relative to that of glacier
margin position has two probable causes: 1) sea level may change from its
current level because of changes in the volume of present ice sheets (for
example, melting of the Greenland and West Antarctic ice sheets could cause
a rise of sea level of about 12 metres; Bull 1980), and 2) the relation between
sea level and glacier margin position is nonlinear. Thus, variability in the
position of the glacier margin is accentuated in the corresponding uncertainty
in sea level.
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RATIO OF TRAVEL TIMES IN THE UNCONFINED AND DEEP BASALT HYDROLOGIC SYSTEMS

Results

Figure 2.10 shows the ratio of the instantaneous travel time of a water
packet moving from the top of the Wanapum-Saddle Mountain layer to the Columbia
River to that of movement from the repository to the top of the Wanapum-Saddle
Mountain layer. The travel time in the unconfined hydrologic system is always
much shorter than that in the basalts. Further (Figure 2.11), the ratio increases
when glaciers are close to the repository. Comparing Figures 2.10a and 2.8a
shows the correlation between position of the glacier margin and ratio of instan-
taneous travel times.

Discussion

Travel time is a function of ground-water speed (pore velocity) and path-
length. In the unconfined ground-water system, both of these parameters are
affected by glaciation. Pathlength may be increased or decreased by glaciation
at the repbsitory as shown in Figure 2.12. Permafrost, which reduces ground-
water speed, becomés effective in increasing travel time in the periglacial
environment] near a glacier margin. However, travel time in the unconfined
aquifer is such a small part of overall travel times that profound glacial
effects on unconfined travel time are not manifested significantly in overall
travel times. Thus, a reduction in the level of detail devoted to the unconfined
ground-water system in future uses of the Columbia Plateau GSM probably would
not significantly affect results.

MISSOULA FLOODING

Results

Figure 2.13 shows erosion and deposition in the Pasco Basin resulting
from Missoula Floods. On the average, net deposition by the floods dominates
the first 65,000 years of simulated time, followed by net erosion for the
remainder of the simulation.
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EFFECTS OF MISSOULA FLOODING(METERS)

EFFECTS OF MISSOULA FLOODING(METERS)

35 55

15

-25

-425 -200 - 29 250

-650

Enlarge Wallula Gap.

. e — e — — — -

_________________

5000 10000 15000 20000
YEARS

250000 500000 750000 1mmbmnm
YEARS

Net Erosion of the Pasco Basin by Missoula Floods if Glaciers
Shown are the average value (solid line),
envelope of maximum and minimum values (dashed line), and stan-
dard deviation (long-dashed, short-dashed 1ine) as functions of
time for (a) the first 20,000 yrs of simulated time, and (b) for
the full million yrs.

2.19



Discussion

Past Missoula floods have had a three-stage effect on the Pasco Basin;
erosion of glacio-fluvial and fluvial sediments during the initial, high shear-
stress flood pulse, followed by slack-water deposition during the ponding phase
caused by hydraulic damming at Wallula Gap, and concluded by a Tesser erosional
period as the ponded water flowed out Wallula Gap on the waning flood. Input
data for the Geomorphic Events Submodel were chosen so that this pattern con-
tinued in future Missoula floods so long as flood discharges were large enough
to cause hydraulic damming at Wallula Gap. However, at about 65,000 years of
simulated time, the Okanogan Lobe of the Cordilleran Ice Sheet crosses the
Pasco Basin and encounters the Horse Heaven Hills. It was felt that a valley
glacier extruded through Wallula Gap to drain the Okanogan Lobe would profoundly
enlarge the Gap, and hydraulic damming would not be possible during subsequent
Missoula floods. Thus, after about 65,000 years of simulated time, Missoula
floods cause net erosion and do not follow the earlier, three-phase net deposi-
tion pattern.

Figure 2.14 shows results of a 100-simulation sensitivity analysis in
which glacial erosion of Wallula Gap was not considered. In this case, net
deposition dominates (on the average) the entire million-year simuation.

The values for Missoula flood erosion are probably conservative in the main
simulations because, during the longer time steps later in each simulation,
erosion of the Pasco Basin below sea level is possible if the Geomorphic Events
Submodel is called before Sea Level. This "excess" erosion is compensated by
deposition when the Sea-Level Submodel is finally called.

DEPTH TO REPOSITORY

Results

Depth to the repository decreased slightly during the first 10,000 years
of simulated time, with 1ittle variance (Figure 2.15). At the end of that
time, the erosional trend is interrupted by a 3000-year depositional period,
and the variance increased markedly. A balance between erosion and depositon,

with 1ittle net change, continued until approximately 65,000 years of simulated
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time, when a period of more rapid erosion began. Net deposition again became
dominant after about 715,000 years of simulated time, with occasional erosional

episodes.
Discussion

The only erosional process at work in the first 10,000 years of simulated
time was "normal" river erosion. Local baselevel is the Columbia River, which
occupies a channel in deposits from the last Pleistocene Missoula flood and is
armored against flows of lesser magnitude. Thus, the "normal" river erosion
rate is controlled by the rate of abrasion of the armoring boulders and behaves
more like bedrock erosion than alluvial erosion.

The first Missoula floods occur at approximately 10,000 years of simulated
time (Figure 2.13a). Comparison shows that Figure 2.15a is simply Figure 2.13a
with superimposed "normal" river erosion. Between 10,000 and about 65,000 years
of simulated time, the Pasco Basin regime is one of slight net aggradation as
a result of Missoula floods with behavior similar to that of the past. In the
period between 65,000 and 715,000 years of simulated time, Wallula Gap has been
eliminated as a hydrodynamic dam for Missoula floods, and net erosion by floods
and fluvial processes dominates. Glacial erosion and deposition during this
same period of time apparently is secondary to that caused by the Missoula
floods, but this relative behavior is sensitive to input data for the two
processes. More work will be required to verify the relative importance of

glacial versus glacio-fiuvial erosional and depositional processes.

Erosion to low stadial sea level has occurred by about 715,000 years of
simulated time; the minimum value for depth to the repository because, as was
discussed previously, vertical tectonic movements of the Pasco Basin were small.
Subsequent marine deposition during higher interstadial and interglacial stands
of sea level reverses the downward trend of depth to the repository except when
interrupted by renewed erosion during low stadial stands around 800,000 years
of simulated time.

The erosional curve from 65,000 to 715,000 years is nearly linear, reflect-
ing the conservative nature of the erosion rate law used for Missoula floods.
A more realistic rate law would decay exponentially as the slope of the Columbia
River decreased during the long period of erosion. However, the analysis itself
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cannot be demonstrated to be conservative because the erosion rate for Missoula
floods (Polynomial 13, Appendix A) was derived from studies of smaller-scale
fluvial erosion of bedrock.

HEAD VALUES AT THE DISCHARGE POINT

Results

Head values for ground-water discharge (Figure 2.16) mimic those for depth
to the repository shown in Figure 2.15. However, after approximately 715,000 years
of simulated time, the amplitude of variations is larger than that of depth to
the repository.

Discussion

The discharge point of the confined ground-water system is assumed to be
the Columbia River (Petrie et al. 1981), suggesting that the head value at the
discharge point should mimic the elevation of the river. The fact that the
discharge head value also mimics the depth to the repository is a result of
small vertical tectonic movements of the Pasco Basin, which means that repository
depth mimics surface elevation (fixed'fepository elevation), and that denudation
in the Pasco Basin keeps pace with incision of the Columbia River (no canyon or
coulee formation). These assumptions and related input data must be subjected
to further review. '

After about 715,000 years, sea level is used as the discharge head value.
Sea-level changes have a larger amplitude than corresponding subaerial erosion
or deposition, explaining the greater variances found in this time period for
discharge head values than for depth to the repository.

HEAD DIFFERENCES ALONG THE GRANDE RONDE FLOW PATHS

Results

Figures-2.17 and 2.18 show differences in head values between recharge and
discharge areas for the southwest and northeast Grande Ronde ground-water flow
paths, respectively, and summarize information in Figures 2.5 and 2.15. For
the first 20,000 years of simulated time, the most marked feature is the jump
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FIGURE 2.16.
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FIGURE 2.18.
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in head differences at about 12,500 years followed by an exponential decay.
This jump represents and average net gain of approximately 34% relative to
present values. However, for most of the first 20,000 years, head differences
are on the order of 14% less than present values. Other long-period trends
are not apparent in the first 20,000 years. However, a long-period net change
does become apparent after about 65,000 years of simulated time; with a net
increase in head differences until approximately 700,000 years followed by a
net downward and oscillatory trend for the remainder of the million years.

Discussion

Head differences are affected by the same phenomena as head values dis-
cussed previously. Climate dominates changes in head values for the first
65,000 years of simulated time, after which fluvial erosion is most important
until the site is eroded to sea level and flooded. On the average, the south-
west flow path experiences about a three-fold increase in head difference
owing to fluvial erosion, and the northeast path a proportionately smaller
increase because of its greater initial difference. Thus, although exposure
of the repository by fluvial erosion does not happen in the simulations, such
erosion does act to increase substantially ground-water flow through the
repository.

A difference between the lower bounds for head difference between Fig-
ures 2.17 and 2.18 is that those for the southwest flow path exhibit negative
values at the start of the simulation while those for the northeast path are
zero. This is an artifact of the way in which zero recharge is handled in the
two areas; the head value in the southwest recharge area defaults to that of
the discharge point at the start of the simulation while that of the northeast
recharge area defaults to that of the present discharge point. This difference
was included to allow for glacial effects in the northeast recharge area and
does not affect model results.

INCREASES IN HYDRAULIC CONDUCTIVITY DUE TO SWARMS OF MINOR EARTHQUAKES

Results

Swarms of small earthquakes occur in the Hanford area, for example at
Wooded Island (Myers et al. 1979), which are not necessarily related to known
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faults. Figure 2.19 shows estimated changes in hydraulic conductivity of the
repository caused by nearby swarms of earthquakes. It can be seen that the
change in hydraulic conductivity increases linearly, that the variance of the
hydraulic conductivity also increases linearly, and that changes in hydraulic
conductivity are small in comparison with most values used in these simulations
(see PDFs 69 to 78, Appendix A) but are large compared with the initial value
of repository hydraulic conductivity (see scalar RPOSHC, Appendix A).

Discussion

The behavior shown in Figure 2.19 is an expected result of the way in
which the effects of earthquake swarms were modeled. The occurrence of swarms
is an independent Poisson-variate driven event (see scalar AVESWM, Appendix A),
with the change in hydraulic conductivity caused by each event taken as a frac-
tional amount of the hydraulic conductivity of the repository (see scalar
RPOSHC and PDF 131, Appendix A).

CHANGES IN REPOSITORY HYDRAULIC CONDUCTIVITY CAUSED BY DEEP, SUB-BASALT FAULTING

Results

Figure 2.20 shows no changes in hydraulic conductivity of the repository
caused by deep-seated faulting until about 398,000 years of simulated time have
elapsed. After that, relatively small changes occur.

Discussion

Changes in hydraulic conductivity of the repository resulting from deep-
seated earthquakes are functions of distance and magnitude of the earthquakes
and of Tithostatic confining pressure at the repository. Wight (see Appendix C)
indicated that, for basalts of the Pasco Basin, changes in hydraulic conductivity
will not occur if cover thickness exceeds about 950 metres because in situ
stresses tend to close fractures that open or lengthen during seismic shaking.
Even at depths less than 950 metres, confining pressures mitigate effects of
seismic shaking. For example, Figure 2.16b shows that minimum cover at the
repository is greater than 600 metres during the million-year simulations.
At this depth, even if an earthquake is loacted in the basement directly below
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FIGURE 2.20.
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the repository (greater than 2 km distant), an earthquake with a Richter magni-
tude greater than 7.5 would be necessary to change hydraulic conductivity at
the repository.

AVERAGE HYDRAULIC CONDUCTIVITY OF THE WANAPUM-SADDLE MQUNTAIN LAYER

Results

Figures 2.21 and 2.22 show Tittle change in hydraulic conductivities of
the southwest and northeast Wanapum-Saddie Mountain layers during the first
20,000 years of simulated time. However, a decrease in average hydraulic con-
ductivity is apparent over the total million-year simulation.

Discussion

In the GSM, hydraulic conductivity of the Wanapum-Saddle Mountain layer
is affected by:

1) The initial values of hydraulic conductivity chosen for the various
components of the MCS by the Undetected Features Submodel (see Petrie
et al. 1981).

2) Changes induced by earthquakes in the sub-basalt basement.

3) Changes induced by earthquakes in the basalts, but not located on the
MCS (for example, located on Gable Mountain).

4) Local earthquakes located on the MCS.

5) Geochemical "healing" (i.e., a reduction of hydraulic conductivity caused
by deposition of chemical precipitates in pore spaces).

"Healing" and local earthquakes Tocated on the MCS act to reduce the
average hydraulic conductivity (see PDFs 111, 112, 113, 114, 119, and 129,
Appendix A). Figure 2.23 shows the change in hydraulic conductivity resulting
from healing, while Figure 2.24 shows changes caused by local fault activity.
Comparison of these two figures indicates that, based upon the preliminary
input data of Appendix A, Tocal faults effect a greater reduction in hydraulic
conductivity than does geochemical healing. Substantial review of these data
is necessary before this result can be accepted or dismissed.
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FIGURE 2.22.
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The effects of local and deep-seated fault movement have been considered
as opposites in the input data and in the above discussions. The reason is
that the sub-basalt faults are assumed to propagate through overlying basalts
as a zone of disruption which increases fracture apertures and lengths, hence
effective hydraulic conductivity (Petrie et al. 1981). In contrast, discrete
local faults which intersect the MCS will have 1little effect on average hydraulic
conductivity if their hydraulic conductivity is greater than that of the undis-
turbed rock because of the minute fault zone width compared to length of the
flow path. Conversely, formation of fault gouge which causes a relatively
smaller hydraulic conductivity in the fault zone can act as a "bottleneck" in
the flow and reduce the average hydraulic conductivity of the flow path substan-
tially. For example, a one-metre wide fault zone in a 100-metre flow path
(Figure 2.25) can reduce average hydraulic conductivity of the flow path by a
factor of two if the hydraulic conductivity of the fault zone is an order of
magnitude smaller than that of the undisturbed rock (Figure 2.26). A fault
zone with greater hydraulic conductivity than the undisturbed rock can also
act to reduce flow through the repository by “"short-circuiting" the f]ow‘path.
This flow geometry cannot be accommodated by the one-dimensional analysis in
the Hydrology Submodel (Petrie et al. 1981), but its omission is considered to
be conservative.

HYDRAULIC CONDUCTIVITY ALONG THE GRANDE RONDE FLOW PATHS

Results

- Figures 2.27 and 2.28 show predicted changes in average hydraulic conduc-
tivity along the southwest and northeast Grande Ronde flow paths, respectively.
Average values show an initial, nonlinear increase with time peaking at about
four times the initial value at 345,000 years of simulated time in the south-
west flow path and at about 3.5 times the initial value by the end of the
million-year simulations in the northeast flow path.

Discussion

In addition to the phenomena affecting the Wanapum-Saddle Mountain system
flow paths, average hydraulic conductivities along the Grande Ronde flow paths
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are also influenced by swarms of minor earthquakes and by changes in hydraulic
conductivity of the shaft seal. The influence of changes in shaft-seal pro-
perties is small because the changes are relatively small (Figure 2.29) and
because the shaft seal is aligned parallel to the flow and makes a relatively
small contribution to the overall flow area.

In contrast, the remaining phenomenon, change of hydraulic conductivity
of the repository caused by nearby swarms of minor earthquakes, appears to
control the difference in behavior between the Grande Ronde and Wanapum-
Saddle Mountain flow paths. This is because the repository was assumed to have
a very small hydraulic conductivity compared to the host rock (see Scalar RPOSHC,
Appendix A) and thus acts as a "bottleneck" in the flow in the same fashion
as local faults in the Wanapum-Saddle Mountain flow paths discussed above.
This effect also reduces the variance of the average hydraulic conductivities
of the Grande Ronde flow paths in comparison with those of the Wanapum-Saddle
Mountain flow paths and with the input data for the basalt components of the
Grande Ronde flow paths (see PDFs 69-78, Appendix A). This illustrates that
the repository, with small hydraulic conductivity and hydraulic conductivity
variance, acts not only as a "bottleneck" to control average hydraulic conduc-
tivity of the flow path, but also acts to control its variance (i.e., the
variance of the average is dominated by the variance of the least conductive
member).

TOTAL DARCY VELOCITY AT THE REPOSITORY

Results

Figure 2.30 shows the sum of Darcy velocities through the repository
from the northeast (Figure 2.31) and southwest (Figure 2.32) Grande Ronde flow
paths. Following an initial decrease, average Darcy velocity rises to a peak
about seven times greater than the initial value by approximately 500,000 years
of simulated time. Fluctuations of the same order of magnitude as the initial
value are apparent on the average curve in Figure 2.30b, with proportionately
larger fluctuations on the plus-one standard error and maximum-value curves.

2.42



=
<L
(=]
S~
=
. 2 b
(&5 ]
-
(a) &
<L
X
[¥a} 1 .
=
(Ve
[da}
=
<C .
S -—-.-A---.-J‘--.--.l--.-_.
0
0 5000 10000 15000 20000
YEARS
15 .
/
A
— -
= v
S -~
£ 10 7
IS
(b) =
'—
(7N
<L
&
= 5
(Ve
[da}
=
<L
X
(&5 ]
0

0 250000 500000 750000 1000000
YEARS

FIGURE 2.29. Change of Hydraulic Conductivity of the Shaft Seal.
Shown are the average value (solid line), envelope
of maximum and minimum values (dashed line), and
standard deviation (long-dashed, short-dashed line) as
functions of time for (a) the first 20,000 yrs of
simulated time, and (b) for the full million yrs.

2.43



(a)

FIGURE 2.30.
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FIGURE 2.31.
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the Repository. Shown are the average value (solid line),
envelope of maximum and minimum values (dashed line), and
standard deviation (long-dashed, short-dashed 1ine) as
functions of time for (a) the first 20,000 yrs of simulated
time, and (b) for the full million yrs.
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Discussion

The repository Darcy velocity is a function of head gradients and average
hydraulic conductivities in the Grande Ronde flow pafh. Thus, previous dis-
cussion has been structured to show the logic relating these variables, hence
repository Darcy velocity, to more fundamental causes. Specifically, the long-
period component of change in Darcy velocity reflects:

1) The increase in hydraulic conductivity caused by degradation of the
"bottleneck" effect of the repository.

2) The increase of head gradients resulting from fluvial erosion of the
Pasco Basin.

The short-term fluctuations of repository Darcy velocity show the effect of
climatically-induced recharge enhancement, principally during periods of
deglaciatian.

As discussed previously, the head difference along the southwest flow
path increased by a factor of approximately three and the hydraulic conductivity
by a factor of about four during the million-year simulations. Figure 2.32
shows an increase of Darcy velocity through the repository for the southwest
system of a factor of slightly less than 11, which indicates that the head
gradient and hydraulic conductivity did not peak simultaneously. Also, the
quantitatively more important northeast flow system had an increase of Darcy
velocity through the repository of a factor of only 5, which resulted in the
overall increase of a factor of about 7.

Although neither the changes in hydraulic conductivity and head gradient,
nor changes in Darcy velocities in the northeast and southwest flow paths,
necessarily occur simultaneously for the averages shown in Figures 2.30, 2.31,

and 2.32, it is entirely possible that all components might act in phase in an
individual simulation. This will be discussed in a later section.

INSTANTANEQUS TRAVEL TIME

Results

The Hydrology Submodel of the GSM calculates an instantaneous travel time
from the repository to the Columbia River for each time step using Darcy's Law,
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the average hydraulic conductivity of the remaining flow path, and the current
potentiometric head gradient. This travel time is not, then, a measure of how
long it takes an individual particle of water to reach the Columbia River, but
rather an indicator to alert the user to major or catastrophic changes in the
flow system. Figure 2.33 shows that average instantaneous travel times are
large (unrealistically so as will be discussed below), undergo an order of
magnitude increase with time, and are subject to pronounced short-term
fluctuations.

Discussion

Instantaneous travel time is assumed in the GSM to be controlled by that
part of the flow path in the Wanapum-Saddle Mountain layer (Petrie et al. 1981).
Thus, the increase in travel time is a function of the progressive decrease in
hydraulic conductivity of that layer, tempered by the effects of fluvial erosion
which shorten the path length and increase the head gradient as the simulation
proceeds. Short-term fluctuations appear to be in concert with climatically-
induced changes in recharge.

As was mentioned above, the actual values of instantaneous travel time
are unrealistic; of the order of 6 x 107 to 6 x 108 yrs compared with the order
of 15,000 yrs found in the detailed study reported by Dove and others (1982).
This difference is a result of incomplete calibration of the GSM Hydrology
Submodel against the more detailed models, particularly in the area of effec-
tive porosity which is needed to calculate pore velocity from Darcy velocity.
This calibration was beyond the scope of the work reported herein; however,
results of the Hydrology Submodel are l1inearly dependent on, for example,
effective porosity, so should show the correct relative behavior of the instan-
taneous travel time even if the absolute values are incorrect.
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FIGURE 2.33.
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CHAPTER 3
EVALUATION

As has been discussed previously, the results of the GSM simulations of
the Columbia Plateau are based upon inadequately reviewed data and are not yet
defensible. However, the results are promising, and the general behavior of
the GSM over the near-term (20,000 years) and long-term (million years) is
plausible. Further, these results provide a basis for evaluating the GSM and
suggest specific needs for further work to provide scientific credibility to
the analyses. This work includes peer review of the code and input data, and
more importantly acts as a guide to the conduct of focused site characterization
studies. Finally, the GSM results are the first produced by a simple, integrated
model of a repository system (far-field component only), and provide a sample
of the capabilities of such models for guiding the application of more physically--
based process codes and for determining R&D priorities in the selection, char-
acterization, and licensing of a site for a repository for high-level nuclear
waste.

PRELIMINARY EVALUATION OF SUBMODELS

Evolution of the GSM hydrologic system resulted primarily from the effects
of climatic changes and of movement on local faults. Thus, the time histories
of Darcy velocity and instantaneous travel time shown in Figures 2.30 and 2.33
depend upon the accuracy of the Milankovitch climate driver and ancillary data
and subroutines (for example, rainfall rates, glacial advances, Missoula floods,
and river erosion), and upon the data and code of the Deformation Submodel which
resulted in insignificant folding, major fault offset, or relative elevation
changes between the Pasco Basin and the ground-water recharge areas. Review of
the GSM data and code can be focused by considering this behavior, studying the
relative dominance of simulated processes within the GSM which led to this
behavior, and evaluating that balance of processes against knowledge of the
real geologic/hydrologic system.
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A preliminary review was conducted, aided substantially by .inputs from
Dr. Richard G. Craig, an AEGIS consultant. Results of that evaluation, and
suggestions for further developmental work to improve the credibility of the
GSM results, are presented below by submodel.

Climate Submodel

The Climate Submodel was the principal driver for many of the developments
that took place in the GSM simulations, and was the basis for some of the great
complexity of interactions between other processes. Thus, it is absolutely
essential that the Climate Submodel be parameterized and coded without error.
Possible inadequacies which should be addressed are:

e The probability of an ashfall significantly affecting climate (scalar
PASHFL, see Appendix A). This parameter is difficult to set because
no such effects have been documented; for example, no long-lasting climatic
changes resulted (apparently) from the Tambora and Krakatoa eruptions and
Tunguska event. A better way to treat the possibility is to separate the
frequency of large tephra eruptions (for which good control can be found
in cores of the Greenland Ice Sheet) from the probability that an eruption
of a given size would have a significant and long-lasting effect on climate.

e It appears that probabilities for uplift of the Cascade and eastern ranges
(scalars PCASUP and PRKUP, see Appendix A) were provided by consultants in
the form of rates, and that an arithmetic error of two orders of magnitude
(too small) was made in the rate provided for the uplift rate of the
Cascades. The GSM code should probably be modified to draw an amount of
gross uplift from a density curve at each time step, and this amount should
include elevation gains caused by the accumulation of volcanics as well as
tectonic uplift.

® Precipitation values for all recharge areas and climate states should be
reviewed. The use of a biomodal curve shape for an interglacial climate
in order to include the altithermal interval of the Holocene climate (see
PDFs 1 and 5, Appendix A) may not be satisfactory. The altithermal cli-
mate lasted approximately 4,000 years; the present GSM configuration allows
draws from altithermal and '"normal" interglacial precipitation rates on
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subsequent time steps. A separate curve and climate state should probably
be used for the altithermal. Further, in interpolating interstadial and
temperate interstadial precipitation rates between stadial and interglacial
climates, the average of altithermal and "normal" interglacial precipitation
rates was used; this procedure should be reviewed.

The balance between reduced evaporation and increased precipitation during
astadia] climates should be reexamined. If glacial climates have less
precipitation than at present, rather than greater as simulated by the .
GSM (see PDFs 4 and 8, Appendix A), the advance of the simulated Cordilleran
Ice Sheet may be Tess extensive than that of present simulation results.

Erosion rates of the Cascade and Eastern ranges (PDFs 10 and 14, Appendix A)
may be as much as an order of magnitude too small, and do not increase with
increasing relief or with increasing precipitation.

The fraction of precipitation going to recharge (for example, PDF 21,
Appendix A) should be calibrated where possible against more sophisticated
analyses such as Dove et al. 1982.

Orographic effects caused by elevation.changes of the Cascade and Eastern
ranges (Polynomials 1, 2, 3, 4, and PDFs 11, 12, 15, and 16, Appendix A)

were included in the GSM code, but no data were available and the subroutines
were not active. The most 1ikely orographic effect is increased aridity
caused by net uplift of the Cascade Range. It is probably conservative

to ignore this effect because increased aridity may limit glacial advances
thereby inhibiting the widening of Wallula Gap and subsequent erosion by
Missoula floods, and also reduce recharge during all climate states.

However, unforseen effects of increased aridity may not be desirable, and
further efforts to acquire data should be made.

ACLIN itself should be reviewed in detail, and perhaps an alternative
considered for a parallel analysis. Since the Climate and Glaciation
Submodels are run separately with uniform 100-yr time steps before the
main GSM simulations, such an experiment would not be costly. Another
modification to be considered is the use of the smoothly-varying ACLIN
curve itself, rather than the discrete climate-state step functions now
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used, to simulate climate changes more accurately. This latter under-
taking could be a major effort.

The effects of changes of sea level should be included with orographic
effects.

Deformation Submodel

The Deformation Submodel determines the direct and indirect effects of

folding and faulting upon the simulated hydrologic system. Long-term changes
in repository and bedrock hydraulic conductivities were determined by this sub-

model, as were the relatively insignificant changes in relative elevation

between the Pasco Basin and recharge areas and fold and fault deformation within
the Pasco Basin. Possible inadequacies which should be addressed are:

A distinction should be made between the number of swarms per hundred years
and the number of earthquakes that occur during a particular swarm event.
It may be inappropriate to assume, as the GSM does now, that each earth-
quake within the swarm will contribute equally to the energy release.

Swarm events have (tentatively) been found to increase signficantly the
degradation of the repository, justifying further evaluation of the
phenomenon.

The time between thrust-fault movements (PDF 87, Appendix A) may be too
large, and the present value and code structure almest guarantee that no
thrust faulting will occur in the first 10,000 years. This may be an
artificial sense of safety, and should be reviewed.

The statistical basis for fold parameters (PDFs 93 through 97, Appendix A)
should be examined carefully; other types of distributions may be more
appropriate to the phenomena and data available than those used in the
input data.

The subsidence rate of the Pasco Basin (PDF 106, Appendix A) may be one

or more orders of magnitude too small. Further, subsidence in the Pasco
Basin could have several effects which are not modeled in the present

GSM. For example, a Towered gradient on the Columbia River could lead to
temporary ponding behind Wallula Gap and a change of the river to a meander-
ing pattern. This change could result in a shift of the river channel out
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of the present, armored channel and in conjuction with renewed downcutting
at Wallula Gap to greater rates of channel incision at the repository.

Uplift rates for local mountains (PDFs 107 through 110) may be too small.
However, the present data in the GSM yield a greater uplift in a million
years for the Rattlesnake Hills than for the Cascade Range, suggesting
that all uplift rates should be scrutinized. Uplift and erosion should
also be considered for the northeast recharge area, where they could have
effects both on the amount of precipitation and on the hydraulic gradient
affecting the confined flow systems.

Because of the way that the GSM is now coded, only one new fold is allowed
to be active in the area (see Petrie et al. 1981). If another forms, it
eliminates the earlier one. The GSM uses a moderately elaborate approach
to define the geometric characteristics of the néw fold; however, these
details have little direct effect upon other variables. Fold modifications
of the ground-water system and rates of river erosion, and subaerial
erosion of the fold should also be considered.

The effects of faults and faulting on hydraulic conductivity appear to
have several inconsistencies. These are the result of data inputs from
several consultants, which were made at a time when the work schedule did
not allow flexibility for discussions and interchanges of data between
consultants. The differénces may be related to failure to distinguish
between "faulting," which may increase local hydraulic conductivity in
brittle rocks by orders of magnitude, and "faults," which may now be areas
of reduced hydraulic conductivity caused by subsequent healing processes
such as are modeled in the GSM. Experience with the present GSM code

and data set should be used as a guide to revisions which will achieve
the most credible sophistication within the Timits of available data.

The effects of folds and fold growth upon hydraulic conductivities should
receive further work; at present they are either not used or not considered.

Other phenomena which should possibly be considered are the effects of
earthtides and temperature changes on permeability or hydraulic conductivity,

and the effects of continental drift which may amount to 20 to 50 kilometres
in a million years.
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Geomorphic Events Submodel

The major phenomenon acting in this submodel is catastrophic flooding
caused by the failure of ice dams in the region of Pend Orielle, Idaho. Such
flooding is known to have occurred in the past and the necessary boundary condi-
tions still exist. The last effect of the most recent flood was the deposition
of a thick layer of cobble gravel over the repository site. However, it is
probable that deep scouring of the bed of the Columbia River and adjacent areas
occurred in the earliest flood stages. Further, elimination of Wallula Gap
as a flow restriction could extend the period of intense erosion throughout
succeeding floods. It is especially important that careful examination of the
boundary conditions and dynamic response of the system be made, and that the
submodel be consistent with applicable geomorphic theory and available field
evidence. Peripheral events which could mediate or accentuate flood-related
erosion should also be considered. Possible inadequacies which should be
addressed are:

e A portion of the Geomorphic Events Submodel is devoted to normal fluvial
erosion. In comparison to the effects of catastrophic floods, the poten-
tial for disruption of a repository appears to be much less. However, the
possibility that the effects of normal erosion may interact with the
catastrophic floods to yield unanticipated results should be considered.

e The average number of Missoula floods per 100 years (scalar AVEFLD, Appen-
dix A) may be inaccurate in that it is based on data which include the
flood resulting from the catastrophic draining of Lake Bonneville and on
a perhaps inaccurate interpretation of the Pleistocene record. The code
should be reworked to separate other catastrophic floods from those
emanating from Lake Missoula, and more accurate data shouid be derived for
Missoula floods. This latter effort may include the need for well-directed
field work.

e By comparison with the rates of rise of pluvial lakes in the Great Basin,
a rough calculation suggests that the filling of Lake Missoula should take
on the order of 400 years. Thus, Missoula floods should not be possible
in consecutive 100-year time steps, and a conditional probability of occur-
rence should be used based upon more refined calculations.
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The erosion factor for folds affected by Missoula floods (scalar EFOLDE,
Appendix A) is not supported by documented data. Suitably-reviewed dis-
cussion of the derivation.of this value should be developed.

The minimum Missoula flood-flow for hydraulic damming at Wallula Gap
(scalar QDAM, Appendix A) should be reviewed, and the effects of changes
of gradient of the area upstream and changes of the cross-sectional area
and shape of Wallula Gap included in the code.

The maximum radius from the repository for stream capture by a growing
fold (scalar RIVCAP, Appendix A) should be related to the current size
of the fold.

The amount of northeast recharge area still covered by loess, and there-
fore not available for recharge of the confined aquifers of the Pasco
Basin (scalar RNELF, Appendix A) 1is currently equal to the total area of
the northeast system, ignoring extensive stripping of loess cover within
scabland flood channels. This is an oversight that should be corrected.
The fractional reduction of loess cover with each Missoula flood (scalar
RNERED, Appendix A) should be rederived as a function of AVEFLD and RNELF.

Changes of river slope caused by various events (PDFs 46 through 50,
Appendix A) should be reevaluated for accuracy and consistent treatment,
and the error checking limits (scalars SLOPHI and SLOPLW, Appendix A)
adjusted accordingly.

River discharges (PDFs 56 through 59, Appendix A) should be reevaluated,
and the PDFs reformulated from their present point-by-point format to a
standard type for discharge data (for example, the Gumbel or Pearson
distributions).

Missoula flood discharge (PDF 64, Appendix A) and the treatment in the

GSM code of the relation between discharge and flow parameters appear to
have discrepancies with values reconstructed for past floods, and may

also contain errors. This part of the submodel is critical to the present
results of the GSM, and should be reviewed carefully.
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e Deposition during a Missoula flood (PDF 68, Appendix A) should be related
to the magnitude of the flood and possibly other parameters. This variable
should be a polynomial.

e Stream erosion and erosion during Missoula floods (Polynomials 13 and 14,
Appendix A) are functions both of the submodel code and data; both should
be reviewed for adequacy and accuracy. This is a key effect of the present
GSM, and one of the Tess expensive and time-consuming areas for further
investigations related to increasing both accuracy and precision of the
results.

e (onsideration should be given to the possibility of an increase or decrease
in drainage area of the Columbia River related to upstream stream capture(s)
or glacial effects, to migration of the confluences of the Snake or Yakima
Rivers, and to diversions resulting from combinations of tectonic, glacial,
and catastrophic flooding processes.

e If the site is inundated by the sea, the effects of wave planation and
shoreline retreat should be considered.

Continental Glaciation Submode]

Continental glaciation can affect the ground-water system directly through
increases or decreases in recharge, indirectly through modifications of the
surficial geologic systems, and also by changing stream discharges and sea
level. Both the direct and indirect effects of such glaciations appear to be
important in the GSM results. Unfortuantely, lack of data required that some
parts of the Continental Glaciation Submodel code not be used. In addition,
some potentially important phenomena were not included in the GSM. Suggestions
for improving the Continental Glaciation Submodel are:

e The calculation of glacier volume and the relation of sea level to the
volume of the Cordilleran Ice Sheet should be reevaluated. A more
sophisticated treatment would require that the glacier profile be
controlled by shape factors based on more relevant ice sheets (compared
with the present use of the Antarctic Ice Sheet), and the use of moraines
from past Cordilleran Ice Sheets to guide the generation of a more realistic
shape of simulated future ice sheets.
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e Modeling of glacial erosion should be reviewed; perhaps 5 to 150 metres

of erosion are possible during the million-year simulations, based upon
data from other locations. Such erosion in the Pasco Basin would be a
significiant contribution to that already simulated by the GSM. Also,

a more sophisticated consideration of glacial erosion of Wallula Gap

should be considered. At present, the GSM is coded to eliminate Wallula
Gap as a constriction to Missoula floods immediately after the first glacial
advance to that location. The extent of glacial scouring could be modeled
more precisely based on comparisons to the depth and width of valleys
scoured by past advances of the Okanogan Lobe.

At Chelan, the original valley was blocked by the Okanogan Lobe and a
second outlet carved. A similar diversion by a piedmont lobe of the
Central Montana Ice Cap was documented by Foley (1980). Such an occurrence
near Wallula Gap could result in more extreme hydraulic damming of Missoula
floods than has occurred in the past, and should be included in the GSM.

Glacially-induced fracturing, which can enhance fracture permeability of
the ground-water system, was modeled by the GSM, but so dominated trial
runs with test data that the subroutine was deactivated pending better
data. Those data were never obtained, and future development of the GSM
for the Columbia Plateau should include further consideration of this
phenomenon.

Past glaciations were accompanied by the accumulation of extensive and
thick deposits of loess, which may act to reduce recharge to the confined
aquifers. Future use of the GSM should probably include simulations of
similar accumulations of loess. Although it may be conservative to ignore
this phenomenon, an in-depth consideration of all of the effects may
suggest some which are not conservative to neglect.

Hydrology Submodel

The Hydrology Submodel is central to the evaluation of the desirability

or undesirability of future states of the system modeled. The phenomena which

could disrupt the repository directly have much smaller probabilities than the

gradual changes of the ground-water system which could degrade the performance
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of the repository slowly over time. Other submodels take on importance in
proportion to their effects on this one, which should be reviewed carefully.
Suggestions for improving this submodel in addition to the calibration discussed
in Chapter 2 include:

e The calculation of reduction of pore volume by secondary mineralization
(see Petrie et al. 1981) assumes a 100-year residence time. Results of
more sophisticated analyses (Dove et al. 1982), and of the GSM simulations
suggest that residence times should be 10,000 years or longer. This dif-
ference should be factored into the calculations.

e The very small hydraulic conductivity of the repository host rock (scalar
RPOSHC, Appendix A) may be overly optimistic, and should be reviewed as
site characterization proceeds.

e The speed of unconfined ground water (PDFs 124 through 127, Appendix A)
should be reviewed in comparison with values reported in Dove et al. 1982.

e The entire suite of hydraulic conductivities, effective porosities, and
changes in these parameters with time and various geological developments
should be reviewed in comparison with the results of Dove et al. 1982,
and by the use of physically-based fracture flow models to estimate more
accurately the effects of deformation, shaking, and other processes on
the porous-medium equivalent hydrologic properties of the basalts.

e Pressurized recharge by a glacier covering the northeast recharge area
is included in the code, although it was deactivated for the simulations
discussed in Chapter 2. The phenomenon should also be considered for the
southwest recharge area, and input data developed to permit its use in
fugure simulations.

e The possibility that the Pasco Basin could be flooded by the sea was
realized in the GSM simulations. The code should be modified to model
the effects of overlying saline waters on the ground-water system and on
secondary mineralization.

® Decreases of head at the recharge areas, for example in the northeast
recharge area when a glacier advances across it, probably are not



“instantaneous" as now modeled by the GSM. The long residence time of
ground water in the confined system argues for an exponential decrease
with time.

e The possibility of recharge to the southwest ground-water system by the
Yakima River should be considered.

e The present one-dimensional (quasi-three dimensional, see Petrie et al.
1981) confined ground-water system does not allow the future ground-water
system to develop a general flow direction oblique to the Model Cross-
Section, to have flow paths diverted around the repository by new faults,
or to discharge to or receive recharge from existing or future coulees.
The desirability of including a more sophisticated spatial representation
of the ground-water system should be considered.

e The definition of a threshold flow through the repository of an order of
magnitude greater than initial flow as an indicator of significant
degradation of the repository (Zellmer and Lindberg 1981) proved unuseable
in analyzing results of the GSM simulations. A statistical approach based
on simulation results (Zellmer and Lindberg 1981) should be tried, and
time dependence of the threshold based upon remaining inventory of radio-
nuclides should be considered.

Magmatic Events Submodel

The probability of a magmatic event in the Pasco Basin may be too large;
far more events occurred in the simulations than have occurred in the past
million years. The input data (scalar AVEMAG, Appendix A) should be reviewed
for accuracy.

Meteorite Impact Submodel

Meteorite crater diameter (PDF 34, Appendix A) is a point-by-point fre-
quency distribution at present. A lognormal distribution consistent with
empirical and theoretical ones developed for terrestrial and planetary craters
should be substituted.



Sea~Level Fluctuations Submodel

Fluctuations of sea level affect the ultimate base level of the Columbia
River, and in combination with a possible local base level at Wallula Gap and
vertical tectonic movements of the Pasco Basin, control fluvial erosion near
the repository. In a million-year simulation, sea level is affected primarily
by the volume of ice on the continents and to a lesser extent by tectonics of
the ocean basins. Both influences are now lumped in the Sea-Level Fluctuations
Submodel (Petrie et al. 1981) in what may be a simplistic approach that adds
more uncertainty than is necessary. Glacio-eustatic and tectono-eustatic vari-
ations of sea level should be separated. Further, glacio-eustatic changes
should not be tied directly to fluctuations of the Cordilleran Ice Sheet, which
forms a small fraction of world ice volume at maximum extent. Petrie et al.
1981, have discussed the conservatism and practicality of the present approach.
In retrospect, a much simpler and less uncertain approach would be to compute
sea level directly from ACLIN, which was justified and calibrated initially on
the assumption that it should correspond to glacio-eustatic sea-level changes.

Sub-Basalt Faulting Submodel

The basis for many of the relations between the physical characteristics
of faults and the characteristics of earthquakes occurring on them is a con-
sulting report by Wight et al. included in this report as Appendix C. Review
of Appendix C and the way in which relations are coded in the GSM will be
necessary to assure proper behavior of this submodel. Such variables as PDF 104
(see Appendix A), the distribution of earthquake magnitudes, should be reviewed
in comparison with the latest seismic data and interpretations for the Pasco
Basin and Columbia Plateau.

Undetected Features Submodel

The Undetected Features Submodel sets values of many of the hydrologic
system parameters at the beginning of each simulation. Results discussed in
Chapter 2 suggest that system hydrologic properties and their uncertainties
are not in agreement with the results of more sophisticated analysed of the
present hydrologic system. Thus, the entire suite of initial hydrologic data
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(for example, PDFs 70 through 83, Appendix A) should be reevaluated in compari-
son with results of analyses such as*that of Dove et al. 1982. The treatment
of existing faults in the recharge area also needs review for consistency both
internally and with data gathered during site characterization studies.

Shaft-Seal Failure Submodel

This submodel is in its infancy, and actually is a simple subroutine.
Consideration of this subject should be made in coordination with repository
design and sealing studies, and is a precursor of near-field phenomena which
should be modeled in future development of the GSM.

Probability Density Functions

The appropriateness of the form of many of the PDFs in the input data set
can, in retrospect, be questioned. In many cases, a standard form can be
justified in place of the point-by-point or alternate standard forms developed
for the preliminary input data. In others, present knowledge of some variables
is inadequate to justify departure from some standard form such as a normal
distribution for the PDF. The code and input data need to be reviewed by a
statistician and geostatistician to assure internal consistency and consistency
with knowledge of the behavior of individual processes.

VALIDITY OF PRELIMINARY RESULTS

The above discussion has shown that none of the primary GSM subroutines
and data which gave the results discussed in Chapter 2 can be proven valid
without thorough review and adjustment. Specifically, tectonic movements of
the Pasco Basin and recharge areas were insignificant but were based upon rate
of movement data which may be too small by several orders of magnitude; glacial
advances were based on climatic data which should be reviewed and the effects
of alternative formulations considered, and may not have included consideration
of relevant data describing local climates during glaciations; and glacial
effects at Wallula Gap the opposite of those modeled were not considered.

However, the first 20,000 years of the simulations are not likely to change
much even if the input data are revised substantially because the major uncer-
tainties discussed above are related primarily to slow-acting processes not



important in the.early stages of the simulations. It is not reasonable to
expect significant tectonic warping or major fault displacement in the Columbia
Plateau in the next 20,000 years even if changes in rates from their estimated
past values are occurring. Similarly, based on the late Quaternary record, it
it reasonable to expect another stage of continental glaciation and at least
one Missoula flood in the next 20,000 years. The advance of ice estimated by
the GSM is similar to advances of the Pinedale stades, which allows uniformi-
tarianism to be as much of a guide to validity of the results as would be an
exhaustive peer review of the GSM and its data.

Thus, with the exception of calibration of the Hydrology Submodel discussed
in Chapter 2, the GSM results for the first 20,000 years of simulated time have
sufficient validity to provide input for the more detailed analyses of the
demonstration of coordinated performance analysis technology for basalt reported
in Dove et al 1982. Results for the full million years are plausible, but can-
not be relied upon as an accurate guide to more detailed performance analyses.

RARE (CATASTROPHIC) EVENTS

The usual distinction between events and processes is that the processes
act continuously over time, while events are nearly-instantaneous occurrences
which may change some physical parameter discontinuously. The geologic record
makes little distinction between events and processes because it is long compared
to the recurrence interval of most events. Indeed, modern studies of many geo-
logic "processes" suggest that their effects are the result of many "mini-
catastrophes” rather than of a continuous, gradual change. Modeling of processes
as continuae or as aggregates of discrete "events" thus is determined by the
time period modeled compared to the time between events and the detail desired
in the interval between the beginning and end of the simulation. The GSM does
not distinguish between events and processes philosophically, but models each
in as realistic a manner as possible. The result is that some events such as
earthquakes, which may cause time-discontinuous development of the hydrologic
system during the period simulated with 100-yr time steps, become processes
during the 1,000 and 10,000-yr time steps because enough events happen to
form a statistical population in the model as a whole.
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However, some events, such as large meteorite impacts on earth in the last
billion years or more, have such long recurrence intervals that they must be
considered individually. Further, the formation of new faults, which may be
a "process" in the GSM as a whole, becomes an "event" if the new fault inter-
sects the repository. The probability of such an occurrence is so small that
it may not happen during several hundred million-year simulations, yet the
consequences may be of sufficient interest to warrant consideration. Experience
with the simulations conducted to date with the GSM suggests that these rare,
catastrophic events be considered separately from the main GSM simulations.
Because of problems with computer roundoff errors, special care would have to
be taken to assure accurate treatment of such low-probability occurrences and
orders of magnitude more simulations conducted. A better approach would be
to superimpose these rare events on the system manually. The superposition
of rare events upon degraded states of the containment system could be based
on the joint probabilities, and a cutoff probability used to guide those com-
bined degradations that would be subjected to further analysis.






CHAPTER 4

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The AEGIS Geologic Simulation Model (Petrie et al. 1981) has been run in
the Monte Carlo mode to generate several hundred possible future developments
of the geologic/hydrologic system of the Columbia Plateau. Results of these
analyses are plausible but not yet defensible because they are based on insuf-
ficiently documented and peer-reviewed input data and code. The GSM is com-
pletely developed as a research tool, but needs substantial review and polish-
ing before it will be useful as a licensing tool. An important benefit of this
“calibration" process is that it will help focus detailed site-characterization
studies and provide a framework in which to test the consistency of geologic
and hydrologic field data.

The principal, simulation-oriented findings from completion and running
of the GSM were:

e Such a simulation is in fact possible. The GSM performed well, was stable,
and produced plausible results.

e The GSM is greater than the sum of its parts. Synergistic interactions
between processes did occur, and some processes had results quite different
from those predicted by expert consultants. This clearly indicates that
some model like the GSM is necessary in the performance assessment of
complex geologic/hydrologic systems. Delphi or similar processes are
inadequate to the task of forming a gestalt of such a system and testing
its limits.

e The GSM is a unique tool for organizing geologic and hydrologic data,
showing which data appear to have a controlling influence on knowledge of
the behavior of the system, and showing where data or understanding of
phenomena are lacking. This process allows problem areas to be identified
early enough in the investigation to allow time for their solution, and
helps detect errors in data.
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e Documentation of the GSM and its input data provides an organized "audit
trail,”" showing assumptions and decisions made during a continuously-
refined analysis spanning several years.

e A working GSM allows rapid incorporation of new data or scientific develop-
ments into the analyses, and facilitates exploration of the implications
of both sides of any relevant scientific controversies.

The GSM does not yet produce scientifically-defensible results. An in-depth
peer review by Professor Richard Craig of Kent State University suggested many
areas where input data and/or simulation code were incompletely documented,
inconsistent, or possibly in error. These recommendations, a summary of which
follows, do not detract from the fundamental soundness of the model, but rather
from its immediate applicability to licensing of the Hanford site.

The Climate Submodel of the GSM is extremely important because it acts as
a driver to other submodels, particularly those handling geomorphology, sea-
level changes, glaciation, and the hydrologic system. Climate is the principal
dynamic component of the GSM besides tectonics, and contributes about half of
the complexity of the model. 1Initial runs of the GSM suggest that climatic
changes have profound effects on the ground-water system affecting a repository
in the Pasco Basin, both beneficial and deleterious at different times in the
"future." Thus, the components of the Climate Submodei need careful review.
The Climate Submodel is composed of two basic parts, the climate state predictor,
and input data to characterize the hydrologic parameters of the different climate
states (for example, rainfall, runoff, recharge). The climate state predictor
employs a Milankovitch driver (ACLIN) developed for AEGIS by George Kukla of
Lamont-Doherty, with a small stochastic input to account for large tephra
eruptions (Petrie et al. 1981). The scientific community is not in complete
agreement on the basis of climatic change, and would credit a model such as
ACLIN with explaining only 40% to 65% of the variability of past climates. A
way to forestall criticism of a site performance analysis made with the GSM
would be to test the effects of using other climate state bases in place of
ACLIN in separate analyses. The GSM was designed to facilitate such sensitivity
analyses and would quickly demonstrate the effects of different approaches to
the prediction of climate.

4.2



A more ambitious approach would be to charter a detailed study, for example
by the CLIMAP group, to generate a state-of-the-art climate state driver. Such
a study is probably beyond the scope of NWTS site characterization work. How-
ever, the flexibility of the GSM in dealing with new data would permit rapid
assessment of the effects of such a model should it be developed independently
at some future date.

Input data to characterize the climate states can probably be developed
from paleoclimatic parameters developed for a Site Characterization Report.
Some parameters, such as the orographic effects of changes of relative elevation
between the Pasco Basin and the Cascades and Rockies for the Hanford site, or
of changes of sea level, may require limited original work by outside consul-
tants, but not of a scale or generality to be excluded from the scope of site
characterization work.

A related area of effort for the Columbia Plateau GSM is that of growth
of the Cordilleran Ice Sheet and its relation to the Laurentide Ice Sheet or
global continental glacial activity and to sea level. The present Continental
Glaciation Submodel has a simplistic representation of the Cordilleran Ice Sheet
as circular and synchronous with global glacial advances and retreats. Such a
representation would probably have been adequate if future glaciers had not
been predicted to cross the Pasco Basin repeatedly. A more sophisticated
representation is clearly needed now, and like climate can probably be approached
from a relatively site-specific basis within the scope of site characterization
work or from a more fundamental direction. Again, the GSM provides the means to
do the former while retaining flexibility to accommodate the latter as funda-
mental models are developed elsewhere.

The effects of Missoula-type flooding as modeled in the GSM are to cause
net deposition in the Pasco Basin, or net erosion if Wallula Gap is seriously
affected by future glacial advances. Results of the present modelling effort
suggest that net erosion by Missoula floods will not threaten a repository in
the Pasco Basin directly, but will change potentiometric gradients in the con-
fined ground-water system affecting such a repository. Topics which need
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further work in the GSM simulation of Missoula floods include the timing of
floods relative to glacial advances; the likely magnitudes of the floods in
relation to their timing; amounts of deposition of glacio-fluvial sediments

in the Pasco Basin as a function of flood volume and the state of Wallula Gap;
more detailed work on the relation between flood volume, flow parameters, and
erosion to be expected; and an estimate of how the hydraulic damming character-
istics of Wallula Gap will change with time.

Changes in bedrock hydrologic properties with deformation, faulting or
seismic shaking, and glacially-induced stresses were significant in the GSM
runs made to date. However, treatment of these phenomena has been inconsistent
because different consultants were responsible for parameterizing and character-
izing different aspects of stress- or deformation-related changes. A uniform
and more studied approach is necessary to the entire problem of the hydrologic
characteristics of fractured rock and how those characteristics change with
changes of stress or with deformation of the rock. This information is neces-
sary both for the GSM and for more detailed hydrologic modeling, and should be
a multi-disciplinary effort involving geologists, geophysicists, and hydrologists.

Many other aspects of the GSM are in need of review and possible refine-
ment, but not in terms of their fundamental correctness. For the most part,
they are data that are not properly documented as to origin or assumptions used
in deriving them, data which appear to be incorrect, or phenomena such as geo-
chemical healing which appear to have a simplistic treatment. In most cases,
these data have been received from consultants and could probably be refined
by those consultants. However, this process still does not contain the needed
peer review of the data, nor does it capitalize on the data and expertise gained
during site characterization work. Further, some of the data may need further
field work, and the data needs themselves may be a guide to future site char-
acterization activities. These data are too numerous to 1list here, but in
general all of the GSM data should be subjected to interactive scrutiny by
geologists and hydrologists engaged in site characterization.

Examination of the above examples of data needs shows that many can be
generated during site characterization, some can be produced inexpensively as
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Masters or Ph.D theses, some will require extensive research efforts, and some
appear impossble. It is for the latter that the unique character of the GSM

is important--those parameters which appear unquantifiable at our present level
of knowledge. A fundamental basis of the GSM is the use of Probability Density
Functions (PDF's) for many of the input data. This allows uncertainty or sub-
jectivity to be accommodated, with resulting effects on uncertainty in output
data being quantified by Monte Carlo analysis. This type of analysis allows

a new approach to modeling of complex natural systems and is a major advantage
of the GSM over more conventional risk assessment techniques.
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APPENDIX A

INPUT DATA

The heart of the Geologic Simulation Model is the code which describes
the natural phenomena (see Appendix D), and the data which drive the code and
allow it to describe the behavior of a specific location. Input data for the
GSM for the Columbia Plateau consist of scalars, probability density functions,
polynomials, arrays, and ACLIN. ACLIN is described further in Appendix B.
Values of the scalar and array variables, having names consisting of four to
six letters, and probability density functions and polynomials identified by
number are presented in this appendix. The data descriptions and values are
machine-generated to assure that the data presented here are those that were
used in the simulations reported. Table A.1 describes the "Quality Keys" used
to describe the relative merit of the values used for individual variables.
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TABLE A.1. Description of Quality Keys

\

Type Description

Test Data Datum is currently unknown. A best guess is
used as a stopgap measure to allow the model to
be exercised and tested until the "real" datum

comes in.

Data from the Literature Datum was found in the open literature. The cor-
responding reference is given in the "long" text
field.

‘Data from Relative Frequency Probability density function values were derived
from a relative-frequency histogram.

Data by Transform Datum was created by transformation of a known
quantity by way of a relating function. For
example, a probability density function showing
the amount of river erosion could be derived from
one for river flow if an equation relating river
flow to river erosion was known.

Data from Curve Matching In this case, a Timited amount of data are com-
bined with geologic knowledge of the processes
involved to define a probability density function.
For instance, 10 points may be used to estimate
the mean for a normal distribution; the use of a
normal distribution being justified from a know-
ledge of the geologic processes at work.

DELPHI Datum was developed-in a DELPHI-type process.
Expert Judgement Datum is the best subjective guess of an expert.
Judgement and Data Datum is the best guess of an expert constrained

by at least a limited amount of data.

Depends on Repository Datum is a function of repository design. While
the datum currently used is only a best guess of
what will be used, it is expected that by the time
the GSM is run for Ticensing this value will be
well defined.

Inactive for Future Use This datum is not currently being used by the model.
Variance-for Future Use Denotes that a probability density function, used

as a error term with a polynomial, is currently
not being used.
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Scalar "ACELCT " Sube=Hasalt Quake Criticasl Accelerstion
Entered by "Alan James Aaldwin " on 27«FEB=81 equels
For use {n submodel Sub=dassit Faulting
Judaement and Data

Error checking bounds are ¢ 0,0000000 980,0000

Unft =2 centimeters / sec*#?

Source SPNL ==
Minimum earthquake ascceleratian (ecm/sec*x2) from subwbesalt
hasement earthquake that potentiglly could {nit{iete (or
resctivate) basslt folding or faulting,

Scalar "ACFTHN " SubeBesalt Quake Criticel ‘Acceleration
Entered by "Alan James Baldwin * on 27=FEB=8] eqauels
For use in suhmodel Sub=Rasslt Faulting
Judgement and Nata

Error checking bounns asre 3§ 0,0000000 980,0000

Unit = centimeters / secheg

Source =PNL ==
M{n{mum earthauake acceleration (cm/seca2*2) from subebasalt
besement sarthauake that potentially could {nit{iate (or
reactivate) basalt folding or faulting,

Scalap "ACLCRT " Cpriticel Acceleration For Shatt Saal
Entered by “"Jon Lindberg & Alan Baldwin® on {SeJANe8] equals
For use in submode| Shaft Seal
JurdQement and Data

Error checking bounds are 3 0,0000000 980,0000

Unit = centimeters / segwr?

Source BPAN| ==
Mini{mum sarthauake accelaration (em/secxn2) that could
potentially change the hydraulic conductivity of the sheft
seal,

Scalar "ANWCRUS " Anale From North of Model Cross Section(MC$)
Entered by "Jon Lindberg & Alan Baldwin® on 1SeJAN=8{ gaquals
For use {n submodel Undetected Features
Unpuhlished Data

Error checking bounds are 1@ 42,00000 62400000

Unit = deqrees

Source =PHN| ==
Anale (dearee) from north to line of the MCS,
The M,C.,5, extends from Sunnysi{de ,#Wa to Spokane, Wesh ,
and passes over the reference site of a hypotheticsl nuclear
wasts repository at Hanford,

Scalar "&NCRUN " Cpritieal Angle For faults Parallel to MCS
Entered by "Jon Lindbera R Alan Haldwin® on 15«JAN=81 escuala
For use in submodel uUndetacten Features
Data from Expert Judjement
Error checkina hounds are § 0,0000000 30,00000
Unit 2 reqrees
Source 3IPNL ==
Criticatl annle (deqrees) faor tha maximum angle fn the
horixontal nlene mepasured from the MCS, Faults with strikes

that are between the 1CS and ANCRUN are consi{dered te be
essentiallvy paralliel to the MCS,
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horixonts) nlane measured from the MCS, Faults with strikes
thet are between the MCE amd ANCRUMN sre considered to be
essentially paralle) to the MCS,

Scalear "ARCRAD " Radius of Unconf{ned Aquifer Discherge Arc
Entered by "Alan James Baldw{n * on 20=FEBeBi equels
For use {n submodel Undetected Features
Judgement and Datea

Error checking bounds gre | 34,00000 94,00000

Unit = kilometers

Source BPH[ ==
The uncontinerd aquifer discharges to the Columbia River, The
discharge aprc gchematically pepresents the Columbie River in
the Passco Basin, ARCRAD {is the radius of the arc, Scelar
variables XSTARY and YSTART dafins the center of the
discharoe arc,

Scalar “"AVEFLD " Average Number of Missoule Floods Per 100 Yr
Entered hy "Grega Petrie " on 17=MAYeB] equals
For use {n submode! Geomorphic Events
Judaemant end Datae
Error checking hounds sre § 0,0000000 T.0000000E=02
Unit = Number Of Events Per 100 Years
Source mboneld Easterbrook
Averasne number of Migsoula=type floods per 100 vears when
the continentsl glacier {8 within s sensitive zone, The
sengitive zone {8 defined by two lst{ftude 1ines thet ere
north of the Hanford site, See RLATHI and RLATLW (sceler
verishles),

Scelar "AVEGAB " Averasge No Gable Mtn Events (8TGABY)/300 Yrs
Entered hy "Greqo Petrie " on 17=MAYe8} eguals
For use in submodel Deformat{on
Deta From Expert Judgement
Error chackinag bounds sre ¢t 0,0000000 3,000000
Un{it = Numher Qf Events Per {100 Years
Source =Steve Malone
Average numher of signif{cant esrthquakes on ths Gable
Mounts{n structure per 100 vears, Sianificent essrthauekes
occur only when the strain rate {s greater thansor equel to,
the value nf the scalar variable STGABT, The Geble Mountein
structure also includes Umtanum Ridge,
See change memo of May /14/B1 to sae the retionsls for
setting the velue to rero

Sceler *AVEMAG " Ay, No, Mag Events/100 Yr In The Peaco Besin
Entered by "Alan James Balgwin " on 16=sAPReB] equals
For use in submode) Meomati{c Events
Unpublished Data

Error checking bounds ere t 0,0000000 1,000000
‘Unit =2 Number 0f Evgnts Per 100 Years

Source EPNL ==« Kurt Schmierer
Averege number of maqmatic events (active volcanoes) per 100
years in the Pgsco Basin, This value was obtained from | by
2 deqree ausdranQle maps produced from the BWIP project (o
Rockwal] subcontract) Biona with Us2 photos,LANDSAT ond ERTS
satell{te {macery, The most detailed Yevel of mapping used
myler ovarlays on U=2 Photos (9 x © {n,) at » scele of
11125,000 (1 {n.m=aporox, 2 miles), The dete used weretl

Map Centers Map Centers Map Centers
Wenatchee 0 Ritivitie 12 Pendleton 1
Pullman 3 Grangeville 0 Yekimpg 67
Delles 31 Spokane S Okgnoasn 0
Hoquaeim 2 Conerete n gsanMpoint n -
“ella valle 0 Canyon City i Beker 1
Ham{lton 0 Elk Clty 0 Bo{se 0
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Scalar "AVENAS " Aftershocks Per SuheRasalt Earthquake
Entered by "Jon Lindberq & Algn Baldwin ® on 16=JAN=81 squsls
For yse in submodel Jub=tagsglt Faulting
Test Nata

Error checking bounds sre § 0,0000000 4,000000

Unit = Wumber of Aftershocks Per Sub~Basalt Quake

Source mLawrence H, Wight
Average numher of aftershocks per sub=bssalt basement
earthauake,

Scalap "AVESWM % Ayersge Mo, of Swarm Events In Repository
Entered by "Algn James Baldwin " on 29=APR=81 eauals
For use {n submodel Sub=Rasslt Feulting
Deta From Expert Judgement

Error checking bounds asre ¢ 0,0000000 1,000000

Unit a Numbar of events ber 100 yesrs

Source z3teve “along
The average number nf swerm gvents directly intersecting the
repos{tory during s 100=year perjod

Scalar "AVGABRF " Ay, No, Gable Mtn Events (FAULT and STGABT)
Entered by "Grega Petrie * on 17=MAY=81 gayasls
For use in suhmodel Deformetion
Inactive = For Future Use

Error checking bounds are t 0,0000000 3,000000

Unfit = Number Of Eventa Per 100 Yasars

Soureea eSteve Malone
Averane number of significent earthauskes {n the Gable
Mountain and Umtamum Ridge structurea per 100 vears when
major subehbasalt obesement fault has occurred, Stanf{figcant
earthauakes occur aniy when the strain rate of the strugture
{ea equal to, or grester than, the value of the scalar
variable STGART,
3ee change memo of Mev/14/81 for the rational for setting
this numbhber to rero,

Scelar "AVLAND " Average Numbep Uf Lands){dee Per 100 Years
Entered by "Grega Petrie " on {T=MAY=8] equsla
For use in submode]l Geomorphi{c Events
Dats From Expert Judgement

Error checking bounds are § 0,0000000 1,000000

Unit 3 Nymber Of Events Pepr 100 Years

Source =Donpld Esstarbrook
Averane numner of landslides per 100 vears that sufficiently
bloek the river to change the river gradient or d{vert the
flow,
The chance of lands)idas affecting the river {8 targe
enough ta {nclude in the 'normal! change in alove and
path lenqgth dens{ty curves(see the documentation for curvae
46 and 51).

Scalar "RMULTF " Rpesch Multinlication Factor

Entered by "Alan James Raldwin " an 13=MAY=81 pquals
For use {n submode] Suberdasglt Faulting
Judgement and Uata

Error checking bounds are 3 0,0000000 20,00000
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Unit = unitless

Source sPN|

This breach multiolication factor uses the starting Desrcy
velocity throuah the renository to derive the limits for
definino a breach to the repository,

Scelar "CGLSTR " Rad{es) Stress For Rock Fracturing
Entered by "Alan James Baldwinr " on 22~MAYe8{ equals

For use in submodel Continental Glaciation

Insctive = For Future Use
Error checking bounds are t 0,0000000 10000,00
Unit = pascels

Source SPNL == M{ke Foley & Gpreqa Petrie

Minimum radial stress (pascals) from clacial loading that

wil]l fracture basalt,

Note 3§ During init{al rung of the simulstion, glacially
{nduced frgeturing consistently produced the same resulta
at the same times, For earlv runs of the model {t was
decided to speead the model un by effectively removing the
glaciel fracturing and adding {t during the analvsis, The
initial runs demonstrated s need to atudy the effects of
olaciel fracturing on hydraulic conductivity,

Scaler "CGLSTT " Tangent{sl Stress For Rock Fracturing
Entered by "Alan Jamas Balgwin " on 22=MAY=8]1 gquals
For use {n submodel Continental Glaciation
Inactive = For Future Use
Error checking bounds are § 0,0000000 10000,00
Unit = pascals
Sourca =PNL == Gregg Petrie X Alan Baldwin
Hinimum tanpent{al stress (pascals) from glacial loading
theat will fracture basalt,
Note § During (n{tiagl rung of the simulation, glacially
{nduced fracturing consistently produced the same results
at thg same times, for early model run {t was
deciged to epeec the mode) uo by effectively removing the
placial tracturing and gddina it durina the analysis, Tha
initis) runs demonstreted » nerd to atudy the effects of
placial fracturing on hydrgulic conductivity,

Scalar "COUNVN " Conversi{on Factor For Old Fracture Hesling
Entered by "A)an James Baldwin " an 21=MAY=B] gquals
For use {n submodel Hydrelogy
Judgement and Dates

Error checking bounds are § 0,0000000 1,000000

Unit = 1,0 / ppm

Sourcs BPNL == B{f})) Deutch
A multiplication factor to chanae the units of ion
concentration, Yength of time steps of computer modal, and
{on residance time to decreasa {in hydraulie conducti{ivity for
old fractures, This scalear variable helps to calculate the
chsange {n rock hydraulic conducti{vity caused by
mineregl{zetion,

Scalar "CONVSE " Conversifon Factor For New Fracture Hesling
. Entered by "Alan James Haldwin " on 2l=MAYe8]{ equals
For use {r submode]l Hydrologqy
Judaement ang Data

Error checkina hounds are 3 0,0000000 1,000000

unit = 1,0 / ppm

Source =PNL o= H{11 Deutch
A muitinifcation tactor to channe the units of {on
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concentration, length of comouter time step, and {fon
regtident time to a decregse in hydraulic conductivity of new
basalt fractures, This scalar variable assists in the
caleulation of the change in rock hydraulie conductivity
caused by mineralization

Scalar "CNRBED " River Slope Correction For Bedrock

Entered by "Alan James Baldwin " on l46eMAYe8] eauale

For use in submode! Geomorphic Events
Data From Expert Judgement
Error checking hounds are § 0,0000000 1,000000
Unit 3 un{tless
Source aDonald Easterbrook
Changes {n river slooe are normally eoleulotod with the
assumpt{on that the river {s not eroding beadrock {n the
Pasco Rasin, nhen the river {83 eroding bedrock, the scalsr
varieble CORRED (multiplication factor) eonverts the slope
chasngea from sedi{ment erosion to hedrock erasion,

Note t1 hr, Easterbrook recommends the multiplication factor

of 1,0 C(no citference)!

"Comparison of gradients of segments of the Columbia In
basalt and in sedimentsg {3 made difficult by dame on the
river, One 27 km seqment of the Columbias presently flowing
in basalt has a gradient of 0,44 m/kmyonly slightly higher
than river tlow in sediments in the Pasco Besin, ., from
043=0,5 m/km, spanning the gredient of the Columbia
tlowing {n Basalt," (Easterbraook,{981)

3calar "COSBNE " Angle FProm Repository to Grande Ronde NE
Entered by "Jon Lindberg & Alan Baldwin®™ on {6=JAN=81 equels
For use {n submodel Hydrology
Depanda on Rerosi{tory Design
Error checking hounds are ¢ 0,0000000 1,000000
Unit s coaine
Source =2PN|
The cosine of & vertical angls hetween the hor{izontal and an
{maqinary strajoht 1{ne extendina from the hypothetics!
repository tn a point in the Grande Ronda Formation at the
northeast ecdoe of the Pasco Beein, The point {s located
midway hetween the top end bottom of the Grande Ronde
Formation and 11{as on the MCS, The verticel angle
helps detine a vector which schematicslly represents
the flow of Grande Ronde Formation ground water from ths
northeast to the repositaory,

Scalar "CUSRSW " Angle From Repository To Grande Ronde SW
Enteared hy "Jon Lindberg & Alan BRaldwin® on 1b=JAN=81 equals
For use in submodel Hydralogy
Depenas on Repository Desian

Error checking bounds are 1 0,0000000 1,000000

Unit = cosine

Source =PNL
The cosine of a verticsl angle between the horf{zontal and an
imaginary streiaht 1ine extending from the recository to a
point in the Grande Ronde Formation at the southwest edge of
the Pasco Aanin, The point {s located midway between the
top and hottom of the formation and lies on the MCS
The angle helps define & vactor which represents
flow of around water from the Grande Ronde Formation {nto
the Pasco Hapin from the southwest,

Scalar "CRPHFS " Cpitical Distance To Glacier For Permafrost
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Entered hy "Jon Lindberg & Alen Heldwin " on 16=JAN=8) equals
For use {n submodel Hydroloqy : :
Data From Expert Judgement

Error checking bounds are § 0,0000000 $00,0000

Unit ®» kilometers

Snurce =TPN|
Distance (km) from s{te (to narth only) to continentasl
Qlacier when permafrost conditions begin to affect arounds
water flow in the northeast recharae srea,

Scalapr "CUNERC ™ Current Starting Northeest Recharge
Entered by "Alan James Baldwin " on {b6eMAY«8] equals
For use {n suhmodel Bub=Basalt Faulting
Judgement and Dets
Error checking bounds are t 0,0000000 50,00000
Unit E centimeters / vesr
Source =PNL =« Gregg Miles Petrie
Current starting rechasrge {n the Northeast Recharge areas
(em/vear) for calculating the breach criterig,
Notel Gregq Petrie states that this date value {8 sctually
the amount of precipitation thst goes {nto the ground at
this time,

Scalar "CUSWRC " Current Starting Southwest Recharge
Entered by "Alan James Baldwin " on 16eMAYe8} oquals
For use {n submodel! Sub~Raselt Faulting
Judgement and Date
Error checking bounds are t 0,0000000 50,00000
Unit 2 centimeters / vear
Sourca =PNL == Gregg Miles Petrie & Alan Baldwin
Current starting recharge in the Southwest Recharge eres
(cm/year) for calzculating the breach criteria,
Notet Greqg Petrie states that this deta value fe ectuelly
the amount of precinitation that goes inte the ground at
this time,

Scalar "DBASE " Rasement To Grande Ronde Fm Thickness
Entered by "Jon Lindberg & Alen Baldwin " on 16«JANeS] equsls
For use {n submodel Fault Creation
Dstas From The Literature
Error checking bounds are | 1000,000 2000,000
Un{t & meters
Saurce =PNL
Verticel distence (m) from the base of the Grande Rende
Formation to basement rock,

Scelar "DCORBS " Fault Wi{dth Depth Correction For Pesco Bssin
Entered hy "Alan James Raldwin * on {S5eMAYa8! equels
For use {n asubmodel Hydrology
Inactive = For Futyre Use

Error checking bounds are 1 1,000000 3,000000

Unit 2 unitiess

Source BPNL .
Assuming that tectonic stress {3 largely released on glreedy
existing faults, then faults in the older Grande Ronde
Formation have grester disnlacements and wider fault zones
then faults {n the vounger Wanapum and Saddle Mountain
Formations, The scalar varfarle DCORBS {s a multiplii{cation
factor to correct (or widen) the older faults of the Grande
Ronde Formation {n the Pasco Gasin as comnared to the faults
{n the younaer wanapum and Saddle hountain Formations,

Notet By gatting the value to 1,~e have the 'worat case!'

becasuse current datp suacest that fpulting decreases the

hydraulic conductivity (persnnyl communfcetion with Dr,

James Crosby),
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Scalar "OCORNE " Fault Width Denth Correaction For The NE
Entered by "Alen James Balawin " on |SeMAY=8! equels
For use in submode) Hydrology
Inactive = Fer Future Use

Error checking hounds gre 1,000000 3,000000

Unit = unitless

Source =PNL
Assumina that tectonic stress {8 larqgely released on elready
exi{sting faulta, then faults {n the older Grande Ronde
Format{on have greater displacements and wider fault 20ne8
than faults in the younger Wanapum end Saddle Mountain
Formations, The scalar variahle DCORNE {s & multiplicsetion
factor tn correct (or widen) the older faulte {n the Grande
Ronde Formation northeeet of the Pasco Bsein as compared to
the faults {n the younger Wanapum Formati{on,

Note: by setting the value to 1, we have the 'worst case!
becsuse current data sugqest that faulting decreases the
hydraulie conduetivity (perscnsl communfcation with Dr,
James Crosby),

Scalar "DCORSW "™ Fgault Width Depoth Correction For the 3N
Entered by "Alan James Baldwin " on 15S=MAY=8! saquals
For use {n submodel Hydrology
Insctiva = For Future Vse

Error checking bounde are i 1,000000 3,000000

Unft = unitless

Seurce aPNL
Assuming that tectonic stress {s largly releeted on alrsedy
ex{sting faulte, then faultas in the older Grande Ronde
Formation have greater displacements end wider fault zones.
then fasults {n the vounger Wanarum and Seddls Mountain
Formations, The scaler DCORSW {s o multinlicetion factor to
correct (or widen] the older faulte in the Grende Ronde
Formation southwest of the Pasco Rasin as compared to the
fauits in the vyoumnger Waneaoum and Seddle Mt Formatione,

Notet By getting the value to 1, we have the 'worat cese'
because current deta sugQests that faulting decreases the
hydeaulie conductivity (pergonal commyunicetion with Dr,
James Crosby),

Scalar "OEADZ " Ki{n{mum Sea NDepth For Sediment Deposition
Entered hv "Alan James Baldwin " on 15«MAY=81 gqualse
For use in suhmodel Ses Level Fluctuastions
Judqgement and Datea
Error chaecking hounds are 1 2,000000 $,000000
Unft 2 meters
Source =PNL == Gpeqg Mileg Petrie & Miks Foley
4{nimum deoth (m) of the sea over the repository site before
depoait{on of sediment by the sea can occur in the Paesco
Basin,
Notet This value 1s the velue for the tidal range of
the rest conast,

Scelar "UEPPAS * vertical Distance Of Repository To Besement
Entared hy "J WL, % Alan James Haldwi{n " on 16«JAN=8] equels
For use {n submodel Fsult Creaation

Depends on Hepasitory Design
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Error cneackino bounds ere 1500,000 2500,000
Unit = meters :
8ource ®PNL
Vertical distence (m) from the base of the repository to the
top of basement rock,

Scelsr "DEPMIN * SybeBasslt Minimum Depth For H,C, Change
Fntered hy "Algn James Belrwin " on 29«APR«81 eguals 9%0,00000
For use {n submode! SubeBaasalt Feulting
Deta From Expert Judgement
Error checking bounds sre ¢ 0,0000000 1000,000
Unit B meters
Source =i awrence H, Wight
The Jowest depth(m) gt which gn garthaugke w{)] change the
hydraulfc conductivity, Besloew this depth, Lithostatie
oressure eliminates any changes to hydraulfec conductivity,

Scalar "DEPINE ™ Half wWan=Sed Thickness et NE Beesin Edge
Entered by "Jon Lindberg & James Baldwin®™ on 16=JAN=8] eguale q26,00000
For use {n gsubmodel Undetected Features
Depends on Renosi{tory Desfign
Error checkino bounds are 1§ 200,0000 600,0000
Unit = maters
Source EPNL
Half the thickness (m) of the basalt end intercalculated
sediments of the Wenapum end Saddle Mountein Formations et
the northeast edne of the Pssco Aasin, This point
represents the entrance of WangoumeSaddie Mountsins ground
water into the Pasco Basin,

Scelar "DEPTSA ™ Halt Wan=Sad Thickness et 8W Besin Edge .
Entered by "Jon Lindberg & Jamas Baldwin® on 16sJANeB] equals 318,00000
For use {n submoresl uUndetected Featuras
Depends on Reposftory Design
Error chacking bounds are 300,0000 700,0000
Unit = maters
Source ®PN|
Helt the thickness (m) of the basslt end intergelculated
‘sediments of the Wanaoum end Saddle Mountain Formations at
the southwest edge of the Pasco Basin, This point
reprasents the entrance of Wansoum=Sgddle Mounteins ground
“ater {nto the Pasco Hasin,

Scalar "NSMTHX * Max, Radius Fram Sfte For Meteorite Impect
Entered by "Jon Lindberg & James Baldwin® on 16=JANe8] eqguals $0,000000
For use {n submode]l Meteorite Impact
Data From Expert Judgement
Error checking bounds are ¢ 25,00000 75,00000
Un{t = kilometers
Source EPNL
Max{mum radius (km) from s{te that would be considered for
meteorits {mpact, Meteorites impects ar radii{ qreater than
OSMTMX supposedly would be of minor concern for this model,

Sceler "EDGENE " Di{stence From Site . To Basin Edge NE

Enteped by "Jon Lindbeprg & Jameg Baldwin®™ on 16«JAN=B] gquals 36,000000
For use {n submodel Undetected Features
For use {n submodel Hvdroloay

Depends on Repository Des{gn

Error checking bounds are 1t 30,00000 40,00000

_Unit = kilometars -

Source aPMN

The dietance (km) from the renos{itory site to the edoe of
the Pasco Basin along the MCS,



Scalar "EDGESW " Dietance From Sfte To Basin Edge 3w
Entered by "Jon Lindberg & Alan Haldwin ™ on 16=«JAN=81 equals
For use {n submodel Undetected Feetures
For use {n sybmodel HMydrology
Depends on Repository Design
Error checking bounds are ¢t «15,00000 «5,000000
Unit = kilometers
Source 3PNL
The distance (km) frem the revository site to the edge of
the Pasco Rasin elong the MSC

Scelar "EGAB * Elevation Nf Geble Mountain

Entered by "Jon Lindberg & Alan Beldwin " on 16eJANs=8] equals
For use {n submode)l Deformation

Data From The Literature

Error checking bounds gre 300,0000 360,0000
Unit = meters
Source BPHL .

Averaqe elevation (m) of the top of the Geble Mountain
structure,

Scalar YERATIL " Elevetion of Rattlesnake Mountelin

Entered by "Jon Lindberg & Algn Baldwin " on 16wJAN=8{ equals
For use in submodel! Oeformation
Data From The Literature

Error checking bounds are § $00,0000 1100,000

Unft = meters

Source =PNL
Elavation (m) of the Rattlesnake Mountain structure at the
intersection of the MCS

Scalar "ESENT " Elevation Of Sentinel Gap At 01d River Level
Entered by "Jon Lindberg & Alan Agldwin " on 16eJAN=B8] gquals
For use in suhmodel Daformation
Data From The Litereture
Error checking hounds are ¢ 110,0000 170,0000
Unit = meters
Source PN
Elevation (m) of Sentinel Gep at river bottom,

Scalap “EWALL " Elevetion Wallyla Gap At Old River Leve!
Entered by "Jon Lindberg & Alan Haldwin ™ on 16eJAN«8! equals
For uae in aubmode]l Deformation
Detas From The Literature
Error checkfng bounda afe 65,00000 105,0000
Unit = maters
Source =PNL
Elevati{non (m) of Wallula Gap at river bottom,

Sealar "EFOLDE ™ Erision Factor For Folds Caused By M{sa, Fld
Entered by "Jon Lingbera & Alan Haldwin " on |6=JAN=81 equals
For use {n submodel Geomarphic Events
Deta From Expert Judgement

Error checkina bounds are 1§ 1,000000 100,0000

Unft = unitiess

Source zPNL
Factor to ircrease erosion an told during Missoulaetype -

tlood, ‘Increase' {s over what {s expeated for nonwfold
areas,

=11,900000

331,00000

8469,00000

144,00000

85,000000

10,000000



Scalar "EXTRNE " Distance From S{te To NE Recharge Point
Entered by "Jon Lindberg L Alan Baldwin " on J6eJAN=8] equale
For use in suomodel Continents) Glecietion
Dote From Expert Judgement

Error checking bounds are § =100,0000 «50,00000

Uni{t & kilometars

Source =IPNL
A multiplication fector to {ncrease erosion on folds (es
compared to non=fold areas) durina a Missoule=type flood,

Scelar "EXTRSW " Distance North 0f Si{ite to SW Recharge Point
Entered by "Jon Lindberg & Alan Baldwin " on j6eJANu8] equals
For use {n submode! Continental Gleciation
Data From Expert Judagement

Error checkina bounds ere t 0,0000000 20,00000

Uni{t = kilometers

Source IPNL
Distence (km) from site to a ocoint salong the MCS thet s o
central locetion of the southwast recharge erea, This point
{s cons{idered the averspe point of the SW sres recharge

Scalar "FHAXD " Magx, Distence From Site For Sub=baesalt Fault
Entered hy "Jon Lindbera R Algn Baldwin ® on 16=JAN=8] equals
For use {n submodel Undetected Features
For uee {n submodel Feult Creation
Date From Expert Judgement

Error chacking bounds are 1 20,00000 100,0000

Un{t 2 k{lometers

Source EPNL we
Distence (km) trom s{te salong the MCS to & point that is o
central location of the sauthwest rechsrge ares, This point
{s consi{rered tha aversoe point of southwest sres recharge,

Scalar "FOLDMX " tMax, Distence From Site For New Fold
Entered by "Jon Lindberg L Alen Haldwin ® on 16=JAN=8] equsls
For use {n submodel Fold Creation
NDete From Expert Judgement

Error checking bounds are 1 50,00000 100,0000

Unit = ktliometer

Source a3aPNL
Mex{mum ai{gtance (km) from gite for consideration of new
fold growth, New fald arowth heyond FOLOMX would have a
negliaible atfect on the site,

Sceler "FRAC(1) " Ratio Shatt Area 1o Reposi{tory Ares

Entered hy "Jon Lindberg & Alan baldwin ® on 16=JAN=8] equels
For use {n submodel Shetft Sesl
Depence on Repositnry Desion

Error checkina bounds ere t 1,0000000E=10 0,1000000

Unit 2 unitiesns

Sourece 3PNL
Ret{o of the shaft area to the total renository areas,
(Notet Thia value depends on the desian of ths repository,

and allows the user to 'redeston the repository!,)
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Scelar "FREFNE " Time Reset Frpction For NE Fault System
Entered by "Jon Lindberg R Alan Auldwin ® on 16eJAN8] exuals
For use in submodel Undatected Features
For use fn submecdel Defdrmation
NDate From Expert Judgement

Error checking bounde are § 0,0000000 1,000000

Unit =2 unitiess

Source sPML
Time betvween besalt earthquakes northeasst 0f the Pesgco Basin
i{s set by density curve 91, FREFNE {s o fragtion of the
time between earthqueken, whan g major sub=basslt besement
earthauske occurs batween besalt earthauskes and before
FREFNE time hes passed the next basalt earthqugke occurs
a® normally scheduled by curve 91, However, when a mejor
subebasalt earthqueke occure after FREFNE time has pessed
since the last baselt earthaugike, o besalt egrthquake wil]
occur simultanecusly, The scheduling of the next basalt
earthaueke wil) then be determined by density gurve 91, with
the timing reset by the simultaneous eerthquakes,

Scalar "FREFSW " T{me Reset Fraction For 3K Fault System
Entered by "Jon Lindberg & Alan Haldwin ® on 16=JAN=81 equals
For use in submodel! Undetected Feetures
For use in submode) Deformetion
Date From Expert Judgement

Error checking bounds arfe § 0,0000000 1,000000

Unit = un{tiess

Source ®PNL
Time between basalt esrthauekea southwest of the Pasco Bssin
{s set by density curve 90, FREFSW {s e fracton of the time
hetween hasslt esrthquakes, wWhen g mejor sub=basalt
basement sarthquake occurs between basslt earthquakes end
before FREFSW time has passed, the next basalt eerthqueke
occurs as normglly scheduled by curve 90, However, when a
major suhwhbasalt basement egrthauake occurs aftepr FREFSN
time has passed gince the last baselt eerthquake, & basalt
earthnuake wi{ll occur simulteneously, The scheduling of the
next besalt sarthquaks wil) then be determined by density
curve 90, with the timing reset by the simulteneous
earthquake,

Scalar "FRESFT " T{me Resnt Fractjon For Local Feults
Entered by "Jone Lindber R Algn Rgldwin "™ on 16=JAN=81 equalse
For uae {n submode) Undetecterd Features
For use in submodel Deformatiaon
Nata From Expert Judoement
Errar checking bounds are § 0,0000000 1,000000
Unit 3 unitless
Source BPNL
Time betwean local egrthauvakes in the Pasco Bagin {s set by
density curve 85, FRESFT {g a fraction af the time between
local earthauakes, when & major sub=besalt basemant eerthe
quake occurs betwaen local earthquakes and before FRESFT
time has prassed, the next laca)l esrthquake occurs as
normally scheduled by densfity cuerve 85, However, when s
major sub=hasalt bDasement earthauake occurs gfter FRESFT
time hes nansed aince the last local earthquake, a locel
sarthquake will occur simultaneously, The scheduling of the
next local earthquake will then be determined by density
curve 85, with the timing raset by the sinultaneous
earthnyakes,

0,10000000

0,10000000

0,10000000



Scelar “FRESTR " 1T{me Reset Fraction For Thrust Faults

Entered by "Jon Lindberg & Alan #Halowin " on 16-JAN-51 equoll
For use {n submode]l Undetecter Feetures
For use imn submodel Detormation
Date From Expert Judgement

Error checkina bounds are § 0,0000000 1,000000

Unit 2 unitliess

Source =PNL
Time between thrust=fault earthauakes in the Pesco Hesin is
determined by densfty gcurve 87, FRESTR feo @ frection of the
time between thrust=fault earthauakes, Wwhen @ mejor
sub=basalt earthquake Occurs petween thruste=feult serthe
aquskes and before FRESTR time hes pesseds the next thrust=
feult earthquake occurs as normally scheduled by density
curve 87, However, when a major sube=besalt besement eerthe
queke occure after FRESTR time hes pessed sines the last
thrust=fault earthauske, s thrust=feult earthauske wil!
occur simultaneously, The scheduling of the next thruste
fault earthauaks will then be determined by dens{ty curve 87
with the timing reset by the simultsneous earthauekes,

Sceler "FTHCSS " H,C, Change Factor when Loca) Feult Is New
Entered by "Alan James baldwin " on 1SeMAYs8] equals
For use {n submodel Deformetion )
Insctive = For Future Use
Error checking bounds are ¢ 0,0000000 100,0000
Unit = unitliesns :
Source 3PHL == Gregg Petrie % Alan Beldwin
Multiplication fector to correct hydreulie conduetivity
chanoe when local fault {8 new, rather then @ resctivetion
of en existina locel feult,
Note!l We wil)l updete this value when we get new (nformation

Scalar "GLATNE " Upper Letitude of NE Recharge Aree
Entered by "Jon Lindbery & Alan Beldwin * on 16wJAN=8] eausls
For use {n submodel Hydrology
Unpubl{shed Uatas
Error checking bounde sre 47,00000 49,00000
Unit s Degreas of latitude
Souprce =james %, Crosby
Upper latitude (degrees) of northegst recharge arse of the
bsealt aacuifers, Sees Appendix A,1, Figure | for NE
recherge ares defination

Scelar "GLTNEL " L(ower Latitude of NE Recharge Ares
Entered by "Jon Lindberg & Alan Naldwin " on 16=JAN=8] gquels
For use {n submoogel Hydrology
Unpubl{eheg Data
Error checking bounde are 45,00000 48,00000
Unit = Degreea 0Of [etfitude
Source =James ¥, Crosby
Lower letitude (degrees) ©f nerthegst recherge esres of
besaslt aquifers, See Appendix A,l, Figure 1, for northeest
recherge ares,

Scaler "GRILNNE " Site To ME Hecharqgs Ares Distence In G Ronde
Entered by "Jon Lingberg & Alan Haldwin * on 16=JAN=8] equels
For use {n suhmodel Hvdrolooy
Depends on Repository Design
Error checkino bounde are 77,00000 100,0000
Unit = kilometers
Source =James », Crosby and PHNL
Oistance (kn) along MCS from the repository efte to o
central locati{on of the northeast recharge eres {n the
Grande Ronce Farmgtion, -

0,10000000

1,0000000

47,849998

86,230000

85,000000



Scelar "GRSHLN " Site To 8W Recharge Area Disteance In G Ronde
Entered by "Jon Lindberg & Alan Baldwin ® on l6=«JANe8] equals
For usa {n submode! Hydrelogy
Dspends on Repository Design
Errnr checkina hounds sre 10,00000 : 20,00000
Unit 2 kilometers
Source ®James W, Crosby and PNL
Distance (km) along MCS from the repcaftory site to o
central ljocation of the southwest recherge erea in the
Grende Ronde Formation,

Scelar "HARUFC " Erosion Rets Frection For Bedrock in M Flood
Entered by "Alan James Beldwin " on 16mMAY=81 equels

For use in aubmodel Geomorphie Events

Dates From Expert Jurigement
Error checking bounds sre § 1,0000000E=03 2,000000

Unit & unitless

Source s0oneslc Eesterbrook

River ernsjon rates normally cslculeted {n this model use

the ssaumotion that the river does not erode bedrocik,but

does srode sediments, When the river erodes, the sceler

velue of HARDFC converts the srosion retes to those for

bedrock, Note that Dr, Egsterbrook states |

"Erosion rates in basalt can be estimeted by comperison with
incision {n basalt et Moses Coulee, Grende Coulee ond other
channels cut in baselt, Ercsion rates {n baselt during
Missoula tloods were very hiah, largely becguee mugh of the
besalt (s highly Jointed and baselt columns sre therefors
essily plucked, Erosion rates for Moses and Grende Couless
are 3o high (424m in e few days) that I recomment uvaing o
multiplication factor of 1,0 (no difference,se)."

Scelar "HONEGR " Ave, Head Elevation For NE Grande Ronde F
Entered by "Jon Lindberg & Alan Baldwin " on 16=JAN=8] equsla
For use {n submodel! Contingntal Glacistion
For use {n submode! Hydrelogy
Judgement and lata
Error chacking bounds are § 300,0000 600,0000
Unit & metars
Source zJames W, Crosby and PNL
Avereae head value (m) of Grende Ronde Formation squitfer in
the northesst recharge arep,

Scaler "HONEWS " Avg, Head Elevation For NE WeneSed F
Entsred by "Jon Lindberg & Alsn Raldwin ™ an 1beJAN=8{ equale
For use {n submodel Continental Glecietion
For use {n submodel Hydrology
Judaement and Data

Error checking bounds are 400,0000 600,0000

Unit a meters

Source zJames v, Crosby and PNL
Aversae head value (m) of the Wanapum Formgtion and 3Jaddle
Mountain Formations aquifer in the northeast recharge arse,

Scalar "HDSWGR " Avg, Heard Eleavation For SW Grsnde Ronde F
Entered hy "Jon Lindberg & Alan Ralgwin " on l4«JAN=B] equals
For use {n submodel Hydroloqy
Judoement ang Data
Error checking hounds are 100,0000 300,0000
Unit =& meters
Soures 3James W, Crosby and PHL
Average haad value {(m) of the Grande Ronde Formetion equifer
{n the southwest rechsrge area,

16,090000

1,0000000

487,00000

$18,00000

213,00000



Scelar "HDSHAS " Avg, Head Elevation For SN WeneSad F
Entererd by "Jon Lindberg & Alan Baldwin " on j6«JAN=B{ equele 274,00000
For use in submode! Hvdrology
Judgement and Lata
Error checking bounds are 1 200,0000 Q00,0000
Unit = meters
Source zJames w, Crosby and PNL
Avergoe head value (m) of the Wanabum and 8addle Mountain
Formations aquitfer in the southwest recharge eres,

Scelar "HEADBS * Avg, Head Elev, For Baein Unsonfined Aquifer
Entered by "Jon Lindberg & Alan Baldwin ™ on {6sJANe8] equele 115,00000
For use §n submodel Deformation
For use {n submodel Continentel Gleciat{on
For use {n submndel Deformation
Judoemant and Data
Error checking bounds are | 50,00000 150,0000
Unft & meters
Source EPN| .
Averege ealevation (m) of the discharge afte for the
unconfiney aquifer in the Pesco Besin, The Columbia River
{8 the Aischaroe site 0f the unconfined eauifer in the Pgseo
Basin,

Sceler "HIPATH * mMax{imum tnconfinad Aquifer Path Length
Entered by "Jon Lindberg & Alan Baldwin ™ on j6eJAN8) equels 36,000000
For use in submoael! Geomorphic Events
Judgement and Data
Error checking bounds are ¢ 10,00000 70,00000
Unit 8 kilometer .
Source sPNL
Mex{mum diatance (km) thet ground water would flow in the
unconfined aquifer {s recharpsd with ground water from the
conf{ned saquifer that contgins the hypothetice) repository,

Scalar "HMNEGR " Mgximum Head of NE Grande Ronde

Entered vy "Alan Jamea Baldwin " on 12eMAYeB8] equals 900,00000
For usa in submodel Hvdrology
Judaement and Dats

Error checking bounds are 1 0,0000000 1000,000
Uni{t = meters

Source ©PNL == Charles Cole
Meximum hydraulic hesd (meters) for the Northeast Grande
Ronde subsystem,

(Notet currently, the best estimate of HMNEGR

seems to be the sverage elevation differenca between the

Columbiae River and the recharge ares.)

Scaler "HMNEWS " mMaximym Head of NE Wannapum Seddla Mtn,
Entered hy "Alan James Raldwin " on 12«MAYe81 equals 900,00000
For use in submodel Hvdroloay
Judgemant and Data
Error checking bounds are 3 0,0000000 1000,000
Unit = meters
Source =PN| == Charles Cole
Mex{imum hydreulic hagd (maters) for the ynPthegst Wenngpume
Seddle *“ountain Subsystem,
{Notes Currantly, the best estimate of HMNEWS )
seema to be the aversge elevation difference bDetween the
Columhb{a River gnd the recharge ares,)

A.16



Scalar "HMIWGR " Maximun Head of Sk Grande Ronde
Entared by "Alan James Beldwin " on 12=MAY=81 eaueles
For use in submodel Hvdrology
Juggemant and Datas
Error checking bounds gre § 0,0000000 800,0000
Unit = meters
Source 2PNL == Chgrles CoOle
Maximum hydrgulic head (metars) for the Southwest Grende
Ronde Subsystem,
(Notes Currently, the best estimate of HMSWGR
seams to he the averace elevation difference between the
Columb{a RIver and the raecharqae ares,)

Scalar "HHSAWS " Maximum Hesd of SW Wannepum Seddle Mtn,
Enteren by "Alan Jemee Baldwin " on 12eMAY=81 equals
For use {n submodel Hydrolaqy
Judgement and lata
Erropr checking bounds are t 0,0000000 800,0000
Unit = meters
Source 2PN == Charles Cole
Maxtimum hydrsulic head (meters) for the Southwest Wannapum
Seddle Mountain Subsystem,
(Notes Currently, the best estimete of HMSWNS
seema to be the average elevation difference between the
Columbi{a R{ivear and the rgcharqe ares,)

Scelar "IRLAYR " Repository Layer Number
Entered by "Jon Lindberg & Alan Baldwin " on 16=JAN=81 sauals
For use {n submodel Hydrolagy
See Text For Explanetion
Error checkina bounds are 1,000000 4,000000
Unit = unitlese
Source EBPNL
The model accounting number gssigned to the laver of Progk
that contains the hypothetical repcsitory,

Scalar "170P * Suyrface Laver Number at Run Start

Entered by "Jon Lindberg & Alan Reldwin * on 16«JAN=8] equals
For use {n submodel! Undetected Features
Ses Taxt For Explanation

Error checking bounds are 13 1,000000 4,000000

Unit = unitiass

Source =PHL
The mgdel accounting number aseigned to the preaent surface
tayer (the surfacea sedimenta),

Scalar PLAYRGR " Gpande Ronde F Layer Number
Entared by "Jon Lindherg & Alan HYaldwin ® on (6eJAN=8] equsls
For use in auhmodel heformation
For use in submodel Hydroloay
3ee Text For Fxplanation
Errar checkinp hounds are 1,000000 4,000000
Unit o un{tless
Source 3PNL
The model accounting number assigned to the Grande Ronde
Formation,

68%,00000

68%,00000

4,0000000

1,0000000

4,0000000



Scalar "PFLATF * Prob, of Fold Growth With Feulting
Entered by "Jon Lingberg & Alan Raldwin ™ on 16eJAN=8] equels 0,30000000
For use in submode! Deformation
Data From Expert Judpement
Error checking hounds are gt 0,0000000 1,000000
Unit = unitlesa
Source zRobert U, Bentley
Ppobability in a 100myear period that a new fold will begin
to upl{ft withi{n the radius from the site determined by
FOLDMX, The probability {s with the potential influence of
s major sub=basalt basemgnt faylt,

Scalar "PFOLD * Prob, of Undetected Fold {n Pgeco Besin
Entered by "Jon Lindberg 2 Alan Raldwin " on 16=JAN=81 equale (,32999999E«04
For use {n submodal yndatectesd Featuree
Data From Expert Judgement
Error checking bounds are §t 9,9999999E=09 9,9999997E=0S
Unit =2 un{tless
Source 3Robart 0, Bentley
Probability that a fold will go undetected within the Paseo
Basin,

Scalar "PFTNEW " Pprob, For New Syub=baseaslt Fault
Entered by "Alan Jsmes Baldwin " on {2=MAYe81 equals 1,0000000
For use in submode) Sub=idaselt Feulting
Deta From Expert Judgement
Error checking bounds gra ¢ 0,0000000 1,000000
Unit = unitiess
Source s_Lawrence H, Wight
Probab{l{ty {n & 100=year periad thet & new subebasalt
basement fault will be cregted within e redius of the site
determined by scalar var{eble FMAXD,

Scalar "PGLCH " Pprob, of Rechearge When Glaciers Cover the NE
Entered by "Alan James Baldwin * on 1SeMAY«81 equals 0,00000000
For use in submodel Hydrology
Insct{ve =« For Future Use

Error checking hounds are t 0©,0000000 1,000000

Unit = unftiens

Source aPNL =« Gregp Petrie & Alsn Baldwin
Probabtli{ty that continentsg! alacier wil)l recherge basalt
aauifers (n the northeast recharge area when the northeast
recharqge area {3 covered Ny a continental glaecier,

Note § Thase effects w{1] he asdded aftar the mein Monte

Carlo runs

Scalar "PMAGST * Perob, of Mag, Ev, on Site when (Une {n Resin
Entered by "Alan James BalAdwin " on 16eAPRe8] equals 0,26000001Ew02
For use {in submode] magmatiec Events
Unpublishen Datas
Error checking bounds are t  (0,0000000 1,000000
Un{t 2 uni{tless
Source 2PNL e== Kyrt Schmierer
Probabll{ty that a megmatic svent will occur at the repose
{tory site when the prooabi{ljty of occurrence in the Pssco-
Aasin {8 1,0, The radius of tha site is determined by the
scalar variable SITRAD, To generate this probebility, the
area of the revository was divided by the aree of the
Pesco Pasin,
Radius of renository sfta u 2 km
Area of repasitory site B (3,141552633%) » pt2
2 12,57 kme2
Area (repository) 12,57 kmt2 :
eSwewssscnwcewaces a eooesaeswae s 0.002“

Arean (Pasco Basin) 5260 «xmt2



Sceler "LAYRKS " HanhspumeSgddle F Laver Number
Entered by "Greag Petire " on {TeMAYe8] enuals
For use in submodel NDaformation
For use {n submode! Hydrology
See TJext For Explanation
Error checking bounds are § 1,000000 4,000000
Unit & unftless
Source ®PNL
The model accounting numbepr assignad to the Wanapum snd
Saddle Mountein Formations lsver,

Scalar "NLAYER " Nuymber of Levers in the Mode!
Entered ny "Jon Lindberg L Alen Baldwin * on 16=JAN=8] equals
For use in submodel Undetecter Features
For use in submodel Hydroloay
See Text For Explanation
Error checking bounds are 1§ 1,000000 10,00000
Unit = ynitiess
Source =PN[
The total number of model layers at the start of the run,

Scelar "PASHFL " Prob, of Lerqge Ashfall Chenging Climate
Entered ny "Alen James Belgwin " on 1S«MAY=B] equs)s
For use in submodel! Climate
Judgement and Date
Error checking bounds sra 1 9,9999997E=06 1,000000
Unit = unitiess
Source =Stottiemyre ot, ol, (198}%)
Probahility {n s 100evear period that s volcano will produce
e lorqge ashfall that changes the climate sioniticantly,
Note | This value comes out of Stottlemyre (1981)

Scelar "PCASUP * Prob, of Cascede Mounteins Uplift

Entered by "Jon Lindberg & Alan Baldwin ® on 16=JAN=B! egusle
For use in submode! Climate
Judgement and Date

Error checking bounds are 1  9,9999997E=0S 9,9999998F«03
Unit = unitiess

Source ®=Rohert D, Agntley
Probability in & 100=yenr period thet the Cascade Range will
be significantly upijfted and the climete of the Columbia
Plesteau will be affected eignificently,

Scalap "PFAULT " Ppob of Suhebagalt Fault Exfsts at Run Btert
Entered hy "Alan Jamas Baldwin " on |2~MAYeB8! eauals
For use {n submodel Undetected Features
Date From Expert Judgement
Error checking bounds are 1 0,0000000 i,000000
Unit = un{tless
Source mLawrenca H, #iaht
Probability thet a significant sub=basslt besement feult
exists (withim radius of the aite determined by scalar
verfeble FHMAXD),

Scaler "PFLAY " Ppob, of Folo Growth W{ithout Feulting
Entered by "Jon Lindberg & Alan Haldwin " on 16=JAN=8] gquals
For use {n submodel Deformation

Judgement and Date

Error checking bounds are 1 0,0000000 1,000000

Unit a unjtliess

Source 3Rohert D, Bentley

Probebility that & significant subebhasslt besement fsult
exists (with{n the redius of the site determined by scaler
verfable FHAXD),

2,0000000

4,0000000

0,50000003E=01

0,19999999E=03

1,0000000

0,39999999E=04



Scalar "PMETRT " Pprob, of Meteorite Impgcting %te
Entered by "Algn James Ralduin * on 24=APRe8] equsles 0,39609999E=09
For use in submodel Meteorite Impact
ynpubl{shed Dats
Error checking bounds are t 0,0000000 1,000000
Unit = unitiess
Source sW{l)l{am K, Hartman
Probability i{n a 100eysar period that & meteorite of
sfgniticant size will {mpact the repository site, 8ignife
icent meteorite size {8 determined by sceslar RADCRY, end
site radius {s determined by scalar variable SITRAD,

This value wes calculated from the formula i
Nd = (Formation rate for craters of diameter » RADCRYT)
B 1,82 » (10%#=13) % (RADCRTw#e1,8)

Hertmann, K, Koo 1979, “Long=term Metesorite Hazerds to
Bur{ed Nuclear HWaste”, In 'A Summery of FY 1978 Consultent
Input For Scenario Methodology Development'!, pp, Viel =
vi=lS, PNL=2857, Pacific Northwest Laboratories, Riechland,
Washinaton, ’

Scalar "PMISFT "™ Ppob, of Undetected Fault in Repoasitory Host )
Entered by "Jon Lindberg 8 Alan Heldwin " on 16sJANeB] equale 0,99999998F=02
For use {n submode) Undetected Features
Nats From Expert Judosmgnt
Error checking bounds are ¢t 0,0000000 1,000000
Unft = unitless
Source BPNL
Probeb{lity that the rebos{tory host rock will contein an
undetected fault, The repository host rock {s the Grande
Ronde Formation in the immediate vicinity of a hypothetice!
repository,

Scalar "PNEEXF " Ppob of Renewed NE Faulting With Major Feult
Entered by "Jon Lindberg & Alsgn Haldgwin * on 16=JAN=8]1 gquels 0,50000000
For use in submodel Deformation
Date From Expert Judgement
Error checking bounds are § 0,0000000 1,000000
Unit = unitless
Source 3Robert U, Bentley
Probability in e 100eyenr perigd thet a fault northeest of
the Pasco Basin wil) pe regctivated, The probebility {»
within the potential influence of a major sub=bssalt bese=
ment fault, The area northeest nf the Pgaco Rasin thet {8
of concern is the aras between the Paaco Besin edge agnd the
edqge of the Lolumbia Plateau,

S8caler "PNWFD " Ppno, of Naw Fold Growth Without Feulting

Entered by "Jon Lindbarg & Alen Raldwin " on 16=JAN=8] gquals 0,10000000E=05
For use {n submode! peformation -
Date From Expert Judgement

Error checking bounds are ¢t 0,0000000 1,000000

Uni{t = unitiesa

Sourece =Rohert D, Bentliey
Probebilf{ty {n a 100=year perfod of a new fold growth
(within a radiua of the site determined by scaler verieble
FOLDMX) when & major aubwbesslt earthauske has not cecurred
durina the same time steo,
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Scelar "PNWFDF " Perob, 0f New Fold Growth With Feulting
Entered by "Jon Lindberqg & Alan Baldwin " on 16eJAN=8! equals 0,30000000E=0%
For use in submodel Deformation
Dats From Expert Judgement
Error checking bounde are ¢t 0,0000000 1,000000
Unit 8 unitless
Source =Robert D, 8entley
Probabflity in a 100=year period of new fold arowth (within
a radiun of the site determ{ined by FOLOMX) when a major
sub=basalt earthqueke hee occurrad during the seme time
step,

Scalar "PHWFT " Ppob, 0f New Fault Without Major Feulting
Entered by "Jon Lindberg & Alan Beldwin " on 16eJAN=81 equals 0,10000000E=0S
For uss in submode! Deformgtion
Data From Expert Judgement
Error checking bounds ere ¢ 0,0000000 1,000000
Unit = unitlesns
Source sRobert 0, Bentley
Probebility in a 100=yeer period that e new fault will be
created in the Pasco Basin, The probabi{lity {s without the
potent{al influence of @ Mmajor subeheselt besement feult in
the Pasco Rasin,

Scaler "PNWFTF * Pprob of New Basalt Fault With Me)jar Peulting
Entered by "Jon Lindberg & Alan Baldwin " on 16«JAN=8] equels 0,40000000E=0%
For uae in submodel Deformation
Data From Expert Judgement
Error checking boundes are § 0,0000000 1,000000
Unit 2 uni{tleas
Source sKobert D, Bentley
Probabflity {n a 100evear period that a rew besalt feult
will be created in the Pasco basin, The probadility fs with
the potential influence of g major subebheaslt eerthauake,

Scalar "PNWTR * Prob, of New Thrust Without Majer Feulting
Entered by "Jon Lindberg & Alan Relduin " on 19=JAN=B8{ equale 0,10000000E=05
For use {n submodal Deformation
Date From Expart Judgement
Error chacking hounde are t 0,0000000 1,000000
Unit = unftliess
Source 3Robert N, Bentley
Probabiitiy in a 100eyear nerfiod that a new thruet fault
will {ntarsect the repository when a major subsbaselt
earthauake does not occur during the same time stasp,

Scalar "PNWTRF * Ppab, of Naw Therust With MaJor Feulting
Entered by "Jon Lindberg & Alan Haldwin * on {9=JAN=8] equals 0,30000000E=09
For use in submoae)l Deformatien
Deata From Expert Judaement
Error checking bounds are § 0,0000000 1,000000
Unit s unftiess
Source ERobert 0, Bentley
Probabiltiy {n a 100=year period that a new thrust fault
will {ntsrsect the repository when a major sub=hesalt fault
occurs during the same time stepn,
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Scalar "PRKUP * Prob. of E Upliftt Affectino Climate /100 Yrs
Entered by "Jon Lindberg & Alan Baldwin " on §9«JANB] gsqusls 0,30000001E=0)
For use in submode]| Climate
Judgement snd Data
Error checking bounds ere § 0,0000000 1,000000
Unit = unitliess
Source mHobert D, Hentley
Probability {n a 100eyear period thast mounteins to the sast
(Rocky Mounteins or Blue Mountaing) will be uplffted enough
to sfaniticantly change the climgte (pDrecipitation rete) In
the Peaco Hasin,

Scelar "PRVMAG " Pprob, of Mag, Event Affecting River Gradient
Entered by "Alen James Balcwin " on 16=APR=8] equels 0,31200001
For use {n submodel! Hapmetic Events
Unpuplishaed Data

Error checking bounds are 1 0,0000000 1,000000

Unit s unitiess

Source 3PNL === Kurt Schmierer
Probability that & maomatic event (such as e volecano) will
change the qredient of the Columbia River or divert the flow
in the Pasco Basin, (Givent the probability of s magmatie
event in the Pasco Basin {9 1,0)
Te generste this propability, the lenath of the Columbia
River chennel through the Pasco Hasin wse messured and
mult{plied by twice the average maximum length of lavse flows
from voleanic centers (S km) es they occur over the CRB
expanse, Thie gave an averape flow {ncursion sres for
velcanic centers whicgh would disrupt the flow of the Piver
{n the Pasco Basin, Dividing this ares by the totsl eres of
tha Pesco basin yields the PRVYMAG probability,

Arees fiow {ncursion on Columbie river = 1640 kmt2

Area of Pasco Basin & S260 kmt2

Scelar "PSEAEX " Prob, of See Level Rise in Climate |
Entered by "Jon Lindberg & Alan Baldwin " gn 19«JANe8! equels 0,1%000000E=«04
For use in submode!l Sea Level Fluctustions
Dete From Expert Judgement
Error checking bounds are ¢ 0,0000000 1.,000000
Unit @ unitless
Source wMarice L, Schwertz
Probebility in a 100eyear period during en interglecial
climate that the sep level wil) be rgised sbove the present
ses level,

Scaler "PSSFEXF * Ppob of Renewed Local! Feulting With S§B Fault
Entered by "Jon Lindbarg & Alaen Haldwin ® on 19=JANeB]l equals 0,75000000
For use in submode)l Deformation
Dete From Expert Judgement
Error checkina bounds gsre t 0,0000000 1,000000
Unit = unitliess
Source sRobert ), Bentlay
Probebility in-s 100ayesr neriod that 8 local fault (n the
Pesco Rasin will be reactiveted when a subebaselt besement
esfPthauake occurs during the same time atep,

Scelar "PSSFTH " Prob, of Local Fault System {(n Pasco Basin
Entered by "Jon Lindberg & Alen Baldwin " on 19«JAN=8! equals 0,75000000
For use {n submodal Undetected Festures '
Judgement end Date
Error checking bounds ere ¢t 0,0000000 1,000000
Unit & unitiess
Source mRobert D, Bentley
Probability that & locsl fasult system exists in the Pasco
Baain,
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Scalar "PSWEXF " Prob of Renewed 3W Faulting With Major Fault
Entered by "Jon Lindberg & Alan Balduin " on 19=JANe8! equals
For use {n submodel Deformation
Data From Expert Judgement

Erropr checking bounds are § 0,0000000 1,000000

unft =2 unitliess

Source 3Robert D, Bentley
Probabilitiy in 8 100eyear period that & feult in the
southwest fault system will be resctiveted when a me)or
sub=basalt basemant earthqugke occurs during the same time
step,

Scalar "PTREXF " Pprob, of Renewed Thrusting With Mejor Fault
Entered by "Jon Lindberg & Alsn Baldwin ® on {9=sJAN«81 equals
For use {n submade! Deformgtion
Data From Expert Judgement

Error cheeking bounds sre 3 0,0000000 1,000000

uUnit 8 unitless

Source 3Rohert D, Sentley
Probeb{lity in a 100eyear perfiod that & thrust fault in the
Pasco ABasin will he reagtivated when a major subebesalt
basemant earthquake gccurs during the same time step,

Scalar "PUNTHS ® Pprob, of Undetected Thrust {n Repos, Hast
Entered by "Jon Lindberg & Alan Baldwin " on 19«JAN«81 aquels
For use {n submodel Undetected Features
Date From Expert Judgement

Error echecking bounds gre 1 ©0,0000000 1,000000

Unit 3 ynitless

Soures =PNL
Probebil{ty that a thrust fault will go undetected {n the
repos{tory host roeck,

Scalar "QDAM " Min, Flow For Hydraulic Dam at Wallule Gap
Entered hy "Jon Lindberg % Alan Agldwin * an 19eJANe8} gquals
For use in submode]l Geomorfphig Events
Nate From The Literature

Error gchecking bounds are 3 10000,00 1,0000000£E+08
Unit 8 maters**3 / gecond

Source 3Nonald Easterbrook
Minimum discharae (ma*3/gec) of & major flood(Missoulawtyoe)
in the Pascn Basin thet would cause sutficient hydraulie
damming at wallula Gap to pond water to the elevation of the
Qround surface at the recoesitory site,

Scalar “"RADCRY " Sphere Radius Serarates 8{g % Little Craters
Entered by "Jon Lindberg R Alan Raldwin " on 19«JANe8] equals
For use {n suhmouel Mateorite Impact
Dates Fro» Expert Judgement
Error checking hoynrds are t S5,10000001E=02 1,000000
Unit & kilometers S
Source =PNL
Radfus (km) of an {naginary srhare with {ts center at the
hypothetical recository, The model wil! account for the
potential effects of meteorite craters that {ntersect the
sphere with radfus RADCRT, The effects of meteorite craters
thet do not fntersect the imaginary sphere with radius
RADCRT will be intsrpreted following the model run,
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2200000,0
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Scelar "RCARNE " Stesrting Area of the NE Recherge Ares
Entered by "Alan Jemes Bealdwin * on 20=APRe81 equals
For use {n submode! Hvdrology
Date From Expert Judgement
Error checking bounds ere 1000,000 100000,0
unift = kilomaeterns?2
Source ejames W, Crosby .
Yotal aree (kma#2) of the northeest recherge sres at the
atert of the run,

Scaler "RCARSW " Starting Area of 8SW Recherge Ares
Entered by - "Alan Jemes Relowin " on {2«MAYe8] eauals
For vee {n submodel Hydrolegy
Date From Expert Jurdgement
Error checking bounds are § S0,00000 100,0000
Unit = k{lometerex?
Source mjames W, Crosby
Tote! area (kmaa2) of the southwast recherge area et the
start of the run,

Scelar "RDEPTH * Deoth To The Repository From Ground Surface
Entered hy "Jon Lindberg & Alen Baldwin * on 19=JANeB{ equals
For use {n submodel! Hydrology
Data From The Litersturs
Error checking bounds sre | 750,0000 12%0,000
Unit = mateps
Source =PNL
Depth (m) fpom the present oround surfece to the
hypothetical repository,

Scalasr "RFSCON " Responss Constent for Climate Change
Entered by "Alan James Haldwin " on {4eMAYeBl equels
For use §rn submode]l Climete
For use in submodel Continental Glaciation
Judgement and Data
Error checking bounds ere ¢t 0,0000000 1000,000
Unft = Unitless
Source ®PNL == Grepg Petrie and Yi{ke Foley
Response time constant tor gleciel asdvence from ¢climagte
changes,
Note! This dets velue comas from an empirice! fit of known
glacial positions to calibreted mode)! results,

Scaler "RESPNYI " Distance Resronse Constant For Glacier Adv,
Entered by “Alen Jameg Bsldwin " on 0SeMAYe8)i eguels
For use in submode)l Continental Glacliation
Judgement asnd Data

Error checking bounds are ¢t 0,0000000 1000,000

Unit ® 1,0 / Kilometers

Source ®PNL === Gregg Petrie and ™{ke Foley
Distance responge Constent from fitting the Continental
Glaciel positions,

Noteg This dats value {8 from gn empiricgl fit of known

Glecial positions,

39390,000

62,000000

1067,0000

69,720001

0,15779999E«03

Notet This dats value is from gn empiricgl fit of known

glacisl positions
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Scaler "RESPN2 " Time Regponse Constant For Gliecier Advance
Entered by "Alan Jemee Baldwin " on O0l=MAY=81 eaquals 0,16480000E~03
For use {n submode] Conti{nental Glecietion
Judgement and Dats
Error chocking bounds are § 0,0000000 1000,000
Unit = 1,0 / Years
Seurce 2PN ==e Gregq Petrie and M{ike Foley
Time response constant from fitting the Continentel Glagial
positi{ons,
Notet Thia data value {fa from an apiricel fit of known
qlacial positions to calibrated mode),

Scalap "RIVCAP " Max, Radius From Site For River Cepture
Entered by "Jon Lindberg & Alan Baldwin " on 19«JAN=8] equsis 5,0000000
For use {n submode! Geomorphi{ic Events
Data From Expert Judgement

Error checking bounds are ¢ 2,000000 8,000000

Unit = kiiometers

Source aPNL .
Max{imym redius (km) trom repository site for river canture
by an upl{feing besalt fold, When gn uplifting basalt fold
{ntersects the river and the intersection is with the radius
RIVCAP of the site, the river becomes entrenched {n the fold
for the remainder of the ruyn, +hen the intersection {s
outside the radius RIVCAP, the river does not become
antrenched over the repository site and therefore remains
free to maander over the repository site,

Scalar "RKMNE " Distance N of 3{te For Al}l NE Area Covered
Entered by "Jon Lindberg & Alan Baldwin ™ on 19eJAN=81 eauals «30,000000
For use {n submodel Continental Glaciation ’
Judgement and Data
Error checking bounds are 3 =460,00000 60,00000
Unit = k{lometers
Source tJames n, Crosby and PN_
The distance (km) north ot ths reoository site to the
latitude of the southernmost portion of the northeast
recharqge area, When the continental glacier reaches the
latitude indicated by RKMNE, the northeast recharge arees {8
considered to be completely covered,

Scatar "RLATHI " tUoper Lat, of Glecier For Missoula Flooding
Entered by "Greqq Petrie * on (TeMAYe81 equals 48,500000
For use in submodel Geomorphie Events
Judgement and Datsa

Error checking bounds are 48,00000 39,00000

Unit 3 Negrese of Laetitude

Source 3Donald Eesterbrook
The upper iatitude (dedrees) of the sensitive zone for
potential Missoula=tvype flooding, The sensitive zone lies
between two latitude lines and is the area where the glacier
term{nus may cause {ca demmina and subsequent catestrophic
floodinqa,
Recause the model 'follows' the Okanogan Jobe, which wae
'1arger! than the glacier Jobe at the Washingtoneldaho
boundary, the value given RLATH]l was {ncreased osver the
ar{ainel value
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Bcater "RLATLW " Lower Lat, of Glecier For M{ssoule Flooding

Entered by "Grega Petries " on {7=MAYwd| aquesle
For use in submodel Geomorphic Events

Judgemant end Date

Error checking bounds are 1 47,00000 49,00000

Unit = Deqreeas of Latitude

Source xDonald Essterbrook

The lower latitude (degrees) of the sensitive zons for
potential Misscula=type floodina, The sensitive 20ome }iss
petween two let{tude Yines and {s the sres whare the
continental galcier term{nus may cause fce demming end
subseauent cetastrophic floeodina,
Aecause the mordel 'follows?! the Dkgnogan lobe,which wee
'larger! than the lobe at the washingtoneldaho boundafy,
the velue given RLATLW wes decreased from the first value
used

Sceler "RNELF " Amount of NE Rechsrge Aree 3ti!] Covered
Entered by "Gregy Petrie * on 18«MAYeB] equels
For use in submode! Geomorphic Events
Judgemant and Date

Error checking bounds are 3 0,0000000 100000,0

Unit = k{lometerna?

Source EPNL == Gregg Petrie
Amount of recharge area still covered by soil thet diverts
water from the groung water systes to the surfsce rivers,

Scalar "RNERED " Fraction of Reduction {n NE Cover/Fleod
Entered by "Grego Petrie * on 18=MAY=B] equsls
For use in submode) Geomorphic Events
Judnement ancd Vata

Error checking boundcs are t 0,0000000 0,5000000

Unit = unitiess

Source =PNL
Fracttione! reduction of that pert of the NE rechargs eree
stfl) coverad by soil during s 'Missoulas! flooding event,

Scaler "RPGLNE ™ Aversge NE Glacier Recharge Point

Entered by "Jon Lindberg & Alan Baldwin " on 19=JAN=81 equels
For use in submodel Conti{nental Glacietion
Dats From Expert Judgement

Error chackina bounds are } 50,00000 100,0000

Uni{t = kilometers

Source =James W, Crosby end PHL
The diatance (km) north of the repository gite to the
latitude 1ine that intersects the centrel point in the
northeast recherge area, The central point in the northeset
recharge sree {8 considered to be a point
somewhat central {n location to the ares recharged by total
glacier coverage,

Scelar "RPOSHC " H,C, of Rerository Host=Rock

Enterend by "Jon Lindbera & Alen Baldwin ®" on 19«JANeB] equals
For use in submodel Hvdrology
Depends on Repository Design

Error checking pounds are & 9,9999997E«10 9,9999998E«03
.Unit = meters / davy

Source zjJames W, Crosby
The hydreulic conductivity (m/7dsy) of the Grande Ronde
Formation {n the immediate vicinity of tha hypotheticel
reposi{tory,
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39390,000

0,99999998E=02
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Scaler "RPOSTH " Repoeitory Thicknass
Entered by "Jon Lindberg L Alen Baldwin ® an |9=JANB{ equals
For use {mn aubmode] Undetected Features
For use {n submodel Deformation
For use {n submodel MHydroloeay
Deta From The Literature
Erpror checking bounds are ¢ 50,00000 100,0000
Un{t = meters
Source SPNL
The thicknesas (m) of the hypothetical! repository,

Scalar “SEAMAX " Mex, Elevation of Sees=Leve! Riae

Entered by "Jon Lindberg & Alen Baldwin " on {9=JAN=81 equals
For use in submode! Sea Level Fluctuations
Cate From Expert Judgement

Error checking bounds gre ¢ 0,0000000 200,0000

Un{t = maters

Source sMprice L, Schwartz
Max{mum elevation (m) of the ses during an {nterglaciel
climata,

Schwartz, M, Les 1979, "Ses Leve! Revort", In 'A Summary
of FY=1978 Conaultent Input For Scenar{o Methodolegy
Develooment!, pp, IXel =« IXe8, PN(_=28S7, Pacific
Northwest Laboratories, Richland, Washington,

Scaler "SELEY " Si{te Elavation st Ground Surface

Entered by "Jon Lindberg &t Alan Raldwin " on 19=sJAN=81 equals
For use in submode! Deformgtion
Unpublished Date

Error cheecking bounds are -t 200,0000 280,0000

Uni{t = meters

Source EPNL
The elevation (m) of the hypotheticel repository esite et the
grouynd surface,

Scaler "SITLAT " S{te Lat{tude
Entered by "Jon Lindberg & Alen Bgldwin ™ on {9=JAN=8] equals
For use in submodel Continental Glaciation
Unpublished Data
Error checking bounds are ! 46,00000 a7,00000
Unit a Degress of Latitude
Source 3PNL
The tatitude (degrees) of the hypothetical repository site,

Scalar "SITRAD " Radius of Site
Entered by “Jon Lindberg & Alan Rgldwin " on 19«JAN=8] eauaels
For use {n submode) Undetected Features
For use {n submodel Deformet{on
For use {n submodel Geomorphic Events
Depends on Repository Design
Error checking bounde ere 1,000000 10,00000
Unit s ki{lometeras
Source =PNL
The radius (km) of the hyoothatfcal repoaitory site,

Scaler “SLOPHI " Highest Poesible River Gradient
Fntered by “Jon Lindberg & Alan aldwin " an 19«JAN=81 equale
For use in aubmode! Geomorphic Events
Unpubliahed Uata
Error checking bounds are 1 0,0000000 1,000000 _
Uni{t 3 meters / meter
Sourca 3Nonald Easterbraook

The highest poasible river gradient (m/m) in the Pasco Beain
[ ]
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67,000000

100,00000

220,00000

46,500000

2,0000000

0,11200000E=02



Scelar "SLOPLW " |owest Possible River Gradient
Entered by "Jon Lindberg & Alan Baldwin " on 19=«JANe8]1 equsia 0,30000001E«03
For use {n submode)l Geomorphic Events
Unpublished Uata
Error checking bounds ere t 0,0000000 1,000000
Unft 2 meters /meter
Source mDongld Easterbrook
The Yowest possible river gradient (m/m) in the Pgsco Besin,

Sceler "SOURCE " Letitude of Glacier's Source

Entered by "Alan James Baldwin " on 12=MAYeB] eauals $7,000000
For use in submode]l Ses Level Fluctustions

For use in submode! Continentsl Glgeciation

Judgement end Dete

Error checking bounds asre 1 43,00000 6%,00000

Unit = Degrees of Latitude

Source 3PNL

The latitude (degrees) of the source of coentinents!
gleaciation hetween the Rocky Mountains and the Cosst Renge,
The source {8 the ooint where the continentsl glecier begine
to sccrete (presumebly, somewhere in Cenedas),

(Nota! This value (s One of the pargmeters that can be set
in the progrem to empirically f{t the past positions of
gleaciel edge advences to the climate model, Hike Foley
fit this dcate to obtain the best normel{zed dete for {nput
to our model,)

Scaler "STFLTY ® F{rst Feult vWest of Basin Approx, on MCS '
Entered by "Jon Lindberg & Alen Baldwin ® on 19=JAN=81 eauels =25,700001
For use {n submode! Undetected Feastures
Dasts From The Literature
Error checkina bounds sre § «50,00000 »2,000000
Unit = kilometers
Source 3PN|
The dintance (km} to the nesrest non=thrust feult west of
the Pasco Basin along the MCS,

Scelar "SIGABT " Upl{ift Rets on Geble Mtn (For Check HC)
Entered by "AjJan James Raldwin * on 29=APRe«8]1 equels 0,00000000
For use {n submodel Deformation
Date From Expert Judgement
Error checking bounds gre § 0,0000000 0,12%0000
Unft = meters / vear
Source ESteve Malone
The minimum upl{ft rate (m/yr) on Gable Mountein (end
Umtenum Ridge structure) thet would alliow for checking for o
chenge in hydraulic conductivity,

Scelear "THABQY " Gpande Ronde Thickness Above Repoeitery
Entered by "Jon Lindbera & Alan Aalawin * on 19=JANe81 equsls  305,00000
For use {n submodel Hvdroloopy
ODepends on Reoos{tory Design
Error checkina bounds are 1 2003,0000 400,0000
Unit = meters
Source aPNL .
The thickness (m) of the Grande Ronde rFormgtion gbove the
hypothetical reposi{tory,
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Scalar "TRSTRT ™ Conversion Factor For New Thrusting HC
Entered by "Alan James Raldwin " on |SeMAY=8] equals
For yse in submodel! Deformation
Inective =~ For Futurg Use
Error checking bounds are ¢ 0,0000000 100,0000
Unit & unitiess
Source =PNL
The multiplication factor that changes the velue for the
changes in hydraylic conductivity {n s currently asctive
thrust=fault zone to the changes {n hydraulie econductivity
in & newly created thrust=fauylt zone,
Note { wWe have not found any dats that would justify e
value other than 1,0 (A new fault {s treated l{ke en
old faule,)

Scalar "VHRCOR " Horizontal to Verticel H,C, Retio
Entered by "Alan James Daldwin " on 0i=JUN=81 equels
For use {n submodel Hydrology
Judgement end Data
Error checking bounds ere &t 0,0000000 10000,00
Un{t = unitless
Source 8PN
Correction for travel time because of degrease in hydraulie
econductivity in the vertical direction,
(Notet These dats were derived from C, Cole!s(PNL) values
for hydraulie conductivity in the horizents) and vertige!
directions,)

Scaler "WGLAT * Latitude of wWalluls Geo
Entered by "Alan James Haldwin " on 03=JUN=81 equsls
For use in submodel Continental Glescfation
Dats From The Literature
Error checking bounde are § 0,0000000 90,00000
Unit = degrees latitude
Source 3PNL e Gregg Petrie L Alan Baldwin
Latitude nf Wellule Gap {(Gegrees),

Sceler "WSNELN " HWanpsumeSsadle Path Length For the NE
Entered by "Alan James Beldwin * on 20«APRw8] squals
For use {n .submodal Hydrology
Date From Expert Judgement

Erpror checking bounds are o 70,00000 100,0000

Unft 2 kflometers

Source mJamas W, Crasby ang PNL
The distance (km) of qroundewater flow along the MCS {n the
Wangpum and Saddle Mountain Faormations from the central
roint {n the northesst recharne eree to the repository site,

Scaler "WSSWLN " WanabuymewSaddle Path Length For The IW
Entered by "Jon Lindberg & Alan Baldwin ™ on 19=JAN=8! equals
For use {n submodel Hydraloov
Judgement and Date
Error checking bounds are 1 1,000000 10,00000
Unft =2 k{lometars
Source sJames W, Crosby
The distance (km) of ground=water flow along the MCS {n the
Wanepoum and Saddle Mountain Formations from the central
locstion point in the southwest recharge area to the
repository areaa ta the repository site, -
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1,0000000

100,00000

48,029999

8%,000000

4,1799998



Scaler "XSTART " X Coordinste of Discheroe Arc Center
Entered by "Alen James Baldwin " on 20«FEB=8§ sauels
For use {n submodel Undetected Festures
Juogement and Data
Error checking bounde are § =30,00000 *1,000000
Unit 8 kilometers
Source 3PNL
The X coordinate of the center of the uncontinad equifer
discharge arc (s schemetic representetion of the Columbie
River {n the Pesco Basin), The coordinste system has en
ordinate at the repository gite and the Xeexis corresponds
to the MCS, Positive Y is to the southesest
Units of the coordinste avyetem are kilometers,

Scelar "YSTART " Y Coordinste of Discherge Apre Conter
Entered by "Alsn Jemes Beldwin " on 20«FER=81 eauels
For use {n submode! Undetected Festures
Judgement end Dates
Error checking bounds ere § =100,0000 «1,000000
Un{t 2 k{lometers
Source EPNL
The Y coordinate of the center af the unconfined aquifer
discharge arc (3 schemati{c representstion of the Columbis
River in the FPasco Basin), The coordinats system hgs an
ordinates at the repository site and the X=gxis corresponds
to the MCS, Positive Y s to the southeest,
Units of the coordinate system are kilometers,

Guality Distribution

Test Dats has 1 scalars
Date From The Litepature hag 10 scelers
Ses Text For Explanstion has S ecalers
Unpubiished Data has 11 scalare
Judgement end Datea has 39 scalars

Date From Expert Judgement has 43 scelers
Depends on Reposftory Designhas 13 scalers
Inactive = For Future Ulse hos 9 scalers

* This Dats has no cless # hag 0 scelare

Tota) Scelars entered to date =131
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NE Precip. Change Fraction For Cascade Mtns
Polynomial 1.
Submodel(s) :°

Climate

Inactive — For Future Use

No Transform on X

No Transform on Y
-. 25000050 to .25000050 values of Y
-1000. 00201416 to 1000.00201416 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 0.0000000000

S
s
s
n
n
)
Es
oS
s
-1000. 002 1000. 002
meters
Units for X meters
Units for Y unitless
Source George Kukla

Calculates the change of precipitation rate (c in th
ag east recharge %.rea f?om e change in( 31e/v%rt;on (mﬁ of
e Cascade Range.

Prepared by Alan James Baldwin Date 22~-MAY-81
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SW Precip Change Fraction For Cascade Mtns
Polynomial 2.

Submodel(s) :
Climate

Inactive —~ For Future Use

No Transform on X

No Transform on Y
-. 25000050 to .25000050 values of Y
-1000.00201416 to 1000.00201416 values of X
1. Order Polynomial
Coefficients :

6. 0.0000000000

1. ©.0000000000

S
8
s
1]
[+
)
Es
ae
=
-1000. 002 1000. 002
meters
Units for X meters
Units for Y unitless
Source George Kukla

Calculates the change of precipjtation rate (c in
sout.gwest recﬁharge %.rea fgom e change izs 3e/vyart?ion &3 of
the Cascade Range.

Prepared by Alan James Baldwin Date 22~-MAY-81
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NE Precip Change Fraction For Rocky Mtns
Polynomial 3.
Submodel(s) :

Climate

Inactive — For Future Use

No Transform on X

No Transform on Y
-.25000050 to .25000050 values of Y
-1000. 00201416 to 1000.00201416 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 0.0000000000

S
=
s
/]
(/]
Q
=
as
p= P
-1000. 002 1000. 002
meters
Units for X meters
Units for Y unitless
Source George Kukla

Calculates the change of precipitation rate (c in th
xtll;) east recharge %.rea fgonﬁ ghe change, in( ale/vyart}on (m? of
e Rocky Mountains or the Blue Mountains.

Prepared by Alan James Baldwin Date 22-MAY-81
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SW Precip Change Fraction For Rocky Mtns
Polynomial L.

Submodel(s) :
Climate

Inactive — For Future Use

No Transform on X

No Transform on Y
-2.50000500 to 2.50000500 values of Y
-1000.00201416 to  1000. 00201416 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 0.0000000000

S
s
s
[}
n
)
e
ae
=
-1000. P02 1000. 002
meters
Units for X meters
Units for Y unitless
Source George Kukla

Calculates the change of precipjtation rate (c

/yr). in
southwest recharge area from e change in gllevat.ion m) of
the Rocky ountgins or Blue Moun't.al?ins.g (hs

Prepared by Alan James Baldwin Date 22-MAY-81
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Glacier Rebound Rate With Less Ice
Polynomial 6.
Submodel(s) :

Continental Glaciation

See Text For Explanation
No Transform on X
No Transform on Y

0. 00000000 to .00730001 values of Y
-1500. 08305175 to  -1. 00000202 values of X
2. Order Polynomial

Coefficients : '

. 0.oco0000000

(=]
e
)
-t
o
Q
I
~
n
-t
S
QS
B
-1500. 003 -1.001
meters
Units for X meters
Units for Y meters / year
Source Colin Bull

Calculates th round rface rebound rat t
&ln&fl unloagixfg fromsghe ﬁecrease of glagiéfll/c%r d‘(::llecneoss

(Note : Df" Coliﬁ Bull (1981)* states_: _ )
e 1:let an sub?j&e cé there (Pasco) is .gox g to be
)ig s&gelnseally you can forget it i e model at

* U lished ¢ ultant's report to PNL from Dr. Colin Bull
o? %‘H)’o State ngversity on I3&pril 3, 1981. m v

Prepared by Alan James Baldwin Date 30-APR-81
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Prob. of H.C. Change in Shaft Seal With Time
Polynomial of

Submodel(s) :
Shaft Seal

Depends On Repository Design

No Transform on X

No Transform on Y
0. 00000000 to 1.00000202 values of Y
1.00000202 to 1000002.00000000 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. .0000010000

[
S
n
n
0
He
58
1,000 1000002. 000
years
Units for X years
Units for Y unitless
Source PNL —-- Gregg Petrie

Calculates the probability of change in_ hydraulic conduct-
ivity of the shaft seal from the elapsed simulated time.

Prepared by Alan James Baldwin Date 04—-MAY-81
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Glacial Rebound Rate When Ice is
Polynomial /.
Submodel(s) :

Continental Glaciation

See Text For Explanation
No Transform on X
No Transform on Y

i
|
)

0.00000000 to .00730001
1. 00000202 to 100000. 20312500
0. Order Polynomial

Coefficients :

Gone

values of Y
values of X

0. 0.0000000000
S
S
s
]
@
o
2
N
n
-
Se
=]
Ha
1.000 100000. 281
years
Units for X years
Units for Y meters / year
Source Colin Bull
Calcula the ground surf bound rate due to
agl uegloagnf froms&eagarﬁ%eguof years (szﬁa/t:yer)the glacier
retreated from the area.
Note: Coh Bull (1981)* states_:
( %ﬂ and subdf ﬁce) there (Pasco) is going to be
us e sea ly think you can forget it i e model at
18

* Un ublished consultant's r rt to PNL from Dr. Colin Bull
%hm Stmtec Unsiverasxlli‘.ys one Px:i)nl ?i °

1981.

Prepared by Alan James Baldwin

Date 30-APR-81
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Glacial Subsidence Rate From Ice Thickness
Polynomial 8.

Submodel(s) :
Continental Glaciation

See Text For Explanation

No Transform on X

No Transform on Y
-. 00730001 to -.00730001 values of Y
1. 00000202 to 1500.00305175 values of X
®. Order Polynomial
Coefficients :

0. 0.0000000000

S
e
(S
et
«
Q
>
~
[ 2]
ot
Se
(=
Ha
1.000 1500. 081
meters
Units for X meters
Units for Y meters / year
Source Colin Bull
Calculate round surface subsidence ate aused
by glacia loadigx rom the thlc?:ness of g acial 1ceyf) ‘f
Note : Coh 11 (1981)* states_:
( "o 3 u 31( de ce) there (Pasco) is 1501&.& to be
lsl e ge. I, you can forget it e model a‘t.
sta

* Unpublished ltant’ rt to PNL f Dr. Colin Bull
PRI B CPATSLaRy s Sttty Fifpfrom D Colin Bu

Prepared by Ailan James Baldwin Date 30-APR-81
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Radial Stress From Glacier Distance
Polynomial g.

Submodel(s) :
Continental Glaciation

Subjective Guess With Data

No Transform on X

No Transform on Y
-7.20001453 to 15.00003051 values of Y
0. 00000000 to 200.00041198 values of X
1. Order Polynomial
Coefficients :

0. 10.5600214004

1. -.0613261222

10.560

ascals
P1 705

0. 000 200. 000
kilometers

Units for X kilometers
Units for Y pascals
Source Colin Bull
N i s e o e o

us.
. olin Bull cites Brotchie and Sxﬁvester (1969)
as his source for s data.

Prepared by Alan James Baldwin Date 22-MAY-81
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Tangential Stress From Glacier Distance
Polynomial 10.

Submodel(s) :
Continental Glaciation

Subjective Guess With Data

No Transform on X

No Transform on Y
-7.00001430 to 15.00003B851 values of Y
0. 00000000 to 200.00041198 values of X
1. Order Polynomial

Coefficients :
0. 1.58920032501
1. -. 0085071172
N
74
2
]
23
a —
a-
. 000 200. 000
ometers

Units for X kilometers
Units for Y pascals
Source Colin Bull

Calculates the tan ential stres &pascals)l of glacial
loadmg f) 3, B1stance 3 acier te
r. o in

ull cltes rotchie ang Silvester 698)
as hls source for this data.

Prepared by Alan James Baldwin Date 22-MAY-81
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Change in HC With Radial Stress From Glacier
Polynomial 11.

Submodel(s) :
Continental Glaciation

Subjective Guess With Data

No Transform on X

e To The Y Power
. 00000010 to .50000100 values of Y
0. 00000000 to 10.00002002 values of X
1. Order Polynomial
Coefficients :

0. -2.5540051460

1. .1690003395

m d
-t 0 7
N ® ,
=:‘. /

/
/
/
/
/
/
/
/
/
/
/

>} /

o e

o /,’

\ ,/

n

3z

Ql\ln -7
[ Y P

g -~

2.000 10. 000
0.000 10. 000
pascals

Units for X pascals
Units for Y meters / day
Source James W. Crosby & Alan J. Baldwin

Cal alilla't.es the cha%ﬁel 1§1trtézglr %lggaci duc?ﬁ%{l(Fﬁgaﬂ of

ra
: e1 omial was 1ve ann ames
osb ‘s estﬂnates .of chang 1§ g ulic on uc 1&1
1stance from ac}er edge to ro ie & Si vesters
estimates (196&)l stresses from distance to glacial edge.

Crosby, J. W.,, 1980. Unpublished Report to PNL, Nov. 1980.

Prepared by Alan James Baldwin Date 22-MAY-81
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Change In HC With Glacial Tangential Stress
Polynomial 12.
Submodel(s) :

Continental Glaciation

" Subjective Guess With Data
No Transform on X
e To The Y Power
. 00000010 to .50000100 values of Y
0.00000000 to 1.50000308 values of X
1. Order Polynomial
Coefficients :
0. -5.0940103530
1.  .0017493037

g3
i
>
o
©
~
o
]
S 3
0SS
AS
0. 000 1.500
0.000 1.500
pascals
Units for X pascals
Units for Y meters / day
Source PNL —- Alan Baldwin & James Crosby *

Calculates the change in draulic conductivity (m/day) of
})asdailxti from the tan%entiail y;st.ress ?pascalsﬁ of gla(cia{l )

08 .

Note g This polynomial was derived by comparing Dr. James
Crosby's estimates of claange 1g h{ raulic conductivity with
distance frogm #amer edge to Bro 3 ie & Silvester’'s
estimates (1969) of stresses from distance to glacial edge.

* Ungn{,blis ed consultant's re%orj. to PNL from James W.
Cr6sby of Washington State University on Nov. 1880.

Prepared by Alan James Baldwin Date 22-MAY-81
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Erosion From Stream Power
Polynomial 3.

Submodel(s) :
Geomorphic Events

From Expert Judgement

No Transform on X

No Transform on Y
-.00100000 to .30000061 values of Y
0. 00000000 to .00100000 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. -9.6430187225

/ year

meters
-.009

D.000 . 001
meters**3 / seconds*(meters/meter)

Units for X meters**3 / seconds*(meters/meter)
Units for Y meters / year

Source PNL —-- Mike Foley and Gregg Petrie
Calculates ero ate (m/ ﬁh olumbia River from
stream owerzl ls.}ar e ta ent).

See vanables and deénsity curves 56-59.

s%%tia)from Mike Foley and Gregg Petrie of PNL on Feb. 26,

Prepared by Alan James Baldwin Date 02-MAR-81
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M of Missoula Fold Erosion From Stream Power
Polynomial 14,

Submodel(s) :
Geomorphic Events

From Expert Judgement

No Transform on X

No Transform on Y
-10.00002002 to O.00000000 values of Y
67.20013427 to 24000.04882812 values of X
1. Order Polynomial

Coefficients :
0. 0. 0000000000
1. -. 0017000035
2
n
oS
‘50
g%
67.200 24000. 058
meters**3 / second(meters/meter)
Units for X meters**3 / second(meters/meter)
Units for Y meters
Source Donald Easterbrook

Calculat r at ) b Missoula-t. flood from
:iztreanil ;gweero dlscﬁarege(%:s gga?h sf ype

Prepared by Alan James Baldwin Date 02-MAR-81
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| Correction Factor of Intersection Angle
Polynomial 19.

Submodel(s) :
Fault Creation

Inactive — For Future Use

No Transform on X

No Transform on Y
1.00000202 to 1.00000202 values of Y
0. 00000000 to 90.00018310 values of X
0. Order Polynomial
Coefficients @

0. 1.0000020265

S
s
n
[ (]
)
s
as
=
0. 800 90. 000
degrees
Units for X degrees
Units for Y unitless
Source PNL —-- Gregg Petrie

Calculates the reduction_ or enhancement of eu-ft.ht%uake
acceleration lglelltl lication factor or racnon
w

acceleration n e wave direction 1s directly along the

ode cross sec'uon from the northeast) from the angle
etween th dmo el cross section and the direction of earth-
quake wave ection.

Prepared by Alan James Baldwin . Date 13-MAY-81
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Fault Area From Earthquake Magnitude
Polynomial 16.
Submodel(s) :

Sub-Basalt Faulting

Unpublished Data
Exponential Form X
No Transform on Y

.00010000 to 100000.20312500 values of Y
1.00000202 to B8.00001621 values of X
2. Order Polynomial

Coefficients :

0. 0.0000000000
1.  .0B12783025
2. 1.1810023689

m
)
Y
o
+*
+*
n
P
Q
-
[
g
S
Fe
h-.ﬂm . 8.000
ichter magnitude
Units for X Richter magnitude
Units for Y kilometers**2
. Source Lawrence H. Wight

|
alculates the displacem nt are *2) of a fault plane
fro &\e magmtul()le of e eartﬁ kﬂe associated mBh ame
ault movement.
!  See L. H. Wight in Appendix B.

Prepared by Alan James Baldwin Date

A.46
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Earthquake Fre%uency From Magnitude
Polynomial 17.

Submodel(s) :
Sub-Basalt Faulting

From The Literature

No Transform on X

No Transform on Y
0.00000000 to 16.00003242 values of Y
2.0000040%5° to 8.00001621 values of X
1. Order Polynomial
Coefficients :

@. ~-.1660003423

1. .0830001735

. 498

cycles / second

2. 000 . 8.000
Richter Magnitude

Units for X Richter Magnitude
Units for Y cycles / second
Source PNL —- Steve Blair

alcul.tes ear e freque Hz) from magnitude.
Gutenberg antah%‘ilc ter, 1 56’}cy (Hz) £

Prepared by Alan James Baldwin Date 08-MAY-81
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Earthquake Duration From Magnitude
Polynomial 18.
Submodel(s) :

Sub-Basalt Faulting

From The Literature
No Transform on X
10 To The Y Power

-. 32000064 to 20.00004005 values of Y
1.00000202 to B.00001621 values of X
1. Order Polynomial
Coefficients :

0. -1.4000028610

1. .3200006484

=
N d 1
= p
=" !
- - ’
1
1
1
!
!
!
1
I}
’
1}
’
’
’
’
/
[} ’
o ’
=] it
o 3 e
Oomes e
38z
.« 8 -
1.008 8.000
1. 0008 8.000

Richter magnitude
Units for X Richter magnitude
Units for Y Seconds

Source PNL —- Steve Blair

Calculates earthquake duration (sec) from earthquake
aq.mtude. .
F(l;u enberg and Richter, 1956)

Prepared by Alan James Baldwin Date 07-MAY-81
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Relation Between H.C. 'and Effective Porosity
Polynomial 19.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.00000000 to .10000020 values of Y
0. 00000000 to .00380000 values of X
0. Order Polynomial
Coefficients :

0. .0350000715

.035

ty

Effective Porosi

.035

0.000 .003
meters / day

Units for X meters / day
Units for Y Effective Porosity
Source : PNL —- Charles Cole and Gregg Petrie

elates effective porosn.% ydraulic co ductivity.

Note: Until a better re atJons ip for th %ﬁagugl Basalts
becomes avallable, Gregg Petne an ald
have decided to use an average effective porosnty
for the Pasco Basin basalt sr)

Prepared by Alan James Baldwin Date 05-JUN-81
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ﬁRecharge From Glacier Thickness
Polynomial 20.

Submodel(s) :
Hydrology

Inactive — For Future Use

No Transform on X

No Transform on Y
5. 00001001 to 30.00006103 values of Y
0. 00000000 to 1500.00305175 values of X
1. Order Polynomial
Coefficients :

Q. 6.4000129688

1. 0.0000000000

[ =]
g
0
g
«
[}]
>
~N
[ 2]
ey
Q-
-
[ 5]
g
S
28
Qw
0. 000 1500. 001
meters
Units for X meters
Units for Y centimeters / year
Source Colin Bull

Calculate fro the thickness of glacial ice (m) the amount
of water that is recharged to basalt aquifers_ in
the north eas recharge area when the area is covered by a
ontme tal gl ac1er
om1a1 function will be used when we obtain

1
a e uate aga Currently, we use the value of the recharge
in the northeast recharge area.

Prepared by Alan James Baldwin Date 22-MAY-81
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SW Head Change From Recharge Rate, Climate 1
Polynomial

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0. 00000000 to 1000.00201416 values of Y
0. 00000000 to 6.00001239 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 50.00010239968

300. 000

meters
0.000

0.0002 6. 000
centimeters / year

Units for X centimeters / year
Units for Y meters
Source James W. Crosby
Calculates hydraulic head change (m) of basalt aqlulfers in

the southwe t rec ar e area ur interglacial climate
state from rec arge rate cm/gyx%n

Prepared by Alan James Baldwin Date 28-APR-81
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SW Head Change From Recharge Rate, Climate 2
Polynomial 2.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0. 00000000 to 1000.00201416 values of Y
0. 00000000 to 6.00001239 = values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 289.2700585855

S
®
g
n
$ut
Se
g8
= o.o00. 6. 000
centimeters / year
Units for X centimeters / year
Units for Y meters
Source James W. Crosby

Calculates hydraulic head change (m) of basalt aguifers in

the southwest recharge area d emperate interstadial
climatet};'om L{le recharge rate lcx%/ayr{) P

Prepared by Alan James Baldwin ) Date 28-APR-81
A.52




SW Head Change From Recharge Rate, Climate 3
Polynomial 3.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0. 00000000 to 1000.00201416 values of Y
0. 00000000 to 6.00001239 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 23.5300483703

141.180

meters
0.000

0. 000 _ 6. 000
centimeters / year

Units for X centimeters / year
Units for Y meters
Source James W. Crosby
Calculates hydraugc head change (m) of basalt a_gluifers in
c

e southwest recharge area during an ipterstadial climate
state from the change in recharge rate ?cm?yr .

Prepared by Alan James Baldwin Date 28—APR-81
A.53




SW Head Change From Recharge Rate, Climate 4
Polynomial 4.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.00000000 to 1000.00201416 values of Y
0. 00000000 to 6.0000123S values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 40.0000801086

240, 000

meters
0.000

0.080 6.000
centimeters / year

Units for X centimeters / year
Units for Y meters
Source James W. Crosby
Calculates the tydrmuhc head chan (m) of bas t. ag uifers

in the southwesf recharge are a stadial ¢ ate
state from the recharge rate ch‘}r g

Prepared by Alan James Baldwin Date 28-APR—-81
A.54




NE Head Change From Recharge Rate, Climate 1
Polynomial <293.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.000000002 to 1000.00201416 values of Y
0.00020000 to 6.00001239 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 78.1201629638

=
IN
©
=
n
g
Se
[
Ha
0.000 6. 000
centimeters / year
Units for X centimeters / year
Units for Y meters
Source James W. Crosby
Calculates ydraulic head change ) of ba uifers
in the nor&east recharge area laungng ﬁq

erg acx
climate state from the recharge rate (cm/n 3

Prepared by Alan James Baldwin Date

A.55

20-APR-81




NE Head Chan e-;x-‘om Recharge Rate, Climate 2

Polynomial Z6.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.00000000 to 1000.00201416 values of Y
0.00000000 to 6.00001238 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 82.5901870727

555.540

meters
0.9000

0. 000
centimeters / year

Units for X centimeters / year
Units for Y meters
Source James W. Crosby

6. 000

Calculates the hydraulic head c anf: (m) of basalt aquifers

| the northeast recharge area a temperat

' 11Ix:t.erst.ad‘iad climate statge from the. recharge rate tcm/yr)
l

!

i

\

i

!

|

|

|

Prepared by Alan James Baldwin Date 28-APR-81
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NE Head Change From Recharge Rate, Climate 3
Polynomial 7.

Submodel(s) :
Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.00000000 to 1000.00201416 values of Y
0.00000000 to 6.00001238 values of X
1. Order Polynomial
Coefficients :

0. 0.0000000000

1. 73.5301513671

441.180

meters
2.000

0.000 6. 000
centimeters /year

Units for X centimeters /year
Units for Y meters
Source James W. Crosby

Calculates the hydraulic head change (m) of basalt :lquifers

%éhe northeast rett:karge area during an jnterstadi
climate state from the recharge rate (cm/yr).

Prepared by Alan James Baldwin Date 28-APR-81

A.57




NE Head Chanﬁe From Rechargé Rate, Climate 4
Polynomial 8
Submodel(s) :

Hydrology

Subjective Guess With Data

No Transform on X

No Transform on Y
0.00000000 to 1000.00201416 values of Y
0. 00000000 to 6.00001239 values of X
1. Order Polynomial
Coefficients :

2. 0.0000000000

1. 63.2901306152

379.740

meters
0. 000

0.9000 5.000
centimeters / year

Units for X centimeters / year
Units for Y meters
Source James W. Crosby
Calculates the hydraulic head chanf%c(m) of_ basalt a%uifers

in the northeast recharge area du a stadial climate
state from the recharge rate ?cm yr

Prepared by Alan James Baldwin Date 28-APR-81

A.58




GW Velocity Reduction From Glacier Distance
Polynomial 29.
Submodel(s) :

Hydrology

From Expert Judgement
No Transform on X
No Transform on Y

. 27560055 to 1.00000202 values of Y
0.00000000 to 300.00061035 values of X
1. Order Polynomial
Coefficients :
0. . 2756005525
1. . 0021100048
[+ 2]
R
n
n
)
A
g8
.poo 300. 000
ometers
Units for X kilometers
Units for Y unitless
Source

PNL —- Gregg Petrie
Calculate

the reduction of grou aﬁ' —water velocity (frac on
normal velocit ‘)‘ due to ost con tJons fro
stance to e termmus o e contment glacier

Prepared by J.W.L & Alan James Baldwin

Date

14-JAN-81
A.55




| NE Recharge Area Reduction From Glacier Dist
Polynomial 30.

Submodel(s) :
Hydrology

From Expert Judgement

No Transform on X

No Transform on Y
0. 00000000 to 1.00000202 values of Y
46.23009490 to 47.85009384 values of X
1. Order Polynomial
Coefficients :

0. -28.5300573071

1. .B6173012256

1.007

Unitless

.007

6.230 47.850
egrees of latitude

Units for X Degrees of latitude
Units for Y Unitless
Source James W. Crosby

Calculates '%e reduction, fraction of_ the xao theats}} rechar e
area from distance (de grees of latitu glaci
r%lnus to the southernmost atitude of e northeast
arge area.

Prepared by J.W.L. & Alan James Baldwin Date 14-JAN-81

A.60




NE Precipitation Rate for Climate State 1
Density Curve 1.

Submodel(s) :
Climate

Data From Transformation

No transform on X
0.00000000 to 105.00021362 error bounds on X
0. 00000000 to 105.00021362 values of X

Point by Point
Density Points :
. 0000000010
. 0000002010
. 0194590387
. 1045002102
.0741541433
.0130650269
. 0087705183
. 0130770266
. 0253470516
. 8455670928
10. .0743591499
11. .1042002081
12, .1229002475
13. .1231002449
14. .1043002128
15. .@8775511550
16. .0467580938
17. .0257400512
18. .0127410268
19. .08451470889
20. .0000000010 0.000 105. 000
centimeters / year

CENpUELN S

Units for X centimeters / year
Source °~ = George Kukla *

Averaﬁe precipitation rate (cm/yr) in the northeast recharge
area during an interglacial climate state.

* Unpublished consultant’'s report to PNL from George Kukla
of Lamont—-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 05-MAR-81
A.61




NE Precipitation Rate for Climate State 2
Density Curve .

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
0. 00000000 to 150.00030517 error bounds on X
0.00000000 to 131.40025329 values of X

Point by Point
Density Points :
. 0.0000000000
.3000006198
3. 4000070095
6.0000123977
. 8000016212
. 4000008106
1. 0000020265
2. 3000047206
4, 6000034413
6.7000131607
8.0000162124
7.7000155448
. 6.6000132560
4
3
3
2
1

CENPUEBN =S

—
-9
P

—
N

. 6000084413
. 60000723956
. 0000061988
. 3000047206
17. 1.50000309394
18. .5000018118
19. .5000010013
20. .3000006198 0.000 131. 400
centimeters / year

— =
DW= W
« e e .

Units for X centimeters / year
Source George Kukla *

Average precipitation rate (cm/yr) in the northeast recharge
area during a temperate interstadial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont—-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 14-MAY-81
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NE Precipitation Rate for Climate State 3
Density Curve 3.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
0.00000000 to 150.00030517 error bounds on X
6.56801318 to 137.90026855 values of X

Point by Point
Density Points :
0. .2000004053

. 1,2008024318

2 2.5000050067

3 .5000010013

4, .3000006198

3. .7008014305

6. 1.5800030994

7. 2.7000055313

8. 4.0000081062

9. 35.5000109672

10. 6.5000133514

11. 7.1000142097

12. 7.2000145912

13. 7.10080142097

14. 6.5800133514

15. 35.2000102396

16. 3.7000074386

17. 2.4000048637

18. 1.3000025749

19. .7000014385

20. .4000008106 6.568 137. 900

centimeters / year
Units for X centimeters / year
Source George Kukla *

Average precipitation rate (cm/yr) in the northeast recharge
area during a stadial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont—-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 14-MAY-81

A.63




NE Precipitation Rate for Climate State 4
Density Curvell.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
5.00001001 to 153.00830517 error bounds on X
52.55010604 to 131.40025329 wvalues of X

Normal Curve
Density Points :
. 0044319090
. 0104210221
. 0223950457
. 0439840888
.0789501619
. 1285002698
. 1842003822
. 2661005258
. 3332006931
. .3B14007759
10. .3989008235
11. .3814087759
12. .3332006931
13. .2661005258
14, .1942003822
15, .1295002698
16. .0783501619
17. .0439840888
18. .02233958457
19. .0184210221
208. .0044319090 52.550 131. 409
centimeters / year

(D_(D\IU)UIJ:(DI\J'-'S

Units for X centimeters / year
Source George Kukla *

Averaﬁe precipitation rate (cm/yr) in the northeast recharge
area during a stadial climate state. .

* Unpublished consultant's report to PNL from George Kukla
of Lamont—Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.64




SW Precipitation Rate for Climate State 1
Density Curve 9.

Submodel(s) :
Climate

Data From Transformation

No transform on X
0. 00000000 to 40.00008010 error bounds on X
0. 00000000 to 40.00008010 values of X

Point by Point
Density Points :
0. .0000000010
. 0000000010
. 0295250606
. 1048002123
. 0682341384
. 0127900254
. 0086637172
. 0132690262
. 0258920526
. 0465750932
10. .0754821586
11. .1054002165
12. .1231002449
13. .1226002454
14. .1027002096
15. .0756711626
16. .0447340917
17. .0245240497
18. .0121340233
19. .0038810076
20. .0000000010 0. 000 40. 000
centimeters / year

WO ~NOTWU&EWN —
e v e e e e s

Units for X centimeters / year
Source George Kukla *

Averaﬁe precipitation rate (cm/yr) in the southwest recharge
area during an interglacial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont—-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 05—~-MAR-81

A.65




SW Precipitation Rate for Climate State 2
Density Curve B.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
0.00000000 to 100.00020598 error bounds on X
0. 00000000 to 895.81018829 values of X

Point by Point
Density Points :
0. 0.0000000000

1. .30000806198

2. 3.4000070085
3. 6.00008123977
4. .8000B16212

5. .4o00008106

6. 1.0000020265
7. 2.3000047206
B. 4.5000094413
9. 6.7000131607
10. 6.0008162124
11. 7.7000155448
12. 6.6000132560
13. 4.65000094413
14. 3.6000072956
15. 3.000006519886
16. 2.3000047206
17. 1.50000303994
18. .S000018118

19, .5000010013

20. .3000006198 0.000 95.810
centimeters / year

Units for X centimeters / year
Source George Kukla *

Average precipitation rate (cm/yr(ll in the southwest recharge
area during a temperate interstadial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont—-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 14-MAY-81

A.66




SW Precipitation Rate for Climate State 3
Density Curve /.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X ‘
0. 00000000 to 110.00022125 error bounds on X
4,79000349 to 100.60020446 wvalues of X

Point by Point
Density Points :

0. .2000004053
1. 1.2000024318
2. 2.5000050067
3. .5000010013
4. .3000006198
5. .7000014305
6. 1.5000030994
7. 2.7000055313
8. 4.0000081062
9. 5.5000109672
10. 6.5000133514
11. 7.1000142097
12. 7.2000145912
13. 7.1000142097
14. 6.5000133514
15. 5.2000102936
16. 3.7000074386
17. 2.4000048637
18. 1.3000025749
19. .7000014305
20. .4000008106 §.790 100. 600

centimeters / year

Units for X centimeters / year
Source George Kukla *

Averaﬁe precipitation rate (cm/yr) in the southwest recharge
area during an interstadial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont-Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 14-—-MAY-081
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SW Precipitation Rate for Climate State 4
Density Curve 8.

Submodel(s) :
Climate

Data From Transformation

No transform on X
3.00061001 to 100.00020583 error bounds on X
18.34004058 to US.8UBD0SS33 values of X

Normal Curve
Density Points :
. 0044319090
. 0104210221
. 0223950457
. 0439840888
. 0788501618
. 1285002698
. 1842003822
. 2661005258
. 3332006331
.3814007758
10. .3983008235
11. .3814007758
12. .3332006931
13. .2661005258
14. .13942003822
15. .1285002698
16. .0783501619
17. .0439840888
18. .0223958457
19. .0104210221
20. .0044319090 19.940 49. 840
centimeters / year

CENPUELNSS

Units for X centimeters / year
Source George Kukla *

Average precipitation rate (cm/yr) in the southwest recharge
area during a stadial climate state.

* Unpublished consultant's report to PNL from George Kukla
of Lamont—Doherty Geological Observatory on Feb. 4, 1981.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.68




Cascade Mountain Range Uplift Rate

Density Curve g.

Submodel(s) :
Climate

Judgement and Data
Log transform on X

-6.00001239 to -3.00008618 error bounds on X
-5.00001001 to -4.00000810 values of X
Normal Curve
Density Points :

0. .0044320092

1. .0104200220

2. .0223900461

3. .0439800882

4. .0789501619

5.  .1295002698

6. .1942003822

7. .2661005258

8. .3332006931

9. .3814007759

10. .3989008235

11. .3814007759

12. .3332006931

13. .2661005258

14. .1942003822

15. .1295002698

16. .0789501619

17. .0439800882

18. .0223900461

19. .0104200220

20. .0044320092 -5.000 -4. 000

meters / year

Units for X meters / year
Source Robert D. Bentley *

Cascade range uplift rate (m/yr).
uplift rate when the erosion rate is subtracted from the

total uplift rate.

This rate is the net

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by Alan James Baldwin

A.69

Entered on 05-MAR-81




Cascade Mountain Range Erosion Rate
Density Curve 10.

Submodel(s) :
Climate

Judgement and Data

Log transform on X :
-6.0000123S to -3.0000061S error bounds on X
-5. 00001001 to -4.00000810 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 8223900461
. 04339800882
.07839501619
. 1285002698
. 1942003822
. 26610805258
. 3332006931
. 3814807759
10. .3989008235
11. .3814807759
12. .3332806931
13. .2661085258
14. .1942003822
15. .1295002698
16. .0789581619
17. .0439800882
18. .0223300461
19. .0104200220
20. .0044320092 -5. 000 -4, 000
meters / year

Units for X meters / year
Source Robert D. Bentley *

Cascade Range erosion rate (m/yr). This rate is the net

erosion rate when the uplift rate is subtracted from the
total erosion rate.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 02-MAR-81

A.70




Variance of Polynomial Number 1
Density Curve 11.

Submodel(s) :
Climate

Variance - For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0.00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

8. 1.0000020265
1. 1.0000020265
2.  1.0000020265
3.  1.0000020265
4. 1.0000020265
5.  1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0008020265
20. 1.0D000020265 0.000 0. 000
centimeters / year
Units for X centimeters / year
Source . George Kukla

Variance or error (cm/yr) of polynomial number 1.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.71




Variance of Polynomial Number 2

Density Curve 12.

Submodel(s) :
Climate

Variance - For Future Use

No transform on X
0.00000000 to 0.00000000
0. 00000000 to 0.00000000

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.00000208265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265
Units for X centimeters /
Source George Kukla

error bounds on X

values of X

centimeters / year

year

Variance or error (cm/yr) of polynomial number 2.

Prepared by Alan James Baldwin

A.72

Entered on 01-MAY-81




Uplift Rate of Eastern Mountains
Density Curve 13.

Submodel(s) :
Climate

Judgement and Data

Log transform on X
-7.00001430 to -4.00000810 error bounds on X
-5.22001028 to -5.00001001 values of X

Normal Curve
Density Points :
8. .0044320092
. 0104200220
. 0223900461
. 04339800882
.0789501619
. 1285002698
. 1942003822
. 2661005258
.3332006931
.3814007759
10. .3989008235
11. .3814007739
12, .3332006931
13. .2661005258
14, .1942003822
15. .1295002638
16. .0783501619
17. .0439880882
18. .0223900461
19. .0104200220
20. 0044320092 -5.220 -3.000
meters / year

Units for X meters / year
Source Robert D. Bentley *

Uplift rate (m/yrl on mountains to the east of the Pasco
Basin (Blue Mountains or Rocky Mountains). This rate is the
net uplift rate. Total uplift rate minus erosion rate

equals the net uplift rate.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.73




Erosion rate on Eastern Mountains
Density Curve 14,

Submodel(s) :
Climate

Judgement and Data

Log transform on X
-7.00001430 to -3.00000619 error bounds on X
-6.00001233 to -4.00000810 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 02233900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 38140077359
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1542003822
15. .1295002698
16. .0789501618
17. .0439800882
18. .0223900461
19. .0104200220
20. . 0044320092 -6.000 -4.000
meters / year

Units for X meters / year
Source Robert D. Bentley *

Erosio rateM(m/yr) on mountains to the east of the Pasco
Basin l8Blue

net erosion rate. Total erosion rate minus uplift rate
equals net erosion rate.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

ountains or Rocky Mountains). This rate is the

Prepared by Alan James Baldwin Entered on 035-MAR-81

A.74



Variance of Polynomial Number 3
Density Curve 15.
Submodel(s) :

Climate

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0. 00000000 to 0.00000000 values of X '

Uniform Curve
Density Points :

0. 1.0000020265

1. 1.0000020265

2. 1.0000020265

3. 1.0000020265

4, 1.0000020265

5. 1.0000020265

6. 1.0000020265

7. 1.0000020265
T 8. 1.0000020265

9. 1.0000020265

10. 1.0000020265

11. 1.0000820265

12. 1.0000020265

13. 1.0000820265

14. 1.0000020265

15. 1.0000020265

16. 1.0000020265

17. 1.0000820265

18. 1.0000020265

18. 1.0000020265

20. 1.0000020265 0.000 0.000

centimeters / year

Units for X centimeters / year
Source George Kukla

Variance or error (cm/yr) of polynomial number 3.

Prepared by Alan James Baldwin Entered on 01-MAY-81
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Variance of Polynomial Number 4
Density Curve 16.

Submodel(s) :
Climate

Variance — For Future Use

No transform on X
?.00000000 to 0.00000000 error bounds on X
0. 00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 0. 000
centimeters / year
Units for X centimeters / year
Source George Kukla

Variance or error (cm/yr) of polynomial number 4.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.76 -




Fraction of Precip. Recharged NE Climate 1

Density Curve 17.

Submodel(s) :
Climate

Judgement and Data
No transform on X
0. 00000000 to .50000100
0. 00000000 to .20000040

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1842003822
. 2661005258
. 3332006931
.3814007759
10. .3989008235
11. .3814007758
12. .3332006931
13. .2661005258
14. .1942003822
15. .1285002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092

CIPNPUELN-S

Units for X
Source

Unitless

error bounds on X
values of X

000
nitless

James W. Crosby *

.200

Fraction of the total annual precipitation in the northeast

recharge area that recharges bas
interglacial climate state.

t aquifers during an

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by J.W.L & Alan James Baldwin

Entered on

A.77

12-JAN-81




Fraction of Precip. Recharged NE Climate 2

Density Curve 18.

Submodel(s) :
Climate

Judgement and Data

No transform on X
0. 00000000 to .50000100
0.00000000 to .20000040

Normal Curve
Density Points :
. 80443200892
. 0104200220
. 02233900461
. 0433800882
.0789501618
. 1295002698
. 1942003822
. 2661005258
. 3332006831
.3814007759
18. .39839008235
11. 3814007758
12. .3332006931
13. .2661005258
14. .1942003822
15. .1285002698
16. .0789501618
17. .0439800882
18. .0223300461
19. .0104200220
20. . 0044320082

Units for X
Source

Unitless

error bounds on X
values of X

%mm,m
nitless

James W. Crosby *

.200

Fraction of the total annual precipitation in the northeast

recharge area that recharges bas

temperate interstadial climate state.

t aquifers during a

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 19880.

Prepared by J.W.L & Alan James Baldwin

Entered on 12-JAN-81

A.78




Fraction of Precip. Recharged NE Climate 3

Density Curve 13.

Submodel(s) :
Climate

Judgement and Data

No transform on X
0.00000000 to .50000100
0. 00000000 to .20000040

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439600882
.0789501619
. 1295002698
. 1842003822
. 2661005258
. 3332006931
. .3814007759
10. .3983008235
11. .3814007759
12. .3332006831
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. 0223900461
19. .0104200220
20. .0044320092

LEINpRELN-S

Units for X
Source

Unitless

error bounds on X
values of X

000
nitless

James W. Crosby *

.200

Fraction of the total annual precipitation in the northeast

recharge area that recharges bas
interstadial climate state.

t aquifers during an

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by IJI.W.L & Alan James Baldwin

Entered on

A.79

12-JAN-81




Fraction of Precip. Recharged NE Climate 4
Density Curve 20.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
0.0000000 to .50000100 error bounds on X
2.00000000 to .10000020 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223300461
18. .0104200220
20. .0044320092 . 000 .100
nitless

coco\lmm-nwm:-os

Units for X Unitless
Source James W. Crosby *

Fraction of the total annual precipitation in the northeast

recharge area that recharges basalt aquifers during a
stadial climate state.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81

A.80




Fraction of Precip. Recharged SW Climate 1
Density Curvell.

Submodel(s) :
Climate

Judgement and Data

No transform on X
0.00000000 to .50000100 error bounds on X
0. 00000000 to .20000040 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 02233900461
.0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
.3814007759
10. .39690082335
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 ] .200
nitless

OoOo~NOTUEWLUN— S

Units for X Unitless
Source James W. Crosby *
Fraction of the total annual precipitation in the southwest

recharge area that recharges basalt aquifers in an
interglacial climate state.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by 1.W.L & Alan James Baldwin Entered on 12-JAN-81

A.81.-




Fraction of Precip. Recharged SW Climate 2

Density Curve 22.

Submodel(s) :
Climate

Judgement and Data

No transform on X
0. 00000000 to .50000100
0. 00000000 to .20000040

Normal Curve
Density Points :
. 0044320082
. 0104200220
. 9223900461
. 0439600882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.333200693]
. 3814007758
10. .3989008235
11. .3814007758
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501618
17. .0439800882
18. .0223900461
19. .0104200220

error bounds on X
values of X

20. .0044320092 000 .200
nitless
Units for X Unitless
Source James W. Crosby *

Fraction of the total annual precipitation in the southwest
recharge area that recharges basalt aquifers in a temperate

interstadial climate state.

* Unpublished consultant's report to PNL from James W.
Crosby IIl of Washington State University on Aug. 1980.

Prepared by J.W.L & Alan James Baldwin

Entered on 12-JAN-8%

A.82




Fraction of Precip. Recharged SW Climate 3
Density Curve 23.

Submodel(s) :
Climate

Judgement and Data
. No transform on X
0.00000000 to .350000100 error bounds on X
0. 00000000 to .20000040 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439600882
. 0789501618
. 1295002698
. 1942003822
. 26610052568
.3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14, .1842003822
15. .1295002698
16. .0789501619
17. .0439800882
18. 0223900461
19. .0104200220

WO~NOUMEWNDN— S
e e s e e e o s @

20. 0044320082 ?jmqqd
niuess

Units for X Unitless
Source James W. Crosby *

. 200

Fraction of the total annual precipitation in the southwest

recharge area that recharges basalt aquifers in an
interstadial climate state.

* Unpublished consultant’'s report to PNL from James W.

Crosby III of Washington State University on Aug.

1980.

Prepared by J.W.L & Alan James Baldwin Entered on

A.83

12-JAN-81




Fraction of Precip. Recharged SW Climate 4
Density Curve 24.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X ‘
0.00000000 to .50000100 error bounds on X
0. 00000000 to .10000020 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. 1942003822
15. .1295002698
16. .08789501619
17. .0439800882
18. .0223300461
19. .0104200220
20. .0044320092 . 000 . 100
nitless

OCoOoONOTUELON— S

Units for X Unitless
Source James W. Crosby *
Fraction of the total annual precipitation in the southwest

recharge area that recharges basalt aquifers in a stadial
climate state.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81

A.84




Sea—Level Rise Above Present Elev. Climate 1
Density Curve 29.

Submodel(s) :
Sea Level Fluctuations

Data From Expert Judgement
" No transform on X
0.00000000 to 100.00020588 error bounds on X
0.00000000 to 100.00020599 values of X

Point by Point
Density Points :
0. 0000000000
11. 0000219345
28. 0000572204
57.0001144408
83. 0001678466
98. 0001983642
90. 0001831054
68. 0001373291
43. 0000877380
21.0000419616
10. 12.0000247955
.0000181198
. 0000162124
. 0000143051
. 000143051
. 0000123977
. 0000123977
. 0000100135
. 0000100135
. 0000081062
. 0000081062 0. 000 100. 000
meters

CoNPOELNCS

—
22}
EE U NN OO

Units for X meters ‘
Source Marice L. Schwartz (1979)

The amount of sea—level rise (m) above present sea-—level
that would occur in an interglacial climate state.

Schwartz, M. L. 1979. "Sea Level Report.” In ‘A Summary
of FY-1978 Consultant Input for Scenario Methodology
Development’, pp. IX-1 - IX-8. PNL-2857, Pacific Northwest
Laboratory, Richland, Washington.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81




Deposition by Sea Flooding
Density Curve 20b.

Submodel(s) :
Sea Level Fluctuations

Data From The Literature

Log transform on X )
-5.69901132 to .30100059 error bounds on X
-4,69900341 to -.69900145 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 0223300461
. Du33800882
. 0789501618
. 1295002698
. 1942003822
. 2661005258
.3332006931
. 3814007759
10. .3989008235
11. .3814007758
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0783501619
17. .0439800882
18. .0223300461
18. .0104200220
20. 0044320092 -1.699 -.699
meters / year

WENPUELN

Units for X meters / year
Source Marice L. Schwartz

The depth (m) of sediments that would be deposited by an
encroachment of the sea into the Pasco Basin.

Schwartz, M. L. 1979. '"Sea Level Report.” In 'A Summary
of FY-1978 Consultant Input for Scenario Methodology
Development’, gﬁ IX-1 - IX-8. PNL-2857, Pacific Northwest
Laboratory, Richland, Washington.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.86




Hydraulic Conductivity Change for Shaft Seal
Density Curve 27.

Submodel(s) :
Shaft Seal

Depends on Repository Design

Log transform on X
~7.00001430 to 1.00000202 error bounds on X
-6.00001238 to 0.00000000 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
. 3814007759
10, 3989008235
11. .3814007759
12, .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19, .0104200220
20. . 0044320092 -6.000 0.000
meters / day

©ENSUELN -

Units for X meters / day
Source PNL —- Gregg Petrie

The change in hydraulic conductivity (m/day) of the shaft
seal when it is known to have occurred.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.87




Fraction Waste to Air in Phreatic Mag. Event
Density Curve 28.

Submodel(s) :
Magmatic Events

Data From Expert Judgement

No transform on X
G.00000000 to 1.00000202 error bounds on X
. 15000030 to .35000071 values of X

Normal Curve
Density Points :
0. .0044320092

. 0104200220
2. .0223900461
3. .0439800882
4. .07839501619
5. .12395002698
6. .1942003822
7. .2661005258
8. .3332006931
9. .3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .13942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
28. .0044320092 150 .350
Unitless

Units for X Unitless
Source PNL —- Jon Lindberg

Fraction of the waste that is discharged to the atmosphere
when a phreatic magmatic event intersects the repository.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81

A.88




Frac. Waste to Water in Phreatic Mag. Event
Density Curve 29. '

Submodel(s) :
Magmatic Events

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
. 25000050 to .45000090 values of X

Normal Curve
Density Points :
. .0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. 1942003822
15. .1295082698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 . 250 . 450
Unitless

mm\lmm:l:mm-‘s
« e s e « e

Units for X Unitless
Source PNL —- Jon Lindberg

Fraction of the waste that is discharged to the water when a
phreatic magmatic eruption intersects the repository.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81

A.89




Frac. Waste to Air in Nonphreatic Mag. Event
Density Curve 30.

Submodel(s) :
Magmatic Events

Data From Expert Judgement

No transform on X
?.00000000 to 1.00000202 error bounds on X
0.00000000 to .10000020 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
.0223900461
. 0439800882
.8789501619
. 1295002696
. 1942003822
. 2661005256
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789581619
17. .0U39800882
18. .0223900461
19. .0104200220
20. .0044320092 0.000 .100
Unitless

CENPUELN =S

Units for X Unitless
Source PNL —- Jon Lindberg

Fraction of the waste that is discharged to the atmosphere
when a nonphreatic magmatic eruption intersects the
repository. .

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81
A.90




Frac Waste to Water in Nonphreatic Mag Event
Density Curve31.

Submodel(s) :
Magmatic Events

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
. 05000010 to .25000050 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223300461
. 0439800882
. 0789501618
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .33320068931
13. .2661005258
14, .1942003822
15. .1295092698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 250 .250
Unitless

Units for X Unitless
| Source PNL —-—- Jon Lindberg

Fraction of the waste that is discharged to water when a
nonphreatic magmatic eruption intersects the repository.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.9




Frac Radius of DSMTMX for Meteorite Impact
Density Curve 32.

Submodel(s) :
Meteorite Impact

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
0.00000000 to 1.00000202 values of X

Position Vector
Density Points :
. 0000000000
. 0000020265
. DP0OOYDS31
. 0000061988
. 0000081062
. 0000100135
. 0000123977
. 0000143051
. 0000162124
. 0000181198
10. 10.0000200271
11. 11.0000219345
12. 12.00080247955
13. 13.0000267028
14. 14.0000286182
15. 15.0000305175
16. 16. 0000324249
17. 17.0000343322
18. 18.0000362396
19. 19.0000381469
20. 20.0000400543 000 1. 000
nitless

WoOoONOTDMEWN—S

Units for X Unitless
Source PNL —- Gregg Petrie

The length of the ""meteorite crater position vector’”. The
lenﬁh of the vector is a fraction of the scalar variable
DSMTMX (which is the maximum distance from the repository
site for meteorite impact). The vector extends from the
repository site to the meteorite crater.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.92



Angle From N for Meteorite Position Vector
Density Curve 33.

Submodel(s) :
Meteorite Impact

Data From Expert Judgement

No transform on X
0. 00000000 to 360.00073242 error bounds on X
0. 00000000 to 360.00073242 values of X

Uniform Curve
Density Points :

0. 1.0080020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 360. 000
Degrees
Units for X Degrees
Source PNL —-- Gregg Petrie

The angle (detﬁ;'ees) in the horizontal plane from north for
the trend of the "meteorite crater position vector’. The
vec:or extends from the repository site to the meteorite
crater.

Prepared by J.W.L & Alan James Baldwin Entered on 12-JAN-81

A.93




Meteorite Crater Diameter
Density Curve 34,

Submodel(s) :
Meteorite Impact

Data From The Literature

No transform on X
0.00000000 to 210.00042724 error bounds on X
. 25000050 to 200.00041198 wvalues of X

Point by Point
Density Points :
2.56008051879
. 0000840001
. 0000120000
. 0000033000
. 0000017000
. 0000009200
. 0OPOPOS500
. DO00OBO3600
. 0000002500
. 0000001800
10. .0000001300
11. .0000001000
12. .0000000B00
13. .0000OOVELD
14. .0000000520
15. .0000000430
16. .000000B360
‘17. . 0000000300
18. .0000000260
15. .00P0O00220

PENoUEWN-S

20. .0000000190 250 200. 000
kilometers
Units for X kilometers
Source William K. Hartmann (1979)

The diameter (km) of a meteorite crater that lies within a
radius of the site determined by the scalar variable DSTMX.

Hartmann, W. K., 1979. "Long—Term Meteorite Hazards to
Buried Nuclear Waste.” In 'A Summary of FY1978 Consultant
Input for Scenario Met.hpdologalDevelopme_nt', pp. VI-1 -
VI-15. PNL-2857, Pacific Northwest Laboratory, Richland,
Washington.

Prepared by J.W.L. & Alan James Baldwin Entered on 12-JAN-81

R.94




Glacier Decay Rate for Climate State 1
Density Curve 35.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
-1.00000202 to 1.00000202 error bounds on X
. 08500020 to .10500020 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10, 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14, 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 . 095 .105
kilometers /year
Units for X kilometers /year
Source PNL -- Mike Foley, Gregg Petrie & Colin Bull

Continental glacier retreat rate (km/yr) during an inter-—
glacial climate state. .
Note: This curve is calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological
knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin Entered on 27-MAR-81

A.95




Glacier Decay Rate for Climate State 2
Density Curve 36.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
-1.00000202 to 1.00000202 error bounds on X
. 08500020 to .10500020 values of X

Uniform Curve
Density Points :

0. 1.0000020265

1. 1.0000020265

2. 1.0000020265

3. 1.0000020265

4. 1,0000020265

5. 1.0000020265

6. 1.0000020265

7.  1.0000020265

8. 1.0000020265
- 9. 1.0000020265

10. 1.0000020265

11. 1.0000020265

12. 1.0000020265

13. 1.0000020265

14. 1,0000020265

15. 1.0000020265

16. 1.0000020265

17. 1.0000020265

18. 1.0000020265

19. 1.0000020265

20. 1.0000020265 . 095 .105

kiglometers / year

Units for X kilometers / year
Source PNL —- Mike Foley, Gregg Petrie & Colin Bull

Continental glacier retreat rate (km/yr) for a temperate

interstadial climate state.

KgNote: This curve is calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological

knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin Entered on 27~MAR-81

A.96




Glacier Decay Rate for Climate State 3
Density Curve 37.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
-1.00000202 to 1.00000202 error bounds on X
. 09500020 to .10500020 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 .095 . 103

kilometers / year

Units for X kilometers / year
Source PNL —- Mike Foley, Gregg Petrie & Colin Bull

Continental glacier retreat rate (km/yr) for an interstadial
climate state.
Note: This curve is calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological
knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin : Entered on 27-MAR-81
A.97




Glacier Rate for Preprotostadial Climate 4
Density Curve 38.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
-1.00000202 to 1.00000202 error bounds on X
.06319713 to .06985013 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000820265
19. 1.0000020265
20. 1.0000020265 863 .069
kilometers / year
Units for X kilometers / year
Source PNL -~ Mike Foley, Gregg Petrie & Colin Bull

Continental glacier advance or retreat rate (km/yr) for a
preprotostadial climate state.
Note: This curve is.calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological
knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin Entered on 27-MAR-81
A.98




Glacier Rate for Plenistadial Climate 5
Density Curve 39.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
-1.00000202 to 1.00000202 error bounds on X
.07577815 to .08375516 values of X

Uniform Curve
Density Points :

8. 1.0000020265
1. 1,00008020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0008020265
6. 1,0000020265
7. 1.0000020265
8. 1.00000820265
9. 1.0000020265
10. 1.0000028265
11. 1.0000820265
12. 1.0000020265
13, 1.0008020265
14. 1.0080020265
15. 1.0008020265
16. 1.0080020265
17. 1.0000020265
18. 1.0000028265
19. 1.0000020265
20. 1.0000020265 075 .083
Igilometers / year
Units for X Kilometers / year
Source PNL —— Mike Foley, Gregg Petrie & Colin Bull

Continental glacier advance or retreat rate (km/yr) for a
plenistadial climate state. . o
Note: This curve is calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological
knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin Entered on 27-MAR-81
A.99




Glacier Rate for Postprotostadial Climate 6
Density Curve L@.

Submodel(s) :
Continental Glaciation

Data From Curve Matching

No transform on X
0.00000000 to 1.00000202 error bounds on X
. 06399012 to .07821016 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000820265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7.  1.00000820265
8. 1.00800020265
9. 1.0008020265
10. 1.0000020265
11. 1.0080020265
12. 1.0000028265
13. 1.0000020265
14. 1.0000820265
15. 1.0000028265
16. 1.0000020265
17. 1.0000028265
18. 1.0000020265
19. 1.0000820265
20. 1.0000020265 263 .078
kilometers / yecar
Units for X kilometers / ycar
Source PNL —- Mike Foley, Gregg Petrie & Colin Bull

Continental glacier advance or retreat rate (km/yr) for a
postgrotosta ial climate state.
Note: This curve is calibrated for this model by comparing
ifferent advance/retreat rates with the climate file to
obtain glacial positions that match current geological
knowledge of past and currently expected glacial advances.)

Prepared by Alan James Baldwin Entored on 27~-MAR-81

A.100




Glacier Erosion / Deposition Rate
Density Curve 41.

Submodel(s) :
Continental Glaciation

Data From Expert Judgement

No transform on X :
-20.00004005 to 20.00004005 error bounds on X
-. 00040000 to 0.00000000 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
.1295002698
. 1942003822
. 2661005258
. 3332006931
. .3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0783501619
17. .0439800882
18. .0223900461
19. .0104200220
20. 0044320092 -. 000 0.000
meters / year

mm\:mm-l:mm--.s

Units for X meters / year
Source Colin Bull *

Net continental glacier erosion or deposition rate. The net
rate includes both erosion and deposition by the glacier.

* Unpublished consultant's report to PNL from Colin Bull of
Ohlo State University on April 3, 1981.

Prepared by Alan James Baldwin Entered on 05-MAY-81

A.101



Variance of Polynomial Number 6

Density Curve 42,

Submodel(s) :
Continental Glaciation

Variance - For Future Use

No transform on X
0.00000000 to 0.00000000
0.00000000 to 0.00000000

Uniform Curve
Density Points :

error bounds on X

values of X

0. 1.00000208265
1. 1.0000020265
2. 1.0000020265
3. 1.00000208265
4. 1.0000020265
5. 1.0000020265
6. 1.00000208265
7. 1.0000020265
8. 1.00000208265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0080020265 0.000

meters / year

Units for X meters / year
Source Colin Bull

Variance or error (m/yr) of polynomial number 6.

Prepared by Alan James Baldwin

A.102

Entered on 01-MAY-81




Variance of Polynomial Number 7

Density Curve 43.

Submodel(s) :
Continental Glaciation

Variance — For Future Use
No transform on X
0. 00000000 to 0.00000000
0. 00000000 to 0.00000000

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.00000202635
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265

error bounds on X
values of X

0. 000 0. 000
meters / year

Units for X meters / year

Source Colin Bull

Variance or error (m/yr) of polynomial number 7.

Prepared by Alan James Baldwin

Entered on 01-MAY-81

A.103




Variance of Polynomxal Number 8
Density Curve 4L,

Submodel(s) :
Continental Glaciation

Variance — For Future Use

No transform on X
0. 00000000 . to 0.00000000 error bounds on X
0.00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000028265
2. 1.0000020265
3. 1.0000020265
L. 1,0000029265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 0. 000
meters / year
Units for X meters / ycar
Source Colin Bull

Variance or error (m/yr) of polynomial number 8.

Prepared by Alan James Baldwin Entered on 01-MAY-81
A.104




| Variance of Polynomials 11 and 12
Density Curve 45,

Submodel(s) :
Continental Glaciation

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0.00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
L. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000028265
13. 1.0000020265
14. 1.0000020265
15. 1.0000022265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 %mmm 0. 000
ascals
Units for X Pascals
Source James W. Crosby

Variance or error (pascals) of polynomial numbers 9 and 10.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.105




Normal Change in River Gradient of Columbia
Density Curve 4pb.

Submodel(s) :
Geomorphic Events

See Text For Explanation

No transform on X .
-. 00040000 to .00120000 error bounds on X
-. 00000003 to .00000011 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000820265
4. 1.0000020265
5. 1.0000020265
6. 1.0000028265
7. 1.0000028265
8. 1.0000020265
S. 1.00000202865
10. 1.0000020265
11, 1.0000020265
12. 1.0000020265
13. 1.0000029265
14. 1.0000020265
15, 1.0000020265
16. 1.0000020265
17. 1.0000029265
18. 1.0000020265
18. 1.0000020265
20. 1.0000020265 -.000 . 000
meters / meters / year
Units for X meters / meters / year
Source Donald Easterbrook *

The annual change in gradient (m/m/yr) of the Columbia River

(Note: Easterbrook recommends using the current Columbia
river gradient (-0.3E-3 to 1.12E-3 m/m) with no "normal
change” in slope over the next one millon yecars. He believes
that changes in river gradient other than 'normal’ changes
can be dealt with using curves for specific effects.

* Unpublished Consultant's Report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980
Mackin, J.H., 1948, Concept of the Graded River, Geol. Soc.
Amer. Bull,, v. 59, p.463-512.

Proparod by Alan James Baldwin Entercd on 086-FEB-81
A.106




Change in River Gradient Due to Glaciation
Density Curve 47.

Submodel(s) :
Geomorphic Events

Data From Relative Frequency

No transform on X
-. 00400000 to .02000004 error bounds on X
. 00378800 to .01136002 values of X

Uniform Curve
Density Points :

0.. 1.0000020265
1. 1.0000020265
2.  1.0000020265
3.  1.0000020265
4. 1.0000020265
5.  1.0000020265
6. 1.0000020265
7.  1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000820265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020255
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 .003 .01

meters / meter

Units for X meters / meter
Source Donald Easterbrook *
The change in gradient (m/m) of the Columbia river in the

IB’aspo Basin immedijatecly following glaciation of the Pasco
asin.

* Unpublished Consultant's Report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980

Prepared by Alan James Baldwin Entored on 06-FEB-81

A.107




Change in Gradient Due to Flooding by Sea
Density Curve 48.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
0.00000000 to 10.00002002 error bounds on X
0. 00000000 to .0B183300 values of X

Point by Point
Density Points :
0. 0002002000
0. 0002002000
. 1211002469
. 2121005010
. 2263004541
.2105004310
. 1053002238
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 000000000

17. 0.0000000000 .
18. .01573900323
19, .0315800642 '

20, .0473701000 0. 000 .001
meters / meter

CENPUFON =S

—
N
S 6666606660666

Units for X meters / meter
Source Donald Easterbrook *

The change in gradient (m/m) of the Columbia River in the

Pasco Basin immediately following flooding by the sea in the
Pasco Basin. ‘

* Unpublished Consultant's Report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980

Propared by Alan James Baldwin Entered on 21-MAY-81
A.108




Change in Gradient Due to Volcanic Event
Density Curve 49. '

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-. 01000002 to 0.00000000 error bounds on X
-. 00850002 to -.00053000 values of X

Normal Curve
Density Points :
. .00464320092
. 0104200220
. 02239004861
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989008235
11. .3814207759
12. .3332006931
13. .2661005258
14. .1942903822
15. .1295002698
16. .0789501619
17. 0439800882
18. 0223908461
19. .0104220220
20. . 0044320092 ~.009 -.000
meters / meter

Units for X meters / meter
Source Donald Easterbrook *
The change in gradient im/m) of the Columbia River in the

Pasco Basin due to a volcanic’ (magmatic) eruption in the
Pasco Basin.

* Unpublished consultant’'s report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980

Prepared by Alan James Baldwin Entered on 08-FEB-81
A.109




Change in Gradient Duc to Landsliding
Density Curve 50.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-.01000002 to 10.00002002 error bounds on X
0.00000000 to .00390000 values of X

Point by Point
Density Points :
.5000010013
.5000010013
.3700007438
. 2000004053
. 1500803093
. 1000002326
.0750001573
. 0500001001
. 8250000500
. 6230000472
10. .0220000457
11. .0210000418
12. .0200000405
13. .0200000405
14. .0200000405
15. .0200000405
16. .0200000485
17. .0200000405
18. .0200000405
19. 0200000405
20. .0200000405 0.000 .003
meters / meter

OO LEWwN — S

Units for X meters / meter
Source Donald Easterbrook *

The change in gradient (m/m) of the Columbia River in the

Pasco Basin due to landsliding near the Columbia River in
the Pasco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980

Propared by Alan James Baldwin Entered on 18-MAY-81

A.110




Normal Change in Path Length
Density Curve o1.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-1.00000202 to 50.00010299 error bounds on X
-. 00015000 to .00015000 values of X

Normal Curve
Density Points :
. .0044319090
. 0104210221
. 0223950457
. 0439840888
.2789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989088235
11. .3814007759
12. .3332006931
13. .26610085258
14, .1942003822
15. .1285002698
16. .0789581619
17. .0439840888
18. .0223950457
19. .08104210221

CENPURWNS

29. .0044319090 -. 000 .000
kilometers / year
Units for X kilometers / year
Source PNL —-—- GMP, AJB, MPF & Donald Easterbrook *

The annual change (km/yr) in the distance that possible
wastc—bearing ground water must travel in the unconfined
aquifer from recharge by deep basalt aquifers (one contains
the repository) to the Columbia River.

Note : Dr. Easterbrook &vcs the maximum average value

or normal change in path lengthof the Columbia River as
1.54E-4 km/yr. He states that most of the changes will
come from other curves. Gregg Petrie, Alan Baldwin, and
Mike Foley agreed that because of the small range of this
value, a normal curve is the best approximation.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Bntored om 02-JUN-81
AT




Change in Path Length Due to Glacier
Density Curve 2.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-40. 00008010 to 4D.0DODOBO10 error bounds on X
-40.00008010 to .D0O0ODLO0 values of X

Normal Curve
Density Points :
0. .0044319030

.0104210221
2 . 0223950457
3 . 0439840888
4. .07839501619
5. .1295002698
6 . 1942003822
7 . 2661005258
8 .3332006931
9. .3814007759
10. .3989008235
11. .3814007758
12, .3332006931
13. .2661005258
14. .1942003822
15. .12985002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221 ]

20. .0044319080 iéﬁ 2800 t . 000
ometiers

Units for X Kilometers
Source Donald Easterbrook *

The change in distance (km) that possible waste—bearing
round water must travel (in the unconfined aquifer of the
asco Basin) due to continental glaciation of the Pasco

Basin. The change would be after the glacier had left the

Pasco Basin.

* Unpublished consultant’'s report to PNL from Donald
Easterbrook of Western Washington University on Dec. 1980

Propared by Alan James Baldwin Entered on 02-JUN-81

A.112




Change in Path Length Due to Sea Flooding
Density Curve D3.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X _
-40.00008010 to 40.00008010 error bounds on X
-40.00008010 to 40.00008010 values of X

Point by Point
Density Points :
. .0600001239
. 0700001430
. 08000081621
.0900001811
. 1000002026
.1100002288
. 1300002694
. 1350002765
. 1250002503
. 1000002026
10. .1000002026
11. .1000002026
12. .1250002503
13. .1350002765
14, 1300002684
15. .1100002288
16. .1000002026
17. .0900001811
18. .0800081621
19. .0700001430
20. .0600001239 - G0, 000 40. 000
kilometers

PCENPOELN S

Units for X kilometers
Source Donald Easterbrook *

The change in distance (km) that possible waste—bearing
round water must travel (in the unconfined aquifer of the
asco Basin) due to floodin%hby the sea in the Pasco Basin.

ghe chémge would be after the sea had retreated from the
asco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1980.

Prepared by Alan Jaumes Baldwin Entered on 16-MAY-81

A.113




Change in Path Length Due to Volcanic Event
Density Curve o4,

Submodel(s) :
Geomorphic Events

Data From Exzpert Judgement

No transform on X
-50. 00010298 to 50.00010299 error bounds on X
-40. 00008010 to 40.00008010 values of X

Point by Point
Density Points :
. .06PO01233
. 0700001430
. 0800001621
.0900001811
. 1000002026
. 1100082288
. 1300002694
. 1350802765
. 1250002503
. 1000002026
10. .1000002026
11. .1000002026
12. .1250002503
13. .1350002765
14. .13000026S4
15. .1100002288
16. .1000002026
17. .0900001811
18. .08000B1621
19. .07000081430

20. .0600001239 -10. 000 10. 000
kilometers
Units for X kilometers
Source Donald Easterbrook *

The change in distance (km) that possible waste—bearing
5round water must travel lan the unconfined aquifer of the
asco Basin) due to a volcanic eruption in the Pasco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1980.

Propared by Alan James Baldwin Entered on 16—MAY-81
A.114




Change in Path Length Due to Landsliding
Density Curve 9a.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-40.000080186 to 40.00008010 error bounds on X
-4.00000810 to 4.00000810 values of X

Normal Curve
Density Points :
. .0044319090
. 0104219221
. 82239508457
.0439840888
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
19. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .19G2003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221
20. 0044319090 -4, 000 &, 000
kilometers

CEPNPUEWNS

Units for X kilometers
Source Donald Easterbrook *
The change in distance (km) that possible waste—bearing

round-water must travel (in the unconfined aquifer of the
asco Basin) due to a landslide near the Columbia River.

* Unpublished consultant’'s report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Propared by Alan James Baldwin Batered on 02-JUN-81
A.115




River Discharge for Climate State 1
Density Curve ab.

Submodel(s) :
Geomorphic Events

Data From The Literature

No transform on X
0. 00000000 to 20000.04101562 error bounds on X
0. 00000000 to 20000.04101562 values of X

Point by Point
Density Points :
82.0001831054
161. 0003204345
137. 5002746582
114.0002288818
77.5001602172
41.0000839233
28.5000572204
16. 0000324248
2. 0000495910
32.0000648438
10. 24.00004385810
11. 16.0000324248
12. 13.5000276565
13. 11.00008219345
14. B8.0000162124

CoONOULEWNN—S

15. 5.0000100135
16. 3.5000071525
17. 2.9000040531
18. 0.0000000000
18. 2.0000040531
20. 0.0000000000 0.000 20000, 041
meters**3 / second
Units for X meters**3 / second
Source Donald Easterbrook *

Columbia river discharge (m**3/sec) in an interglacial
climate state in the Pasco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Entered on 08-MAY-81
A.116




River Discharge for Climate State 2
Density Curve 7.

Submodel(s) :
Geomorphic Events

Judgement and Data

No transform on X
0. 00000000 to 200000. 40625000 error bounds on X
0. 00000000 to 32000.06445312 values of X

Point by Point
Density Points :
. 92.0001831054
161. 0003204345
137. 5002746582
114. 0002288818
77.5001602172
41.0000839233
28.5000572204
16. 0000324248
24, 0000495910
32. 0000648498
10. 24.0000495910
11. 16.0000324248
12. 13.5000276565
13. 11.0000219345

CENPNELN-S

14, 8.0000162124
15. 5.0000100135
16. 3.5000071525
17. 2.0000040531
18. 0.0000000000
19. 2.0000040531
20. 0.0000000000 32000. 064

0.000
meter**3 / second

Units for X meter**3 / second
Source Donald Easterbrook *

Columbia River discharge (m**3/sec) in_a temperate
interstadial climate state in the Pasco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Entered on 21-MAY-81
A.117




River Discharge for Climate State 3
Density Curve 08.

Submodel(s) :
Geomorphic Events

Judgement and Data

No transform on X .
0. 00000000 to 200000. 40625000 error bounds on X
0. 00000000 to 44000.08984375 values of X

Point by Point
Density Points :
92. 0001831054
161. 0003204345
137. 5002746582
114. 0002288818
77.5001602172
41. 0000839233
28. 5000572204
16. B0B0324249
24. 0000495910
32. 0000648498
10. 24.0000495910
11. 16.0000324249
12. 13.5000276565
13. 11.0000219345
14. 8.0000162124
15. 5.0000100135

PPN rEWON-E

16. 3.5000071525
17. 2.9000040531
18. 0.0000000000
19. 2.0000040531
20. 0.0000000000 0.000 44000. 089
meter**3 / second
Units for X meter**3 / second
Source Donald Easterbrook *

Columbia River discharge (m**3/sec) in an interstadial
climate state in the Pasco Basin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Entered on 21-MAY-81
A.118




River Discharge for Climate State 4
Density Curve 29.

Submodel(s) :
Geomorphic Events

Data From The Literature
No transform on X
0.00000000 to 62000.12500000 error bounds on X
0.00000000 to 56000.11328125 values of X
Point by Point
Density Points :
0. .2000004053
. 4000008106
. 3400007009
. 26800005722
. 1900003910
. 1000002026
. 0700001430
. 0400000810
. 0600001239
.  .0800001621
10. .0600001239
11. .0400089810
12. .0350000715
13. .0300000619
14. .0200000405
15. .0100000202
16. 0.0000000000
17. .0100080202
18. 0.0000000000
19. .0100880202

PNogmEwNE

w

20. 0.0000000000 2.000 56000.113
meter**3 / second
Units for X meter**3 / second
Source Donald Easterbrook *

Columbia River discharge m""3/sec) in a stadial climate in
the Pasco Basin. The discharge includes ablation effects.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Entered on 08-MAY-81
‘ A.119




Variance of Polynomial 13 in Climate 1
Density Curve 60.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-. 00010000 to 0.00000000 error bounds on X
-. 00009280 to -.00005570 values of X

Normal Curve
Density Points :
. .0044319090
.0104210221
. 8223950457
.0439840888
.0789501618
. 1295002698
. 1842003822
. 2661005258
. 3332006931
. 3814007758
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221
20. .0044319090 -.000 -.000
meters / year

CENoELWN =S

Units for X meters / year
Source PNL —- Mike Foley and Gregg Petrie

Variance or error (m/yr) for polynomial number 13 during an
interglacial climate state.

Preparod by Alan James Baldwin Enterod on 27-FEB-81
A.120




Variance of Polynomial 13 in Climate 2
Density CurveDl.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-.00010000 to 0.00000000 error bounds on X
-. 000039280 to -.00005557 values of X

Normal Curve
Density Points :
. .0044319090
. 0104210221
. 0223850457
. 0439840888
. 0789501619
. 1295002698
. 1842003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0783501619
17. .04339840888
18. .0223950457
19. .0104210221
20. .0044319090 -. 000 -. 000
meters / year

LN RELN =S

Units for X meters / year
Source PNL —- Mike Foley and Gregg Petrie

Variance or error (m/yr) for polynomial 13 during a
temperate interstadial climate state.

Preparod by Grogg Miles Petrie Eaterod on 27-FEB-#81
A.121




Variance of Polynomial 13 in Climatc 3
Density Curve B2.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-. 00010000 to 0.00000000 error bounds on X
-. 000035280 to -.00005570 values of X

Normal Curve
Density Points :
. .0044319090
. 0104210221
. 0223950457
. 0439840888
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .26861005258
14, .1942003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221
20. .0044319090 -.000 -.000
meters / yecar

Units for X  meters / year
Source PNL -- Mike Foley and Gregg Petrie

Variance or error (m for polynomial number 13 during an
interstadial climatg sézru)e. polyn g

Prepared by Gregg Miles Petrie Entered on 27-FEB-81
A.122




Variance of Polynomial 13 in Climate 4
Density Curve 63.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-.00011100  to .00010000 error bounds on X
-.00011100 to .00003710 values of X

Point by Point
Density Points :

0. 1.0000020265
1. 1.1000022888
2. 1.6000032424
3. 2.5000050067
4. 4.B000097274
5. 6.0000123977
6. 4.8000097274
7. 2.5000050067
8. 1.6000032424
9. 1.1000022888
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.2000024318
16. 1.6000032424
17. 2.0000040531
18. 2.0000040531
19. 1.6000032424
20. 1.2000024318 -. 000 . 000

meter / year

Units for X meter / year
Source PNL —- Mike Foley and Gregg Petrie

Variance or error (m for polynomial number 13 during a
stadial climate sta&e./yr) polyn g

Preparod by Grogg Miles Petrie Entored on 27-FEB-81
A.123




Missoula Flood Discharge
Density Curve o4,

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X ]
0.00000000 . to 40ODODBO0.000000 error bounds on X
9100018. DOOOD to 21300044.000000 values of X

Normal Curve
Density Points :
0. .0044319090
. 0104210221
. 02233950457
. 0439840888
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007758
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .04398408868
18. .0223950457
19. .0104210221

20. 00443190390 9100018. 00D 21300044, 000
meter**3 / second

Units for X meter**3 / second
Source Donald Easterbrook *

LBﬁsgoula-type flood discharge (m**3/sec) into the Pasco
asin.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on Jan. 1981

Prepared by Alan James Baldwin Entered on 21-MAY-81
A.124




Variance of Polynomial Number 14
Density CurvebD.

Submodel(s) :
Geomorphic Events

Variance — For Future Use

No transform on X
0. 00000000 to 0.00000000 error bounds on X
0.00000000 to 0.0000000 values of X

Uniform Curve .
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000029265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000029265
16. 1.0000029265
17. 1.0000020265
18. 1.0000020265
19, 1.0000020265
20. 1.0000020265 0.000 0.000
meters
Units for X meters
Source Donald Easterbrook

Variance or error (m) of polynomial number 14.

Preparod by Alan James Daldwin Entered on 01~MAY-81

A.125




Change in Gradient Due to Missoula Flooding
Density Curve 6b.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-.00100000 to .00100000 error bounds on X
0. 00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000028265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 0. 000
meters / meters
Units for X meters / meters
Source Donald Easterbrook *

Change in gradient (m/m) of the Columbia River in the Pasco
Basin due to Missoula—-type flooding.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Prepared by Alan James Baldwin Eantered on 13-MAY-81
A.126




Change in Path Length From Missoula Flooding
Density Curve B7.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
-40.00008010 to 40.00008010 error bounds on X
-40.00008010 to LOD.00008D10 values of X

Normal Curve
Density Points :
. .0044319090
.0104210221
. 0223950457
. 0439840888
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. 3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221

N EwN S

20. .2044319090 -40. 000 40. 200
kilometers
Units for X kilometers
Source Donald Easterbrook *

The change in distance (km) that possible waster—bearin
ﬁround water must travel (in the unconfined aquifer in the
asco Basin) due to Missoula—-type flooding.

* Unpublished consultant's report to PNL from Donald
Easterbrook of Western Washington University on May 1981.

Preopared by Alan James Baldwin Entered on 02-JUN--81
A.127




Deposition During a Missoula Flood
Density Curve B8.

Submodel(s) :
Geomorphic Events

Data From Expert Judgement

No transform on X
0.00000000 to 100.00028588 error bounds on X
0. 00000000 to 100.00020599 values of X

Point by Point
Density Points :
2. 0000000000
. 0470600986
. 1353002667
. 2235004425
. 1588003396
.0941201972
. 0882401752
. 0823501682
. 0529401063
9. .0235300493
10. .0176500368
11. .0117600250
12. .0058820123
13. 0.0000000000
14, .00586820123
15. .01176002508
16. .00586820123
17. 0.0000000000
18. .0058820123
19. .0117600250
20. .D176500368 0.000 100. 000
meters

ONOMEWN— 6
e s s e e e e e &

Units for X meters
Source Donald Easterbrook *

Deposition (m) in the Pasco Basin during a Missoula—type
flood. Erosion is accounted for polynomial number 14.

* Unpublished consultant’'s report to PNL from Donald
Easterbrook of Western Washington University on Oct. 1980

Prepared by Alan James Baldwin Entored on 05-FEB-81
A.128




H.C. of Sediments in The Pasco Basin
Density Curve 69.

Submodel(s) :
Undctected Features

Data From Expert Judgement

No transform on X
-1.00000202 to 150.08330517 error bounds on X
0. 00000000 to 147.30030822 values of X

Point by Point
Density Points :
0. 0.2000000000
95. 1601943969
1.2100025415
1.2100025415
0. 0200000000
0. 0200000000
0. 0000000000
. 4000008106
.8100016593
0. 0000000000
10. .4000008106
11. 0.0000000000
12. 0.2000000000
13. .4000008106

s.oo:s:cng\-:ww--

14. 0.0000000000
15. ©.0000020000
16. 0.0000000000
17. 0.0000000000
18. 0.0000000000
19. 0.0000000000
20. 0.0000000000 0.000 147.300

meters / day

Units for X meters / day
Source PNL —— Charles Cole & Alan Baldwin

tgdrauhc Conductivity (m/day) of the unconfined aquifer in

Pasco Basin.

Preparcd by Alan James Baldwin Entered on 20-MAY-81

A.129



H.C. of Aquitard Near Vantage Horizon S.W.
Density Curve /0.

Submodel(s) :
Undetected Features

Data From Expert Judgement

Log transform on X
-6.00001239 to 17.500083623 error bounds on X
-5.29801082 to .55960111 values of X

Point by Point
Density Points :
. .0150000309
.0171600356
. 0196200380
.g24400448
. 8256600522
.0293500614
. 0335600686
.0383800821
. 0438900899
. 0506901025
10. .@586801242
11. .0679201364
12. .0786201620
13. .@918181795
14. .1047002077
15. .0982501869
16. .@778001546
17. .@6708701313
18. .B515601062
19. .0136300277
20. .0030005@61 -5.298 .559
meters / day

oNmOEWN =S

Units for X meters / day
Source James W. Crosby *

Hydraulic Conductivity (m/dag) of aquitard near the Vantage
horizon in the southwest recharge area.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980

Prepared by Alan James Baldwin Entered on 08-FEB-81
A.130




H.C. of Vantage Horizon in Pasco Basin
Density Curve /1.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
0.00000000 to 3.00000618 error bounds on X
0. 00000000 to 3.00000618 values of X

Point by Point
Density Points :
. .0128700256
. 0225300478
. 0321800684
. 0482700967
. 0643601369
. 0804501628
.0901001834
. 0997602081
. 1094002246
. 1017002105
10. .0852801704
11. .0688601446
12. .0537401103
13. .0411900806
14. .0286400585
15. .0160900344
16. .0131900286
17. .0103000211
18. .0074010152
19. .0066710138
20. .0070220141 0.000 3. 000
meters / day

Units for X meters / day
Source James W. Crosby *

The hydraulic conductivity (m/day) of the Vantage horizon in
the Pasco Basin.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington Statec University on Aug. 1980

Prepared by Alan James Baldwin Entered on 03-FEB-81
A.131




H.C. of Aquitard Near Vantage Horizon NE
Density Curve 72.

Submodel(s) :
Undetected Features

Data From Expert Judgement

Log transform on X
-6.00001233 to 17.50003623 error bounds on X
-5.296801082 to .55960111 values of X

Point by Point
Density Points :
.0150000309
.0171600356
.0196200380
. 0226400448
. 0256600522
. 0293500614
.0335600686
. 0383800821
. 0438900899
. 0506901025
19. .05868012i2
11. .0679201364
12. .0786201620
13. .0910101795
14, . 1047002077
15. .0902501869
16. .0778001546
17. .0670701313
18. .0515601062
19. .0136300277
20. .0030019963 -5.298 .359
meters / day

CEPNPUFWNS

Units for X meters / day
Source James W. Crosby *

Hydraulic conductivity (m/day) of the aquitard near the
Vantage horizon in the northeast recharge area.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980

Propared by Alan James Baldwin Entered on 06-FEB-81
A.132




H.C. of Wanapum-—Saddle Basalts in The SW
Density Curve 73.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
-1.00000202 to S50.00010299 error bounds on X
0.00000000 to .01431502 values of X

Point by Point
Density Points :
0. 0000000000
40. 2400817871
18.1200370788
11. 7600240707
11.2900228500
7.7600159645
1. 1800023365
1.6500033378
2.1200041770
. 9400018692
10. .2400004863
11. .2400004863
12. .7100014209
13. .9400018692
14. .4700009346
15. ©.0000000000
16. .9470018692
17. .9U00018692
18. 0.0000000000
19. .2400004863
20. ©.0000000000 0. 000 .014
meters /day

PINaFEWON S

Units for X meters /day
Source PNL —~— Charles Cole & Alan Baldwin

The hydraulic conductivity (m/day) of the Wanapum and Saddle
Mountain formations in the southwest recharge area.

Proparced by Alan James Baldwin Entered on 20-MAY-81

A.133




H.C of Wanapum-—Saddle Basalts in Pasco Basin
Density Curve 7Lk,

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
-1.00000202 to 50.00010293 error bounds on X
0.00000000 to .01431502 values of X

Point by Point
Density Points :
0. 0.0000000000
0. 2400817871
2. 18.1200370788
3. 11.7600240707
4. 11.2900228500
5. 7.7600159645
6. 1.1800023365
7. 1.6500033378
8. 2.1200041770
9. .9400018632
10. .2400004863
11. .24p00RLBE3
12. .7100014208
13. .9400018692
14. .U700009346
15. 0.0200000000
16. .9ib@Y18692
17. .9400018692
18. 0.0000800000
19. .2400004863
20. 0.0000000000 0.000 .04
meters /day

Units for X meters /day
Source PNL —- Charles Cole & Alan Baldwin

The hydraulic conductivity (m/day %of the Wanapum and Saddle
Mountain formations in the Pasco Basin.

Preparcd by Alan James Baldwin Entered on 20-MAY-81
A.134




H.C. of Wanapum-Saddle Basalts in the NE
Density Curve 795.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
-1.00000202 to 50.00010299 error bounds on X
0. 00000000 to .01431502 values of X

Point by Point
Density Points :
0. 0000000000
40.2400817871
18. 1208370788
11.7600240707
11.2900228500
7.760015964S
1. 1800023365
1.6500033378
2.1200041770
. 9400018692
10. .2400004863
11. .2400004863
12. .7100014209
13. .9400018692
14, 4700009346
15. 0.0000000000
16. 9400018692
17. .94P0018692
18. 0.0000000000
19. .2400004863
20. 0.0000000000 0. 000 .014
meters / day

CENPUEON S

Units for X meters / day
Source PNL —- Charles Cole & Alan Baldwin

The hydraulic conductivity (m/day) of the Wanapum Formation
in the northeast recharge area.

Prepared by Alan James Baldwin Entered on 20-MAY-81
A.135




H.C. of Grande Ronde Basalts in the SW
Density Curve 7B.

Submodel(s) :
Undetected Features

Data From Relative Frequency

No transform on X
-1.00000202 to 50.00010238 error bounds on X
¢. 00000000 to .003Ui8230 values of X

Point by Point
Density Points :
0. 0.0000000000

1. 60.1801223754
2. 3.0500102043
3.  4.3200087547
4. 3.4200069904
5. 2.52000439877
6. 3.9600081443
7. 3.0600061416
8. 2.1600043773
9. 1.4400029182
10. 1.2600024938
11. 1.6200033664
12. 1.4400029182
13. 1.4400029182
14. 1.0800021934
15. 1.4400029182

16. 1.0800021934

17. .5400011062

18. .9000018118

19. 1.4400029182

20. 1.6200033664 0. 000 . 003
meters / day

Units for X meters / day
Source PNL —-- Charles Cole & Alan Baldwin

The hydraulic conductivity (m/day) of the Grande Ronde
formation in the southwest recharge area.

Prepared by Alan James Baldwin Entered on 20-MAY-81
A.136




H.C. of Grande Ronde Basalts in Pasco Basin
Density Curve 77.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
-1.00000202 to 50.000102388 error bounds on X
0. 00000000 to .DD349230 values of X

Point by Point
Density Points :
0. 0.0000000000

1. 60.1801223754
2. 5.0500102043
3.  4.3200087547
4. 3.2u00066852
5. 2.5200049877
6. 3.9600081443
7. 3.0600061416
8. 2.1600043773
9. 1.4400029182
10. 1.2600024938
11. 1.6200033664
12. 1.4400029182
13. 1.L490029182
14. 1.0800021934
15. 1.4400029182
16. 1.0800021934%
17. .5400011062
18. .9000018118
19. 1.4400023182

20. 1.6200033664 0. 000 . 003
meters / day

Units for X meters / day
Source PNL —— Charles Cole & Alan James Baldwin

The hydraulic conductivity (m/day) of the Grande Ronde
formation in the Pasco Basin.

Prepared by Alan James Baldwin Entered on 20-MAY-81
A.137




H.C. of Grande Ronde Basalts in the NE
Density Curve /8.

Submodel(s) :
Undectected Features

Data From Relative Frequency

No transform on X
-1.00000202 to 50.00010239 error bounds on X
0.00000000 to .0034i39230 values of X

Point by Point
Density Points :
0. 0.0000000000

1. 60.1881223754
2. 5.0500102943
3. 4.3200087547
4., 3.24000866852
5. 2.5200049877
6. 3.9600081443
7. 3.0600061416
8. 2.1600043773
9. 1.4400029182
10. 1.2600024338
11. 1.6200033664
12. 1.4400029182
13. 1.4400028182
14. 1.0800021934
15. 1, 4400029182
16. 1.0800021934
17. .5400011062

18. .9000018119

19. 1.4409029182

20. 1.6202033664 0.000 .003
meters / day

Units for X meters / day
Source PNL —-- Charles Cole & Alan Baldwin

The hydraulic conductivity (m/day) of the Grande Ronde
formation in the northeast recharge area.

Prepared by Alan James Baldwin Entered on 20-MAY-81

A.138




SW Discharge Point, Frac. Dist from Basin SW
Density Curve 79.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
0.00000000 -to .60700125 error bounds on X
. 43700102 to .60700125 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0080020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
3. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
3. 1.0000020265
10. 1.0000029265
11. 1.0000020265
12. 1.0000029265
13. 1.0000020265
14. 1.0000020265
15. 1.0000029265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 . 437 .607
unitless
Units for X unitless
Source PNL —- Alan Baldwin & Gregg Petrie

Confined aquifer ground water from the southwest recharge
area discharges to the unconfined aquifer in the Pasco Basin
at one point along the model cross section between the south
west edge of the Pasco Basin and the site(strictly schematic
representation for modelin puxé%o es only). Curve 79 is the
fractional distance along the M ?from the southwest edge
of the Pasco Basin to the northeast edge of the Pasco Basin)
and locates a representative discharge point.

Preparod by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.139




NE Discharge Point, Frac. Dist From Basin SW
Density Curve 80.

Submodel(s) :
Undetected Features

Data From Expert Judgement

No transform on X
. 37000074 to 1.00200202 error bounds on X
.60700125 to .63000125 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3.  1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
4. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0008020265
20. 1.0000020265 .607 .630
unitless
Units for X unitless
Source PNL ——- Alan Baldwin & Gregg Petrie

Confined aquifer ground water from the northeast recharge
area discharges to the unconfined aquifer in the Pasco Basin
to one point along the model cross section between the north
east edge of the Pasco Basin and the site(strictly schematic
representation for modeling purposed only). Curve 80 is the
fractional distance alon e MCS (from the southwest edge
of the Pasco Basin to the northeast edge of the Pasco Basin)
and locates a representative discharge point.

Prepared by Alan James Baldwin Enterod on 09-FEB-81
A.140




Trend of Local Faults in Degrees From North
Density Curve 81.

Submodel(s) :
Undetected Features

Judgement and Data

No transform on X
-80.00018310 to 90.00018310 error bounds on X
-30.00018310 to 90.00018310 values of X

Point by Point
Density Points :
3. 0000061388
6.0000123977
1. 0000020265
9.0000181198
1. 0000020265
1. 0000020265
17. 0000343322
8.0000162124
17. 0000343322
8. 0000162124
10. 17.0000343322
11. 1.0000020265

LoNogOFEwN S

12. 1.0000020265

13. 6.0000123977

14. 1.0000020265

15. 1.0000020265

16. 5.0000100135

17. 1.0000020265

18. 1.0000020265

18. 1.0000020265

20. 3.0000061988 -30. 000 90.000

degrees

Units for X degrees
Source Robert D. Bentley *

Trend of the local fault system in the Pasco Basin measured
in degrees from the north.

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by IJ.W.L & Alan James Baldwin Entored on 13-JAN-81

A.141




Distance Between Local Faults of Pasco Basin

Density Curve 82.

Submodel(s) :
Undetected Features

Judgement and Data

No transform on X
1. 00000202 to 23.0000514S
3.00000618 to 3.00001001

Normal Curve
Density Points :

error bounds on X

values of X

0. .0044320092
1. .D1B4200220
2. .0223300461
3. .0i39800882
4. .0789501619
5. .1295002698
6. .1942003822
7. .2661005258
8. .3332006931
9. .3814007759
10. 39839008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295082698
16. .0789501618
17. .0U33800882
18. .0223300461
19. .0104200220
20. .0044320092
Units for X kilometers
Source

.00D
ilometers

Robert D. Bentley *

5.000

Distance (km) between the local faults of the Pasco Basin.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by IJ.W.L. & Alan James Baldwin

A.142

Entered on

13-JAN-81




¥Width of a Local Fault Zone
Density Curve 83.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
-1.00000202 to 3.000006189 error bounds on X
0. 00000000 to 2.00000405 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 0223900461
. 04398008862
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .26610085258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220

20. .004L320092 0. 000 2.000
meters
Units for X meters
Source Robert D. Bentley *

Width (m) of typical local fault zone in the Pasco Basin.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Propared by J.W.L & Alan James Baldwin . Entored eon 13-JAN-81

A.143




Local Fault Trend Variation
Density Curve 8.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

No transform on X
-40. 00008010 to 4O.00008010 error bounds on X
-20.00004005 to 20.00004i005 values of X

Normal Curve
Density Points :
. . 0044320092
. 01046200220
. 0223900461
. 04398008862
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002638
16. .0789501619
17. .04396800862
18. .0223900461
19. .0104200220
20. .0044320092 -20. 000 20. 000
egrees

Units for X degrees
Source Robert D. Bentley *

Trend variation (degreeszhof local fault zone in the Pasco
Basin. This variable is the error or variation of the
determined value of density curve number 81.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-~JAN-61

A.144




Time Between Local Faulting Events in Basin
Density Curve 83. :

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
4.00000810 to B8.00001621 error bounds on X
5.00001001 to 7.00001430 values of X

Normal Curve
Density Points :
. . 0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989088235
11, .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 5. 000 7.000
years

LENoOEwNES

Units for X years
Source Robert D. Bentley *

The time (yr) between local earthquakes in the Pasco Basin.

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by J.W.L & Alan James Baldwin Entered on 13-JAN-81

A.145




Width of a Thrust Fault Zone
Density Curve 86.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
-4.00000810 to 2.00000405 error bounds on X
-3.0000061S to 1.00000202 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002638
. 1942003822
. 2661005258
.3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223300461
19. .0104200220
20. .0044320092 -3.000 1.000
meters

Units for X meters
Source Robert D. Bentley *

ghe_ width (m) of the typical thrust fault zone in the Pasco
asin.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN--81
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Time Between Thrust Fault Movements
Density Curve 87.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
3.00000619 to 7.00001430 error bounds on X
L.00000810 to 6.00001239 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. .3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501618
17. .0439800882
18. .0223900461
19. .0104200220
20. .0D044320092 4. 000 6. 000
years

LDINPOAEWD =

Units for X years
Source Robert D. Bentley *

Eimp (yr) between thrust fault earthquakes in the Pasco
asin.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Propared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81
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Width of New Faults in SW Fault System
Density Curve 88.

Submodel(s) :
Undetccted Features

Judgement and Data

Log transform on X
0. 00000000 to 2.00000405 error bounds on X
. 480000S7 to 1.48000302 values of X

Normal Curve
Density Points :
. .0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661085258
.3332006931
. 3814007758
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223300461
18. .0104200220

CENPUEBNS

28. .0044320092 .480 1.480
meters
Units for X meters
Source Robert D. Bentley *

Width (m) of newley created Fault zone in the southwest

fault system. The southwest fault system is the area
southwest of the Pasco Basin betwcen the Pasco Basin and the
model boundary.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Propared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.148




Width of New Faults in NE Fault System
Density Curve 89.

Submodel(s) :
Undetected Features

Data From Expert Judgement

Log transform on X
-. 22000045 to 3.00000619 error bounds on X
.77000133 to 2.78000569 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
. 3814007759
10, .3989008235
11. .3814007758
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220

CENPOEWN-S

20. .0044320092 .770 2.780
meters
Units for X meters
Source Robert D. Bentley *

Width (m)rof newtl_ﬁ created fault zone in the northeast fault
system. The northeast fault system is the area northeast of

e Pasco Basin between the Pasco Basin and the model
boundary.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81
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Time Between SW Faulting Events
Density Curve 90.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
4.00000810 to 8.00001621 error bounds on X
5.00001001 to 7.00001430 values of X

Normal Curve
Density Points :
. .0044320032
. 0104200220
. 0223908461
. 04338008862
. 0783501618
. 1295002638
. 1942003822
. 2661005258
. 3332086331
. 3814007759
10. .338390@88235
11. .3814007759
12. .3332086931
13. .2661085258
14. .18U2003822
15. .1295002638
16. .0789501619
17. .0U338088862
18. .0223300461
19. .D0104200220
20. .0044320092 5.000 7.000
years

WENPpUEONCS

Units for X years
Source Robert D. Bentley *

Time (yr) between earthquakes in the southwest fault system.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Propared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81
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Time Between NE Faulting Events
Density CurveIl.

Submodel(s) :
Undetected Features
Deformation

Judgement and Data

Log transform on X
4. 00000810 to 8.00001621 error bounds on X
5. 00001001 to 7.00001430 values of X

Normal Curve
Density Points :
. .0044320092
. 0104200220
. 0223900461
. 0439800882
. 0788501619
. 1295002698
. 19420083822
. 2661005258
. 33320086931
.381408087759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220

CoNpuEwNCS

20. .0044320092 5.000 7.000
years
Units for X years
Source Robert D. Bentley *

Time (yr) between earthquakes in the northeast fault system.

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Aug. 1980.

Propared by J.W.L. & Alan James Baldwin Entored on 13-JAN-81
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Distance of Discharge Arc to Discharge Point
Density Curve g2.

Submodel(s) :
Undetected Features

Judgement and Data

No transform on X
0. 00000000 to 180.00036621 error bounds on X
50.00010299 to 110.08022125 values of X

Point by Point
Density Points :
0. .0G00010000
1. .0000Q13000

2. .0000016000

3. .0000019000
4. .0000R22000
5. .0800025000

6. .000DD26000

7. 30.6000633238
8. 32.4000663757
9. 31.8000640869
10. .0000030000
11. .0000027000
12. .0000024000
13. .0000021000
14. .0000016000
15. .0008015000
16. .0000012000
17. .0000009000
18. .00000Q6000
19. .0000003000 |

20. .0000002000 50. 000 110.000

degrees

Units for X degrees
Source PNL —- Alan Baldwin & Gregg Petrie

The unconfined aquifer discharges to the Columbia River and
the discharge arc are schematic representations of the
Columbia River. Curve 92 is the fractional distance along
the discharge &)int (starting at the northwest end and
moving along the arc clockwise).

Prepared by Alan James Baldwin Entered on 20-FEB-81
A.152




Northern Dip of New Anticline
Density Curve g3.

Submodel(s) :
Fold Creation

Judgement and Data

No transform on X
3.00000000 to 90.00018310 error bounds on X
0.00000000 to 90.00018310 values of X

Point by Point
Density Points :
0. 0.0000000000
4. 0000081062
8.0000162124
12. 0000247955
15. 0000305175
20. 0000420543
24, 0000495910
29. 0000591278
34. 0000686645
42. 0000839233
10. 52.0001068115
11. 62.0001258850
12. 72.0001449584
13. 84.0001678466
14. 95.0001907348
15. 100. 0002059936
16. 96.0001983642
17. 80.0001602172
18. 32.0000648498
19. 12.0000247355
20. 0.0000000000 0. 000 90. 000
degrees

DRINPOEWN =

Units for X degrees
Source Robert D. Bentley *

ip (degrees) of the northern limb of a newly created fold
anticline).

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by I.W.L. & Alan James Baldwin Entered on 13-JAN-81
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Eastern Plunge of New Anticline
Density Curve 94,

Submodel(s) :
Fold Creation

Judgement and Data

No transform on X
0. 00000000 to 45.000038155 error bounds on X
1. 00000202 to 12.00802479 values of X

Normal Curve
Density Points :
0. .0B44320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. .3814007739
18. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501618
17. .8439800882
18. .0223900161
19. .0104200220
20. .0044320092 1. 000 12.000
degrees

Units for X degrees
Source Robert D. Bentley *

Eastern plunge angle (degrees) of the fold axis of a newl
created gnticﬁine. & ( € ) . J

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81
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Southern Dip of New Anticline
Density Curve go.

Submodel(s) :
Fold Creation

Judgement and Data

No transform on X
0.00000000 to 90.00018310 error bounds on X
5.00001001 to 55.00011062 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
9. .3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220

PRNouFLwNES

20. .0044320092 5. 000 55. 000
degrees
Units for X degrees
Source Robert D. Bentley *

Dip (degrees) of the southern limb of a newly created
anticline.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by J.W.L & Alan James Baldwin Entered om 13-JAN-81
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Western Plunge of New Anticline
Density Curve 9B.

Submodel(s) :
Fold Creation

Judgement and Data

No transform on X
0.00000000 to 435.00009135 error bounds on X
1.00000202 to 12.00002i78 wvalues of X

Normal Curve
Density Points :
. 0044320082
. 0104200220
. 0223900461
. 0439800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005256
14. .1842003822
15. .1295002696
16. .0789501618
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320892 1,000 12.000
degrees

CoOoONoOCTULeEwNn — S

Units for X degrees
Source Robert D. Bentley *

Western plunge angle (degrees) of the fold axis of a newly
created anticline.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by IJ.W.L. & Alan James Baldwin Entorod on 13-JAN-81
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Angle Between New Fold and Local Fault Trend
Density Curve g7.

Submodel(s) :
Fold Creation

Judgement and Data

No transform on X :
0. 00000000 to 90.00018310 error bounds on X
0.00000000 to 90.00018310 values of X

Point by Point
Density Points :
0. 5.0000100135
4. 8000097274
4. 0000081062
2. 8000057220
1. 7000035285
1. 0000020265
. 6000012397
. 4000008106
.3000006198
. 2000004053
10. .2000004053
11. .2000004053
12. .3000006198
13. .5000010013
14. .7000014305
15. 1.0000020265
16. 2.2000045776
17. 5.0000100135
18. 7.6000151634
19. 8.5000171661
20. 9.0000181198 0, 000 90. 000
‘ degrees

INOOAEWN =

Units for X degrees
Source Robert D. Bentley *

Anglle (degrees) (in the horizontal plane) betwcen the local
fault trend (detecrmined by density curve 81) and a newly
created anticline. This logic assumes there is a tectonic
relationship betwcen the faults and folds of the Pasco Basin

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by I.W.L. & Alan Jamos Baldwin Entored on 13—-JAN-81

A.157




Fraction of FOLDMX For Fold Position Vector
Density Curve 98.

Submodel(s) :
Fold Creation

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
0. 00000000 to 1.00000202 values of X

Position Vector
Density Points :
. 0.0000000000
. 0000020265
. 0000040531
. 0000061988
. 0000081062
. 8000100135
. 0000123977
. 0000143051
. 0000162124
. 9.0000181198
10. 10.0000200271
11. 11.0000219345
12. 12.0000247955
13. 13.0000267028
14. 14.0000286122
15. 15.00800305175
16. 16.0000324248
17. 17.0000343322
18. 18.0000362396
19. 19.0000381469
20. 20.0000400543 0. 000 1.000
unitless

OWoOoNOTNEWNN ~
OWOmMNONLEsWN — S

Units for X unitless
Source PNL —- Gregg Petrie

The length of the “fold position vector'’. The length of the
vector is a fraction of the scalar variable FOLDMX (which is
the maximum distance from the repository site for a new fold
The vector starts at the repository site and ends at
e fold center.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.158




Angle From North For Fold Position Vector
Density Curve 9g.

Submodel(s) :
Fold Creation

Data From Expert Judgement

No transform on X
0. 00000000 to 360.00073242 error bounds on X
0.00000000 to 360.00073242 values of X

Uniform Curve
Density Points :°

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
8. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
"16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0.000 360.000
degreces
Units for X degrees
Source PNL —-- Gregg Petrie

The angle (degrees) from the north in the horizontal plane
for the trend of the 'fold position vector’. The vector
startts at the repository sitc and ends at the new fold
center.

Prepared by J.W.L & Alan James Baldwin Entered on 13-JAN-81

A.159




Fraction of FMAXD For Fault Position Vector
Density Curve 100.

Submodel(s) :
Fault Creation

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
0. 00000000 to 1.00000202 values of X

Position Vector
Density Points : -
. 0000000000
. DODDD20265
. D0O0DDLD531
. 00000619868
. 0000081062
. 0000100135
. 0000123977
. 0000143051
. 0000162124
. 0000181198
10. 10.0000200271
11. 11.0000219345
12. 12.0000247955
13. 13.0000267028
14. 14.0000286102
15. 15.0000305175
16. 16.0000324243
17. 17.0000343322
18. 18.0000362396
19. 19.0000381469

CENOAEWDN =S
COVNOUEWN — &

20. 20.0000400543 0.000 1.000
unitless
Units for X unitless
Source PNL —- Gregg Petrie

The length of the ''sub—basalt basement fault position vector

. The length of the vector is a fraction of the values of

scalar variable FMAXD (which is the maximum distance from

the repository site). It ends at the sub-basalt basement

{:ulta and is perpendicular to thec sub-basalt basement fault
end.

Prepared by JI.W.L & Alan James Baldwin Entered on 13-JAN-81

A.160




Angle From North For Fault Position Vector
Density Curve 101.

Submodel(s) :
Fault Creation

Data From Expert Judgement

No transform on X
¢.00000000 to 360.00073242 error bounds on X
0. 00000000 to 360.00073242 values of X

Uniform Curve .
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 360. 000
degrees
Units for X degrees
Source PNL —- Gregg Petrie

The angle (degrees) from the north in the horizontal plane
for the trend of the ''sub—basalt basement fault position
vector’’. The vector starts at the repository sitc, ends at
the sub-basalt fault, and is perpendicular to the sub-basalt
basement fault trend.

Propared by J.W.L. & Alan James Baldwin Entercd on 13-JAN-81

A.161




Time Between Sub-—Basalt Faulting Events
Density Curve 102.

Submodel(s) :
Sub—-Basalt Faulting
Fault Creation

Data From Transformation

No transform on X
@.00000000 to 400.00082337 error bounds on X
. 01445402 to 12.00002478 values of X

Exponential Form
Density Points :
. .0144540286
.0116080236
.0093221187
. 0074864153
.0060122122

. 0048283095

. 8036776078
.0031140062

. 8025008049

. 0020084037
10. .0016129033
11. .B012853026
12. .0010402021
13. .0008354018
14. .D0@6709012
15. .0005387911
16. .0004326909
17. .0003474906
18. .@8002790605
18. .0002241104
20. .0001799803 .014 318.608

years

OCoOoONOOMEWN—S

Units for X years
Source Lawrence H. Wight *

Time (yr) between sub-basalt basement earthquakes.
zAssumin earthquake acceleration threshold of 5.5 Richter
Magnitude.)

* See Wight, L. H., Appendix B.

Prepared by Alan Jumes Baldwin Entered on 22-MAY-81
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Variance of Polynomial Number 15

Density Curve 103.

Submodel(s) :
Fault Creation

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000
0. 00000000 to 0.00000000

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265 °
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265
Units for X unitless
Source PNL ——- Gregg

error bounds on X

values of X

0.0Q0
unitless

Petrie

Variance or error for polynomial number 15.

Prepared by Alan James Baldwin

A.163

Entered on 01-MAY-81




Magnitude of Sub—Basalt Faulting Event
Density Curve 104.

Submodel(s) :
Sub-Basalt Faulting

Data From Transformation

No transform on X
2.00000405 to 9.00001811
5.500010396 to 8.00001621

Point by Point
Density Points :
. .2995885893
.2121004343
. 1247002601
.1018082152
. 0778781557
.0557951116
.0328120684
. 0267660570
. 0207210421
. 0146760296
10. .0086301174
11. .0070401148
12. .0@854500117
13. .0038600082
14, .0022700047
15. .0818517039
16. .0014335029
17. .0010153021
18. .0005970613
19. .0001788303

error bounds on X
values of X

(.DQ\!O’).LH-C:LDN'—‘S

20. .0000001000 %500
ichter Magnitude
Units for X Richter Magnitude
Source Lawrence H. Wight *

8.000

Richter magnitude of sub—basalt basement earthquake.

* See Wight, L. H., Appendix B.

Prepared by Alan James Baldwin Entered on

A.164
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Variance of Function CHHCFT
Density Curve 105.

Submodel(s) :
Sub-Basalt Faulting

Variance — For Future Use

No transform on X
1.00000202 to 1.00000202 error bounds on X
1.00000202 to 1.00000202 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0009020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0080020265
19. 1.0000020265
20. 1.0000020265 1.000 1.000

meters / day

Units for X meters / day
Source PNL ——- Gregg Petrie and Mike Foley

Variance or error (m/day) of Function CHHFCT.

Prepared by Alan James Baldwin Entered on 01-MAY-8
A.165




Subsidence Rate of The Pasco Basin
Density Curve 106.

Submodel(s) :
Deformation

Data From The Literature

Log transform on X
-8.00081621 to -3.00000618 error bounds on X
-7.00001430 to -4.00000810 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
. 0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989006235
11. .3814007759
12. .3332006831
13. .2661005258
14. .19420@3822
15. .1295002638
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 -7.000 ~4.000
meters / year

Units for X meters / year
Source Robert D. Bentley *

ubsidence rate (méyr} of the Pasco Basin.

Note: This is the absolute value of the subsidence rate.

The model subtracts this number from elevation. The value
cannot give a negative value as it is log transformed.)

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by Alan James Baldwin Entered on 02-MAR-81

A.166




Uplift Rate of Rattlesnake Ridge
Density Curve 107.

Submodel(s) :
Deformation

Judgement and Data

Log transform on X
-8.00001621 to -3.00000613 error bounds on X
-7.00001430 to -4.00000810 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
.0223900461
. 0439800882
.0789501619
. 1295002698
. 1842003822
. 2661005258
.3332006931
. .3814007759
10. 3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. 1942003822
15. 1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. 0104200220
20. .0044320092 -7.000 -4.000
meters / year

©@DNDYE N

Units for X meters / year
Source Robert D. Bentley *

Uglift rate (m/yr) of Rattlesnake and Yakima Ridge
structures.

* Unpublished consultant’s report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by Alan James Baldwin Entered on 02-MAR-81

A.167




Uplift Rate For Saddle Mountains Structure
Density Curve 108.

Submodel(s) :
Deformation

Judgement and Data

Log transform on X
-8.00001621 to -3.00000618S error bounds on X
-7.00001430 to -3.000086189 values of X

Normal Curve
Density Points :
0. .o044320092

. 0104200220
2 . 0223900461
3 . 0439800882
4 .0789501619
5. .1295002698
6. .1942083822
7 . 2661005258
8 . 3332006931
9. .381400775%
10. .3989008235
11. .38B14007759
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20, .0044320092 -7.000 -3.000
meters / year

Units for X meters / year
Source Robert D. Bentley *

Uplift rate (m/yr) for Saddle Mountains structure.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

‘Prepared by Alan James Baldwin Entered on 05-MAR-81

A.168




Uplift Rate For Gable Mountain Structure
Density Curve 109.

Submodel(s) :
Deformation

Judgement and Data

Log transform on X
-8.00001621 to -3.0000061S error bounds on X
-7.00001430 to -4.00000810 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 04339800882
.0789501619
.1295002698
. 1942003822
. 2661005258
.3332006931
. 3814007758
10. 3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501619
17, .0439800882
18. .0223900461
19. .01042008220
20. .0044320082 -7.000 -4.000
meters / year

s.O.G)\'Im(JIJ:LDMHS

Units for X meters / year
Source Robert D. Bentley *

Uplift rate (m/yr) for Gable Mountain and Umtanum Ridge
structures.

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by Alan James Baldwin Entered on. 05-MAR-81

A.169




Uplift Rate For Horse Heaven Hills Structure
Density Curve 110.

Submodel(s) :
Deformation

Judgement and Data

Log transform on X
-8. 00001621 to -3.00000619 error bounds on X
-7.00001430 to -4.00000810 wvalues of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 02233900461
. 0439800882
.0789501619
. 1285002638
. 1942003822
. 2661005258
. 3332006931
. 3814007758
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14, .13942003822
15. .1285002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20, .0044320092 ~7.000 -4.000
meters / year

Units for X meters / year
Source Robert D. Bentley *

Uplift rate (m/yr) for Horse Heaven Hills structure.

* Unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by Alan James Baldwin Entered on 05-MAR-81

A.170




H.C. Increase From Saddle Mountains Activity

Density Curve 111.

Submodel(s) :
Deformation

Judgement and Data
No transform on X
-10.00002002 to 1.00000202

-.01000002 to -.00100000
Uniform Curve
Density Points :
0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265
Units for X unitless
Source

error bounds on X

values of X

-.010
unitless

James W. Crosby *

-. 0081

Increase in hydraulic conductivity (fraction of startin

value) of Pasco Basin Basalts due to earthquakes in

Saddle Mountains structure.

e

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin

A.171

Entered on

12-FEB-81



H.C. Increase From Gable Mountain Activity
Density Curve 112.

Submodel(s) :
Deformation

Judgement and Data

No transform on X
-10.000020802 to 1.00000202 error bounds on X
-. 03000006 to -.00100000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
8. 1.0000020265
18. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14, 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 -.030 -. 001
unitless
Units for X unitless
Source James W. Crosby *

Increase in hydraulic conductivity (fraction of startin
value) of Pasco Basin Basalts due to earthquakes in the
Gable Mountain or Umtanum Ridge structures.

* Unpublished consultant's report to PNL from James W.
Crosby IIl of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 12-FEB-81
A.172




H.C. Increase From Rattlesnake Mtn. Activity
Density Curve 113.

Submodel(s) :
Deformation

Judgement and Data

No transform on X
-10.00002002 to 1.00000202 error bounds on X
-. 02000004 to -.01000002 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 -.010

-.020
meters / day
Units for X meters / day

Source James W. Crosby *

Increase in hydraulic conductivity (fraction of starting
value) of Pasco Basin Basalts due to earthquakes in
Rattlesnake or Yakima Ridge structures.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 12-FEB-81

A.173




H.C. Change Due to Local Faulting Event
Density Curve 114,

Submodel(s) :
Deformation

Judgement and Data

No transform on X
-1.00000202 to .0Q1000OD error bounds on X
-. 09070018 to -.02200004 values of X

Point by Point

Density Points :
0. 70.0001449584
66. 3801345825

2. 62.9601249694
3. 59.7101211547
4. 56.6201133728
5. 53.7001113891
6. 50.9301033020
7.  4B.3000984191
8. 45.8100929260
S.  43.4400B863647
10. 41.2000846862
11. 39.0700798034
12. 37.0600776672
13. 35.1400718688
14. 33.3300704356
15. 31.6100654602
16. 29.9800605773
17. 28.4300575256
18. 26.9600543975
19. 25.5700511932
20. 24.2500495910 =090 - 022

meters / day

Units for X meters / day
Source James W. Crosby *

Hydraulic conductivity change (mr/ day) of Pasco Basin Basalts
due to local earthquakes in the Pasco Basin.

* Unpublished consultant's report to PNL from James W.
Crosby IlI of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 12-FEB-81

A.174




H.C. Change Due to Thrust Faulting
Density Curve 115.

Submodel(s) :
Deformation

Test Data

No transform on X
-.00100000 to .00100000 error bounds on X
-. 00010000 to .00010000 values of X

Normal Curve
Density Points :
. 0044320092
. 0104200220
. 0223900461
. 0439800882
.0789501619
.1295002698
. 1842003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11, .3814007759
12. .3332006931
13. 2661005258
14. 1942003822
15. .1295002698
16. .0789501619
17. 0439800882
18. .0223900461
19. .0104200220
20. .0044320092 -. 000 .000
meters / day

Units for X meters / day
Source James W. Crosby *

Change of hydraulic conductivit (n;éday) of Pasco Basin
Basalts due to thrust fault earthquakes in the Pasco Basin.

* Unpublished consultant’'s report to PNL from James W.
Crosby IIl of Washington State University on Aug. 1980.

Prepared by J.W.L. & Alan James Baldwin Entered on 13-JAN-81

A.175




Displacement Per Thrusting Event
Density Curve 116.

Submodel(s) :
Deformation

Judgement and Data

Log transform on X
-1.50000308 to 2.4B0DOB502 error bounds on X
-. 52000107 to 1.48000302 values of X

Normal Curve
Density Points :
0. .DO4Y320092

. 0104200220
2.  .0223900461
3. .0439800882
4. .0789501619
5. .1295002698
6. .13842003822
7. .2661005258
8. .3332006931
8. .3814007759
10. .3989006235
11, .3814007759
12. .3332006931
13. .2661005258
14, .1942003822
15. .1295002698
16. .0789501619
17. .0439800882
18. .0223900461
19. .0184200220

20. .0044320092 -.520 1.480
meters
Units for X meters
Source Robert D. Bentley *

Fault displacement during a thrusting event.

* Unpublished consultant’'s report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by JWL & Alan James Baldwin Entered on 13-JAN-81

A.176




Fold Uplift Rate
Density Curve 117.

Submodel(s) :
Deformation

Data From Expert Judgement

No transform on X
-1.53000307 to 2.48000502 error bounds on X
0.00000000 to .00013400 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 . 000
meters /year
Units for X meters /year
Source PNL —- M. Foley, G. Petrie & R. Bentley *

Anticline uplift rate (m/yr). This rate is for existin
anticlines within the Pasco Basin, as well as for newly
created folds.

" * The new rate came from Mike Foley and Gregg Petrie on
February 26,1981. The original rates came from an
unpublished consultant's report to PNL from Robert D.
Bentley of Central Washington University on Sep. 1980.

Prepared by Alan James Baldwin Entered on 26-FEB-8I
A.177




H.C. Increase During Fold Growth
Density Curve 118.

Submodel(s) :
Deformation

Data From Relative Frequency

Log transform on X
-20.00004005 to -1.00000202 error bounds on X
-19.02003860 to -7.50601530 values of X

Point by Point
Density Points :
0. .0050955104

. 0187450388
2 . 0343950724
3 . 04390451002
4, .0636941242
5. .0764331579
6 .0891721820
7 . 1019002079
8. .1146002292
9. .0987262058
10, .0828031826
11. .0668791294
12. .0509551048
13. .0414010858
14, .0318470621
15. .0222320441
16. .0127390265
17. .0114650237
18. .0101810209
19. .0089172182
20. .0076433153 -18.020 -7.506
meters / day / year

Units for X meters / day / year
Source James W. Crosby

The annual increase of hydraulic conducunty (m/day/yr)
during active fold growth. /day/

Prepared by Alan James Baldwin Entered on 08-FEB-81

A.178




HC Change In NE Fault With Each Fault Event
Density Curve 119.

Submodel(s) :
Deformation

Data From Expert Judgement

No transform on X
-. 25000050 to 1.25000250 error bounds on X
-. 25000050 to 1.25000250 values of X

Normal Curve
Density Points :
. 0044320032
. 0104200220
. 02239004861
. 0433800882
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11, .3814007758
12. .3332006931
13. .2661005258
14, .13942003822
15, .1295002698
16. .0789501619
17. .B439800882
18. .0223900461
19. .0104200220
20, 0044320082 -.250 1.250
meters / day

LN ELN S

Units for X meters / day
Source James W. Crosby *

Change in the hydraulic conductivity £m/day) of the
representative fault in the northeast fault system for each
earthquake. The representative fault is the sum of all the
faults in the northeast fault system, and the effects of
northeast fault system earthquakes are addressed as if the
effects were from one large fault.

* Unpublished consultant's report to PNL from James W.
Crosby III of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 03-FEB-81

A.179




HC Change In SW Fault With Each Fault Event
Density Curve 120.

Submodel(s) :
Deformation

Data From Expert Judgement

No transform on X
-1.75000357 to 1.75B00357 error bounds on X
. 25000050 to 1.75600357 values of X

Normal Curve
Density Points :
0. .0044320092
. 0104200220
. 0223300461
. 04339800882
.0789501619
. 1285002698
. 1942003822
. 2661005258
. 3332006931
. 3814007759
10. .3989008235
11. .3814007758
12. .3332006931
13. .2661005258
14. .1342003822
15. .12850026398
16. .0789501619
17. .0439800882
18. .0223900461
19. .0104200220
20. .0044320092 .250 1.750
meters / day

Units for X meters / day
Source James W. Crosby *

Change in the hydraulic conductivity gm/day) of the
representative fault in the southwest fault system for each
earthquake. The representative fault is the sum of all the
faults in the southwest fault system, and the effects of
southwest fault system earthquakes are addressed as if the
effect were from one large fault.

* Unpublished consultant's report to PNL from James W.
Crosby IIl of Washington State University on Aug. 1980.

Prepared by Alan James Baldwin Entered on 03-FEB-81

A.180




Variance of Polynomial Number 20
Density Curve 121. ‘

Submodel(s) :
Hydrology

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0.00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3.  1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7.  1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12, 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 0. 000 0. 000
centimeters / year
Units for X centimeters / year
Source - PNL —- Gregg Petrie

Variance or error (cm/yr) of polynomial 20.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.181




Variance of Polynomials 21 t
Density Curve 122.

Submodel(s) :
Hydrology

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000
0.00000000 to 0.00000000

Uniform Curve
Density Points :
2. 1.0000020265

o 24

error bounds on X

values of X

1. 1.0000020265

2. 1.0000020265

3. 1.0000028265

4. 1.0000020265

5. 1.0000020265

6. 1.0000020265

7. 1.0000020265

8. 1.0000020265

9. 1.0000020265
" 10. 1,0000020265

11. 1.0000020265

12. 1.0000020265

13. 1.0000020265

14, 1.0000020265

15. 1,0000020265

16. 1.0000020265

17. 1.0000020265

18. 1.0000020265

19. 1.0000020265

20. 1.0000020265 0. 000

meters

Units for X meters
Source James W. Crosby

Variation or error (m) for polynomial numbers 21 through 24.

Prepared by Alan James Baldwin

A.182 -

Entered on 01-MAY-B1




Variance of Polynomials 25 to 28
Density Curve 123.

Submodel(s) :
Hydrology

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0. 00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

8. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1,0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1,0000020265
8. 1,0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14, 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
139. 1.0000020265
20. 1.0000020265 0.000 0.000
meters
Units for X meters
Source James W. Crosby

Variation or error (m) for polynomial number 25 through 28.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.183




Speed of Unconfined Ground Water, Climate 1
Density Curve 124,

Submodel(s) :
Hydrology

See Text For Explanation

No transform on X
-4, 00000810 to 10000.0205078]error bounds on X
150. 00030517 to 300.00061035 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
§. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
S. 1.0000020265
10. 1,0000020265
11. 1,0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 150. 000 300. 000

meters / day

Units for X meters / day
Source PNL —- Andy Reisenaur & Alan Baldwin

Velocity (m/day) of glrou_nd water in the unconfined aquifer
during an interglacial climate state. .

Note: According to Andy Reisenaur, the velocities through
the unconfined aquifer can vary widely, depending where
the repository is sited. This curve represents the ‘worst
case' estimate only.

Prepared by Alan James Baldwin Entered on 21-MAY-81

A.164




Speed of Unconfined Ground Water, Climate 2
Density Curve 125.

Submodel(s) :
Hydrology

See Text For Explanation

No transform on X
-4.00000810 to 10000.02050781 error bounds on X
150. 00030517 to 300.00061035 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14, 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 150. 000 300. 000

meters / day

Units for X meters / day
Source PNL ——- Andy Reisenaur & Alan Baldwin

Velocity (m/day) of ground water in the unconfined aquifer
during a temperate interstadial climate state.

Note: According to Andy Reisenaur, the velocities through
the unconfined aquifer can vary widely, dggending where the
regosn.ory is sited. This curve represents the 'worst case’
estimate only.

Prepared by Alan James Baldwin Entered on 21-MAY-81

A.1565




Speed of Unconfined Ground Water, Climate 3
Density Curve 126.

Submodel(s) :
Hydrology

See Text For Explanation

No transform on X
-4,00000810 to 10000.02050781error bounds on X
150. 00030517 to 300.00061035 wvalues of X

Uniform Curve
Density Points :

2. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
4. 1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11, 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 150. 000 300. 000

meters / day

Units for X meters / day
Source PNL ——- Andy Reisenaur & Alan Baldwin

Velocity (m/day) of ground water in the unconfined aquifer
during an interstadial climate state.

Note: According to Andy Reisenaur, the velocities through
the unconfined aquifer can vary widely, depending where the
regosn.ory is sited. This curve represents the ‘worst case’
estimate only.

Prepared by Alan James Baldwin Entered on 21-MAY-81

A.186




Speed of Unconfined Ground Water, Climate 4
‘Density Curve 127.

Submodel(s) :
Hydrology

See Text For Explanation

No transform on X
-4.00000810 to 10000.02050781error bounds on X
150. 00030517 to 300.00061035 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
t.  1.0000020265
5. 1.0000020265
6. 1.0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020285
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000020265
16. 1.0000020265
17. 1.0000020265
18. 1.0000020265
19. 1.0000020265
20. 1.0000020265 150. 000 300.000

meters / day

Units for X meters / day
Source PNL -- Andy Reisenaur & Alan Baldwin

Velocity (m/day) of ground water in the unconfined aquifer
during a stadial climate state.

Note : According to Andy Reisenaur, the velocities through
the unconfined aguifer can vary widely, dggendlng where the
repository is sited. This curve represents the 'worst case’
estimate only.

Prepared by Alan James Baldwin Entered on 21-MAY-81

A.187




Variance of Polynomial Number 31
Density Curve 128.

Submodel(s) :
Hydrology

Variance — For Future Use

No transform on X
0.00000000 to 0.00000000 error bounds on X
0.00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

0. 1.0000020265
1. 1.0000020265
2. 1.0000020265
3. 1.0000020265
§. 1.0000020265
5. 1.0000020265
6. 1,0000020265
7. 1.0000020265
8. 1.0000020265
9. 1.0000020265
10. 1.0000020265
11. 1.0000020265
12. 1.0000020265
13. 1.0000020265
14. 1.0000020265
15. 1.0000828265
16. 1.0000020265
17, 1.0000020265
18. 1.0000020265
18. 1.0000020265
20. 1.0000020265 0.000 0. 000
unitless
Units for X unitless
Source James W. Crosby

Variation or error of polynomial number 29.

Prepared by Alan James Baldwin Entered on 01-MAY-81

A.188




Geochemical Gradient
Density Curve 129.

Submodel(s) :
Hydrology

Judgement and Data

No transform on X
0.00000000 to 49.00009918 error bounds on X
.00126000 to .00154000 values of X

Normal Curve
Density Points :
©. .0044319090
. 0104210221
. 0223950457
. 0439840888
.0789501619
. 1295002698
. 1942003822
. 2661005258
. 3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221
20. .0044319090 . 001 .01
ppm / meter

CENDUEWN -

Units for X ppm / meter
Source PNL -- Bill Deutch & Alan Baldwin

Geochemical concentration difference (ppm) in the direction
of groundwater flow for calcium.

Note : Bill Deutch calculated the value for geochemical
gradient based on data from Wells G99-33-36 and DB1. The
value from these two wells came out to be agproxlmatelfv .
1.%- ppm/km. This curve is plus or minus 10 percent of this
value.

Prepared by Alan James Baldwin Entered on 22-MAY-81
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Variance of Polynomial Number 19
Density Curve 130.

Submo

del(s) :

Hydrology

Variance — For Future Use

No transform on X
-1.00000202 to 1.00000202 error bounds on X
0. 00000000 to 0.00000000 values of X

Uniform Curve
Density Points :

1
1
1
1
1
1
1
1
1
1
10. 1.
1
1
1
1
1
1
1
1
1
1

. 0DDO0D20265
. D00V020265
. 000020265
. 000020265
. DDDDO20265
. 0000020265
. DDD0020265
. 0000020265
. 0000020265
. 0000020265
0000020265
. 0000020265
. 0000020265
. 0000020265
. 0000020265
. 0000020265
. 0000020265
. 0000020265
. D00OD20265
. 0000020265
. 0000020265 000 0.000
nitless

Units for X Unitless

Source

PNL —- Charles Cole and Gregg Petrie

Variance term for polynomial 32. Polynomial 32 uses H.C. to
get effective porosity.

Prepared

by Alan James Baldwin Entered on 01-MAY-81
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Change in Repository HC From Swarm Activity
Density Curve 131.

Submodel(s) :
Climate

Data From Expert Judgement

No transform on X
0.00000000 to 1.00000202 error bounds on X
.01000002 to .03000006 values of X

Normal Curve
Density Points :
. .0044319090
. 0104210221
. 0223950457
. 0439840888
. 0789501619
. 1295002698
. 1942003822
. 2661005258
.3332006931
.3814007759
10. .3989008235
11. .3814007759
12. .3332006931
13. .2661005258
14. .1942003822
15. .1295002698
16. .0789501619
17. .0439840888
18. .0223950457
19. .0104210221
20. .0044315090 . 010 .030
unitless

PN EWLN-S

Units for X unitless
Source Steve Malone

Fractional change of hydraulic conductivity when an
earthquake swarm intersects the repository.

* Unpublished personal communication between Gregg Petrie of
ﬁN ?gglsmve Malone of the University of Washington on
ay .

Prepared by Alan James Baldwin Entered on 20-MAY-81
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APPENDIX B

ACLIN

The Astronomical Climate Index (ACLIN) (Figures B.1 and B.2) was used to
derive the climate states (Figures B.3 and B.4) used in the Geologic Simulation
Model. ACLIN was derived from longitude of perihelion (Figures B.5 and B.6),
obliquity (Figures B.7 and B.8), and eccentricity (Figures B.9 and B.10) behavior
of the earth's orbit and calibrated against Pleistocene sea level as described
by Petrie, G. M. et al. 1981. Geologic Simulation Model for a Hypothetical
Site in the Columbia Plateau, PNL-3542, Pacific Northwest Laboratory, Richland,
Washington.
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FIGURE B.1. Astronomical Climate Index (ACLIN) for O to 20,000 yrs A.P.
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FIGURE B.2. Astronomical Climate Index (ACLIN) for 0 to 1,000,000 yrs A.p.
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FIGURE B.5. Longitude of Perihelion for 0 to 20,000 yrs A.P.
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FIGURE B.6. Longitude of Perihelion for 0 to 1,000,000 yrs A.P.
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1.0 INTRODUCTION

The Battelle Pacific Northwest Laboratories has undertaken a program designed
to assess the feasibility of disposing high level radioactive wastes in geologic

media. This multi-faceted program has major components addressing important
laboratory measurements, significant licensing issues, and a variety of socio-
economic issues. One important part of this program involves the safety analysis
of the geologic repository performance. In order to quantify a possible risk
associated with repository operations, Battelle has undertaken an effort to model
the repository over a one million year design life. Because of the variety and
complexity of events which could initiate a failure of the repository over this
long design life, Battelle has assembled a multi-disciplinary team of experts to
assist in the development of the safety analysis model. Since it is intended to
explicitly take account of the uncertainty in the events and in the repository
response, Battelle is basing the model on a Monte Carlo simulation of the

system.

This report will provide the bases for selection of important earthquake
engineering and seismological parameters for this simulation. For purposes of
simulation testing, this report focuses on parameter evaluation for the Hanford
Reservation. Section 2 of this report defines the spatial and temporal levels of
earthquake activity in the Pacific Northwest and concludes with seismicity
models for the area in which biases associated with population distribution have
been removed. The next section of the report presents a newly developed
technology for probabilistically predicting earthquake rupture. We believe that
this technology has direct application to the Columbia Plateau. Finally, the last
section of the report presents an analysis of the effect of earthquakes on
hydraulic conductivity. This important parameter will define the interrelation-

ship between earthquakes and transport mechanisms through the repository.
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2.0 EARTHQUAKE STATISTICS FOR THE COLUMBIA PLATEAU

In this section, we analyze the seismicity in each of the source zones in Figure

2-1 to estimate the recurrence relationship for earthquakes in each zone. This

~--relationship is one of the keystones to a probabalistic seismic risk assessment

and is usually characterized by the two parameters, a and b, in
logN =a - bM

where N is the cumulative annual number of earthquakes greater than earth-
quake magnitude M. Where we require conversion of an epicentral MM intensity

to magnitude, we employ the correlation presented by Toppozada (1975):
M = 1.85 + 0.49]

In our analysis of the recurrence relationship, we direct particular attention to
the stability of the activity rate, b, of earthquakes. The parameter b, of the two
parameters, is the most significant because it logarithmically determines the

recurrence of large earthquakes.

Instability in b can arise when the subinterval of time within which earthquakes
are considered is either too long, in which case the data are incompletely re-
ported, or is too short, such that the mean activity rate is unstable. The overali
approach in this report is to calculate, for each source region, the average annu-
al number of earthquakes in a specified magnitude interval and to then sum
these over magnitude to provide an estimate of the cumulative number of earth-

quakes greater than a given magnitude.

A linear least squares fit of log N = a ~ bM results in best estimates of a and b.
Within this procedure, it is the estimates of the average annual number of events
in a specified magnitude interval that can introduce significant errors in the
earthquake parameters. We use the method developed by Stepp (1974) to

minimize these errors.

2-1 %
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Following Stepp, we first group earthquakes in each source zone into magnitudes
intervals of 0.5. For each magnitude interval, we calculate the average annual

number of earthquakes, A\ for several subintervals of time, T. The standard
deviation of ¢ is given by

and therefore ¢ must behave like T'yz if, as we have assumed, A is constant.
Plotting the subinterval values of o allows one to readily determine over what
interval ¢ begins to behave like T'yz. This is, therefore, the subinterval of data
that is long enough to give a good estimate of the mean activity rate, but short

enough that it does not include intervals with incomplete data.

The results of this analysis are presented in Table 2-1 where we indicate that a
and b values that are developed from the regression analysis, as well as the

coefficient of determination for the fit.

Because preliminary analysis showed that the seismic risk at the site was domi-
nated by the risk due to local earthquakes in source zone five, we use this zone
to illustrate the details of our statistical analysis and to further elaborate on the

technique.

It is apparent from Figure 2-1 that zone five is relatively aseismic compared to
surrounding source zones. Because of the significance of this zone and its
macro-aseismicity, we rely heavily on data from the University of Washington

microseismic array centered on the Hanford Reservation.

Applying the stability techniques described above to the historical record of
earthquakes in zone five results in the data indicated in Figure 2-2. Figure 2-3
indicates how the annual activity rates for each magnitude interval are defined,
and Table 2-2 summarizes these rates and the interval of time appropriate for

each magnitude interval.
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TABLE 2-1

EARTHQUAKE PARAMETERS FOR EACH SOURCE ZONE

Seismic
Zone log Nc: a- bM
Site ID
(Fig 4-2) Descriptor a b
| Puget Sound 4,30 1.05
2 S. Cascades 3.50 0.93
3 N. Cascades 3.50 0.93
4 Milton-Freewater 3.31 1.00
5 Site Source Zone 4.54 .16
2-3

Coefficient of
Determination

0.99
0.92
0.92
0.87
0.99
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TABLE 2-2

RESULTS OF EARTHQUAKE STATISTICS ANALYSIS FOR
ZONE 5 (SITE SOURCE ZONE)

Magnitude Time Annual
Interval Interval Rate
M Dates Duration 7
3.5-4.0 1945-1969 25 0.508
4,0-4.5 1910-1969 60 0.204
4,5-5.0 1890-1969 100 0.092
2-4
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Because these results are supported by only 48 earthquakes in the magnitude
range of 3.5-5.5, we turn to supplementary data from the microseismic network.
This network has been operational since 1969 and since then has been reliably
reporting earthquakes over a large area that includes much of zone five.

Accounting for the coverage area, a parallel analysis of the micro-earthquakes
located in zone five results in the remaining indicated data in Figure 2-2. A best
fit to the data of the form,

fogN =a -bM

is obtained by the values a = 4.54 and b = |.16.
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3.0 FAULT RUPTURE HAZARD

The possible proximity of shears or faults to a repository facility suggests that
the risk due to fault rupture should be considered. A rigorous analysis of this

risk would require a detailed knowledge of the fault and fracture pattern in the
immediate vicinity of the facility, which is beyond the scope of this study. This
section, however, sets the general methodology that could be applied to the

Columbia Plateau.

Fault rupture hazard is defined as the probability that the maximum surface
displacement at a point on the fault exceeds a given value over the time period
of interest. The general approach is as follows. The fault system is divided into
a series of segments of equal seismicity. Earthquake occurrences within each
segment are treated as Poisson-Bernoulli processes. The random occurrence of
all events from each fault is combined with a fault rupture model to develop a
probability distribution of surface displacement for any point on the fault. The
calculation to this point essentially results in an assessment of the rupture
hazard on one of the pre-existing shears. The next step in the analysis is to
account for the fact that trenches between the shears in the near vicinity of
GETR have exposed undisturbed soils of a certain age, thus indicating that the

area between the shears has not ruptured in this time.
3.1 EARTHQUAKE OCCURRENCE MODEL

The basic input parameters of the earthquake occurrence model are the
magnitude range (upper and lower bound magnitudes) and earthquake recurrence.
With respect to earthquake data, the magnitudes are discretized every |/4 of a
magnitude unit as is commonly done in data recording. This representation

permits the use of discrete models.
The development of the model involves three steps:

(1) Assuming that earthquake occurrences form a Poisson

process with mean rate of occurrence independent of

3-1 | %
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(2)

(3)

magnitude, a distribution is obtained on the number of

occurrences for the time period considered.

Given that an event has occurred, a distribution on the
magnitude of events is determined. The process generat-
ing model can be assumed to be Bernoulli. The probability
of success, PM.? corresponding to each trial, is defined as
the probability that the event that has occurred is of
magnitude Mi' Thus, the probability of failure, Apm. = | -
PM.? at each trial is the probability that the event'is not
of n"'uogni‘tude Mi' The probability of having r events of
magnitude Mi’ given that a total of n events have
occurred, can therefore be obtained using the binomial

distribution.

The distribution of the number of events of each magni-
tude, independent of the number of trials, is obtained by

combining steps one and two.

Earthquake Occurrence (Poisson Model)

[t is assumed, once the seismic sources have been located, that earthquake

occurrences on each source form a Poisson process with mean rate of occurrence

independent of magnitude. For earthquake events to follow the Poisson model,

the following assumptions must be valid:

Earthquakes are spatially independent
Earthquakes are temporally independent

The probability that two seismic events will take place at
the same time and at the same location approaches zero.

3-2
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The first assumption implies that the occurrence or absence of a seismic event
at one site does not affect the occurrence or absence of another seismic event at

some other site or the same site. The second assumption implies that seismic
events do not have memory. The assumptions of spatial and temporal indepen-
dence have been verified by data when aftershock sequences gre removed and

are commonly accepted. The degree of dependence between events, due to the
dual mechanism of stress accumulation and release, has not yet been determined
with any amount of precision, but the earth's "memory" appears to fade quite
rapidly with time (Garner and Knopoff, 1974). The third assumption implies that,
for a small time-interval, moré than one seismic event cannot occur on one
source.

Thus, considering all the events of magnitude greater than an arbitrary lower
bound, a distribution is obtained for the number of occurrences in a given period
of time, t. The lower bound is chosen so that earthquakes of magnitude smaller
than the one specified, which have a negligible damage potential, can thus be
disregarded. This distribution is obtained for each seismic source.

In its general form, the Poisson law can be written as

Pa(n/2) = e M('H)n y, t 0 ; ninteger 0, (3-1)
n!

where

PN(n/ A\ ) = probability of having n events in time period t, given
n = number of events

A = mean rate of occurrence per unit of time

Thus, if the mean rate of occurrence N\ is known, the probability distribution

function can be defined completely.

The parameter \ is obtained from the data and can be modified subjectively. In
the present case, it is expressed as the mean rate of occurrence, per year, of
earthquakes larger than magnitude 3.5.
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Estimate of )

If one assumes that the number of seismic events for a future time t follows a
Poisson probability law, there is still uncertainty about the parameter \ , the
mean rate of occurrence (Equation 3-1). Therefore, \ is‘treated as a random
variable. The probabilistic information on \ can be obtained through historical
data or from the subjective knowledge of the analyst. The subjective probability
distribution on \ is talled the "prior distribution."”

The concept of conjugate prior is used for analytical simplicity (Raiffa and
Schlaifer, 1961). Therefore, the prior distribution for the random variable A is
chosen as the gamma distribution with parameters \' and »'. Since the gamma
distribution can fit a large variety of shapes, this choice does not introduce any

major limitations in the model.

Using the historical information, one can obtain the sample likelihood function
for A . The posterior distribution for A can be obtained by combining the prior

distribution and the sample likelihood function by means of Bayes' theorem.
Let f', (X) be the prior probability distribution function for x, and L(\) be the

sample likelihood function for X\ (given by the Poisson law for n observations),

then the posterior distribution f",(\) is obtained as
frA(N) = NLOOf (), (3-2)

where NI is a normalizing constant. The posterior distribution of \ is also

gamma type with parameters x"and » ".
in Equation 3-1, the conditional probability on the number of events n is based on

X\ . The unconditional or the marginal distribution on n can be obtained by using

Equation 3-1 together with Equation 3-2 and integrating over all X\ 's. Thus,

P = f P/ )F" (00 ) (3-3)
0
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which [eads to

A
P (n) _ILlh+v" . _L_L__'-V" (3-4)
N nb (e (e am™

for ninteger z0, v" >0, A" >0,1 >0,

Equation 3-4 is called the "marginal Bayesian distribution of n." This distribu-
tion, after the uncertainties on the mean rate of occurrence are considered,
gives the probability of the number of events above a predetermined lower bound

MQ, in time period t.

Distribution of Magnitudes (Bernoulli Model)

A Bernoulli trial is used to model information on magnitudes. Given that an
event has occurred, the probability that it is of any given Richter magnitude can
be represented in terms of a Bernoulli friol. If the seismic event that has
occurred is of the Mi under consideration, then the outcome of the Bernoulli trial
is a success. Conversely, failure at each trial implies that the seismic event that

has occurred is of some other magnitude.

if PM. = probability of success at each trial corresponding to Mi
i

| -

and in pMi

probability of failure at each trial,

then using the binomial law,

™. ™M™, M.
PROM /MPy) = C oy 'Ueppy ) (3-3)
| { | |

for an integer > 0, rMi integer; 0 < rMi <nand 0 = pMi = I
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where PR(rM /n, PMm ) is read as the probability that T\, events of magnitude Mi
will occur out of a total of n events, given that the prof)obili‘ry of occurrence of

Mi is PMm at each trial, and
B

rMi I(n —.rMi)!

A different probability PM is obtained for each Mi considered in the model. A
similar equation is thus bbtained for each of the other magnitudes. The

probabilities Py, are mutually exclusive within the range of selected magnitudes,
i

Z pM = |.0.
ali M. '

hence,

As an example, for Mi =6andn =5,

P (0 events of M = 6 given 5 earthquakes) = (I - p6)5
P (I events of M = 6 given 5 earthquakes) = 5 x Pg X (- p)q
P (5 events of M = 6 given 5 earthquakes) = p65 .

It should be noted that

n

Y,  ple/n)=1.0.

r=0

To be consistent with the Gutenberg-Richter earthquake recurrence relationship
the probability PM should be consistent with an exponential distribution of
magnitudes. Cornell (1971) has proposed such a distribution which incorporates

both lower and upper bound limits on magnitude:
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PM=sm) = K{I - Exp[- B(m - M )]} (3-6)

where, P(M < m) = probability of M = m
K=1{l-B0 fom, - m )]}"
B = 2.3b
Mu = upper bound magnitude
M g = lower bound magnitude

The probability that an earthquake has a magnitude within the range m; + m/2,
equivalent to the Bernoulli parameter PM.? then becomes
i

PMm. = PM =< m. + AM/2) - PM <« m; - Am/2) (3-7)
i
Equation 3-5 represents the generating process for the number of events Mi'
However, this information is conditional on the knowledge about PM.? the
i

probability of success corresponding to Mi'

Estimate of PM
i

The conjugate prior distribution on PM.’ f'P (pM.)’ is assumed to be beta type
with parameters 7' and ¢ '. Since the normalized beta distribution is bounded
between 0 and |, and fits a large variety of shapes, this choice does not
introduce any major limitations in the model. A prior distribution of a similar

form has to be assumed for each of the magnitudes considered.

The usual format of the available data indicates that, among the n earthquakes
observed for a given source, ry. were of Mi' This information is used in the
construction of the sample likelifood function. The sample likelihood function
on py s L(pM./n,rM'), may be obtained from the generating process
(Equation 3-5). ' :

The posterior distribution f"P(pM ) is given by
i
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where Nl is a normalizing constant. The posterior distribution on PM. is also
beta type with parameters 7" and £ ". :

In Equation 3-5, the conditional probability on the number of successes, L is
based on PM and n. The condition on Pp. can be removed using Equation '3.8

~ and in'regroﬁ'ng over all the values of PM as follows:
i

PR(rMi/n) =£ PR(rMi/pMi’n)fP"(PMi)dpMi (3-9)
i r(1) @) By -ay)
Mi i . i i i
=Cn (En) ( "y o énq F(ﬁM)

M M. M. i
i i i

for n iﬁteger >0, "M integer; 0 < ™. <M
i i

and E;\'A. N

3
=
]
3
¥
3

The above expression is the distribution on the number of earthquakes of
magnitude Mi given that n earthquakes have occurred.  There is a similar

distribution for each M, considered.

Marginal Distribution on the Number of Magnitudes

The distribution of the number of events of each magnitude independent of the

number of trials, is obtained from Equations 3-4 and 3-9, thus
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PRM) = D PRy /M) (3-10)
=0

r r(n;\'A)

M. .
| i

>, S NETT )

n= M. M. M.

r(rMi + EMi) r(n +'n Mi - r’wi - EMi)
(n +ﬂMi)

T +o " wp'
AT(pm (t + A" * 7"

This distribution describes totally the seismicity of the source considered in

terms of the two parameters magnitude (Mi) and number of occurrences (n).

The Bernoulli model has the advantage that the probability of occurrence of an
earthquake of any given magnitude (pM.) can be established and updated
independently of other magnitudes. It also offers greater flexibility in the use of
historical seismicity data and in combining it with subjective information

through a Bayesian approach.
3.2 FAULT RUPTURE PARAMETERS

The three fault rupture parameters required in the development of the hazard
model are fault rupture length (L), fault rupture displacement (D), and fault
rupture radius (R). Models used to estimate these parameters from earthquake
magnitude (M) were developed from regression analyses using the method of
least squares. A statistical summary of these analyses is presented in Table 3-1,

and tabulated values of the parameters are provided in Table 3-2.
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ACoefficienés Standard Correlation

Parameter Y Y Error Coefficient
Fault Length, L(km) -4.670 1.185 0.83 0.76
Fault Displacement, D(cm) -3.797 1.273 0.84 0.76
Source Radius, R(km) -3.391 0.843 0.63 0.73

TABLE 3-1

SUMMARY OF REGRESSION ANALYSES FOR FAULT LENGTH,
FAULT DISPLACEMENT AND SOURCE RADIUS

LnY = Ay +By M

73
73
163



TABLE 3-2

TABULATED VALUES OF FAULT LENGTH,
FAULT DISPLACEMENT, AND SOURCE RADIUS

Magnitude Fault Length Source Radius Fault Displacement

M) L(km) R(km) D(em)

3.5 0.6 0.6 1.9
4.0 .1 1.0 3.7
4.5 2.0 .5 6.9
5.0 3.6 2.3 13.0
5.5 6.3 3.5 25.0
6.0 12.0 5.3 47.0
6.5 21.0 8.0 88.0
7.0 38.0 12.0 166.0
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Fault Length (L)

Slemmons (1977) has recently tabulated fault length and displacement data for
87 worldwide eqrthquakes occurring since 1819. He used these data to develop

relationships between magnitude and fault length, where fault length was the
independent variable. His equations are thus valid for estimating magnitude

from fault length.

in our model, what is required is an estimate of length when magnitude is known.
Therefore, the regression analyses were repeated using M as the independent
variable. The limited amount of data available on normal-oblique slip faults
precluded their exclusive use in the analysis. Therefore, it was decided to use

data from all fault types in the regression.

Based on the 73 observations for 4.0 < M < 8.7 in Slemmons (1977), the log-linear

relationship between L and M was found to be
LnL(M) = -4.67 + [.I9M (3-11)
for fault length in kilometers.

Fault Displacement (D)

A similar analysis was run for maximum faoult displacement. Again using the
Slemmons (1977) data for all fault types, the log-linear relationship between D

and M was determined as
LnDM) = -3.80+ 1.27T M (3-12)

for displacement in centimeters.
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Source Radius (R)

Source radius is a measure of the true rupture dimensions, not just those
observed on the surface after the earthquake. It requires that theoretical source

spectrum shapes be fitted to observed spectra, and that the source parameters
be estimated from theoretical dislocation models. Source radius thus represents
the radius of a circular rupture surface whose area is equivalent to that of the

actual rupture surface.

From Brure's (1970) dislocation model, source radius may be computed from the

relationship

(3-13)

where f is the shear-wave velocity of the medium, and fo is corner frequency
(the point where the high frequency decay begins on the source displacement
spectrum).

Using this model, Thatcher and Hanks (1973) estimated the source radius of many
Southern California earthquakes. Campbell (1977) expanded this set to include
163 earthquakes of 3.0< MLf 6.8. Using these data, the following log-linear

relationship between R (in kilometers) and M was established:
LnR(M) = -3.39+0.84 M (3-14)
3.3 FAULT RUPTURE HAZARD MODEL

For an earthquake of given magnitude and location, the probability of observing
a displacement greater than a particular level at a point on the fault located at a
distance, Xy is comprised of a joint probability of three events. The first is the
probability that surface rupture occurs, which we will designate as "event ES."
The second is the probability that surface rupture extends at least as far as the
point of interest (designated as "event E ¢ "). The last is the probability that the

displacement exceeds the specified value (designated as "event Ed").
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Mathematically, this joint probability may be expressed as
PO=d [M;x) = PE; NENEY

where M. is the magnitude under consideration and X, is the distance along the
fault from segment i (the location of the earthquake) to the point in question
(Figure 3-1).

Simplifying, by means of conditional probability theory,

PE4E.NEY * PE,NE

PD>d | Mj’ xi)

PE4IE,NE) * PEGIED * PEY (3-15)

with all events being contingent upon the occurrence of a given earthquake.
After developing models for the above probabilities and unconditionalizing with
respect to Mi and X:s Equation 3-15 may then represent the hazard from all
possible earthquakes on the fault.

PE)
Surface rupture during a given earthquake is assumed to occur if the source
radius (R) is greater than the distance along the fault plane from the center of
the rupture to the ground surface, designated as "wi" (Figure 3-1). Since, for a
given earthquake, the horizontal extent of faulting tends to be greater than the

vertical extent, this definition of surface rupture is considered conservative.

For a given magnitude Mj’ we may compute source radius from Equation (3-14)
LnRj = AR+BR Mj (3-16)

Because of uncertainty in this expression, Rj may be considered a random

variable. Let us assume Rj to be lognormally distributed with a median of Ln R]

and a standard deviation R (on Ln R) equal to the standard error of estimate,
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HAZARD MODEL
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Table 3-1. Then, the probability that Rj is greater than w; (the event Es) is
given by

PE) = PRj=>w,)
= | - PRj=w)
Ln W,
-l -1 / Exp[_I/Z(X-LnR]S "
°r \/Zn o R
Lnw. -LnR]j
=1 -9 — (3-17)
R

where @ (*) represents the standard-normal cumulative distribution function.
PE, | E)

Given that a surface rupture occurs, let it be assumed that its length is equally
distributed in both directions along the fauit trace (i.e., bilateral rupture). The
midpoint of this rupture is directly above the assumed point of initiation
(Figure 3-1). For rupture to occur at the site of interest, it must proceed at
least as far as that distance from the midpoint of the surface expression to the
site, X Therefore, rupture occurs at the site if Lj/Z >Xi, where Lj is the

surface rupture length associated with a magnitude Mj event.

Lj is computed from the data in Table 3-2, thus
Ln Lj = A_+B_ Mj (3-18)

To account for uncertainty in the regression, Lj may be considered lognormally .

distributed, with median Ln L] and standard deviation (on Ln L) of o L

3-16
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The probability of the event E ) occurring (given Er)’ becomes

PEIE) = PL/2>x)

P(Lj > 2xi)

| - P(Ljf in)

| _q,(‘-”‘-i'z";) (3-19)
a
L

PELIE, QOE)

Given that surface rupture occurs and that it proceeds at least as far as the site,
the surface displacement associated with the earthquake Mj may be estimated

from Equation 3-12 as follows:

Ln Dj = AD +Bp Mj ' (3-20)

Accounting for uncertainty in this estimate, Dj is considered lognormally
distributed, with median Ln Dj and standard deviation (on Ln D) of 7 The

probability that the displacement exceeds some specified value d then becomes

P(E I E,NE) = P(D;=d)

f - P(Djsd)

LnD, - Lnd
- ——r (3-21)
D

Displacement Hazard

The surface displacement hazard for a point on a fault associated with an
earthquake on segment i of magnitude Mj is obtained by substituting
Equations 3-17, 3-19 and 3-21 into Equation 3-15.
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LnL. - Lnxi
PD>d M, x.) =
i L

The total hazard at the point in question requires combining the hazards
associated with all possible earthquakes hypothesized to occur on the fault. For
this purpose, the two-dimensional fault plane of area Ao is divided into an equal
number of segments of equal seismicity.

Contribution of One Segment

The contribution to displacement greater than or equal to di of all events Mj

occurring on the same segment is computed as:

2
PO = d) = pP(M,) + [n - - p)] PM) + ...

e [r-a-er P(M,) (3-22)
where
P(D>di) = probability of obtaining displacement greater
than or equal to di at least once
P(ij) = probability of k occurrences of event Mj with
k = I, 2 ee o N
p = PD = di/Mj)’ probability of obtaining a dis-
placement greater or equal to ci given an
event Mj'
3-18
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Setting q = | - p, the above expression can be rewritten:

n

K
Wk@:ﬂm%hg;qmwﬂ (3-23)

with n chosen so that qk P(nMj) can be neglected.

The above discussion assumes independence among events. Hence, the contribu-

tion of all possible events can be combined as follows:

P(D > d.) =1 -1 [l - PO>d) ] (3-24)
i "

all .
one segment M J

j

The whole range of magnitudes is included, from the largest one down to the

. asa
min
function of distance). This eliminates the consideration of a large number of

smallest one that generates a noticeable effect at the site (Mj > M
events,

Contribution of One or Several Sources

Because the events are assumed to be independent from segment to segment, the

contribution of each segment of a source is combined as in Equation 3-24.

P(D > d) =l -1 | - P(D ~ di) (3-25)
one source all one
segments segment

When several sources are considered, the same principle is applied for each

source. Thus,

PO>d) = | - T | - PO >d) (3-25)
all one
sources source
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This expression gives the probability that, at least once during the period of

interest, di will be exceeded.
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4.0 DEVELOPMENT OF A POLYNOMIAL TO CALCULATE CHANGE
IN HYDRAULIC CONDUCTIVITY QF BASALT
FOR BASALT REPOSITORY RELEASE SCENARIO MODEL

4.1 SUMMARY

Dynamic loading during earthquakes may conceivably induce permeability
changes in basalt by one or more of the following three mechanisms: 1) Increase
of matrix permeability by creation and extension of microcfccks, 2) Extension of
large pre-existing cracks in the basalt, 3) Differential relative displacement of
adjacent blocks so as to increase fracture permeability. Little work has been
done previously in either the laboratory or the field to evaluate these mecha-
nisms, but measurements of matrix permeability changes after underground
nuclear explosions suggest that the first mechanism will be insignificant during
earthquakes. This conclusion is"~ '_sgpporfed by theoretical considerations given
herein. No reliable field data {3 available with which to evaluate the roles of
mechanisms 2) and 3) during earthquakes. Two empirical considerations suggest
that they should have minor, if any, effect on hydraulic conductivity: a) The
basalts have already sustained numerous earthquakes during their history with
magnitudes as great as any expected in the future. We would not expect future
earthquakes to produce states of hydraulic conductivity not already achieved as
the result of past events. b) In situ confining pressures will close fractures that
open or lengthen during earthquakes, so that an increased fracture density after

an earthquake need not be accompanied by increased hydraulic conductivity.

Our analysis of mechanisms of dynmamic hydraulic-conductivity enhancement
indicates that no changes will occur at depths greater than about 950 meters.
Thus, potential leakage resulting from this problem can be avoided altogether by
locating the repository at a depth greater than this. At lesser depths we feel
that significant hydraulic-conductivity changes due to earthquakes are unlikely,
but the possibility of conductivity increases becomes greater with decreasing
depth and confining pressure. We submit that the following expressions, which

are based on the limited data avaiiable and on theoretical considerations, are
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reasonable estimates of hydraulic conductivity in basalt after occurrence of a

nearby earthquake:

91.3A_-0.086d- 17.3
K=K, [1+.10 g ] , d<950m (A)

K= Ki , when d >950m or when term in inner brackets in (A) is negative

Where K is hydraulic conductivity following the earthquake, _i_(_i the initial
permeability, f\—g peak acceleration in units of g, and d the depth of the
repository. Hydraulic-conductivity change at depths shallower than 950 meters
is given by equation (1 A9) after substituting 0 for the coefficient | after the left
bracket. Hydraulic-conductivity change at depths greater than 950 meters is

zero.
4.2 INTRODUCTION

The subject of dynamically induced permeability changes in rock under true in
situ conditions, i.e. conditions to which the rock is subject during earthquakes, is
one that has been scarcely addressed in the geophysical and hydrological
literature. Direct observations of evidence of changes are few and have been
made at the earth's surface. For example, people have observed increases in the
flow from springs after earthquakes. Conversely, springs have also been
observed to dry up following earthquakes. Such behavior need not indicate
hydraulic-conductivity changes; however, it could, for example, result from
tectonic ground uplift or subsidence and attendant raising or lowering of the
water table. |t should also be recalled that commonly there is amplification of
particle motion and seismic loads near the ground surface. Thus, surficial’
changes are probably different than those at depths where confining pressures

also work against physical deformation and change.

Laboratory and theoretical studies concerned with permeability and hydraulic

conductivity have concentrated on measurement and prediction of these para-

meters under a variety of flow boundary conditions, but under static loading
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conditions on the rock matrix itself. The only field studies that we have found
that have direct application to the subject of seismically induced permeability
changes are those dealing with the effects of underground nuclear explosions on
rock properties. Although these studies are qualitatively helpful, by themselves

they do not supply sufficient information for quantifying seismic effects on

hydravlic conductivity.

Because of the lack of information on the subject, we have chosen to formulate a .
relationship between earthquake acceleration and hydraulic-conductivity changes
by considering the fundamental properties that produce hydraulic conductivity
and the ways in which seismic loadings are likely to alter them. After first
estimating amplitudes of dynamic earthquake loads, we then evaluate the
likelihood of these loads affecting hydraulic conductivity by different mecha-
nisms. Using results from this analysis and reported data from underground
nuclear tests, we conclude by formulating a relationship between earthquake

acceleration and hydraulic conductivity.

4.3 HYDRAULIC CONDUCTIVITY AND PERMEABILITY: DEFINITIONS AND
ORIGIN

The realization that ground water flow is proportional to permeability or
hydraulic conductivity was first made by Darcy (1856) and Dupuit (1863).

Darcy's well-known law of ground water flow can be written
Q=KIA (1)

where K is hydraulic conductivity, | is hydraulic gradient, A the cross-sectional
area across which flow takes place, and Q the flow rate in dimensions of volume

per unit time.

Hydraulic conductivity is a function of the physical characteristics of the
conducting material and of the fluid. For granular materials these characteris-

tics include packing, porosity, stratification, arrangement of grains, grain size,
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and size and distribution of connections between pores (pore throats). Davis and
DeWiest (1966) define hydraulic conductivity as

‘~ a2 A
K=Cd" o (2
where 7 is the weight of the fluid, p its dynamic viscosity, d a characteristic
length, and C a dimensionless constant which takes into account the physical

characteristics of the material. The intrinsic permeability is defined as
K = Cd? (3)

and is considered as characteristic of the conducting medium alone. Thus, we
observe that for seismic loadings to change hydraulic conductivity, they must
have an effect on the properties that define C. The most conceivable such
effects in porous rock would likely be cracking and alteration of sizes and
configuration of pore throats. One cannot predict a priori, however, whether
this response would increase or decrease hydraulic conductivity. Generation of
new pore throats suggests a conductivity increase, but related processes, such as
pulverization of small amounts of material along the new crack faces, might lead

to plugging of pores and an actual decrease of conductivity.

A second type of hydraulic conductivity in rock, more important than porous
flow in dense jointed rocks such as basalt, is fracture conductivity. If the
fractures are narrow enough so that laminar flow predominates, Darcy's law can
be used to describe the flow if a large cross-sectional area is considered that
contains a statistically representive number of fractures. If earthquake-induced
dynamic loading of such rock produces conductivity increases, the mechanism
should be creation of new fractures, opening of old fractures, or both. Converse-
ly, however, dynamic loading could result in compaction of the jointed blocks

into a denser arrangement, reducing fracture volume and conductivity.

One might suspect that transient stress waves are of sufficient magnitude in
some earthquakes to fracture or otherwise affect basalts in the repository area,

changing their hydraulic conductivity. However, because the basalts are of
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Miocene age, they must already have been subject to numerous shocks equal to
or greater than those that can be expected during the life of the repository.
Thus, unless Timé-dependent processes have served to reduce hydraulic conduc-
tivity subsequent to previous earthquake-induced increases, it intuitively seems
unlikely that future shocks would result in increases above current in situ values.
Time-dependent chemical precipitation or particle deposition in fractures come
to mind as permeability-reducing processes, but we have no direct knowledge of

them in the context of the repository site.
4.4 ESTIMATION OF EARTHQUAKE-INDUCED STRESSES IN BASALT

To evaluate whether earthquake accelerations may produce fracturing in rock,
we shall first estimate the magnitude of compressional, tensional, and shear
stresses that seismic waves produce. Let us first assume propagation of a plane
wave through an isotropic, homogeneous solid with perfect lateral constraint, so
that displacement occurs in the x-direction only. The displacement, v, is related

to stresses in the x-direction by the equation of motion.

) azu_ 9 . 99y . 99,z ()
942~ 9x aY 9z

~where ¢ is density.

Since the x-direction is normal to a principal plane, the shear stresses are zero

and (4) reduces to

U = Xy (5)

From the isotropic stress-strain equations of linear elasticity, it can be shown

that for these conditions

(6)

Q
X
X
H
N
>
+
N
\.F/
mlq,
xXIiC
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where X and p are Lame's constants of the material. Substituting (6) in (5)

gives

2 2
. 0“v v ( )
= ——2- >\+2 (7)
612 ax g

Solving for u, differentiating u with respect to x and 1, and equating the to
derivatives leads to the following expression for the normal stress (Kolsky, 1963,
pp- 42-43)0

0 = PC (8)

where C = / (2+ 2u)/p and is the dilatational wave velocity and the partial
derivative is the particle velocity.

Before evaluating normal stresses using measured values of density, wave
velocity and particle velocity, let us follow the same procedure as above to
evaluate stresses associated with a wave that produces pure shear in the x-y
plane. If the © Xy and o x components are the maximum shear stresses, the

Y

normal stress components ¢ XX and Ty vanish. Furthermore, we are assuming

plane propagation so that all derivatives with respect to the z-direction vanish.

Equation (4) becomes

2 )
g’u _  90xy
From the isotropic stress-strain equations we get
gy av
Oxy = 2y (79 +—a—-x> (10)
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but for conditions for pure shear —3—5 = —3—5 , so that we can write
2 2
d"u Y
p = M (rn
d 12 ] x2

the same procedures used to derive (8) from (7) gives the shear stress as

_ du
d’xy = pC‘-b—t- (IZ)

where C' is now the shear wave velocity in the medium, C'=/(u/p). Froma
two-dimensional Mohr's circle of stress it is possible to determine the magni-
tudes of the principal normal stresses associated with the pure shear (12). As
seen in Figure 4-1, one principal stress component in the x-y plane is tensile, the
other is compressive. Both have magnitudes equal to the maximum shear stress

in the plane.

From equations (8) and (12) we see that the peak magnitudes of normal and shear
stresses for a rock of a given density are governed by the P-wave and S-wave
velocities, respectively, and by peak particle velocities. Based on measured
densities, wave velocities, and particle velocities, we can now calculate theore-
tical values of these stresses. Table 4-1 gives measured values of these properties
and the sources from which they were derived for use in calculation of peak
earthquake-induced stresses.

Because of P-wave velocities, V_, are greater than S-wave velocities, Vs, the

)
greatest induced stress changes are likely to be those associated with passage of
the pressure wave through the rock. Using Vp = 5.62 km/sec and the maximum

measured particle velocity in Table 4-1| yields a magnitude for the stress pulse of

oxx = (2.9 g/cm3) (5.62 x I05 cm/sec) (34 cm/sec)
= 5.54 x IO7 dynes/cm2
= 5.54 x 106 N/m2
= 55.4 bars
= 803 psi
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Figure 1. (a) Mohr's circle for pure shear, oxy = oyx On planes
normal to x- and y- directions. ~No normal stresses
act on these p]anes as can be seen from the Mohr's
circle for 26 = 900 and 26 = 270°. Also, the shear
stresses gyy and gyy, and the pr1nc1pa1 stresses o
and o3 are Yan ofyequal magnitude.

(b) Stresses on the faces of a small cubic element under
the stress state in (a).
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TABLE 4-1

DENSITY AND VELOCITY DATA

Source
Density 2.9 g/cm3 Stacey (1977, p. 333), typical density
given for basalt.
Wave velocity Averages of values for basalts by
P-wave. 5.62 km/sec Press (1966, Table 9-1).
S-wave 3.04 km/sec
Particle velocities
horizontal motion 26.0 cm/sec’ Peak velocity given by Ambraseys
(1978) in tabulation of European
strong-motion data.
34 cm/sec Peak velocity on rock at 15 km from
source for earthquakes of about mag-
nitude 6.5 (Seed et al., 1976)
30 cm/sec Greatest recorded velocity reported

horizontal or
vertical motion

Ratio of horizontal
particle velocity to
horizontal acceleration

greater than
100 cm/sec

125 em/sec
90 em/sec

79 cm/sec/g

32

56

by Boore et al. (1980). Valuve is for
instrument site on rock about 20 km
from source of magnitude 6.4.

Theoretical estimate by Brune (1976,
p. 173) of maximum near-source
ground motion on solid rock.

Estimated peak velocity at epicentral
distance of 2 km for magnitude 8.6
earthquake (higher value) and magni-
tude 7.6 earthquake (lower value)
(Perkins, 1980).

Seed et al., (1976), average value on
rock for earthquakes of about magni-
tude 6.5.

Average value computed from peak
accelerations and velocities from
European strong-motion data (Ambra-
seys, 1978, Table 3).

Average value on rock from Hall et al.
(1975).

4-9 %

TERA CORPORATION



Using the highest estimated value of particle velocity from Table 4-1, 125

cm/sec, yields a transient stress change of

oxx = (2.9 g/cm3) (5.62 x 10° cm/sec) (125 cm/sec)
= 2.04 x IO8 dynes/cm2
- 2.04 x 107 N/m?
= 204 bars
= 2950 psi

It is now possible to address the question of stress magnitude as a function of
earthquake acceleration using ratios of particle velocity to acceleration from
Table 4-1. Brune (1976, p. 173) theoretically estimates maximum possible
accelerations in large earthquakes at between Ig and 2g. The velocity-to-
acceleration ratio given by Seed et al. (1976) for measurements on rock, 79
cm/sec/g, therefore corresponds to maximum theoretical particle velocity of |58
cm/sec. It should be pointed out that this ratio was found by Seed et al. (1976)
to be uniform at epicentral distances ranging from 60km to |5km and would
therefore appear reasonable as a predictor of velocities from accelerations even
closer to the source region. Using the theoretically extreme particle velocity of
158 cm/sec and values of P and V_ as before, the maximum instantaneous
normal stress value is 2.5 x IO7 N/m2 = 258 bars = 3734 psi.

The transient stress component of 258 bars, calculated above, should be
considered as the absolute upper limt of the magnitude of stress pulses that may
be generated by earthquakes near the basalt repository site. Several mitigating
effects should result in lower actual values of transient stresses near under-
ground repository even in very large earthquakes. First, the horizontal particle
motions in Table 4-1 are generally considered to result from shear waves.
Substitution of S-wave velocities for P-wave velocities in the equations for
stress would reduce stress values in the equations for stress by a factor of about
1.85. The second consideration is that all of the particle velocities were.
measured at the earth's surface where topographic amplification can occur.
According to Brune (1976, p. 170), topographic amplifications of about 2 are

possible. |f we divide the extreme stress of 258 bars by 1.85, the resulting value
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of peak instantaneous stress is 140 bars. Dividing again by 2 gives 70 bars,
perhaps a more reasonable value of the peak stress change at an underground
repository site.

An additional consideration in the estimation of magnitudes of stress transients
is the possibility of wave superposition and attendant stress amplification.
Although wave reflection and some amount of superposition will occur in any
layered, fractured medium like basalt, reflected pulses are typically attentuated
and travel slower than the primary waves that produced them. Similarly,
superposition of primary P- and S-waves with Rayleigh and Love waves is of
small concern because of the relatively slow speed of propagation of the last two
wave varieties (Kolsky, 1963, p. 22). Dr. M. Niazi (personal communication)
estimates that stress wave amplitudes in the solid earth are unlikely to undergo
enhancement by superposition of more than a factor of two and that this amount
of amplification would itself be rare.

4.5 LIKELIHOOD OF FRACTURE OF BASALT BY PEAK STRESS
TRANSIENTS

The foregoing discussion indicates that the instantaneous stress changes induced
by passage of seismic waves through rock are extremely unlikely to exceed about
200 bars in even the largest of earthquakes. Transient stress changes at depth in
large earthquakes are probably 100 bars or less. We now examine the ability of
these stress transients to produce fracturing of basalt in the three dominant
modes of rock failure, i.e. compressive, tensile, and shear failure.

Compression and Shear

Rock in the earth is naturally subjected to compressive and shear stresses by
lithostatic loading. At depths greater than about 300 meters the greatest

compression is typically in the vertical direction and is given by the equation

g, = Pgd (13)
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where is density, g is gravitational acceleration, and d is depth. For a typical

overburden density of 2.6 g/cm3, the vertical stress increase with depth is

Aav = 0.26 bar/meter

According to the hydrogeologic column of Atlantic Richfield (1976), the Columbia
River basalt group extends to a depth of at least 1500 meters in the Pasco Basin.
At this depth the overburden exerts a vertical stress of about 390 bars. Adding
this value to 100 bars of transient earthquake-induced compression results in a
maximum compressive stress of about one-half kilobar, significantiy below the
uniaxial compressive strengths of most rocks. Jaeger and Cook (1969, p. 39), for
example, give the compressive strength of Frederick Diabase, a basalt-like rock,
as over 4.8 kilobars (Table 4-2). In situ the Columbia basalts are under triaxial
rather than uniaxial compression and will have an even greater strength than in
uniaxial tests (Jaeger & Cook, 1969, Ch. 6). For these reasons, we conclude that
compressive failure in situ will not be induced by seismic waves, and that this

mechanism will not alter the hydraulic conductivity of the rock.

Shear failure in rock is closely related to compressive failure. Typically,
specimens loaded in compression fail in shear on planes inclined to the directions
of the principal stresses. The value of shear stress on these failure planes is
normally within a factor of three of the differential compressive stress at failure
(U'i - G"3), and for intact specimens this differential stress is of the order of
kilobars. Thus, shear failure cannot be seriously considered as a mechanism that
changes hydraulic conductivity because of the considerably lower magnitudes of

seismically induced shear stresses.
4.5.1 Tensile Failure
To evaluate the likelihood of tensile failure of basalt in response to seismic

loading, we first compute the magnitudes of tensile stresses likely to occur as

high-amplitude seismic waves pass through the rock. The vertical lithostatic
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TABLE 4-2

The uniaxial compressive strength, QO’ loading Young's modulus, E, and Poisson's
ratio, y, for a number of rocks.

CO 6E v
Rock (kpsi) (10 psi)
Granite, Westerly 33.2 8.1 0.11
Quartzite, Cheshire 66.7 1.4
Diabase, Frederick 70.6 14.4
Marble, Tennessee 22.1 6.9
Granite, Charcoal 25.1 6.4
Shale, Witwatersrand 24.9 9.8 0.23
Granite Aplite (Chert) 85.2 12.0 0.20
Quartzite, Witwatersrand 29.0 1.3
Dolerite, Karroo 48.0 12.1
Marble, Wombeyan 1.2 9.4
Sandstone, Gosford 5.36 | .4
Limestone, Solenhofen 32.5 7.7

Source: Jaeger and Cook (1969, p. 139)
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compression was given by (13). Assuming that there is perfect horizontal
constraint so that the vertical stress produces no lateral displacement, and
further assuming elastic isotropy and homogeneity, the lithostatic horizontal

compression is

o 'h = Ufg' d ? (lll»)

whereo is Poisson's ratio. Thus, the lithostatic component of in situ horizontal
compression can never exceed the vertical stress because the maximum possible
value of Poisson's ratio is 0.5. For most rocks Poisson's ratio is under 0.3.

TakingO 0.25 for the basalt and using O: 0.26 bar/meter as given earlier,
we can easily compute the depth above which tensile dilatational waves will
yield a net tensile stress in the rock. Using the relatively extreme value of 100
bars for the magnitude of the tensile pulse, this depth is

4 - L) (100 bars)

(0.26 bar/meter) ~ 1154m.

. Thus, below about |50 meters no net tension should be produced, even during
strong nearby earthquakes. This would appear to rule out tensile fracturing as a
source of hydraulic-conductivity enhancement below this depth. At shallower
depths we must compare the earthquake-induced loads to loads required to
fracture the rock in tension. Brace (1964) gives tensile strengths of intact
specimens of quartzite, granite, and diabase as between 280 and 400 bars. These
values are so much greater than the predicted tension peaks of 100 bars that
fracturing of solid basalt by tensional seismic waves would appear to be
practically impossible.

A second, more feasible form of tensile fracturing is by extension of pre-existing
cracks in the basalt. It is well known that cracks and sharp corners concentrate
stresses in elastic materials subjected to applied tensions (Inglis, 1913; Lawn and
Wilshaw, 1975). In linear elastic fracture mechanics, this stress concentration is

expressed through a quantity called the stress intensity factor, KI- For each

4-14
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material there is a characteristic value of this quantity, known as the fracture
toughness, at which a crack in the material will grow. For brittle rocks like

basalt, fracture toughness is typically about 11 bar-meterv2 (Holzhausen and
Johnson, 1979).

To predict whether fractures will extend in a deeply buried basalt as a result of
earthquake loading, it is necessary to estimate the values of the stress intensity
factor that the loading will produce at tips of fractures in the rock and then
compare them to the fracture toughness. Because of the complexity of basalt in
situ, exact prediction of stress intensity factors is impossible, but we can
perhaps put an upper bound on them by some elementary considerations. For
static tensile loading in a direction normal to a penny-shaped crack in an infinite
isotropic and homogeneous medium, the stress intensity factor at the crack tip is
(Lawn and Wilshaw, 1975).

K = 27" (15)

where T is the magnitude of the applied tensile stress. This expression probably
overestimates stress intensity factors that can be realized in basalts in response
to tensile stress pulses. This is so because numerous pre-existing fractures in
situ cause elastic interactions that tend to reduce crack-tip stress intensity
factors below values for an isolated crack under the same load (Delameter et al.,
1977). In addition, if the direction of the tensile pulse is not perpendicular to the
fracture plane, the stress intensity factor is also reduced below the value in

equation (15).

We shall make the nonconservative assumption that (15) gives the stress intensity
factor at the tips of certain pre-existing cracks in the basalt. Thus, for crack
extension to occur, the value of KI must exceed the fracture toughness of |1
bor—metervz. If we further assume that the largest planar isolated cracks in the
basalt have radii of one meter, the value of net tension, T, necessary to cause
their extension is: T = ( 7/2) (11 bar-meter)/(1 meter™) = 17.3 bars. It should

be noted that we feel this value of tension to be a very low estimate because the
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assumptions made in using equation (15) are probably rarely valid. Actual values
of tension necessary for crack extension are likely to be greater because of the

structural complexity of the basalt and of the arriving stress waves.

If the tensile pulse has a magnitude of 100 bars, the lithostatic in situ
compression cannot exceed 82.7 bars for there to be net tension of 17.3 bars.

This value of net tension occurs at the depth:

4 - (L=_¥) (827 bars) _
~ v(0.26 bar/meter) ~

954 m

Thus, earthquake-induced extension of some isolated fractures with radii greater
than | meter is theoretically possible at depths less than about 250 meters
according to this analysis.

4.6 PERMEABILITY CHANGES AFTER STIMULATION OF SANDSTONE
RESERVOIRS WITH NUCLEAR EXPLOSIVES

The closest large-scale analogy to dynamic earthquake-induced loading of rocks
is the dynamic loading produced by underground explosions. The Gasbuggy
project, in which a 29-kiloton device was exploded at a depth of 2570 meters in
the San Juan Basin of New Mexico, has probably provided most of the data
currently available about shock-wave induced permeability changes. This
explosion and the Rulison explosion near Grand Junction, Colorado were in tight
gas-bearing sandstones and were conducted for the purpose of increasing
permeability and gas production by fracturing the rock.

One of the more significant results of the Gasbuggy and Rulison experiments was
the discovery that matrix permeability of the sandstones was nearly unaffected
outside of the zone of cavity formation surrounding the well. Borg (1970) states
that "microfracturing in the shocked rock" surrounding the Gasbuggy detonation
point "has been examined microscopically in core samples. The amount of
fracturing observed is small and shows little correlation with distance from the
shot point." This observation is significant because the rocks were subjected to
transient loads (compressions) as high as 6 to 8 kilobars. Borg (1970) also

observed that there was fracturing and separation (from | to 50 microns) along
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bedding planes in the finer-grained sediments but speculated that these partings
would be closed under in situ conditions and would not lead to permeability

changes.

Quong and LaGuardia (1970) measured matrix permeabilities in sandstones
sampled up to 116 m from the detonation point in the Gasbuggy test. They found
“comparatively little change in permeability of specimens recovered 72m to 116
meters from the explosion point". Since shock wave amplitudes decrease with
increasing distance from the source, we conclude that permeability changes at
distances greater than |16m were probably negligible. Quong and LaGuardia
(1970) made no attempt to evaluate hydraulic-conductivity changes related to

the possible formation or extension of large fractures in the rock.
4.7 DISCUSSION

The foregoing analysis has shown that for one-dimensional wave propagation in
an isotropic and homogeneous earth the instantaneous value of stress at a point
is equal to the product of rock density, wave velocity, and particle velocity.
Stress can be related to particle accelerations through the ratios of particle
velocities to particle accelerations given in Table 4-1. Measurements and
theoretical predictions of maximum achievable particle velocity and accelera-
tion indicate that propagating seismic waves are unlikely to induce compression-
al, tensional, or shear stress components in excess of |00 bars in basalts at

depths greater than a few hundred meters.

We have ruled out matrix permeability increases from seismic loading on the
basis of theoretical considerations and comparisons with effects of underground
nuclear explosions. However, seismic waves can conceivably increase hydraulic
conductivity in two other ways: |) by fracturing the basalt, and thereby opening
new flow paths, 2) by shifting blocks along pre-existing joints and fractures so as
to result in greater separation and fracture conductivity after the earthquake
(this could be the result of propping on asperities along the joint surfaces). The
second source of hydraulic-conductivity enhancement would appear possible only
at relatively shallow depths (less than 950 meters) for which net tensions can
propagate through the rock and momentary separation and shear displacement

along joint surfaces can occur. Still, no direct measurements of this process
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have ever been made, and it can be neither confirmed nor disproven with any
certainty. We do feel, however, that block displacement must be ruled out as a
conceivable mechanism of permeability enhancement at depths below about 950
meters.

The results of the Rulison and Gasbuggy tests strongly suggest that earthquake-
induced loading cannot change hydraulic conductivity by producing new micro-
fractures in the matrix of the rock. The only remaining possibility for hydraulic-
conductivity enhancement is extension of relatively large (centimeters to
meters), pre-existing fractures in the basalt. Because of high lithostatic
compressions at depth, this mechanism should be inoperative below about 950
meters. At these depths hydraulic-conductivity change is independent of depth
and is equal to zero:

AK = 0,whend > 950m (16)

At shallower depths some growth of pre-existing fractures might occur during
earthquakes, but it is debatable whether this will lead to hydraulic-conductivity
changes because the newly developed fracture segments should close up again
after passage of the seismic waves through the rock. Closure occurs in response

to the lithostatic compression that the rock is naturally subjected to.

If hydravlic-conductivity changes occur above 950 meters because of block
movement or fracture extension, the small smount of available evidence suggests
that the changes are small, i.e., within a few percent of the initial hydraulic
conductivity. We shall here engage in intelligent speculation as to what the
relationship between acceleration and conductivity change might be, as there = ove
insufficient data to formulate an iron-clad expression. We make the assumption
that the ratio of particle velocity to acceleration is 56 cm/sec/g, the average of
the three values in Table 4-1. We further assume that the hydraulic-
conductivity increase associated with an earthquake that produces peak transient

valuves of tension of 100 bars* is 10 percent and results from the combined

*This is a net tension of 100 bars. If the static in situ compression is 50 bars, the
tensile wave must have an amplitude of 150 bars to produce net tension of 100
bars. '
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effects of fracture lengthening and block movement. Furthermore, we assume
that both of these processes of conductivity enhancement become operative
when the net amplitude of the tensional pulse (after subtracting lithostatic
compression) is 17.3 bars (see page 4-13) and that there is a linear increase of

conductivity from 0 to 10 percent in the stress range from 17.3 to 100 bars.

In its most general form, the equation we have derived for hydraulic conductivity
iss

| -6 l’Aavd 3 )
(pc)(56Ag)(|0 ) - =5 -(-2)(K|C)(G )}

100 bars - @) (K, ) (a”)

(17)

K = Ki |+.|0{

where _l_<_i is the initial hydraulic conductivity in meters/day, p basalt density in

g/cm3, ¢ wave velocity in cm/sec, Ag peak particle acceleration expressed in

units of g, v Poisson's rati Aav the gradient of vertical lithostatic stress X
with depth d, K~ the fracture toughness of the basalt, and a the characteristic

radius of pre-existing fractures in the basalt. Substituting the values for these
parameters that have been used previously* (Table 4-1) gives

Y

[ 91.3 Ag-0.086d— 17.3
K = Ki l+ .lo 82-7 ('8)

If the term in the inner brackets is negative, we assume no change and equation
(18) becomes K = K.

* g is taken as | meter, K, ~as |1 bar-meteryz, and » as 0.25.
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APPENDIX D

AS-RUN GSM CODE

The code presented in Volume 1 of this report was modified several times
prior to running the simulations reported herein. The version of the GSM code
used in the simulations is contained in this appendix.
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60197 INCLUDE 'D1g(226,226]1COMMON, FLX!

00198 €

00199 CALL NOTE(12,'0ENTER SHAPT!)

00200 IF (ACCELT ,GE, ACLCRT)

00201 o« PSHAFTRRQLY(S, TIMEIN)

00202 o IF(L TEST(PSHAFT) )

00263 e o CSHAFTSCSHAFT+PROB(27) IDRAW FOR CHANGE IN HYDRAULIC CONDUCTIVITY
00204 e« » CALL RNUMBR(12,'SITE SHAFTED',CINAFT)

00205 o eseeFIN

00206 eaoFIN

00207 c .

00208 C THIS SUBRNUTINE MAY WELL CHANGE WHEN THE EXACT NATURE OF THE
00209 ¢C REPOSITORY I8 WELL DEFINED

00210 c

002141 RETURN

00212 END

(FLECS VERSION 22,48)

00213 c RRRERARRASRRAARARRNRRRRN LTEST AAnatnAntan e s A v AR A NN AN AR AR Rw
00214 C
00218 c PROGRAM DESCRIPTION 13
60216 c
60217 c BINOMIAL TEST WHERE PROBABILITY I8 INFLUENCED BY TIME
00218 c
00219 LOGICAL FUNCTION LTEST(PROBIN)
00220 C
0022} INCLUDE '013(226,226) COMMON,FLX!
00222 c
00223 COMMQON /TJRAN/ IRAN,JRAN
00224 C
00225 WHEN(DTIME EQ,100,0) PROARSPROBIN
00226 ELSE
00227 « NT3DTIME/100,040,5
00228 s PROBE],0e(1,0=PROBIN)ARNT
00229 eeoFIN
00230 o
00231 WHEN(RANDOM(IRAN, JRAN) LE, PROB)LTESTl.TRUE.
00232 ELSE LTESTs FALSE,
00233 c
00234 RETURN
00235 END
(FLECS VERSION 22,48)
00236 c ARRARENINRRAARARNRNARRARAR [ TESTHN SAaantetnaatattatartdatasadang
00237 c
00238 C PROGRAM DESCRIPTION 1@
00239 C BINOMIAL TEST

D.7
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oo240
00241
00242
00243
00244
00245
00246
00247
00248
00249

00250
00251
002S2
00253
00254
00255
00256
00257
002sa
00259
00260
00261
00262
00263
00264

00265

00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277
00278
00279
00280
002814
00282
00283
00284
00285

(o] (9] [a N o)

LOGICAL PUNCTION LTESTW(PROB)
COMMON /IJRAN/ IRAN,JRAN

, WHEN(RANOOM(IRAN, JRAN) ,LE, PROB)LTESTHS,TRUE,
ELSE LTESTWm FALBE,

RETURN

END

(FLECS VERSION 22,4e)

OoOO00O0O00OD

OO0

AR NRNNRARARAN SRR RN AR NR GLSEAR AAAANAARRARRA RN AN RSN AR R RNRR

PROGRAM DESCRIPTION g
TO FIND THE RATIO BETWEEN THE CALCULATED ICE VOLUNE AT IT8 FURTHEST
EXTENT, AND THE 'CORRECY! VALUE

SUBROUTINE GLSEAR(SOURCE,RATIO)

RADSABS (S8OURCE=47,.5%)

DISTANCE BETWEEN YHE CURRENT S8OURCE AREA AND

THE MAXIMUM EXTENT OF THE GLACIER (HERE A PRELIMINARY VALUE OF
47,5 DEGREES LATITUDE 18 USED)

STEP2uRAD®RAD*SRRT(RAD)

RATION3?,88/8TEP2 |RATIO BEYWEEN CALCULATED AND 'REAL' VALUE
CALL RNUMBR(14,'eSEA=ICE RAT1IO0!,RATIO)

RE TURN

END

(FLECS VERSION 22,46)

(2] 2 NeRzNaNel

OO0 0 o [g KaNe

WERRRRRNRNAARRARARRARRRRAN GETPLD AN a S ad st A a NS A AR R ww

PROGRAM DESCRIPTION 3
DEFINE THE CHARACTERISTICS OF A NEW FOLD

SUBROUTINE GETFLD
INCLUDE 'D]3(226,226) COMMON,FLX!

REAL FANGLE(4) IREMOUVE THIS LATER
¥ 12
0N(Imi,qa)
wudkrenktaRadnwtins DENSITY CURVE anasaddantarwadnhen
o FANGLE(I)890,0=PRNB(92+])CURVES 9% = 9p
AR AN RNR RN N RRANRRN N R AN R AR R ANN NI RARNNIRARANARRARI AN RN NR
« ANGLE | = HORTHERN ANGLE
ANGEL 2e FASTERN ANGLE
ANGLE 3m SOUTHERN ANGLE
ANGLE 4w WESTERN ANGLE
CALL RNUMRR{12,'aANGLE VALUE',FANGLE(I))

D.8
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00286
00247
00288
00289
00290
00291
00292
00293
00294
0029%
00296
00297
00298
00299
00300
00301
00302
00303
00304

003085
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320
0032t
00322
00323
00324
00325
00326
00327
00328
00329
00330
003314
00332
00333
00334
00335
003136

c

« FANGLE(I)SFANGLE(I)/37,29%58

eeofIN

POST=0,0
Adndkndakatannaktds DENSITY CURVE wnnannsanasnnnnseny
AXISANSRTREND+PROB(97) | TREND AWAY FROM THE LOCAL FAULTING SYSTEM
DISTFDEPROB(98)#FOLOMXIRADTIAL DISTANCE

FOLOANSPROB(99) JANGLE FROM NORTH
I L L R L e R T LT L PR Y R R g
IF(AXISAN,GE,180)AXIBANSI80,0eAXISAN JI,8, A LINEAMENT,NOT A VECTOR
AVAXIS390,0«ANGBYN(AXISAN,FOLDAN)

CALL RNUMBR(15,'AN BTW VECeAXIS'!,AVAXIS)

AYAX1SmAVAX]S8/57,.2958

CUSAN2®CNS(AVAX]S)

SINANSSINCAVAXIS)

CALL RNUMBR(1S,'FOLD AXIS TREND',AXISAN)

CALL RNUMBR([S,'RADIAL OISTANCE'!,DISTFD)

CALL RNUMBR(19,!FILD POSITION ANGLE!,FOLDAN)

RETURN

END

(FLECS VERSBION 22,46)

oo o000 o000

aOoon

ARRRRANRRRRARRARRRCRA RNy SETELT Aaaant e vt e AN Rw

PROGRAM DESCRIPTION 1
ROUTINE TQ SET P A FAULT IN THE SUBBASALT BASEMENT

SURRQUTINE SETFLT
REAL RADIST(1,1),DELX(i,1) IREMOVE THIS LATER
INCLUDE 'DJ11(226,226)1COMMON,FLX®

¢ 13

CALL NOTE (17,'SURBASEMENT FAULTY)

LFBASES TRUE, IFAULT IN SUB~BASENENT
NUWHRaNNANDENSITY CURVENURNESARANN
FDISTEPROB(100)*FHAXDIDRAN FOR THE RADIAL DISTANCE
FANGEPROB(101) {ORAW FOR FAULT ANGLE

TSUBFTEPROR(102) |DRAM FOR THE TIME OF THE NEXT FAULT
NYNSUNENNY [ X I T EET

CALL RNUMBR(14,'ANGLE OF FAULT!,FANG)

CALL RNUMBR(17,'DISTANCE YO FAULT',PDIST)

CALL RNUMBR(17,'NEXT FAULT ACTIVE',TSUBFT)
ROFTDTESART((DEPAAS/1000,0)##2+F0I3T#22) IGET RADIAL DISTANCE

FIND THE ANGLE UF THE FAULT POSITION VECTOR RELATIVE
TO THE CROSS SECTION

F AND CSANGBTN(FANG, ANCROS)

ANGLESFANDC/S7,295R

CALL ANUMBR(19,'FAULT AND CROSS aN,',FANDC)
XFaFDIST*COS (ANGLE)

YFSFOIST®SINCANGLE)

D.9
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00337
00338
00339
00340
00341
00342
00343
00344
0034S
0034¢
00347
00348
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00351
00362
003563
00364
00365
00366
00367
00348
00369
00370
00371
00372
00373
00374
00378
00376
00377
00378
00379
00380
00381
00382
00383
00384
00385
00386
00387
00384
00389

c
C

e XN al

[ XeNalyl

oo n o

FIND THE Z COORDINATE FOR THE LAYER ON THE 80TTOM
POCISYSTMRY,T)

o FRADIST(NLAYER,ISYSTM)SDBASE4DELX(NLAYER,I8Y8TH)/2,0
esoFIN

NBOTOMBNLAYER=!

FIND THE Z COOROJINATE FOR EACH LAYER OF EACH SUBSYQTEM
DO(18YSTHE{,3)

¢ DOCLAYER2NROTOM,1,=1)

o CALL INUMBR(T7,'SLAYERS!,LAYER)

CALL INUMBR(B,'®8SYSTEMR',I3YSTH)
EXTRASDELX(LAYER+1,18Y8TM)/2,0¢DELXCLAYER, I8Y8TH)/2,0
RADIST(LAYER,ISYSTM)BRADIST(LAYER4L,ISYSTH)$EXTRA
CALL RNUMBR(11,'02 DISTANCE!,RADIST(LAYER,I8YST™))
ooFIN

IN

e » @ ¢ @

FIND THE DISTANCE FOR EACH LAYER(IN EACH SUBSYSTEM) AND
THE FAULT

YYRYE*YF

DO(LAYER®1,NLAYER)

. DDCISYSTMEY,3)

o CALL INUMBR(7,'eLAYER®',LAYER)

CALL INUMBR(E,'eBYSTEME',I8YSTH)

»

. .

e o ZZu(RADIST(LAYER,ISYSTM)/1000,0)%%2 § IN KM

e » XXRCREPDST(LAYER,ISYSTHM)eXF)wn2

v « PRADIST(LAYER,ISYSTM)®SQRY(ZZ4XX¢YY)

« o CALL RNUMBR(15,'0TOTAL DISTANCE!,RADIST(LAYER,I8YSTH))§ KM
e seefFIN

...FIN

FIND THE ANGLE BETWEEN THE CROSS BECTION AND THE PAULT LINEZ
ANGLE®G0,0e F AND C

CALL RNUMBRC19,'FAULT LINE AND SECT!,ANGLE)

ANGLE®ANGLE /57,2958

AENAANREANDENSITY CURVENNWNNRNNSN
ANFACTSPOLY (15, ANGLE)+PROB(103)3FIND THME CORRECTION FOR THE ANGLE
PrPTTILIT SRINNNNINY

FIND THE DISTANCE FROM THE SURFACE TO EACH COMPONENT
NOCISY8TMEY,3) DEPTHZ(1,I8YSTM)SDELX(],I8Y8TN)/2,0
CO(LAYER®2,NLAYER)

o DOCISYSTMEY,3)

¢ o DEPTHZ(LAYER,ISYSTM)SDEPTHZ(LAYER=],ISYSTH)4DELXCLAYER=1,18YSTM)
*e o /2,0 ¢+ DELX(LAYER,I8Y8TM)/2,0

e o -CALL RNUMBR(S, 'DEPTHI',DEPTHZ(LAYER,I8Y8TM))
o eesFIN

OIQFI~

RETURN

END

(FLECS VERSION 22,48)
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AEARENNRACNAARARRNNNANARRD POLY AAtataadtt AR et tARNAR YRR aANARAR

00390 c

00391 c

00392 [ PROGRAM DESCRIPTION 3

00393 c EVALUATE A POLYNOMIAL

00394 c

00395 FUNCTION POLY(ID,XIN)

00396 c

00397 c

003938 c

00399 INCLUDE 'D1)3(226,226)COMMON,FLX?

00400 c

00401 LUNTTY & 6 | LOGICAL UNIT OF USER TERMINAL

00402 XuXIN

00403 NeIOROER(ID) |SET THE ORDER OF THE POLY,

00404 CALL INUMRAR(9, 'sPOLY INs!,]ID)

0040S CALL RNUMBR(6,'#X INm!,XIN)

00406 C

00407 SELECTC(LOGTRX(ID))

00408 ’ « (1)

00409 e o IF (X ,LE, 0,0) WRITE CLUNTTY,§00) 'X',X,ID
ooato 100 , , FORMAT(/,' 3882888 ERROR IN ',A1,G20,06,' SRBELALLELEL POLYS ?o!ﬂ)
00at} e o XSLOG(ABS(XIN))

00312 e oesFIN

00413 « ()

00a14 o o IF (X (LE, 0,0) WRITE(LUNTTY,100) *X',X,ID
004a1s e o XSLOG1O0(CABS(XIN))

00416 o oeeFIN

00417 « (3) XmEXP(XIN)

Q0418 o (4) Xmi0,08wXIN

004t9 eeofFIN

00420 c

00421 c

00422 Pao,0

00423 NPiuN+]

00424 WHEN(LOGTRX(ID),.EQ,S)

00429 « PsCOEFF(1,1D)

00426 o DOCIN2,N,2)PuP+COEFF(1,ID)nEXP(COEFF(LI+1,ID)nX)
00427 eeoFIN

00428 ELSE

00429 « DO(JmI,NPY)

00430 e o IBNeJ4i

00431 e o PEPEXICNEFF(I+1,1D)

00432 e oaoFIN

00433 eeefFIN

00434 HORNER=P

00435 SELECT(LOGTRY(ID))

00336 « (1)

00as? e o IF (P ,LLEs. 0,0) WRITE (LUNTTY,100) 'Y*',P,ID
00n38 e » MHORNERSLOG(ABS(P))

00439 e eseFIN

00440 « (2}

0044y e o IF (P ,LE, 0,0) ARITE (LUNTTY,100) 'Y!,P,ID
00442 e o HORNERELNGI10(ARS(P))

60443 o e9sFIN

D.11
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00444 + (3)HORNER®EXP(P)

0044s e (4)HORNERS®§0,04nP

00446 esoFIN

00447 CALL RNUMBR(7,'#Y OUTw',HORNER)
oo4ua POl YeHORNER

00449 c

00480 c

00451 c

00452 RETURN

00453 END

(FLECS VERSION 22,46)

0045¢ c wakkhnthnnnonnnwinenir ANGBTN wannadaentenaaneat et antartaraienew
004ass c
00456 C PROGRAM DESCRIPTION ¢
004S7 c FIND THE SMALLEST ANGLE BETWEEN THE CROSS SECTION AND A
004se c LINEAMENT
00459 c
00460 FUNCTION ANGBYNUANGLNA,ANCROS)
poaet C FIND THE SMALLEST ANGLE BETWEEN THE CROSS SECTION AND THE
00462 [« LINEAMENT
00463 C ANGLNAS ANGLE (FROM NORTH) OF THE LINEAMENTY
004364 c ANCROS ANGLE(FROM NORTH) OF THE MODEL CROSS SECTION
00465 [«
00466 CALL RNUMBR(§16,'oLINEAMENT ANGLE',ANSLNA)
00467 ANGLESANGLNA=ANCROS
00468 IF(ANGLE LY, 0,0) ANGLE =360,0¢ANGLE
00469 ANGRTEBANGLE
00470 IF (ANGLE ,6T7,90,0,AND, ANGLE ,LY,180,0) ANGBTS180,0eANGLE
ooary IF (ANGLE ,GE,180,0,AND ANGLE ,LE, 270,) ANGBTRANGLE«180,0
oo4re IF (ANGLE,GT,270,0) ANGBT®360,0eANGLE
00473 CALL RNUMBR(11,'eANGLE OUT®!',ANGAT)
00474 IF({ANGBT,BT,90,0 ,OR, ANGBY ,LE, 0,0 )
00475 e CALL NOTE (11,%ANGLE ERROR!)
00476 « ANGBT®Y4S,0
00477 seoFIN
00478 ANGRTNEANGST
00479 RETURN
00480 END
(FLECS VERSION 22,46)
GNP NPT ST O T APPSR YOO RNOTORUOOORED
004At c NAANRERENANARRAAANARRUNAAN: PROB At asatsdRantada vt ANt nntadtans
00482 c
ooany c PROGRAM DESCRIPTION 3
00484 C SAMPLE FROM DENSITY CURVES
00485 c
00486 FUNCTION PROB (1D)
00487 c
004ag COMMON /TJRAN/ IRAN , JRAN
00489 c

D.12
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00490
00491
00492
00493
00494
00495
00396
00497
00398
00499
00500
00301
00502
00503
00504
00505
00506
00507
00508
00509
00510
005811
00512
00513
00514
00515
00516
00517
00518
00519
00520
00521
00522
00523
00524
00523
00526
00527
00529
00529
00530
00531
00532
00533
00534
00535
00536
00537
00538
00539
00540
00341
00842
00543
00544
00545

604

INCLUDE 'DIy§[226,226) COMMON,FLX!
CALL INUMBR(15,'#OENSITY CURVE®!,ID)

WHEN(ID,LT,1,0R,ID,GT NDEN)

« TYPE 604 ,IDJWRITE OUT ERROR MESSAGE RIGHT NOW|]
« FORMAT(19, 'ERROR IN DENSITY FUNCTION!)

o PROB=0,0 {DUMMY VALUE BACK

oooFIN

ELSE

PROBXsY ,E20 JTD MARK A POSSIBLE ERROR CONDITION
TEITSaRANDUMCIRAN, JRAN)
WHEN(IOPTONCID) LT, 0,AND, DTIME,GT,100,0)
o SDEDTIME/100,0
SOB{XHIGH(ID)=XLOW(ID))/SOINEN RANGE
AVEB(XHIGH(IO)+XLON(CID))/2,0
XLOWS®AVE=S0/2,0

XHIGHS®WAVE$8D/2,0

seofFIN

ELSE

o XLOWSEXLOW(IN)

o XHIGHSEXHIGH(ID)

esofFIN

SELECT(ABS(IOPTON(!D)))

1)

o UNIFORM

PROSXSTESTS® (XHIGHSeXLOWS) +XLOWS
FIN

NORMAL
TEST2RANDOM( IRAN, JRAN)

CALL RNUMBR(11,'#2ND RANDOM!,TEST2)

8DaSQRT (2,00 LOG(TESTS))*COS(6,208318532TESTD)
AVES(XHIGHS+XLOWS) /2,0

S0DS(XHIGHS=XLOWS) /6,0

PROBXSAVE+SDDa 8D

IF(PROBX,LT,XLOWS) PROBXsXLOWS
IF(PROBX,6T,XHIGHS) PROBXsXHIGHS

FIN

OXw(XHIGHE=XLONS) /20,0

PROBXSXHIGHS

00(I=0,19)

o IFCTESTS,GE,CURVE(ID, 1) AND,TESTE LT, CURVECID,I¢8) )
WHEN(ABS(CURVE(ID,I)=CURVE(ID, 1#8)),07,0,00001)

« .+ RATIOSE(TESTS8=CURVE(ID,1))/(CURVECID,I+1)eCURVECID, 1))
o o« PROBXSRATIOSADX#DX#FLOAT(I)#XLONWS

eaeeoFIN

. ELSE PROBXSOX+FLOAT(I)4DX/2,0+ XLOWS

Y

FIN

—~e
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00546 s o o PROBX=mSQRT(TESTS)
00547 o o seefFIN
0054R e o (5)
00549 [+ e« o o« EXPOMENTIAL
00550 c e« o & LANDA 1B SORTED IN XLOW
00531 « s o PROBXm«_OG(TESTS)/XLONW(ID)
00SS2 e o ooefFIN
00553 . aooF!N
00554 [+ -
0055S C .
00556 » IF(PROBX,EQ,1,0ER20) '
00557 e« o TYPE f00, ID,PROBX,DX,TESTS IWRITE OUT ERROR MESSAGE RIGHT NOW
00558 100 , , FORMAY (' DRAW ERROR & ',16,1X,3620,4)
00559 e o PRUBXm(XLOWCID)®XMIGH(ID))/2,0
00560 s eseofIN :
00561 e WHENCLOGTR(ID),EG,0)PRDBuPROBXINDO TRANSFORM
00Se62 « ELSE PROBu10,04+PROBX
005463 soeFIN
00564 CALL RNUMBR(11,'#VALUE OUTa',PROB)
00865 CALL RNUMBR(15, '¥RANDOM NUMBERsS',TESTS)
00566 RETURN
00567 END
(FLECS VERSION 22,48)
LA L A I 2 2 X2 At A2 1l rrttyl Y ity X rrlJtl2® I/ 1T /)]
00868 [ RANARRNNARNARNAANRRAARARRS RANDOM A add vttt arhwd
00569 c
005870 C PROGRAM DESCRIPTION 3
00571 [+ THI8 FUNCTION GIVES A RANDOM NUMBER, LATER, WE MAY WANT TO
00572 C CHANGE TO A DIFFERENT PSEUDO«RANDOM NUMBER GENERATOR,
00573 c
00574 FUNCTION RANDOM(IRAN,JRAN)
0057S RANDOMBRAN(IRAN, JRAN)
00576 RETURN
00577 END
(FLECS8 VERSION 22,46)
L L L LI P YA T LYYyt Tl r A d 11 1T T2y X/q.]
00578 C ARANARARNARNNRAANRNANAARARR JNUMBR SR n A Rantaad e AR a v ek adntodd
00579 C
00580 [« PROGRAM DESCRIPTION 13
00581 c FORMATS A HISTORY MESSAGE
00582 c
005A3 SUBROUTINE INUMBR(NUM,TEXT1,IVALUE)
00584 c
00585 BYTE TEXT{(HNUM)
00586 c
00587 LOGICAL LMORE,LDUMP
00588 COMMON /MORDMP/ LMORE,LDUMP
00SR9 C
00590 INCLUDE '0Jg(226,226)COMMON,FLYX!
00591 c

D.14
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00592 c

00593 IF( NOT,LMORE ,AND, TEXT1(1),EQ,'0!) RETURN
00594 IF((NOT LDUMP ,AND, TEXT1(1),EQ.'#') RETURN
00595 VALUESIVALUE

00596 CALL RNUMBR(NUM, TEXT1, VALUE)

00597 RETURN

005938 END

(FLECS VERSION 22,48)

00599 c AARAEARNAARARANASANRAAANANN RNUMBR A0 ANRAARAARARANARAACANNANAR
004600 [~
00601 c PROGRAM DESCRIPTION 1
00602 C FORMATS A MESSAGE, AND A CORRESPONDING VALUE, 79 THE HIBTORY FILE
00603 c
00604 SUBROUTINE RNUMBR(NIIM, TEXT!,VALUE)
00605 C
00606 LOGICAL LMORE,LNUMP
00607 COMMON /MURDMP/ LMORE,LOUMP
00608 c
00609 BYTE TEXTI(NUM),NOTES(20)
00610 DIMENSION RNOTES(S)
00611 EQUIVALENCE (RNOTES(1),NOTES(1))
00612 C
00613 INCLUDE 'D131226,226) COMMON,FL X"
00614 C
006195 c
00616 IF( NOT,LMORE AND, TEXT1(1),EQ,'8') RETURN
00617 IF ((NOT  LDUMP AND, TEXT1(1).EQ,'#') RETURN
00618 c
00619 c NOTES(1) = ¢
00620 Do (1%1,20)
00621 e« HWHEN (1,LE, NUM) NOTES(I)s TEXTI(I)
00622 e ELSE NOTES(I) = '
00623 eeoFIN
00624 CALL HISTXX(RNOTES, TIMEH, VALUE)
00625 c
00626 C
00627 C
00428 RETURN
00629 END
(FLECS VERSION 22,.46)
LA L L DL Pl L DL ARt YLD L LT Ty 1 1Y ]
00630 [» AEANRANNRNNR AR ARARRNNAAN NOTE ARttt va vttt N et Raadtd et neen v odw
00631 c
00632 c PROGRAM DESCRIPTINM 3
00633 [ FORHMATS A MESSAGE FOR THE HWISTORY FILE
00634 c
00635 SUBRQUTINE NOTE(NUM,TEXT1)
00636 C
00637 LOGICAL LMORE,LDUMP

D.15



(FLECS VERSION 22,46) 28=1CTan] 103114333 PAGE 00014

00638
00639
00640
00641
00642
00643
00644
00645
00646
00647
00648
00649
00650
006S1
00652
00653
00654
0065S
006736
00657
00658
00459
00660
00661

00662
00663
00664
00665
00646
00667
00668
00669
00670
00674
00672
00673
00674
00675
00676
00677
00678
00679
00680
00681
004A2
00683
o068y
00685
00686
00687
00688

(s NaNg) [a X pXgl

COMMNON /MORDMP/ |MORE , LDUMP
INCLUDE 'DI31226,226) COMMON,FLX!

BYTE TEXTI(NUM),NOTES(20)
DIMENSION RNOTES(S)
EQUIVALENCE (RNDTEB(1),NOTES(1))

1F(NOT,LMORE ,AND, TEXT1(1),EQ,'#!) RETURN
IF(,NOT,LOUMP ,AND, TEXT1(1),EQ,'#') RETURN
00(1s1,20)

o WHEN(I,LE,NUMINOTES(I)STEXT{(])

« ELSE NOTES(I)m! !

IO'FIN

ADD NEW NOTE TO LIST
CALL HISTXX(RNOTES,TIMEH, TIMEH)

RETURN
END

{FLECLS VERSION 22,46)

(2] o0 OO0

AAARAREAN RN RNORAA AN Rtk Atk CHANGX SANANANNRAAANRARANANANNNANANIY

PROGRAM DESCRIPTIQN

UPDATES THE PASCO BASIN FOR EROSION(OR DEPDSITION) OF THE RIVER
CHAMNEL

SUBROUTINE CHANGX(DIFFIN)

INCLUDE 'DJIg[226,226) COMMON,FLX!

DIFFuDIFFIN

CALL RNUMBR(T,'#CHANGE!',DIFFIN)

CALL RHUMBR(12,'#START REPOS!,RDEPTH)
RDEPTHSRDEPTH4DIFF [DEPTH TO THE REPOSITORY
SELEVRSELEV+DIFF ISITE ELEVATION
HEADBSSHEADBS+DIFF JHEAD VALUE IN THE BASIN
ESEMTRESENTDIFF JSENTINEL GAP ELEVATION
EWALLSEWALL4DIFF [VILLUIA GAP ELEVATION

DOCLAYER®RITNP,NLAYER)
« DO(ISYSTM3Y,3)
» o DEPYHZ(LAYER,IBYSTHM)SDEPTHZ(LAYER,ISYSTM)+DIPF

e eeeFIN

seofFIN

IF(RDEPTH,LE, 0,0 ,AND, ,NOT, LBRECH)
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00689
00630
00691
00692
00693
00694
0069%
00696
00697
00698
00699
00700

00701

00702
00703
00704
00705
00706
00707
0070R
00709
00710
00711
oori2
00713
00714
00715
00716
Qo717
00718
00719
00720
00721
00722
00723
00724
0072s
00726
00727

00728
00729
00730
00731
00732
00733
00734
00735
00736
00737
00738
00739

o0 ac

o CALL NOTE(L17,'ERQSION TO REPOS,!)
« KEY®2

+ LBRECHE TRUE,

o« BTIMESTIMEM

seoFIN

WHEN(OIFF ,GT, 0,0)
FIRST CHECK FOR SEDIMENTATION

.

*

o IF(ITYPE(CITOP).NE,1 (AND, ITOP,G6T,1)

e o 1TOPRITOPel

e o GCALL INUMBR(9,'NEN LAYER!',ITOP)

o o DELX(CITOP,2)m0,0

. . ITYPE(ITOP)my

s oessFIN

o DELXCITQP,2)=OELX(ITOP,2)+01IFF

ELSE

s NOW CHECKX FOR EROSION

e WHILECABS(DIFF),GT,DELX(ITOP,3) ,AND,ABS(DIFF),GT,1E=11)
e o« CALL INUMBR(10,'LAYER GONE',1TOP)

. CALL RNUMBR(13,'LAST EROSION®!,DIFF)

. DIFFuOIFF+DELX(ITOP,2) INOTE DIFF ¢ 0,0

. ITOPRITOP+

K IF (ITOP,GT NLAYER)

. CALL NOTE(9,'ND M,C,S8,')

. o ITOPENLAYER jRUN WOULD NORMALLY STOP HERE BUTY
. . KEEP® GOING TO SAVE QUTPUT FILE
. ¢ DELX(ITOP,2)m1000000,0

[ ]

L[]

.

L ]

L ]

.

FIN '
i;;ABS(DIFFI.LE.l.OE-ll)DI'FI0.0 §CONSIOER THIS ROUND OFF
DELXCITOP,2)R0ELX(ITOP,2)+DIFF
CALL RNUMBR (15, *#END REPOSITRQY!,RDEPTH)

ooFIN

RETURN
END

(FLECS YERSION 22,4#s)

c
c
c
c

AARDARRRRERAANEAAANAARRDARARN POTSON At A A AN AN IR AR A NRNANANAR
PROGRAM DESCRIPTION § GENERATES POISSON RANDDM DEVIATE

FUNCTION POISON(AVE)
INCLUDE 'DI131(226,226] COMMON, P X'
COMMON /1JRAN/ IRAN, JRAN

CALL RNUMBR(16,"#AVE POISSON IN1',AVE)
WHEN(DTIME EQ,100,0)AVERBAVE

ELSE

e AVERSAVEX(DTIME/100,0)
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00740 « CALL RNUMBR(16,'suAVE POISSON IN2',AVER)
00741 essFIN

00742 c

00743 c

00744 WHEN(AVER,GT,50)

00745 C « USE A NORMAL APPORX,

00746 « SD ® SQRT(e2,0 % LOG(RANDOM(IRAN, JRANY))
00747 1, *CO8(6,2831853#RANDOM(IRAN, JRAN))
00748 o e« SDBSORT(w2,0%  0OG(RANDOM(IRAN,JRAN)))ACO8(6,28318334RANDOMCIRAN,JRAN))
00749 e NEZAVER#SDASORT(AVER)+0,S

007S0 seoFIN

0075¢ ELSE

00752 o EAVEREXP(wAVER)

00753 s HNme}

00754 « S21,0

0078S e REPEAT UNTIL(B8,LY,EAVE)

00756 o » SHESARANNOM(IRAN,JRAN)

00757 ¢ o NmNa|

00758 e sgeFIN

00759 ...FIN

00760 c

00761 POISONSN

00762 CALL INUMBR(13,'wPOISSON OUTE',N)

00763 RETURN

00764 END

(FLECS VERSION 22,45)

0076% c ARARNRREARNRARAROREnRRnanh HIBTXX lttitlittitlitlii.iti.tli..itt
00766 o

00767 c PROGRAM DESCRIPTION 3

00768 C THIS SUBRUUTINE POSTS MESBAGES TO THE MISTORY FILE AND/OR
00769 C THE USER TERMINAL,

00770 c

007714 SUBROUTINE HISTXX(RNOTIN, TIMEIN,VALUE)

00772 REAL RNOTIN(S),RNOTE

00773 BYTE BNOTIN(Q),BNOTE

00774 EQUIVALENCE (RNOTE,BNDTIN(L)), (BNOTE,BNOTIN(1))

0077S C ’

00776 c

00777 NRITE(2) RNOTIN,TIMEIN,VALUE

go778 RNOTE ® RNQTIN(1)

00779 CALL SSWTCH(T,18u7)

00780 IF( NOT (I8NT,ER,1,0R,BNOTE ER,'#'))

00781 o WHEN(TIMEINSNE VALUE) WRITE(H,100) RNOTIN,TIMEIN,VALUE
00782 o ELBE WRITE(6,100) RNOTIN,TIMEIN

00783 seeFIN

00784 100 FORMAT (1X,5A4,F9,0,2X,620,8)

0078S c

00786 c

00787 C

00748 RETURN

00789 END

D.18
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(¢ XaNa Xy

o0

o0

1
2

N EWBNMNe S 0 NFADGN~ 4+ OO NCRIEWN- > OO JTUTTVNE WWNU - ¢ 0D UNtES e

12223282222 22 2233 222 X2 22222 2222 8222223221123 221%]
FILE NAME ® COMMON FLX

LOGTICAL LASHFL,LBEDRK,LARECH,LCASTR,LEXPOS,LFBASE,LFBASNH,LFDACT,
LFLOOD,LFOLD,LFTINT,LICEON,LMAGRY ,LNEWCL ,LNWSBF,LRIVON,LROCTR,
LRVCHG, LRVFXD,L8EACH,LSLIDE,LBSFIN, LTHRST, LXICEN

COMMON /AEGIS/ ACCEL,ACFTMN,ACELCT,ACLCRT,ACPAVE,ACPMAX,ACRPDS,
ANCROS, ANCRUN, ANFACT,ANISAN, ARCRAD,ATM,AVEFLD,AVEGAS, .
AVEMAG, AVENAS,AVERAT, AVESAD,AVESWM, AVETPP,AVGABF ,AVNCNE , AVHCON,
AVLAND, AYNEHC,AVRAT, AVRATF ,AVSADF ,AVBWHE ) AXISAN, BNULTF,
RTIME,CASELY,CGLBTR,CGLSTT,CHCONE ,CHCSSN,

CHRKNE, CHRXSwW, CONYN, CONVS,CORBED,COBAN,
COSBNE,C08R8W,COSNE,CO8W,CRPMPS, CSHAFT, CUNERC,CUSNRE,
PBASE,DCORBS,DCORNE,DCNRIN,DEANZ, DEP,DEPMIN,
VEPBAS,DEPTNE,DEPTSH,DISTFD,DPNTNE,DPNTSH,DINTHX,
DTIME,DURFT,DVBRCH,DVRPNE,DVRPOS,DVRPSN,EDBENE,
EDGESW,EGAB,ERATTL, ESEMT,ENaLL,EXTANE,EXTRSN,FANG,
FAREA,FDIST,FLHCNE,FLUXNE,FLUXSW,FLHCAW,FLTNE,FLTSN,FLWONE,
FLWOSK,FMAXD,FOLDAN,FOLDHC,FOLDMX, PREFNE,FREFSH, FREQFT,FRESFT,
FRESTR,FRINT,FTHCSS,GLATNE,GLTNEL, GRLNNE,GRSNLN,
GLMIN,GLMAX,GLACIN,;
HARDFC,HCNEGR,HCSWGR, HCNEWS, HCSWNS, NDNEGR, HDBNWGR,

HONEWS, HDEWWS , HEADBS , HIPATH, HMNEGR, HMNENS , HMSWGR ) NMSWNS,
NRIVER'HRVDIS'HIQ
PASHFL,PCASUP,PFAULT,PFLAT,PFLATF,PFOLD,PFTNEN,
PGLCH,PMAGS,PMETRT,PMISFT,PNEEXF,PNWFD,PNWFDF,
PNWFT,PNWFTF,PNNTR,PNNTRF,PQST, PRKUP, PRYMAG,PSEAEX,
PSSEXF,PSSFTB,PSNEXF,PTREXF,PUNTHS,0,0DAM,RAD, RADCRYT,
RAINNE ,RAINSW,RATIO,RCANE ,RCARNE ,RCARSW, RCHNE ,RCHEN, ROEPTH,
HDFTOT,REDU,RESETT,RESFNE,RESFSW,RESCON, RESPNL, RESPN2,
RIVCAP,RKMBIT,RLAT,RLATHI,RLATLW,RMID,ROCKEL,
RPGLME,RPGOST,RPNSHC,RPOSTH, RPSAVE,RTREND,

QEA,SEACUR, SEAMAX,SEPAGE(3),SELEV,8ICELT,8ICENE,B8]ITIS0,’
SITLAT,SITRAD,SLOPE,SLOPHI,SLOPLW,SNLAST, SOURCE,
SPEDUN,BTATNE,STFLT, TOTLK, TIMEXX, TOTHC(S,3),

STGABT, 8TRADT,STS4DT,SUMFTN,SURWAT, TEND, TFLER, THABOV,
THICKG, THICNE, THRCH, THRWD, TTIME, TIMEN,

TLSTNE, TMBULA, TOTRHC, TRMOVE, TRSTHC, TRSTRT, TRUSTT,

TSUBFT, TYTIME, WGLAT, WBNELN, WSSWLN, XHORNE , XHORSW, XSTART, YSTART,
CHHC(2,4,3),CHRB(3),COEFF(11,32),DATAL(200),DELX(4,3),DEPTHZ(4,])
sFANGLE(4),FAULT(200),FOR(200),FWIDTH(200),6ABHCCA),FRAC(S0),
HYDCN(4,3),SSFTHC(200),8SFTT(200), )
ICURVE(32),1F817(S0),I0PTON({13%),10RDER(32),1IPOLY(32),
ICLIM, ICLIMG, IFORCE, IRLAYR, ISTRTN, ITOP, TMOSBF,
NCASE,NDEN,NEXTFT,NLAYER,NPOLY,NRUNS,NSSFT, YHRCOR,
LASHFL,LAYRGR,LAYRWS,LBEVURK, LBRECH, LCASTR,LCLIM, LEXPOS,
LFBASE,LFRASM,LFDACT,LFLOOD,LFOLD,LFTINT,LICEON,LMAGRY,
LNEWCL,LNWS3G,LRIVON,LROCTR,LRVCHG, LRVFXD, . SEACH,LSLIDE,
LSSFIN,LTHRST,LTRUST,LXICEW

+CURVE(13%,0120),
ITYPE(B),HYDCN1(4,3),PATHLN(3),AVAXIS,SINAN,EFOLDE,COBAN2,
RADHC (4) ,RADIST(4,3),REPDSIT(4,3),REBET(100),RKM(3),RKML(3),
SADHC (W),

TIMES(3) g UNPATH(3) VEL(3), XHIGH(13S),XLOW(13S),
LOGTR(135),LOGTRX(32),LOGTRY(32),DELX1(4,3),ITYPE](8)

3812322228222 2R 1 2R 2 edd iR 2012222222232 2222322223}
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AGELCT s DATALC 1)
CALL RNUMBR(9, Y#ACELCT
ACFTMN s DATALC 2)
CALL RNUMBR(9, "#ACFTMN
ACLCRT s DATALC 3)
CALL RNUMBR(9, '#ACLCRT
ANCROS ® DATALIC Q)
CALL RNUMBR(9,'#ANCROS
ANCRUN w DATALC %)
CALL ANUMBR(9, ' #ANCRUN
ARCRAD s DATALC 6)
CALL RNUMBR(9,'#ARCRAD
AVEFLD s DATALC 7)
CALL RNUMBR(9, 'WAVEFLD
AVEGAB 8 DATAL( 8)
CALL RNUMBR(9,'#AVEGAS
AVEMAG s DATALI( 9)
CALL RNUMBR(9,'SAVEMAG
AVENAS s DATAL( 10)
CALL RNUMBR(9,'#AVENAS
AVEIWM m DATALC 1)
CALL RNUMBR(9,!'SAVESWM
AVGARF = DATAL(C 12)
CALL RNUMBR(9,'¥AVGABF
AVLAND s DATALIC 13)
CALL RNUMBR(9,'#AVLAND
BMUL TP s DATALI( 14d)
CALL RNUMBR(9,'#UMULTF
CRLSTR s DATAL( 1)
CALL RNUMBR(9,'¥CGLSTR
CGLSTT s DATALC 168)
CALL RNUMBR(9, 'SCGLSTT
CONVN s DATAL(C IT)
CALL RNUMBR(9, '#CONVN
CONVS s DATAL( 18)
CALL RNUMHR(9, '#CONVS
CORBED s DATALC §9)
CALL RNUMBR(9,'#CORAED
COSBNE s DATAL( 20)
CALL RNUMABR(9,'#COSBNE
COSRSN s DATAL( 21)
CALL RNUMBR(9,'#C0OSBSW
CRPMFS ® DATAL( 22)
CALL RNUMBR(9,'#CRPMFS
CUNERC s DATAL( 23)
CALL RNUMBR(9, '#CUNERC
CUSWRC s DATAL( 24)
CALL RNUMBR(9,'®#CUSWRC
DBASE s DATAL( 25)
CALL RNUMBR(9, '#0RASE
DCORRS 8 DATALC 24)
CALL RNUMHR(9, 'sDCORDS
DCORNE a DATALI( 27)
CALL RNUMBR(9, 'SOCORNE
DCNR8W s DATAL( 28)
CALL RNUMBR(9, '4DCORSW
NEADZ B DATAL( 29)
CALL RNUMBK(9,'#DEADZ
DEPBAS s DATAI( 30)
CALL RNUMBR(9, "#DEPBAS
DEPMIN s DATAL(C 31)
CALL RNUMBR(9, '"8DEPMIN
DEPTNE w DATAL( 32)
CALL RNUMBH(9, t#DEPTNE
DEPTSH 8 DATAL( 33)
CALL RNUMRR(9, "#DFPTSW

{ Syb=Basalt Quake Critical Aecelepration

VLDATAY( 1))

| Sub=Ragalt Queke Criticsl Acceleration
',DATALC 2))

{ Critical dcceleration Fopr Shaft Seel
*,DATALC 3)) .

{ Angle From North of Mode! Cross Segtion(MC8)
1,DATALC 4))

| Criticel Angle For Feults Perellel To M,C,8,
V,DATALC 5))

| Radiuys of Unconfined Aquifer Disaherge Apec
1,DATALL  8)) )

| Aversqge Number of Migsoule Floads Pepr 100 Yr -
1LDATALC 7))

| Average No Geble Mtn Events (STGABTY)/100 Ype
',DATAL(C &))

| Av, No Meg Events/100 Yre In The Pesco Besin
1,DATALC 9))

| Afteorghocks Pep Submbeselt Eerthauake
t,0ATALL 10))

! Average No, of Swerm Events In Repository
T,DATALL 11)) .

] Av, No Geble Mtn Evente (FAULT end STGAST)
VoDATALL L12))

1 Averasge Number Of Landsi{des Per 100 Yeers
1oDATALC 13))

| Breaach Myltiplicetion Fector
1,0ATAL( 14))

| Radiel Stress For Roc¢k Freeturing
',0ATAL( §8))

I Tangenti{el Stress For Roek FPrecturing
"LyDATAL( 16))

| Conversion Fector For Qld Freature Heeling
',0ATALL 17))

{ Conversion Fector For New Frecture Heeling
YL0ATALC 18))

| River S10o0e Correction For Bedroak
'SOATAL( 19))

| Angle From Repository To Grande Ronde N.E,
Y,0ATAL( 20)) )

| Angle From Repogitory To Grande Ronde 8,.W,
t,0ATALL 21))

{ Crit{cal Distence To Glacier For Permafrost
T,DATAL(C 22))

| Currant Sterting Northeast Recharge
t,0ATALL 23))

| Current Starting Southwest Rechsras
',DATALC 24))

| Bagsement To Grande Ronde Fm Thigckness
1LDATALL 25))

|} Fault Width Depnth Correction For Pasco Basin
1,0ATALC 26))

! Faylt Width Depth Correction For The N,E,
YLOATALC 27))

| Fault Width Depth Correction For The 8,W,
1,0ATAL( 28))

| Minimum Sea Depth For Sediment Depoeftion
V,DATAL( 29))

{ Verti{cel Distance Of Repos{tory To Basement
",DATAL( 30))

| Sube«B8asalt Mini{mum Denth For H,L, Change
YSDATAL(C 31))

| Halt wWan=Sgd Thickness at N,E, Baein Edge
YyDATAL( 32))

! Half Wane8ed Thigknses at 3,9W, Bagin Edae
'LNATAIC 33Y)
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DEPTHE w DATAL( 32) |
CALL RNUMRR(9,'yDEPTNE
DEPTSH = DATAL( 33) |
CALL RNUMBR(9, "SDEPTSH
DEMTMX & DATAL( 34) |
CALL RNUMBR(9, 'SDSHTHMX
EDGENE s DATALI( 35)
CALL RNUMBR(9, '#EDGENE
ENGESW s DATAL( 36) |
CALL RNUMBR(9, 'WEDGESW
EGAB s DATAL( 37)
CALL RNUMBR(9, "SEGAB
ERATTL s DATALI( 38)
CALL RNUMBR(Q, !'#ERATTL
ESENT ® DATALC 39) |
CALL RNUMBR(9, 'SESENT
EWALL u DATALC 40) |
CALL RNUMBR(9, 'WEWALL
EFOLDE s DATAL( 41)
CALL RNUMBR(9, '#EFOLDE
EXTRNE ® DATAL( 42)
CALL RNUMBR(S9, '#EXTRNE
EXTRSH & DATAL( 43) |
CALL RNUMBR(Q,'SEXTRSW
FMAXD s DATAL( 44) |
CALL RNUMBR(9, '#FMAXD
FOLDMX ® DATALI( 45) |
CALL RNUMBR(9, '#FOLOMX
FRAC(1) = DATAI( 46) |
CALL RNUMBR(9,'SFRAC(])
FREFNE ® DATAL( 47) |}
CALL RNUMBR(9, '#FREFNE
FREFSK u DATAL( 48) |
CALL RNUMBR(9, 'SFREFSHW
FRESFY m DATAL( 49) |
CALL RNUMBR(9, '#FRESFT
FRESTR s DATAL( S0) |}
CALL RNUMBR(9,'#FRESTR
FTHCSS 8 DATALC S1) |}
CALL RNUMBR(9, '#FTHCSS
GLATNE ® DATAL( S2) |}
CALL RNUMBR(9, "#GLATNE
GLTNEL n DATAL( 53)
CALL RNUMBR(9, '"#GLTNEL
GRLNNE s DATAL( 54) |
CALL RNUMBR(9, 'HGRLNNE
GRSWLN ® DATAL(C SS) |
CALL RNUMBR(9,'#GRSWLN
HARDFC 8 DATAL( Sé) |
CALL RNUMBR(9,'#HARDFC
HONEGR % DATAL( S7) |
CALL RNUMBR(9,'#HDNEGR
HONEWS s DATAL( S@8) |
CALL RNUMBR(9,'#HDNEWS
HDSWGR ® DATAL( S9) |
CALL RNUMBR(9, '#HDSWGR
HDSWNS s DATAL(C 60)
CALL RNUMBR(9, '*#HDEWNS
HEADBS ® DATALC 61) |
CALL RNUMBR(9, '#HEADRS
HIPATH 8 DATAL( 62)
CALL RNUMBR(Q,'SHIPATH
HMNEGR ® DATAL( o3)
CALL RNUMBR(9,'¥HMNEGR
HMNE WS 8 DATAI( 64) |
CALL RNUMBR(9, 'WH4NEWS
HMSWGR  ® DATAL( 65) |
CALL RNUMBR(9, ' ¥HMSWGR

HUEWHWS s DATAL( &6)
CALL RNUMBR(9, ' #HMSWNS

i

i

1

!
1

i

Helt WaneBad Thickness ot N,E, Besin Edae
t,DATALC 32))

Hel? WaneSad Thickness at 8,W, Bagin Edae
Y,DATAL( 33)) .

Max, Redius From S{te For Meteorite Impact
'oDATALC 34))

Distence Frem Sice To Basin Edge N,E,
'oDATAL( 35))

Distence From 8ite To Basin Zdge 8,K,
YLDATAL(C 36))

Elevetion Of Gable Mountein

Y,DATAL( 37))

Elevation of Rattlesnake Mountein

1,DATAL( 38))

Elevetion Of Sentine) Gap At 0'd River Level
tL,DATAL( 39))

Elevetion Wallule Gep At 01d River Leve!
",DATAL( a0))

Erosion Fector For Folds Oue To Miesouls F}d
YyDATAL( 41))

Distance Feom Site To N,E, Recherge Point
',DATAL( 42)) )
Distance North OFf Site to BN Recharpe Point
",DATAL( 83))

PNL

'yDATAL( 4a4))

Max, Distence From Site For New Fold
',0ATAL( 4%))

Retio Bheft Arsa To Repoeitory Apres

'yDATAL( 46})

Time Reset Ppraction Por N,E, Fault Byatem
'LDATAL( 47))

Time Reset Frection Por 8,W, Fault System
",DATAL( 48))

Time Reset Praction For Loce! Faulrs
',DATAL( 49))

Time Reste Feraction For Theruet Feulte
YL,DATALC 50)) :

HeCs Change Faotor When Loce! Fault 13 New
'oDATAL( 51))

Upper Latitude 0Of N,E, Recharge Ares
t,DATAL( 52)) ,

Lower Latitude Of N,E, Recherge Arees
',0ATAL( S3))

8ite To NE Recharge Ares Distence In
', DATAL( 84))

Site To SW Recherge Aree Dietanse In
1,DATAL( S5))

Erosfon Rete Frasotion Fop Bedrock {n
',DATAL( $6))

Avg, Hesd Elevetton For N,E, Grende Ronde FM
'4DATALC ST)) ,

Avg, Head Elevation For N,E, Wene8ad FM
'o,DATAL( S8)) )

Avg, Head Elevetion For 8,H, Grende Ronde FM
tyDATALC 59))

Avg, Heed Elevation For 8,W, HWgn=Sad FM8
YoDATAL(C 60))

Avg, Hesd Elev, For

8 Ronde
G Roende
M Fleod

Baein Unconfined Agquiter

'",DATAL(C 61)) R

Meximum Uncontf{ned Aqui{fer Peth Length
t,DATAL( 62))

Maximum Head of N,E, Grende Ronde
1,DATAL( 63))

Maximum Heed of N,E, Wennepuym Baddle Mtn,
YL,DATALL 64))

Max{muym Heasd of 8,W, Grande Ronde
‘,DATAL( 65))

Men{mum Head of B,N, Wennspum Baddld Men,
',DATALL 66))
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HHSWGR ® DATAL( &5)
CALL RNUMBR(9, '#HMSWGR
HMSWWS s DATAL( 66)
CALL RNUMBR(9, '#HMENNWS
LAYRGR s DATAL( &7)
CALL RNUMRR(9, '¥LAYRGR
LAYRWS a DATAL( &8)
CALL RNUMBR(9,'#LAYRNS
NLAYER s DATAL( 69)
CALL RNUMBR(9,'#NLAYER
PASHFL s DATAL( T0)
CALL RNUMBR(9, 'SPASHFL
PCASYUP s DATALC 71)
CALL RNUMBR (9, 'wPCASUP
PFAULT ® DATAL( 72)
CALL RNUMBR(9, "SPFAULT
PELAT 2 DATAL( 73)
CALL RNUMBR(9, "#PFLAT
PFLATF 5 DATALC 74@)
CALL RNUMBR(9, '#PFLATF
PFOLD 8 DATAL( 7%)
CALL RNUMBR(9,'#PFOLD
PF ITNEW 8 DATAL( 76)
CALL RNUMBR(9, '"#PFTNEW
PGLCH s DATMC T
CALL RNUMBR(9, '#PGLCH
PMAGST u DATAL( 78)
CALL RNUMBR(9, '¥PHAGST
PMETRT 8 DATAL(C 79)
CALL RNUMBR(9,'W#PMETRT
PMISFT s DATAL( 80)
CALL RNUMBR(9, 'MPHISFT
PNEEXF s DATAL( 81)
CALL RNUMBR(9, 'SPNEEXF
PNWFD s DATAL( 82)
CALL RNUMBR(9, '#PNWFD
PNWFDF m DATAL( 83)
CALL RNUMBR(9, '#PNRFDF
PNWFT ® DATAL( 84a)
CALL RNUMBR(9, '#PNWFT
PNWF TF e DATAL( 38%)
CALL RNUMBR(9, ' #PNWFTF
PNWTR s DATAL( 84)
CALL RNUMBR(9, '#PNHTR
PNWIRF u DATALC 87)
CALL RNUMBR(9, '#PNWTRF
PRKUP 2 DATAL( 88)
CALL RNUMBR(9, ' ¥PRKUP
PRYHAG ® DATAL( 89)
CALL RNUMBR(9, 'WPRVMAG
PSEAEX s DATAL( 90)
CALL RNUMBR(9, "#PSEAEX
PSSEXF s DATALC 91)
CALL RNUMBR(9, '#PSSEXF
LERLAL] s DATAL( 92)
CALL RNUMAR(9, '#P3SFTB
FSwWEXF s DATAL( 93)
CALL RNUMBR(9, '#PSWEXF
PTREXF 8 DATAL( 94)
CALL RNUMARR(9,'#PTREXF
PUNTHS s DATAL({ 9%)
CALL RNUMBR(9, '#PUNTHS
ONAM w DATAL( 96)
CALL RNUMBR(Y, '#0QnNAM
HADCRT s DATAL( 97)
CALL RNUMBR(9,'aRANDCRT
RCAQKE 3 DATAL( 98)
CALL RNUMBR(9, '#RCARNE
RCARIW s DATAL( 99)
CALL RANUMAR(9, 'WNRCARSW

| Maximum Head of 3,W, Grands Ronde

',DATAL( 6%))

| Maximum Head of 8S,W, WNennspum Seddla Mtn,
VoDATAL( 66))

! Grande Ronde FM Layer Number

‘SDATALC &7))

| Wenaoum=Sgddie FMS Layer Nymber

',DATALC 68))

1 Numher of Layers in the Mode!

YoDATAL( 69))

| Prob, of Large Ashfel) Changing Climate
',DATAL( T70))

{ Prob, of Casncade Mountains Uplife

Y,0ATALC 71))

| Prob of Sub=bagalt Feult Exists st Run Staet
",DATALL T2))

} Prob, of Fold Growth Nithout Feulting
',DATAL(C 73))

| Prob, of Fold Growth With Faulting

'y0ATALC 74))

{ Prob, of Undetscted Fold in Pesco Besin
YyDATALC T7%))

| Prab, For New Sube=besalt Feult

YyDATALC T76))

| Prob, of Recharge When Glegiers Cover N.E,
1L0ATAL( TT))

I Prob, of Mag, Ev, on S{te When One in Basin
',DATAL( T78))

| Prob, of Mateorite Impasting B8{te

Y,DATAL(C 79))

| Ppob, of Undetected Faylt in Repository Hest
',0ATAL( 80))

| Prob of Renewad NE Feulting With Major Feult
1,0ATAL( 81))

| Prob, of New Fold Growth W{ithout Feulting
1,0ATAL( 82))

! Prob, af New Fold Growth With Faulting
",DATAL( 83))

| Prob, of New Fault Nithout Mejer Feulting
1,DATAL( 84))

| Prob of New Bagelt Feult Nith Mafer Faulting
ThDATAL( 85))

I Prob, of New Thruyst Without MajJor Faulting
",DATAL( 86))

i Prob, of New Thrust With Major Feulting
',OMTAL(C 87))

| Prab, of £ Upl{ift Affecting Climgte /100 Yre
',0ATAL( 88))

| Ppob, of Meg, Event Affecting River Gredient
*)DATAL( 89)) ,

| Prob, of Ses Level! Rine in Climate |
V,DATALC 90))

§{ Prob of Renewed Locel Faulting With 88 Feytlt
'L,0ATAL( 91))

1 Prob, of Locsl Feult System {n Peesgo Basin
1,DATAL( 92))

| Prob of Renewed SW Feulting With Major Feult
1,DATAL( 9))

| Proh, of Renewed Thrysting With Malor Foeylt
1,0ATAL( 94))

! Prob, of Undetectad Thrust {n Repoas, Host
1,0ATALC 95))
! Min, Flow For
V,DATAL( 96))
| Snhere Radiue
V,DATALC 97))
1 Starting Ares
1,0ATAL( 94))
| Starting Area
t,DATAL( 99))

Hyderauylie Dam at Wallule Bep
Separates Big &k Little Craters
of N,E, Racharge Ares

of S,W, Recharge Aree

D.23



RCARNE s DATAI( 98)
CALL RNUMBR(9, '#RCARNE
RCARSW 8 DATAL( 99)
CALL RNUMBR(9, '#RCARSHW
RDEPTH m DATAL(100)
CALL RNUMBR(9,'#RDEPTH
RESCON s DATAL(101)
CALL RNUMBR(9, '#RESCON
RESPN{ 8 DATAI(102)
CALL RNUMBR(9, '#RESBPN1
RESPN2 s DATAL1(103)
CALL RNUMBR(9, '#RESPN2
RIVCAP a DATA1(104)
CALL RNUMBR(9,'WRIVCAP
RKMNE s DATAL(10%)
CALL RNUMBR(9, '#RKMNE
RLATH]I s DATA1(106)
CALL RNUMBR(9, '#RLATHI]
RLATLW s DATALC10T)
CALL RNUMBR(9, "#RLATLW
RNELF s DATAL(108)
CALL RNUMBR(9, 'SRNELF
RNERED s DATAL(109)
CALL RNUMBR(9, 'SRNERED
RPGLNE B DATAL1(110)
CALL RNUMBR(9,'#RPGLNE
RPOSHC s DATAI(IL1)
CALL RNUMBR(9, '#RPDSHC
RPUSTH 8 DATAL(11D)
CALL RNUMBR(9, '#RPOSTH
SEAMAX ® DATAL(1ILS)
CALL RPNUMBR(9, '#S8EAMAX
SELEV ® DATAL(114Q)
CALL RNUMBR(9,'#SELEYV
SITLAY 8 DATAI(11S)
CALL RNUMBR(Q,'¥3ITLAT
SITRAD s DATALI(116)
CALL RNUMBR(9,'X81TRAD
SLOPHI & DATAL(117)
CalL RNUMRR(9, '#WSLOPHI
SLOPLW m DATALI(§18)
CALL RNUMBR(9,'¥#SLOPLNW
SOURCE 8 DATAL(119)
CALL RNUMBR(9, '#80URCE
STFLT v DATAI(120)
CALL RNUMBR(9,'#S8TFLT
STGART s DATAL1(12}1)
CALL RNUMBR(9,'#8TGABT
THABOV e DATAL(122)
CALL RNUMBR(9,'STHABOY
TRSTRT ® DATA$(123)
CALL KNUMBR(9,'#TRSTRY
VHRCDOR s DATAI(124)
CALL RNUMBR(9, '#VHRCOR
WGLAT s DATAL(12S)
CALL RNUMBR(9, *#WGLAT
WSNELN s DATAL(126)
CALL RNUMBR(9, "#WSNELN
WS SWLN s DATAL(127)
CALL RNUMBR(9, '#WSBWLN
XSTART 8 DATAf(}28)
CALL RNUMBR(9,'#XSTART
YSTART ® DATAL({29)
CALL RNUMBR(9,'#YSTART

| Starting Area of N,E, Recherge Area
',OATAL( 98))

| Sterting Area of 8,M, Recherge Ares
t,DATALI(C 99))

| Dapth To The Repesitory Frem Ground Surtfece

',DATAL(100)) ,
| Response Cengtant for Climete Chenge
',DATAL(101))

| Dietence Response Constant For Glacier AdV,

'yDATAL(102))
! Time Regponge Constant For Glecier Advance
'yDATAL(103))
| Max, Rad{us From 8{te For River Cepture
'yDATAL1(304))

| Digtence N of 8ite For AV} N,E, Apes Coveped

1,DATAL(105))

! Upper Let, ef Glsclier For Missoule Plooding

'y 0ATAL1(106))

| Lower Lot, of Glacier For Missoule Flooding

tL,DATALCI0T))

| Amount of N,E, recharge eres stfil}! covered
'oDATALI(108)) .

! Frgetion of predugtion in N,E, cover/f)oed
1,DATAL1(109))

| Averesge N,E, Glasctor Rechaproe Pojine
*,DATAL(140))

| H,Co of Repository MHosteRoek
t,0ATAL(111))

| Repository Thicknees

1,DATAL(152))

| Max, Elevation of Ses! Level Rige
t,DATAL(113))

| Site Elevetion at Ground Surface
'yDATALI(114))

I 8{te Letitude
t,DATAL(11S))

| Rediue of 8ite
',DATALI(116))

| Hiagheat Poesible River Gredient
Y,DATAL(11T7))

I Lowest Poseible River Gradient
'yDATAL(118))

| Latitude of Glacier'e Bourcs
",0ATAL1(119))

| First Fault Weet of Baein Apnrox, on MCS
1,DATALI(120))

| Upiift Rate on Gable Mtn (For Cheek MHC)
1,DATAL(121))

| Grande Ronde Thieknees Above Repository
',DATAL(122))

| Conversion Facter For New Thpaysting MC
1,0ATAL(123))

| Horizontel to Vertice! H,C, Retio
',DATA1(128)) .

| Latitude of Wellule Gap
1,DATAL(125))

| Wanepum=8addie Path Length For The N,E,
',0ATAL(126))

| Wensoum=8addie Path Length For The 8,K,
1,0ATALC1I2T))

I X Coordinate of Discherge Arec Center
LNATAL(129))

| Y Coordinate of Diacherge Are Center
1,0ATAL(129))
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FILFE NAME w LOGICALS,NAT

ANFACTs 0,0 LANGLE FACTOR
ATM = 0,0 IFRACTIONAL WASTE TO THE AIR
AVAXISe 0,0 JANGLE BETWEEN FOLD AND NORMAL TO POSITION VECTOR
AXISANR 0,0 LANGLE OF FOLD LINE
ARTIME = 0,0 {TIME OF BREACH
CASELVS 0,0 JCHANGE IN THE CASCADES ELEYATION (METERS)
¥»a3>CHHC()® 0,0 ICHANGES IN M,C, FOR EACH LAYER(TYPE,LAYER,8YSTEM)
Do 111 113 = 1,3
DD 18 112 ® 1,4
no 114 111 = §,2 .
$11 CHHC(TIl,112,113) ® 0,0
»>u8>CHRI()= 0,0 ICHANGES IN H,C, FOR REPOSITORY (TYPE)
Do 222,111 = {,3
222 CHRA(IIL) =0,0
COSAN & 0,0 $ICO8(AVAX]IY)
CSHAFTs 0,0 ICHANGE IN SHAFT SEAL H,C,
DEP = 0,0 LAMOUNT NF SEDIMENT DEPOGITED (METERS)
NISTFDs 0,0 ILENGTH OF POSITION VECTOR
DTIME » 100, SLENGTH OF TIME INTERVALS IN YEARS
FANG = 0.0 LANGLE OF BSUB=BASALT POSITION VECTOR
»>»33>FANGLE()=0,0 {ANGLE OF EACH FOLD 'L IMB!
DO 333,111=4,4
333 FANGLE(II1) = 0,0
>>re>FOil() =2 0,0 ILOCAL FAULT DIRECTION

DO nan,txtnl.aoo

444 FDR(IT1)=0,0
FLHCNEsS 0,0 LCHANGE IN H,C, POR THE N,E, FAULT BYSTEM
FLHCSWE 0,0 LCHANGE IN H,C, FOR THE 8,W, FAULT SYSTEM
FLTNE = 1,0E7 ITIME FOR THE NEXT N,E, 8UB=SYSTEM FAULTING EVENT
FLISW = |,0E7 ITIME FOR THE NEXT 8,4, SUB«SYSTEM FAULTING EVENT
FOLNDANS 0,0 IANGLE OF POSITION VECTOR
FOLOHCE 0,0 ICHANGE IN H,C, FOR FOLD :
FPRINTS 0,0 IFRACTION OF REPOSITORY INTERSECTED

»>»38>GABHC()m0,0 JCHANGE IN H,C, WITH AN ACTIVE GABBLE MT,
Ny 585,111=4,4d

555 GARHC(II1) = 0,0

HT 2 0,0 I{FRACTION OF WASTE REMAINING IN THE GROUND
ICLIM = | ISTARTING CLIMATE
ICLINGs | ISTARTING CLIMATE FOR GLACIAL SUBMODEL
IRLAYR=U |REPOSITORY LAYER NUMBER
ITOPat} SURFACE LAYER NUMRER AT THE S8TART OF THE RUN
KEY s 5 {BREACH KEY

LCLIM == ILAST CLIMATE INDEX

LASHFLs FALSE, ILOGIC FLAG SET TRUE IF ASHFALL EFFECT 18 ACTIVE
LBFNRKe FALSE, ILOGIC FLAG SET TRUE IF RIVER IS IN BEDROCK

LBRECH® FALSE, ILOGIC FLAG SET TRUE IF BREACH

LCASTRE FALSE, ILOGIC FLAG SET TRUE IF CASCADES AFPFECT CLIMATE BY UPLIPT
LEXPOS® ,FALSE, ILOGIC PLAG 3ET TRUE IF & POLD 18 EXPOSED

LFPaSEm FALSE, ILOGIC FLAG SET TRUE IF SUB«BASALT FAULT

LFRASMs _FALSE, ILOGIC FLAG SET TRUE IF A 'MAJOR! SUB«BASALT FAULT
LFDACTs FALSE, ILOGIC FLAG SET TRUE IF THE NEw FOLD I8 ACTIVE

LFLOODm ,FALSE, ILOGIC FLAG BET TRUE [F THE SITE IS FLOOOED

LFOLD n FALSE, ILOGIC FLAG SET TRUE IF A FOLD IS t'FOUND!?

LFTINTe FALSE, !LOGIC FLAG SET TRUE IF FOLD INTERSECTS THE SITE
LICEONS  FALSE, ILOGIC FLAG SET TRUE IF THE SITE I8 COVERED BY ICE
LMAGRVE FALSE, ILUOGIC FLAG SET TRUE IF POSSIBLE CHANGE FROM MAG, EVENT
LNEWCL® ,FALSE, !LOGIC FLAG SET TRUE IF SYSTEM ENTERS NEW CLIMATE STATE
LNWSSFx ,FALSE, ILOGIC FLAG SET TRUE IF NEW LOCAL FAULT WAS CREATED
LRIVONN FALSE, ILOGIC FLAG SET TRUE IF THE RIVER I3 ON THE SITE
LROCTR®e FALSE, {LOGIC FLAG SET TRUE IF EASTERN UPLIPT

LRVCHGe FALSE, LLOGIC FLAG SET TRUE IF PO9SBIBLE CHANGE FROM A GLACIER
LRVFXDs ,FALSE, ILOG]C FLAG SET TRUE IF RIVER I8 FIXED ON THE SITE
LSEACH® FALSE, ILOGIC PLAG SET TRUE IF POSSIBLE RIVER COURSE(SEA RETREAT)
LRLIDEm FALSE, LLOGIE FI AR AFY TRUE IF POSSTRLE CHANGE FRQOM SLIDE
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LRVCHGe ,FALSE, JLUGIC FLAG SET TRUE IF PD9SIBLE CHANGE FROM A GLACIER
LRVFXDx FALSE, tLOGIC FLAG BET TRUE IF RIVER I8 FPIXED ON THE 8ITE
LSEACHE ,FALSE, JILOGIC FLAG BET TRUE IF POSSIALE RIVER COURSE(SEA RETREAT)
LSLIDEs ,FALSE, ILOGIC FLAG SEY TRUE IF POSSIBLE CHANGE FROM SLIDE
LSSFINs FALSE, ILOGIC FLAG SET TRUE IF LOCAL FAULTS ARE POSSIBLE
LTHRSTe ,FALSE, ILOGIC FLAG SET TRUE IF A THRUST FAULT 18 tFOUND!

LXICEw= ,FALSE, IGLACIER ICE HAS NOT YET REACHED WALLUA GAP

NCASE = 2 INUMBER OF EVENTS THAT CAN CAUSE PERVASIVE CHANSE TO H,C,
POST = 0,0 JIELEVATINN OF A NEW FOLD :
>>82>RAOHC ()®0,0 ICHANGE IN H,C, DUE TO MOVEMENY ON RATTLESNAKE

RAD=0,0)DPISTANCE OF GLACIER FROM BQURCE AREA
DD 666,111m1,4
666 RADHC(IIl)s= 0,0

RDFTDTE 0,0 IDISTANCE FROM REPOSITORY TO THE SUB=BASALT FAULT
REDU @ 0,0 1REDUCTION IN GROUND WATER

RKML(1)21000,0

RKML(2)=1000,0

RKML (3)=1000,0
ROCKEL® 0,0 ICHANGE IN ROCKY MTN, ELEVATION FROM TIME 0

RPGDST=100,0 IVARIABLE TO STORE TOTAL CHANGE AT THE REPDSITORY DUE TO HEALING

SEA s 0,0 J18EA LEVEL WITHOUT ANY ICE TAKEUP .

SICELT= 0,0 $1ICE THICKNESS FROM THE LAST TIME STEP

SICENE® 0,0 {LAST ICE THICKNESS OF THE N,E, 8ITE

S17]80s 0,0 {CURRENT IBO0STATYIC ADJUSTMENTY

SLOPE = 0,0003901SLOPE OF THE RIVER IN THE BASIN
SNLAST=] ,0E7 {TIME OF LAST ISOSTATIC EFFECTS

STATNEs 0,0 1ISOSTATIC EFFECT POR THE N,E, AREA
SUBFTN20,0 JCUMLATIVE NUMBER OF FAULTS
SUMFTN=30,0 JCUMLATIVE NUMBER OF LOCAL FAULTING EVENTS

SURYATE 0,0 IFRACTION OF WASTE GOING INTO YTHE GROUND WATER
TFLER w 0,0 1TOTAL AMOUNT OF FOLD ERDSION
THICKGR 0,0 $ICE THICKNESS ON THE BITE
THICNE®= 0,0 JICE THICKNESS ON THE N,E, RECHARGE POINT
THRCH = 0,0 tTHRUST FAULTY K, C, .
THAHC = 0,0 ITHRUST FAULT H,C,
THRWD ® 0,0 ITHRUST FAULTY WIDTH
TIMEH ®» 0,0 ITIME
TLSTHE= 1,0E7 ITIME OF LAST N,E, ISOSTATIC EFFECT
THSULAS 0,0 ITOTAL AMOUNT OF MISSOULA FLOOD FLOW
TOTRHEN 0,0 ITOTAL REPOSITORY H,C,
TRMOVER 0,0 ITOTAL THRUST MOVEMENT
TTINE = 0,0 1 TIME
TYTIMER 0,0 1TIME
TMOSF=0,0 I1TOTAL FLOOD ERQSION/DEPOSITION
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(FLEC3 VERSION 22,48) 28=0CT=8} 10815104 PAGE 0000¢

00601
060002
00003
000049
0001S
00006
00007
90008
00009
00010
00011
00012
00013
00014
00015
go0is
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
0003S
00036
00037
00038
00039
00040
00041
00042
00043
00044
0004S
000ub
00047
00048
00049
00050
00051
00052
00053

OO0 NO0O0OO00O000000ONO00OO00O0000

(2]

KARRRARRNRNRARRRRAANRRARNN CLIM FLX AAARAN AN RNRANAANAANARARORANR

THIS SUBMODEL PROVIDE3 FOR 3

THE CLIMATIC STATE

NET PRECIPITATION

RECHARGE

YASH FALL" TRIGGERING

UPLIFT OF THE CAACADESAND CORRESPONDING OROGRAPHIC EFFECTS
UPLIFT OF THE MOUNTAINS TO THE EASTAND CORRESPONOING ORQOGRAPHIC
EFFECTS

IN THE FOLLOWING WAY}
THE CLIMATE INPUT FILE HAS BEEN READ IN TO PROVIDE FORs
CLIMATE INDEX(INTERGLACIER TO STADIAL)
THE BYSTEM TIME
A CONTROL VARIABLE USED TO "FORCE® EVENTS DURING A
MODEL RUN

ALLOW FOR ASH FALL EFFECTING THE CLIMATE

DRAW FOR NET PRECIPITATION AT BOTH THE NORTH EAST AND
SOUTH WEST RECHARGE AREAS

ALLOW FOR NET UPLIFT OF MOUNTAINS TO BOTH THE EZAST AND WEST OF
THE BASIN

ORAW FOR RECHARGE AT BOTH THE NORTH EAST AND SHOTH WEST RECHARGE
POINTS

ALLOW FOR DROGRAPMIC EFFECTS
SUARQUTINE CLIM

INCLUDE 'DI3[226,226) COMMON,FLX!
CALL NOTE(S,'#CLIMATE")

WHEN (LCLIM NE, ICLIM)

LNEWCLS  TRUE,

SELECT(ICLIM)

o+ (1) CALL NOTE(13,'INTER GLACIAL')
o« (2) CALL NOTE(13,'TEMPERATE CL,")
o« (3) CALL NOYEC(12,"INTERSTADIALY)
o« (4) CALL NOTE(7 ,'STADIAL')
eeefIN

LASHFL = ,FALSE,

LCLIMeICLIM

seoFIN

ELSE LNEWCL® ,FALSE,
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(FLECS VERSION 22,46) 268e0CT=8} 103315208 PAGE 00002

00054 C

00055 o

00054 C

00057 o ALLOW FOR TRIGGER EFFECY HERE

00058 C IF( NOT LASHFL)

00059 C IFCLTEST(PASHFL))

00060 c CALL NOTE(8,'ASH FALL') IWRITE TO MISTORY FILE
00061 cC IF ASH LOAD ,GY, CRITICAL AMQUNT

00062 C IF(ICLIM (EQ, 3)

00063 c CALL NOTE(14,'FORCED STADIAL')

00064 o CALL NOYTE(19,!'FORCED GLAC, GROWTH')

0006% C LASHFL = ,TRUE,

00066 C LNEWCL = ,TRUE,

00067 c FIN

00068 c IFCICLIM LT, 3)

00069 C ICLIMBICLIM+Y IFOR THIS STEP DNLY

00070 c CALL NOTE(16,'CLINATE INCREABE!)

00071 c FIH

00072 C FIN

00073 C FIN

00074 o

00075 o IF (LASHPL) ICLIMs4

00076 C THE ABOVE WILL BE RESET WHEN A NEW(NOT 3) CLIMATIC CODE I8 TAKEN
00077 c FROM FILE # 7

00078 c

00079 c

000Rn0 C

00081 c

00082 c

00083 c

000R4 c

0008S ¢ evescovncuwasssosseslENS] TYanee

00086 RAINNERPROBCICLIM) JORAW FOR TOTAL NET PREC!PITATION FO“ THE N,E,
00087 RAINSWEPROB(ICLIM+4) |DRAW FOR TOTAL NET PRECIP, FOR THE 8,N,
00088 ¢ essnesencsnsnecenansDENSITYe

00089 C

00090 <

0009} C

00092 C

00093 c

00094 C 8,0, FOR GREATER RAINFALL AT HANFORD BECAUSE
00095 C THE CASTAVES ARE UPLIFTED

00095 IF(,NOT, LCASTR)

00097 c o IF THE CASCADES HAVE NOT ALREADY BEEN UPLIFTED
00094 . IF(LTEST(PCABUP) ,OR,IPORCE, EQ,4)

00099 » o UCALL NOTE(14,'CASCADE UPLIFT!")

00100 . » LCASTRe,TRUE,

00101 s eeofFIN

oo102 seofFIN

00103 WHEN(LCASTR)

00104 C snocvevesvecsvacwrens)ENS] TYoeocnanssaasacnssuassne
0010S s CASELVRCASELV4PROB(9)ADTIME ICASCADE UPL['?
00106 C coccvwrensnncneveseeDENS[TYe

00107 anoFIN

00108 ELSE

00109 C sseovenveswnsanccsescveslENE] TYounsosoveseananosasene
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(FLEC3 VERSION

00110
00111
00112
00113
00114
00115
00114
00117
00118
0o0i1s
001290
00121
00122
ooies
0o0i24
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00349
00150
00151
oo1s2
00153
00154
0015SS
00156
00157
00158
00159
00160
00161
00162
00163
00164
00168

OO O0 (o]

[z Ne]

©

OO0 0O0 [aXa¥2Xx] © (g ]

00

22,46) 28«0CTe81 10315108 PAGE 00003
e CASELVNCASELV=PROB(10)*DTIMEIERODBION

ssaveansosvevenevesevelENS]TYvovenwnoanonee
eseFIN

sonesessvsecnnsnccenlENS] TYnaae

CHCSNERPOLY (1,CASELV)+PROB(11) JCHANGE(NE) DUE TO CASCADE UPLIPT/SUSSIDE
CHCSSHIPQLy(z,CASELV)#PROG(12)ICHANGE(SN) DUE TO CASCADE UPLIFT/8SUBAIDE

[ p————— ] 4]} & & PTT T TP T YT T T LAY T

TEST FOR INCREASED RAIN FALL AT HANFORD BECAUSE OF
UPLIFT TO THE EAST

IF(,NOT, LROCTR)
ir THE MOUNTAINS TO THE EAST HAVE NOT ALREADY BEEN UPLIFTED ENOUGH

L]

o T0 EFFECT THE CLIMATE AT THE SITE
o [IF(L TEST(PRKUP) ,0R, IFORCE.ZQ,%)
e o CALL NOTE(14,'EASTERN UPLIPT!)
e o+ LROCTR® ,TRUE,

o oeoflIN

eeoFIN

WHEN(LROCTR)

cecsvsoncecencsscsesslENS]TYuee ceow

« ROCKELBRUCKEL+PROB(13)nDTIME lEA!T;RN upPLIFT
sececevvecsccccsenwacDENSITYe oo

esoFIN

ELSE

sacccesscccsscsevevalENS] TYooessonasosunnecscense
o ROCKELWROCKEL=PROB({4)#0OTIME [EASTERN EROSION

sococevsscvescccvenclENS] TYveosoeonosucesascasewe

eeoFIN

NEXT ALLOW FOR OROGRAPHIC EFFECTS,FROM EASTERN UPLIFT,IN THE N,E, AND
S,H,

veccsDENS] TYeue -
CHRKNE-POLY(S.RoanL7¢Pnoa(15)
CHRKSWEPOLY(4,ROCKEL) +PROB(16)

covseesscevssssceseselENS]TYeoreossecoccasoseccnns

ADD IN ANY ELEVATION CORRECTIONS

RAINNERRAINNEY (RAINNEXCHCSNE) + (RAINNE#CHRKNE)

IF(RAIN NE LT, 0,0 )

« CALL RNUMBR(13, 'ZERO RAIN(NE)',RAINNE)

RAINNES|,0E=S

THIS SHOULD MOT HAPPEN) BUT TQ AVOID FATAL COMPUTATION ERRORY
THIS AIT OF CODE WILL SET THE RESULT TO {,0E=3 AND WAAN THE USER
OF A POSSISLE ERROR

sesFIN

RATMSWERAINSW+ (RALNSWHCHCSAW) + (RAINSHACHRKSW)

IF(RAIN 8W LT, 0,0}

« THIS SHOULD NOT HAPPENy BUT TO AVOID FATAL COMPUTAT]IONAL ERRORS
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(FLECS VERSION 22,46) 28=0CT=81 10115104 PAGE 000040

00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00478
060179
00180
00181
oote2
00183
00384
0018S
00186
00187
00188
00189
00190
00191
00192
00193
00194
00198
00196

c o THIS BIT OF CODE WILL SET ATHE RESULY TO0 {,0E=S AND WARN THE UBER
c « OF A POSSIBLE ERRDR
o CALL RNUMBR(13,'2ERO RAIN(SN)!',RAINSGN)
e RAINSHWES OEeS
eedFIN
c
c
c
c
c
c
c
C
c
c
c
c
c
( GET THE DRAW FOR THE FRACTION OF NET RAINFALL THAY GOES INYOD RECHARGE
c eveccsusevnccnsnnscsDENS] TYneonsnuvvunesnvaveane
RCHNESRAINNE«PROB(ICLIM+16)
RCHSWERAINSWAPROB (ICLIM+20)
C sewsevensensencennwneDENSITY (1 1]
c
C
c
c
c
c
RETURN
END

(FLECS VERSION 22,46)
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(FLEC3 VERSION 22,48) 28=0CT=A14 10319142 PAGE 0000}

00001} (o rehanattditanannednewtd DEFORMFLY #AaRaatatat ot aettddeasddndans

00002 c A

00003 c DEFORMATION SUBMODEL ACCOUNTS FOR ¢

00004 c FOLDING

00005 [ CHANGES IN H,C,

00006 c LOCAL, FAULTING IN THE M,C,9,

00007 c

00008 c

00009 SUBROUTINE DEFORM

00010 c

00011 c

00012 INCLUDE *'DIg31226,226) COMMON,FLX®

00013 c

00014 CALL NOTE(12,'#OEFORMATION!)

0001S c

00016 SET=PROBABILITY

00017 ALLOWN=FOReYPLIFTeSUBSIDENCE=ANDSEISMICEVENTS

00018 CREATE=ANEW=FAULT

00019 CHECK=FOR®ANY=ACTIVE=LOCAL=FAULTS

00020 CHECK=FOR=THRUST«FAULTS

00021 CHECK=FOR«PFOLD=ACTIVITY

00022 CHECK=FOR=NE«FAULTING

00023 CHECK=FOR=SWeFAULTING

00024 CHECK=FOREXPLICT=GWARHS»ATeTHE=SITE

0002S RETURN

00026 c

00027 c

00028 Cc AR A AR AR A AN R A AR RN AR N RN R AR N AN RS RAANA N AR NN ANRARRNRENARRAAA NS
PSSP PSSeUNTEPS PO PO RNENEESNTOSTSTNTReSN

00029 TO SET=PROBABILITY

00030 c Aea S EToPROBABILITY AR A A AN AR A AR R AR NN AR R AR AR RN AR ARN AR RO RAARERD

00031 c "

00032 c .

00033 c o IF A BUBAASEMENT FAULT OCCURED CHANGE THE PROB, NUMBERS

00034 o WHEN(L FBASM)

00035 s o PHNEWFTESPNWFTE |CHANGCE OF 'CREATING' A NEW PAULT

00036 « o PNEWFOBPNWFDF JCHANCE OF 'CREATING! A NEW FOLD

00037 o o PNEWTRuPNWTRE |CHANCE DF 'CREATING®' A NEW THRUST

00038 e« o PFACTEPFLATF {CHANCE OF PFOLD GROWTH THIS TIME STEP

00039 e o PSSEXwPSSEXF ICHANCE OF AN 'EXTRA' LOCAL EVENT

00040 e o« PTREXWPTREXF JCHANCE OF AN 'EXTRA! THRUST FAULT EVENT

00041 o o PNE EXePNE EXF JCHANCE OF AN 'EXTRA' N,E, FAULT EVENT

00042 e« o PSWEXBPSWEXF {CHANCE OF AN 'EXTRA' 8, W, FAULT EVENT

00043 c e o AVRATEAVRATF JAVERAGE NUMBER OF EVENTS ON RATTLESNAKE

00044 . o AVGABmAVGAPBF JAVERAGE NUMBER OF EVENTS ON GAALE MT,

00045 c e o AVSADEAVSAOF JAVEQAGE NUMBER OF EVENTS ON SAODLE MT,

000a4 o seofFIN

00047 o« ELSE

00048 [ « o ELSE USE STANDARDED VALUES

00049 e« « PNEWFT® PMWFT JCHANCE OF 'CREATING' A NEW FAULT

Q00S0 e« « PNEWFDEPNWFD JCHANCE OF 'CREATING!' A NEwW FOLO
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00051 PNEWTRRPNWTR JCHANCE DF 'CREATING' A NEW THRUSY

L] L ]

000Se e o PFACTEPFLAY ICHANCE OF FOLD GROWTH THIS TIME SBTEP
00053 « o PSSEXxs0,0 JCHANCE OF AN 'EXTRAY LOCAL EVENT
00054 e o PTREX=0,0 JCHANCE OF AN 'EXTRA' THRUBY FAULT EVENT
00055 o o PNE EXm0,0 JCHANCE OF AN 'EXTRA' N,E, FAULT EVENT
00056 e o POWEX 80,0 JCHANCE OF AN SEXTRA' 8. W, FAULY EVENT
00057 C e o AYRATBAVERAT JAYERAGE NUMBER OF EVENTS ON RATTLEONAKE
00058 e o AVGABEAVEGAB JAVERAGE NUMBER OF EVENTS ON GABLE MY,
00059 c e« o AVSADEAVESAD IAVERAGE NUMBER OF EVENTS ON SADDLE MT,
00060 o wpeFIN
00061 eveFIN
00062 C
00063 C
00064 c 2 e T P T T T P eI T LTy

LA LD DL LD L Ll LYY T Y Xt ) - L2 2 1 1}
00065 TO ALLOK=FOR=UPLIFT=SUBSIDENCE«ANDaSEISMICaEVENTS
00066 c exnnnanktdnewn ALLOWSFORSUPLIFTu8SUBSIDENCEANDeSEISMICSEVENTIRARARGa AR
00067 C wwkaALLOW FOR UPLIFT AND BUBSIDENCERA AR ANRNSIASAARSINACANRARNANIRSY
000K8 . C .
00069 C .
00070 C « DRAW FOR SURSIDENCE IN THE BASIN
00071 c o RELATIVE TO THE THME N,E, AREACI,E,'ZERO' VERTICAL MOVEMENT IN THE N,E
00072 [ whkakadnnntanknntas DENSITY CURVE anusamnnnnntdavannn

00073 o CHBABR=PROAR(106)#DTIME JSUBBSIDENCE(OR UPLIFT) 1IN THE BASIN

00074 C o NOTE YHAY THE ABOVE HAS A MINUS SIGN

0007S C AERRANRRA RN AR AN ANN R AR AR ANARNANRARRNARRNERNNNRENRRANN

00076 s SELEVEIELEV+CHBAS

00077 o HEADBSSHEADBS+CHBAS

00078 C + THEN DRAW FOR THE RELATIVE CHANGES AT THE FOLLOWING AREABS
00079 c whkhbadhrntanannrns DENSITY CURVE wannanansravndannnn

pooac o STRATSPROB(J07) }STRAIN RATE FOR RATTLESNAKE

ooo81 c 2 Ty T o Y Y Y YR T2 X X T L)

000AR2 v HOSBWWSEHDSWHWS+STRATRDTIME

00083 o HOSHNGRWHOSHGR4STRAT#DTIME

00084 o ERATTLRERATTL4STRATAOTIMEJRATTLESNAKE ELEVATION CHANGED
000RS o whkhkhthnakowhnntnt DENSITY CURVE wAnAnAnnddndndrsban

00086 o STSADBPROA(108) JSTRAIN RATE FOR SADOLE M7,

00087 c (X T R e e R R R T R e A I R T P P T T

00088 o ESENTWEBENT4+STSADRDTIMEISENTINEL GAP(BADOLE MT)

D00RY9 Cc . whrnnpntkdtanwatnan DENSITY CURVE Aanantannnavewraann

00090 e STGABEPROB(109) JSTRAIN RATE FOR GABLE MT,

00091 [ AR AR R RN AR AR AN AR AR AN NN AN AR AN ANNRRARN AR AR AR

00092 e EGABSEGAB+SYGABaDTIME}GABLE MT,

00063 C waknhanwkhranwknane DENSITY CURVE ananatananntawandnd

00094 o EWALLSEWALL+PROB(310)aDPTIMEIWALLULA GAP (HORSE HEAVEN HILLS)
00095 [ L3 L Y R R R R R R X R e I R R R R S PR PR T g ey

00096 C AR R AR R AR AR AR NN AN AN N A AN AN ERE AR AN AR AR NSRRI

00097 « IF(BTGAB,GE, SIGAB T)

00098 e o NEVENTEPOISOM(AVGAB)

00099 C . e SUMFTNmSUMFTHReNEVENY

00100 . . IF(NEVENT,GT,0)

00101 « o » DOCIE1,NEVENT)

00102 c e o o o LAYERmLAYRNS

00303 c e o o s TOTALeUP=HC
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0oio04
00105
00104
06107
00108
60109
o01to0
00111
00112
00113
00114
00115
00116
00117
oo118
00119
00120
00121
00122
00123
00124
0012%
00126
90127
00128
00129
00130
00131
00132
00133
00134
00138
00136
00137
00138
00139
00140
00141
00142
060143
00144
00145
00146
00147
00148
00149
00150
00151
00152
00153
00154
00153
00156
003157
00158
00159

c

c
c
c

cC
cc
cc
cc
cC
cc
ce
cc
cC
cc
cC
cc
ce
cc
cc
cc
cc
cc
cc
cC
cc
cc
cC
cc
cC
cc
cC
cc
cC
cc
cc
cC
cc
cC
cC
cc
cC
cc
cC
cc
cc
cc
cC
cc

ARRARARNRARR ARkt DENBITY CURVE ARAANRANRRNAANROAGN
e o s o GABHCCLAYRWS)SGABHC(LAYRNB)+PROB(112)*HYDCNI(LAYRNHE,2)
e s s s LAYERWLAYRGR
s s o o TOTALUP=HC
e o o o GABHC(LAYRGR)uGABHCC(LAYRGR)#PROB(112)#HYDCNI(LAYRAR,2)
RN RANARR TN AR EANR AR NN RN R AR AACOARNRRRR AR RARRAAANA
e o o s CALL NOTE (17,'GABBLE MY, ACTIVEY)

L] L] . .'.FIN
L ] L) ...'IN

. ...F'IN
eedFIN

IF(STSAD,GE,S8TSAD T)

NEVENY.POISON(AVSAO)[G!Y THE NUMBER EVENTS THIS TIME IT!P
IF(NEVENT 6T, 0)

SUMFTNBSUMFTNNEVENT

00(I=1,NEVENT)

CALL NOTE (18,'#8ADDLE MT, ACTIVE')|NOTE CHANGE IN DOC,
LAYER®LAYRWS

TOTAL=UPaH(
arnnaantnavannentes DENSITY CURVE #oaaatnsatatttnnten
SADHCC(LAYRWI)wSADHC(LAYRWS)+PROB(111)2TOTAL
LAYERSLAYRGR

TOTAL=UPeHC
SADHC(LAYRGR)®SADHC(LAYRGR)+PRUB(111)aTATAL
ANRRARRAARAR AR SRR ANARAAR R AARNAN P AN RANAAARRDAN AN R AAANS
FIN

FIN

FIN

IF(STRAT,GE, 3TRAD T)

NEVENTSPOISQON(AVRAT)

IF(NEVENT,GT,0)

SUMFTNESUMF TN NEVENT

DO(Imi,NEVENT)

LAYERSLAYRNWS

TOTAL=UPeHC

Rannndkansnaneantty DENSITY CURVE mananataadantdnntnn
RADHC(LAYRWS)wRADHC (LAYRNWS)+PROB(113)#TOTAL
LAYERSLAYRGR

TOTAL=UPeHC
RAOCHC(LAYRGR)BRADHC(LAYRGR)¢PROB(113)+TOTAL

ACTIVITY ON RATTLESNAKE RIDGE

2 R P L L e e R R Y T R I AT Y
CALL NOTE (19,'®RATTLESNAKE ACTIVE!)INOTE CHANGE IN DOC
FIN

FIN

FIN

10 TOTAL=UPeHC
TOTALRSADHC(LAYER)+RADHC(LAYER)+GABHCC(LAYER)$HYDCN(LAYER, 2)
1 +CHHC(3,LAYER,2)4CHHC(2,LAYER,2)

IFCTOTAL .LE,0,0)

THIS SHOULD NOT HAPPEN, BUT JUBT IN CASE CHECK HERE

CALL PNUMBR(12,'H,C, TOO LOW', TOTAL)ICHANGE DOC

CALL RNUMBR(11,'FIRST VALUE',HYDCN(LAYER,2)) }CHANGE DOC
TOTALS) E=y0
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00160 cc FIN
00161 cC FIN

00162 c

00163 %

00164 c

0016% C

00166 C LI Y R 2 R R R Y e T P e T T R T T T T R T T 2 2 XTI T T
00167 TO CREATE=A«NEW=FAULT

001AA8 [ wnsaCREATE A NEW FAULTRR AR RN RA R AN RRARANNARARNRARRNARARANEAR AN RAARSY
00169 C . .

00170 C .

00171 c o S8EE ABOUY 'CREATING' A NEW LOCAL FAULY

00172 e IFC(IFORCE,EQ,8,AND, ,NOT, LSBFIN)

00173 o o CALL NDTE(19,'ND NEW FAULY FORCED!')

00174 e o IFORCE=mO

00175 e eooFIN

00176 e IFC(IFORCE,EQ,8,AND, LNWSSF)

00177 e o UCALL NOTE(16,'NEX FAULT FORCED!) .

00178 o o LNWSSFe FALSE, ISET FALSE TO ALLOW THE USER TO FORCE
00179 c « e MORE THAN ONE NEW LOCAL FAULT

00180 e egeFIN

00181 e IF( NOT,LNWSSF AND,LSSFIN)

00182 C e o JF A NEW LOCAL FAULT HAS NOT ALREADY BEEN CREATED AND
00183 C e » LOCAL FAULTS ARE ALLOWED THIS RUN THENI

00184 « o IF( L TEST (PNEWFT),OR, IFORCE,EQ,8)

00185 c e o o IF 2 8,0, 18 TRUE FOR CREATING A NEW LOCAL FAULT THENS
00186 o e e« o WRITE TO THE HISTORY FILE

00187 o « o o FIND THE MAXIMUN DISTANCE BETWEEN FAULTS AND PLACE THE
00188 C e o o NEW FAULT THERE :
00189 C e o o THEN DRAW FOR1:

00190 [« e e @ WIDTH

0019] C e e @ DIRECTION

00192 C e s » AND STARTING HYDRAULIC CONDUCTIVITY

00193 C o e o SET THE STARTING TIME POR THE 'NEXT! EVENT TD THE CURRENT TIMme
00194 c e e e AND INCREASE THE NUMBER OF LOCAL FAULTS BY |
0019S e o o CALL NOTE(15,"'NEW LOCAL FAULT?)

00198 o o o LNWSSFe_TRUE, IMARK THAT A NEW FAULT HAS FORMED
00197 e o o DISMAXEe], 0E24

00198 ¢« o o IMAXEW]

00199 c « e & FIND THE MAX, DISTANCE BETWEEN FAULTS

00200 e o o DO(Imi{,N88FTe])

00201 e o o o DIBCURBFAULT(I+1)=FAULT(I)

00202 e o o o JF(DIBCUR,GT,DISMAX)

00203 e e o o o DISMAXEDISCUR

00204 e o 8 o o IMAYR]

00205 e o o o oeeefFIN

00204 o o o 9asfFIN

00207 C e o o NOW INSERT THE NEW FAULTY

00208 e o o JF(NSSFT,EQR,200)

00209 e o o o CALL NNTE (1S,'LOST LAST FAULTY)

00210 « s o o NSSFT=i99

00211 s o o eeeFIN

00212 e o o DO(IKENSSFT¢],IMAXG )=])
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00213
00214
00215
00aies
00217
00218
00219
09220
00224
00222
00223
00224
0022S
00226
00227
00228
00229
00230
00231
00232
00233
00234
002358
00236
00237
00238
00239
00240
0024y
00242
00243
60244
00245
00246
00247
00248
00249
002s¢
00251
00252
00253
00254
00255
00256

00257
00258
00259
00260
00261
00262
00263
00264
00265

c
C
c
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Ze

e
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28+=)CT=81 10815132 PAGE 0000S
SSFTT(IK)®BSFTT(IK=1) | TIME

L

e FOR(IX)SFOR(IK=1)]OIRECTION

o BSFTHC(IK)®SIFTHC(IKe1)|H,C,

o RESET(IK)SRESET(INei) JRESET TIME
o FAULT(IK)SPFAULT(IKe{)]DISTANCE
NOSFTENSSFT4+1

S8FTT(IMAX) @TTIMELSET THE FAULT TO BE ACTIVE THIS TINE sTEP
RESET(IMAX)®0,0

wanantadwtn DENSITY CURVE ANAstddtadndtdntdnn

FWIDTH(IMAX)uPROB(83)/CQ3AN
FOR(IMAX)SRTREND+PROB(84)
SBFTHC(IMAX)SPROB(114)»FTHCSS [GET STARTING M,C,
SUMFTNRSUMF TN+, 0

AENRRRAANNERARAAN AR RRNAARANRNANAASAANANARAAANS

FAULT(IMAXISFAULT(IMAX)+0TI8MAX/2,0 LSET NEN OISTANCE

DO(In1,NSSFT)

o« CALL RNUMBRC1Q,'@FAULT NEW!,FAULT(I)) ‘

o IFCILEQ,IMAX)CALL RNUMBR(18,t*NEW FAULY DISTANCE!,FAULTCINAXY)

seoFIN

IF(ABS(FAULT(IMAX)),LE, SITRAD)

CALL NOTE(12,'SITE FAULTED!)

NEXTFTENEXTFTe|

IF(NEXTFT,GT,50)

e« CALL NOTE(18,°'LOST FAULT IN RERS!)

o NEXTFT=S0

.."IN

IPSITINEXTFT)mIMAX

ANGRANGBTN(FDR(IMAX),ANCROS)

REABS(FAULTIIMAX)*SINCANG/ST,296)) 1,8, GET THE
NORMAL DISTANCE
TO THE FPAULT

RLENGHRSQRT(SITRAD#SITRAD=R®R)#2 JLENGTH OF FAULT 81ITE

INTERSECTION

AREASRLENGH= (FPWIDTH(IMAX)/71000,0)*COSAN

FRAC(NEXTFT)SAREA/ (SITRAD#SITRAD#3,143199)

CALL RNUMBR(17,'FRACTION OF INTER!,FRAC(IMAX))

FIN

We @ o o ® & & & 5 ¢ 08 e 8 o

e
Ze

*

ARRANAANR AR E AN R ARNA R AN AAN AR AN RN AR AARNN SRR AR AN AR AR RARR AR AR ARRARNR

oo oo

T0 CHECK«FOR=ANY=ACTIVE=LOCAL=FAULTS
wna®CHECK FOR ANY ACTIVE LOCAL FAULTOARRRANNRNRRAARAANRRANNRNNAR

IF(NSSFT ,GT, 2)

RENEMBER THAT THE {ST AND LAST FAULT ARE OUTSIDE THE BASIN
FIRST CHECK FOR ANY EXTRA EVENTS CAUSED 8Y SUBBASALT FAULTING
DO(KE2,NSSFTel)

IF(LTESTW(PSSEX) )

D.35
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00266
00267
00268
00269
00270
00274
00272
00273
00274
00275
00276
00277
002748
00279
00280
002814
00282
00283
00284
00285
00286
00287
00288
00289
00290
00291
00292
002913
00294
00295
00296
00297
00298
00299
00300
00391
00302
00303
00304
00305
00306
00307
00308
00309
00310

00341
00312
00313
00314
00315
00316
00347
00318

O000

oOon

>0

C
c
c

(o] [aXaNaNeNgl

»
»

»
»

Me © & o © o & o 0 HhoOo e H$o e ® @ " 9 O T e e ¢ 6 o0 BHo o Beo e e ¢ a e ¢ e e o

»
»

® ® & ¢ 9 & © @ o o He o B»® ® @ @ » & ® 0 @ ¢ o N o Beo o e s e o v e oo
»
»

»
»

»
»

»
»

»
»

—e
e

28=0CTe8}

L] [

s o o IF A
[] . .

. [ Y ]

] ] [ ]

« « » CALL
L] [ .

¢« o sesFIN
o o ELSE

L] [ ] [ ] C‘LL
ARARASRARNES
. 1]

L] .

ANdN

° ] II.FIN
o oeeofIN
...FIN

REPEAT UMTIL(
TMIN®1 ,0E2

« IF(8SFT
. IF T

10115112 PAGE 00008

WHENC(RESET (K) (LT, TIMEH)

LOCAL FAULT IS TRIGGERED AMEAD OF TIME THEN?

WRITE TO THE HISTORY FILE
RESET THE TIME POR THIS LOCAL FAULT TO BE ACTIVE YO
THE CURRENT TIME

INUMBR(16,'EXTRA ADJUSTMENT!,K)

SSFTYT(K)aTTIMEIRESET TIME TO EVENT TO OCCURE RIGHT NOW

INUMBR (14, "EXTRA EVENT ON!,K)
DENSITY CURVE aaaAntanatadsanyand

¢« SSFTHC(K)uSSFTHC(K)+PROB(114) IGET CHANGE IN M,C,
e SUMFTNSSUMFTN+1,0
T L L I P T P L P AL L

TMIN,GE, TEND)
0

DO(Kn2,N8SFTe})

T(K) 4 LT,TEND)
HIS LOCAL FAULT I8 ACTIVE THENS
WRITE TO THE HISTORY FILE

L ]

L]

L]

L ] L[]

[ L)

o o o CALL INUMBR(12)'FAULT ACTIVE!,K)

. s e DRAW FOR HYDRAULIC CONDUCTIVITY

e e e ORAW FDR THE TIME UNTIL THE NEXY EVENT
santannrstns DENSITY CURVE wanandtnnandtnnennny
o o o+ TINCaPROB(BS) IGET INCREMENT IN TIME
¢ o o SSFTHC(K)=PROB(1313)+88FTHC (K) § ADD YO CHANGES IN K
(A R Y T ey T LR T 22 2
e o ¢ SUMFTNRSUMFTN¢l,0

¢« o o RESET(K)®mSSFTT(K)+TINC#FREAFT

o o o SBFTT(K)=SSFTT(K)+TINC

[ ] ] QOOFIN

o o THINSMIN(SSFTT(K),TMIN)

[ ] .'.FIN

o CALL RNUMBR(12,'#MIN, EVENT®!,TMIN)

OOOFIN

FIN

AR RAAR AN AN N RARNAN AN AN AR RPN AR ANANN RN ANA AN RN AARANRARANRN AR AN AN

TO0 CHECKwFOReTHRUSTFAULTS
sueaCHECK FOR THRUST FAULTSANANANAANAARRAAAAANNNRRNARAARNANRRAAR

CHNECK FOR 4 THRUST FAULT IN THE REPOSITORY

IF(,NOT, L TRUST)
IF THERE I8 NOT A THRUST FAULT THEN TRY 70 CREATE ONE
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00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
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00332
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00340
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90350
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28=0CT=81 10315¢t42 PAGE 00007

IF( L TEST(PNEWTR) ,0R, IFORCE,EQ,9)

MWe o o ¢ e % o a0 ® %O o B O &0 e voa

L4

LA ]

.
IN

IF THE 8,0, I3 TRUE FOR A THRUST FAULT IN THE REPOSITORY THENS
DRAW FOR 1
THICKNESS

HYDRAULIC CONDUCTIVITY
AND SET THE TIME TO THE 'NEXT', THRUSTING ACTIVITY TG CURRENT TImg

8ET LOGIC FLAG

WRITE TO THE HISTORY FILE
wnannnnnw DENSITY RVE AARRARANANRANARAARN
THRWDRPROB(86) (GET THRUST WIDTH
THRHC®PRUB(11S)aTRSTRT 1GET STARTING H,C,
RARRRANARARRARRRANARRARARNAAANNR S AR ARAANAROR
IF(THRWD ,GE (RPUSTH)
o IF THIS MESSAGE OCCURS THEN THERE 18 AN ERROR IN CURVE 11S
s CALL RNUMBR(1S,'THRUST TOO WIDE', THRWO)
o THRWDSRPOSTH/2,0
saoFIN
TRUSTTATTIMELSET THRUST TO BE ACTIVE THIS TIME STEP
RESET Tso0,0
TRMOVE®O,0
LTRUSTS TRUE,
SALL NOTE(16,'NEN THRUST FAULT!)

IN

IF(L TRUST)
IF(LTESTW(PTREX])
- THRUST EVENT TIMING EFFECTED BY A 8SUBeBASALY FAULTING EVENTY

L2

WHEN(RESET T,LE,TIMEH) '
o THE TIMEING OF THE SCMEODULED EVENT 18 RESET
CALL NOTE(1S,'THRUST ADJUSTED!')
TRUST TeTTIMELISET TIME TO ALLOW FOR THE EVENT TO OCCUR THIS STEP
..FIN
LeE
AN EXTRA FAULTING EVENT OCCURS WHICH DOES NOT EFFECT THE TIMING

CALL NOTE(18,'EXTRA THRUST EVENT!)

anntnanhanwdtnn DENSITY CURVE AN AAANaadaddddndadn

1 ]

* &

Hl

THRHCHTHRHC+PROB(115) IGET CHANGE IN H,C,
TRMOVERTRMOVE+PROB(116) 1GET CHANGE IN TOTAL MOVEMENT
SUMFTNRSUMFTN+1,0
ANAANARRANAR AR AN AR AARA AN RN ARANNAARANRS
eeoFIN
FIN
LE (TRUST T LT, TEND)
IF THE THRUST FAULT 18 ACTIVE THIS TIHE STEP THEN
DRAW FOR A CHANGE IN HYDRAULIC CONDUCTIVITY
AND DRAW FOR THE TIME UNTIL THE NEXT EVENT
CaLlL MUTE(13,'THRUST ACTIVE!)

.
.
o
E
N
e OF THE CURRENTLY BCMEDULED EVENT
.
*
.
D
.
*

ahnntrharhhanttdd DENSITY CURVE AANAARRANANTRANAARS

°
.
.
.
.
[}
.
.
.
.
»
.
L
.
L]
.
.
»
[}
.
.
.
*
.
L
.

.
.
.
.
.
.
.
.
*
.
.
.
*
.
.
W
.
L]
.
.
*
.
.
.

THRHCRTHRHC+PROB(115) $ADD TO CHANGE IN H,C,
TRMOVERTRMOVE+PRDOB(1186) (ADD TO TOTAL MOVEMENT
TINCaPROB(87) {INCREMENT IN TIME UNTIL THE NEXT EVENT
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00375 C T I A I I I T L L I I T L T e T T T L

00376 e o o SUMFTNESUMFTN¢],0

00377 e« o o RESET TmTRUST T+TINCwFRESTR

00378 e s o TRUST TaTRUST T+TINC

00379 e o oesFIN

0038n o ogofIN

00381 seofFIN

00382 c

00383 4

00334 C

00385 C AR RN AR AR AR RN IR AR RA N AN IR AR RAN RN R RN ARAARRARNRANRAAAR AR AT A RNR
L L DL LI T L LYYy L L L 71 1 0 1 1 41.71.]

00386 T0 CHECKeFOR«FOLDeACTIVITY

00387 [« anaaCHECK FOR FOLD ACTIVITY AN Naanaa At att At AR AN AN AN ARy

00388 ¢ . '

00389 4 °

00390 o IF({ (NOT, | FOLD)

00391 C o o IF THERE 18 ND FOLD PRESENT SEE ABOUT CREATING ONE

00392 e o IFCL TEBT(PNEWFD) LDR, IFORCE,EQ,2)

0039% c e e« o IF A NEW FOLD IS CREATED THEN(WITH A CALL TO GTYFOLD) 1o

00394 ( e s s DRAW FOR A STARTING K VALUE

00395 c s o e DRAW FOR A LOCATION (RELATIVE TO THE REGIONAL TREND)CSEE FI1G 3,8

00396 C e o o DRAW FOR THE ANGLES(SEE FIG 3,T)

00397 C e o o BEYT THE STARTING ELEVATION TO ZERO

00392 c ¢ o WRITE 7O THE HISYORY FILE

00399 o « o+ CALL NOTE(16,'NEW FOLD CREATED!)

00400 o o o CALL GETFLD

0040} s o o FOLDHCuO,0

00402 s o oeeefFIN

00403 « osasFIN

00404 [ .

00408 o 'LFDACTR _ FALSE,

00406 « IF(L FOLD)

00407 e« o IFC(L TEST(PFACT) ,OR, IFORCE ,EQ,2)

00408 C o o o IF THE FOLD I8 ACTIVE FOR THE REAT OF THE TIME STEP THEN;

00409 C e« o o DRAW FOR AN INCREASE IN HEIGHT

00410 [« nannnnnnanrannnncns DENSITY CURVE anamandwnnannsannan

ooagy e o o PRHNUMBPROB(I{T)I®OTIME JFOLD GROWTN

ooal2 o o « FOLDHCERFOLDHC+PROB(118)#DTIME JAVERAGE INCREASE IN H,C, IN THE FOLD

00413 o I T LI T R R R R N R R R R R L L R LI LI

Q0414 o o o CALL RHUMBR(11,'FOLD GROWTH'!,RNUM)

00415 e o o POSTEPOSTeRNUM

00416 . . . LFDACTS,TRUE,

004ty e o oseoFIN

oouis o oseFIN

004819 seoFIN

00420 4

004321 C

00422 c AR NN AN R AR AR AN R AR RN R AN N AN R A AN AR A RAN RN AR AR RN ANN RN ARANR RS

00423 T0 CHECK«FOReNE=FAULTING

00424 C wanaCHECK FOR NE FAULTINGHN AR Attt AN A A A AR A AN AR R AN AN R ANRARANARAR
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00425 c

L[]
004826 [ .
004827 c « CHECK TO BEE IF N,E, FAULTING IS ACTIVE
00428 e IF(LTESTW(PNEEX))
00429 c 1EXTRA* FPAULTING EVENT OCCURED DUE TO SUBeBABSALYT FAULTING EVENT
00430 e o NHEN(RESFNE,LE,TIMEH)
00431 e o o GCALL NOTEC13,'N,E, ADJUSTED!')
00432 e o o FLINESTTINE
00433 e o eeslIN
0043a e o ELSE
00435 e o o CALL NOTE(17,'N,E, EXTRA ACTIVE!)
00036 c annnnnnanananwnntnn DENSITY CURVE medantannddetanande
00437 e o o FLHCNESFLHCNEYPROBC119) LICHANGE IN MW,C,
00438 [ AARRAARR A AR RANANNRARAAARAANNRRAARARRANAANANORN RN NARAD
00439 e o wuaofIN
00440 o esefIN
0044t C e MOW DO 'NORMAL' N,E, FAULTING .
00442 o WHILE(FLTNE LT,TEND) )
00443 c e o IF THERE I8 A FAULTING EVENT THIS TIME STEP THENg
o0o4ayg € o o ORAW FOR CHANGE IN HYDRAULIC CONDUCTIVITY
004as ¢ « e ORAW FOR THE TIME UNTIL THE NEXT TINE STEP
oo0u4s e o CALL NOTEC17,'N,E, FAULT ACTIVEY)
00447 c AORAANARANANARRARAN DENSITY CURVE ANanadtantttewAnane
004us s o FLHCNESFLHCNE+PROB(119) ICHANGE IN H,C,
00449 « o TINCEPROB(91) IINCREMENT OF TIME UNTIL THE NEXT EVENT
00450 c NARARARRR A AN ANARAN AN RAR AR A RARARA IR R AR RN AR AR A NN R AR A RS
00451 e« o« RESFNEWRFLTNE+TINCH#FREFNE
004s2 e o FLTNEFLTNE+TINC
004S3 e eosFIN
00454 eeoFIN
0045% C
00456 c
004as7 c
00458 c RRARARARA AN AR ANARR A ARA AR N AR RN A RS ANS A NN A NSO NAAN AR AN AN AN AAN O AANAN
00459 10 CHECKeFQRaSH=FAULTING
00460 c ArnaCHECK FOR W FAULTINGAARANARARAARRARAARANANARANRAAANANRRANAW
0046} c .
00462 C .
00463 c o HOW LOOK AT THE S W, FAULT ZONE
00464 ¢ JF(LTESTW(PSNWEX))
00465 c TEXTRAY EVENT IN THE S,WN, FAULT ZONE DUE TO SUB=BASALT FAULTING
004866 o o WHEN(RESFSW, LE,TIMEW) .
00487 c e o o SCHEDULED EVENT RESET TO CURRENT TIME STEP
00468 e e o CALL NUTE (13,'3,4, ADJUSTED!)
00469 e o o FLTIWRMTTIME
00470 e o vesFIN
00471 e o ELSE
00472 c TEXTRA' EVENT AITHOUT EPFECTING THE SCHEDULED EVENT
00473 e o o CALL NOTE(17,'3,4, EXTRA ACTIVE!')
00474 Cc tennnat Rt aanawtnt DENSITY CURVE ANAAANAARAARANNAARNS
00475 e o o FLHCSWaFLHCSW#PROB(120)ICHANGE IN H,C,
00076 [ AANARRE RN A AN R A SRR ANRARRA RGN RANRAANRAARRRNNARRINN NI AN N
00477 e o oeaoFIN
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0047A
00479
00480
0048t
004082
00483
00any
00485
00486
00437
004R8
004R9
00490
00491
004892

00493
00494
00495
00494
00897
00898
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508
00509
00510
00511
00512
00513
00514
00515

L] IIQFIN
« NOW DN THE 'NORMAL' CASE
o WHILECFLTSW,LT,TEND)
e« o« IF THERE 18 A FAULTING EVENT THIS TIME STEP THEN:;
s a DRAW FOR THE CHANGE IN HYDRAULIC CONDUCTIVITY
. s PRAW FOR THE TIME UNTIL THE NEXT TIME STEP
e o CALL NOTEC17,'S,W, FAULT ACTIVE!)
ERNRNARRRNRAANARanr DENSITY CURVE Anaananantadvavavnnn

*

L

L

o000 (=]

[ o]

e« FLHCSWeFLHCSW4PROB(120) JCHANGE IN H,C,

o TINCEPROB(90) JINCREMENT IN TIME UNTIL THE NEXT EVENT
L e I R e R T e T L Y

e RESFSWaEFLTSW4TINCwFREF3N

« FLISHBFLTIN4TINC

eeoFIN
ooFIN

[ *

TO CHECK»FOR=EXPLICTeSWARMBaAT=THE=S]TE
wanten CHECKmFORSEXPLICToSWARMB=ATuTHESITERAROwa

AVESWMB AVERAGE NUMBER OF SWARM EVENTS8/3100,0 YEARS(I)
NSWARM 8 NUMBER OF SWARM EVENTS(T)

CHR3(3)= TOTAL CHANGE IN H,C, DUE TO SWARM EVENTE(A)
TEMP s TEMP, VARIABLE (T)

OO0 0

NSNARMEBPOISON (AVESKM)

IF(NSWARM,GT,0)

s DO(Imi,NSWARM)

o TEMPEPRDB(131)#RPOSHC

o« CALL RNUMBR(11,'eNEW CHANGE!,TENP)
o CHRS(3)RTEMP+CHRS(3)
'..FIN

osFIN

IN

e & o o o

aoon

END
LA L DL L T Ay DA 22l i1 a1l rid 12 1214317 ]}
PROCEDURE CROSS=REFERENCE TABLE

00311 CHECK=FOReTHRUST=FAULTS
00020

00029 SETePROBARILITY
00016

00386 CHECK«FOR=FOLD=ACTIVITY
ooo21

00459 CHECKaFOReSWw»F AULTING
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00023

00167 CREATE=A«NENSFAULT
00018

00423 CHECK«FOR=NEFAULTING
00022

00257 CHECKeFOR=ANYeACTIVE=LOCAL=FAULTS
00019

0006% ALLOWeFOReUPLIFTeSUBIIDENCE«ANDSEISNICEVENTS
00017

00493 CHECK=wFOReEXPLICT=SWARMSAT=THE=SITE
00024

(FLECS VERSION 22,4s)

ceoew - -

D.41



(FLECS VERSION 22,46) 28=0CTeA| 10315334 PAGE 0000}

00001}
00002
00003
00004
00005
00006
00007
0000A
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
0002S
00026
00027
00028
00029
00030
00031
o003
00033
00034

00035
00036
00037
00038
00039
00040
00041
00042
00043
0004u
00045
00046
00047
000ne
00049
00050

LL DL L L L Ll 2 DALt I e Ly b gl 43 1 1.]
ARARAARANANNARSANANARE GEOMORFLX HANAAARANANANNAANNNANANANRARRN

THIS SUBMODEL ACCOUNTS FOR
CHANGES IN PATH LENGHT OF THE UNCONFINED AQUIPER(BY RIVER
MOVEMENT) CASED OR PREVENTED 8Y)

GLACIER ICE

FLOODING BY THE SEA

MAGMATIC EVENT

LANDSILDE(S)

CHANGES IN RIVER SLOPE(ALSO EFFECTED BY A NUMBER OF EVENTS)
RIVER EROBION OR DEPOSITION

CATASTROPHIC(MISBOULA) PLOODING

SUBROUTINE GEOMOR

o000 (s NalaReEaXalniaNaNeoNaNaNaloNala)

INCLUDE '0Ig(226,226) COMMON FLX!

(o]

CALL NOTE(10,'#GEMORPHICY)

OO0

WHEN(,NOT, LICEON ,AND, ,NOT, LFLOGD)
. CHECKeFOR«FNLDeSITE=INTERSECTION

e ALLOWeFQOR®RIVERwMOVEMENT

s GET=DISCHARGEwSLOPE=AND®ERDSION

« CHECKaFORaMIBSSNULA=FLOODS

eeoFIN

ELBE CALL NOTE(13,'eSITE COVERED?)

RETURN
NNt EE RO RS ISR TR TRO PR

TO0 CHECKwFOReFOLDwSITE=INTERSECTION
#xnaCHECK FOR FOLD SITE INTERSECTIONNANAARANANNRANNANAANENRNRNAR

(¢ XoRal
[

LEXPOSm ,FALSE, | FOLD NOY EXPOSED AT THE BSURFACE
LFTINT® FALSE, I FOLD DOES NOT INTEREST THE SITE

CHECK FOR A NEw FOLD

IF (LFOLD)

« IF A FOLD IS PRESENT THEN SEE IF 1T I8 EXPOSED
+» FOREFePD8T=TFLER

« CALL RNIMBR(12,'eFOLD RELIEF!',FDREF)

o JF(FPREF,GT,0,0)

s o CALL RNUMBR(12,'FOLD EXPOSED',FDREF)

(o] OO0
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000S1 e o o LEXPOSE, TRUE,

00052 e o oseefIN

00053 o sesfFIN

00054 c .

90055 c »

00056 c .

00057 c .

00058 c o FINDS IF AN INTERSECTION OCCURS AND HGWN MUCK

00059 o WHEN(UNPATH(2),LE,SITRAD)

00060 e o IF(JNOY,LRIVON)JCALL NOTE(B,'RIVER ON!)

00061% s ¢ LRIVONS,TRUE,

00062 e seoFIN

00063 e« ELSE

00064 e« o IFCLRIVON)CALL NOTE(9,'RIVER OFF')

00065 e o LRIVON® FALSE,

00066 o oseofIN

00067 o IF(LEXPDS ,AND, ,NOT, LRYFX0)

00068 c e o THE FOLD 18 EXPOSED AT THE SURFACE AND THE RIVER I8 NOT ALREADY

00069 c e o FIXED IN PLACE THEN CHECK TO SEEZ IF IT IS NOW CAPTURED B8Y THE RIVER

00070 o o FHASTERei,0 | SET FLAG TO CHECK IF THE FOLD I8 CLOSE 8Y

00071% P LRVfXDlLINTER(RIVCkP,FANGL!,PDST.COIAN!.BXNAN.AVAXIU.DIIT[O

00072 e sFWASTE)

00073 e sesFIN

00074 o IF(LPD ACT)

0007S c e o IF THE FOLD IS ACTIVE SEE IF IT INTERSECTS THE REPQSITORY AND

00076 c o o IF SD VTHE FRACTIONAL AMOUNT THAT IT INTERSECTS

00077 e s LFTINT ®

00078 *e o LINTER(SITRAD,FANGLE,POST,CO8ANQ,SINAN,AVAX]IS,DI8TFD,FRAC(2))

00079 e eoofFIN

00080 seoFIN

0008y c

00082 c :

00083 c ARARRRRR R AR AN AR R RARARRRRRR AR AR AN ARARARANANAANANANANARANNRARARRS
LA L L L L L L LT L L] - wvew L4 ] oW

00084 70 ALLOWeFQOR=RIVER«MQVEMENT

0008S c wuanALLOW FOR RIVER MOVEMENTAAAARRARAANANANAARNARRANNRARANNAARNR

00086 c ’

00087 c *

00088 c s ewcowlENS]TYmewww

00089 o CHEPRNB(AL)#OTIME { NORMA{ CHMANGE IN RIVER SLOPE

00090 c . - -

00091 e CHANGE=S_OPE

00092 c .

00093 C .

00094 ¢ N

00098 c o CMHECK F_’OR LANDSLIDES

00096 o NSLIDESPOISON(AVLAND) | GET THE NUMBER OF LANDSLIDES

00097 e IF(NSLIDE,EQ,0 ,AND,IFORCE,EQ,3)

00098 » » CALL NOTE(12,'FORCED SLIDE!')

00099 e o NSLIDEWy

00100 e eesfIN

0010} o IF(NSLIDE,GT,0)LSLIDER,YRUE,

00102 e IF(LRVCHG)

00103 c e o IF A MAJUR CHANGE IN RIVER SLOPE DUE TO GLACIER ACTIVITY
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00104 [+ . s ovvwsaDENSITYewscws

00105 « o CHs#PROB(47) |CHANGE IN BLOPE DUE TO GLACIERE

00 l 06 C - . AL AT L L. T 11 L)

00107 « o CHANGE=SLOPE

00108 . o CALL RNUMBR(18,'SLOPE FROM GLACIER!,CH)

00109 o eaefFIN

00110 o IFC(LSEACH)

00114 € o o IF A MAJOR CHANGE IN RIVER SLOPE DUE TO FLOODING 8Y THE 8EA
oo112 4 . . ceves)ENS]TYoaawe . -
00143 s + CHsPROB(AB) JCHANGE IN BLOPE DUE TO FLOODING

00114 o} . . svevevesvovenesns -

00415 e o CALL RNUMBR(19,'SLOPE FROM FLOODING',CH)

00316 e o CHANGE=SLOPE

00117 v eeoFIN

00118 « IF(LMAGRY)

00119 c e o MAJOR CHANGE IN RIVER SLOPE DUE TO MAGMATIC EFFECTS
00120 Cc . . oweceDENS]lTYeosee

00121 e o CHuWPROB(Q9)ICHANGE WITH MAG, EVENTS

oo 1 22 c . . LAd AL L4 L Ll 2 1 L L L J 2

00123 + o CALL RNUMBR(17,'#SLOPE FROM MAGMA!,CH)JCHANGE DOC

00124 e o CHANGE=SLUPE

00125 e oesFIN

00126 e IF(LSLIDE)

00127 e« o DOOCImwi,NSLIDE)

00128 c e« « o CHANGE IN RIVER SLOPE DUE TO LANDSLIDING

00329 c . N . ecvecaDENS[TYoonme

00130 « « o CHsPRDB(S0) ICHANGE IN RIVER 8LOPE DUE TO LANDSLIDING
00131 ¢ Tl U aem . _
00132 o o o CALL RNUMBR(17,'eSLOPE FRDM SLIDE!,CH) ICHANGE DOC
00133 . . . CHANGE=8LOPE

00134 o s eeofFIN

00138 e esefFIN

00136 c .

00837 c .

00138 c »

00139 o IF(,NOT, LBREDRK)

00140 c e o JF THE RIVER I8 NOT IN BEDROCK

00341 o s IF(NOT, LRYFXD)

00342 c s o o IF THE RIVER 18 NOT FIXED ON THE SITE 8Y A FOLD

00143 ¢« o o DOCIPATHEL,3)

00344 [ . . . * esveaDENSITYooaow

0014$S ¢« o o o CHuPROB(S{)«DTIME INORMAL CHMANGE IN THE UNCONFINED SROUND WATER
001aé c . . ° . ceenessccensscvee

00147 c » s o & PATH LENGTH

00148 e o o o CHANGE=PATHeLENGTH

00149 . . L] . I'F(LRVC“G)

003150 c « o o o o HAIOR CHANGE FROM A GLACIER

0015! c . ' N 'Y I .-CHCDENSIT'-....

00152 ¢ o o o o CHaPROB(S52) ICHANGE IN UNCONFINED PATH LENGTH DUE 7O A GLACIER
00153 c ° . ° . . evasvensesvoscesew

00154 s o o o« o CALL RNUMBR(17,'CH, PATH(GLACIER)!,CH)

00155 s e o o o« CHANGE«PATHeLENGTH

00156 3 3 . . seefFIN

00157 o s« o o IFILSEACH)

00158 C e s o o o MAJOR CHANGE FROM THE SEA NO LONGER FLOODING THE slTE
00159 c . . L} ] » =oessDENI[TYeowes
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00160 e o & s o CH=PROB(S3) JCHANGE IN UNCONPINED PATH LENGTH DUE TO THE S8EA
00161 c ' . . . . Ll

00162 e o o o ¢ CHANGE=PATH«LENGTH

00163 e « s s o CALL RNUMBR(13,'CH, PATH(SEA)!,CH)

00164 e o« « o oesFIN

0016S o o o o IF(LMAGRY)

00166 c e« o o o ¢ MAJOR CHANGE IN PATH LENGTH DUE TO A MAGMATIC EVENT
00147 [ ° . . . . coconDENS]TYoocen

00168 e o o o o CHuPROB(S4) ICHANGE DUE TO A MAGMATIC EVENT

00369 c e 8 o o o ®vcencecesucevene )

00170 e o o o o CALL RNUMBR(18,'0CH, PATH(MAGMATIC)?!,CH)

Q0171 e o o o o CHANGEPATHeLENGTH

00372 e o o o ypeeFIN

00173 e ¢ o « IFCLSLIDE)

00174 e o o o o DO(Is1,NSLIDE)

0017% c e o ® o o o MAJOR CHANGE IN PATH LENGTH DUE TO A LANDSLIDE
00176 c s s ¢ ¢ s wosendDENSITYenwee

00177 e o o o o o CHmPROB(SS) IUN¢0NFIN!D PATH LENGTH CHANGE OUE TO A LANDOLIOE
00178 [ ® o o 8 o o

00179 s v e v e .+ SELECT(IPATH) ,

00140 e o o o & o o (1) CALL NOTE (13,'6FOR THE 8,W,')ICHANGE DOC
00181 e o ® o o o o (2) CALL NOTE {14,'eFOR THE REPOS'))}CHANGE DOC
go182 e ¢ o o o o o (3) CALL NDTE (13,70F0R THE N,E,')ICHANGE DOC
00183 [] . L . . ] ooo'IN

00184 e o ¢ » o « CALL RNUMBR(20,'eCH, PATH(LANOSLIDE)',CH)

0013% e o o o s o CHANGE«PATHeLENGTH

00186 e ¢ o o o osasFIN

00187 e o o o 9sesfIN

00188 e o o oeqefFIN

00189 o o eeefFIN

00190 s seslIN

00191 c .

00192 c .

00193 c .

00194 « IFCITYPE(ITOP),GT,2 ,AND, (NOT, LBEDRK)

00195 e o CALL NOTE (16,'RIVER ENTRENCHED!)

00196 ¢« o LBEDRK=,TRUE,

00197 e sesefIN

00194 A .

00199 c .

00200 c .

00201 o LSLIDEm FALBE,

00202 « LRVCHOs FALSE,

00203 e LSEACHE FALSE,

00204 s LMAGRVE _ FALSE,

00205 eeoFIN

00206 c

00207 c

00208 [ AN TN RN AR AR AR AN RN AR A R AR RN AN R ARRAN NN R AN RN RARARAANRARANARR
00209 TO CHANGE«S|_OPE

00219 C AARACHANGE SLOPEA MR R AN AAC RN AARAANRNNANCARNANARCENINCALANARAORRRN
00211 c »

00212 [» .
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00213
00214
00215
00216
00217
00218
00219
00220
0022y
00222
60223
00224
00225
00226
00227
00228
00229

60230
00231
00232
00233
00234
0023S
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251

00252
00253
00254
002S5
00256
00257
00258
00259
00260
00261
00262

1F (LBEDRK)

. CHECHaCORBED

. CALL RNUMBR(20,'eBEBROCK CORRECTION®!,CH)

eesFIN

SLOPESSLOPE+CH

1F (SLOPE,LT,8LOPLN)

. CALL RNUMBR(20,'®RIVER SLOPE REBSET=l'!,S8LOPE)
SLOPENSLOPLN

o oFIN

F (8LOPE ,GE,8LOPHI)

CALL RNUMBR(20,fORIVER SLOPE RESETeH!,SLOPE)

SLOPE=SLOPHI

o oFIN

IN

Ve o ¢ e @

AARRANR R ARNNANAA AR NN N AN AR RN ANNRR AR A ERRANANOINONRAN A AN RRANRAROR

TO CHANGE=PATHeLENGTH
ot aCHANGE PATH LENGTHRR AR AR RN R AN NRARRAANNARRANNSANN RN EARNRTRY

UNPATH(IPATH)SABB(UNPATH(IPATH)4+CH)
IF(UNPATH(IPATH) 6T, HIPATH)
« CALL INUMBR(18,'ORESET PATH LENGTH!,IPATH) JCHANGE DOC

CALL RNUMBR(12,'00LD LENGTHe',UNPATH(IPATH)) JCMANGE DOC

UNPATH(IPATH)®HIPATH
+FIN
(ITYPECITOP) ,E0,1)

IF (UNPATHC(IPATH) LE,DELX(ITOP,2)/1000,0 )

« CALL INUMBR(18,'eRESEY PATH LENGTH!,IPATH) JCHANGE DOC
CALL RNUMRR(12,'00LD LENGTHs!,UNPATH(IPATH)) [CHANGE DOC,
UNPATH(IPATH)SDELX(ITOP,2)/1000,0
CALL RNUMBR(11,'oNEW YALUE s1,UNPATH{IPATH))ICHANGE DOC,
FIN

Re

Mo ©o «a ¢ ® s ¢ e o

AR RRARRNANR AR R R AR AR R IR R R A AN R ARONNNANARON RN NNANONANANRNANRARREIN

TO GET=DISCHARGE=SLOPE«ANDeEROSION

L)
L]
*
[ ]
»
.
.
L]
[]
.

c

c

c

c

c .

c .
]
.
.
]
.
L]
.
]
1]
L]
L)

C

c

c

¢

c .

c .

c .

C .
.

c .
]

c .

c .

aw**GET DISCHARGE SLOPE AND EROSIONANANANARANAN AN NNANRRANNANANAR

oveseDENS] TYsoome
QmPROB(SS+ICLIM) IDRAW FOR DISCHARGE

PORERSSLOPE»Q
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00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274

002758
00276
00277
00278
00279
00280
00281
00282
00283
00284
00285
00286
00287
00268
00289
00290
00291
00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00332
00313
00314
00315

c

c
c
c

woweeDENSITYnuwouw

TEMP=ALOPEn],9

RATERPOLY(13, TEMP)+PROB(SI+ICLIM)

CALL RNUMBR(b6,!'eRATER',RATE)

CALL RNUMBR(6,'e8( OPE',S_OPE)

vemeseswosesnNeNwe

IFCITYPECITOR) NE, 1 ,AND, RATE,LT,0,0)RATENRATESHARDPC
CALL CHANGX(RATE=DTIME)

oFIN

122323322382 2222222 R X2 R 21 Rl Rt Rt ddddidl)Ed)) ]

(3] OO0

(g X 2]

[a Xy N3]

(3] (s EzNs Ne Nl

T0 CHECK=FORM]ISSOULA=FLOODS
#aaaCHECK FOR MISSOULA FLOOCOSHARAARARARNRAARANASARRANNARNNRRNSNR

1F(GLACIN,GT,0,0)

FIRSY CORRECT FOR TIME 8TEP

NFLODSPNISONCAVEFLD) (DRAW FOR THE NUMBER QF 'MISSOULA' FLOQDS
IF(NFLOD,GT, 0)

o« DOCIPLOD=],NFLOD)

¢ weseadENJITYvwsse

QFLO0LmPROB(64) JGET THE AMOUNT OF FLOODING

L L L L X1 121 32 111}

THSULASTMSULA+1,0 JADD YO THE COUNTER POR TOTAL PLOOD VOLUME
POWERSQFLOOD*SLOPE | STREAM 'PONER!

woeesENYITYeonaw

EROS=POLY(14,POWER) +PROB(ES) [ TOTAL AMQUNT OF FLOOD EROSION
CALL RNUMBR(11,'FLOOD WATER!,QFLOOD)

CALL RNUMBR(12,'FLOOD EROSIN',ER08)

EROSBREROS

IF (LBEDRK)EROSBuEROSWHARDFC |CORRECT EROSION IF THE RIVER IS IN BEDREG: %
CALL CHANGX(EROSB)]! UPDATE THE SYBTEM FOR TNE FLOCD EROSION
THOSFaTMOSF+EROSB

CHECK=FOR~ERQOSION=ONwA«FOLD

UPDATE THE EFFECTIVE N,E, RECHARGE AREA
TEMPRRNERED#RNELF

RNELFSRNELFeTENP

RCARNESRCARNE ¢ TEMP

woeweNENSITYowsee s

CHePRNA(66) JORAW FOR CHANGE IN RIVER B8LOPE
PUOSODOORNTOODDDN DS

CALL RNUMBR(16,'SLOPE FROM FLOOD',CH)
CHANGE=SLOPE
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00316 o o ¢ o JF{,NOT,LRVFXD,AND, ,NOT, LBEDRK)

00317 e s o s o DO(IPATHEL,3)

00318 c . . . N . . vosseDENS] TYouwen

00319 e o o s a2 o CHwPROB(6T) ICHANGE IN PATH LENGTH

00320 C . N N . . . LI I I 1T Y I Y T YT T Yy

00321 v e e+ v+ CALL RNUMBR(1S,'PATH CH,{FLOBD)!,CH)

00322 e o ¢ o ¢ o CHANGE=PATH=LENGTH

00323 o o o o o eeeFIN

00324 e s o o oesfFIN

00325 [+ . . . .

00326 c « e 0 e

00327 C [ [} L] L]

00328 C o o o s

00329 o « s o @

00330 . . e o« IF(QFL00D,6T, GDAM AND, NDT,LXICEW)

00334 C . . . . . soseeDENS] TYoanee

00332 e o o o o DZuPROB(68) JGEY DEPOSITION

00333 s s o o o THOSFsTMOBF¢D2

00334 C o e« v o 4

00335 . . . o o CALL CHANGX(DZ)

00336 e s 9 o o CALL RNUMBR(16,'FLDOD DEPOSITION!,DZ)

00337 e o o s oseefFIN

00338 c e o e &

00339 C S T

00340 o s s eesFIN

00341 e s eesFIN

00342 c s e

00343 o sesFIN

00344 seeFIN

00345 TO CHECK«FOR=EROS]JNe(ONeA=FOLD

00346 « IF(LEXPOS)

00347 s o ERDSEEROSHEFOLDE JALLOW POR EXTRA ERCSION DUE TO YOPOD, EFFECTS
00348 c « » IF THE FOLD 18 EXPOSED

00349 « o OTHERSPOST=TFLERIDIFFERENCE BETWEEN THEORETICAL HEIGHT AND TOTAL
00350 c « . EROSION TO DATE

00384 o . @ (1,E, CURRENT POLD HEIQMT)

00352 « o HWHEN(ITYPE(ITOP),LE. 2)

00353 c « o o L,E, BUFT ROCK

00354 e o o RLEFTuDELX(2,7TOP)=TFLER] AMOUNT OF EXPOSED B8OFT ROCK L!'!
003SS c e o o ON THE POLD

00356 e o o MWHEN(RLEFT,LT,0,0)

00357 C e e ¢ o WHEN NO SOFT ROCK IS LEFTY

00358 e o o o ERFOLDSEROS#MARDFC JCORRECT FOR HARD ROCK

00359 e o o o ERFOLOWMIN(ERFOLD,0THER) JCANNOT ERODE MORE OF THE FOLD THAN 18 LEFT
00360 e o o oaoFIN

0035614 e« o o ELSE

00362 c » o ¢ o AY LEAST SOME 80FT ROCK LEFY

00363 . . . s ERFOLDSERDS

00364 e« o o o EPFOLDESBHIN(OTHER,ERFOLD) DO NOT ERQDE AWAY MORE THAN THE FOLD
00365 R o o o o JF(RLEFT,LT,ERFOLD)

00366 C e o e o o WIPE DUT THE LAST OF THE SOFT ROCK

00367 e ¢ o o o TFLERSTFLERRLEFY

00368 e« o .« o 3 ERFOLDR(EROS=RLEFT)®HARDFC|THE RESY OF THE EROBION OCCURS IN HARD RDCK
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00369
00370
00371
00372
00373
00374
0037%
00376
00377
00378
00379
00340
00381
00382
00333
00334
00388
00386
00387
00388
00349
00390
00391
00392
00393
00394
00395
00396

L) [ ] L d [ ] ...FIN
c » .+ . .+ GEUSE IT WILL WIPE OUT ONLY SOFT ROCK ON THE FOLD
L L[] L] ...FXN
[ ] ] ...FIN
. o ELSE
c e« o o ONLY HARD ROCK LEFT
e« s o+ ERFOLDSERQS®HARDFC ,
+ . .+ ERFOLDSMIN(OTHER,ERFOLD) ICAN NOT ERODE MORE FOLD THAN I8 THERE
FIN
s+ TFLERGTFLER+ERFOLD IHAVING CALCULATED TOTAL EROSION ADD TO THE TOTAL
c L] ] .
c . .
c L ] ]
c [ ] [ ]
c [ ] .
« « IF(TFLER,LE,POST)
. . « LEXPDS® FALSE,
e o o TFLEREPOST
« o o CALL NOTE(16,'FOLD ERQDED AWAY')
e o o IF(LRVFXD)
e « « o CALL NOTE(10,'RIVER FREE!)
e e o o LRVFXDu FALSE,
. [ ] L] ...FIN
o o weoflIN
¢ . .
[ ...FIN
eooFIN
END
PROCEDURE CROS8<REFERENCE TABLE v s
00084 ALLNWSFOR=RIVERwMNVEMENT
00028 ‘
00209 CHANGE=SLOPE . .
00091 00107 00116 00124 00133 00318
00230 CHANGE=PATHe|LENGTH
00148 0015 00162 00171 00185 00322
00252 GET=DISCHARGE=SLOPE=AND-EROSION
00029
00035 CHECK=FOR=FOLDwSITE=INTERSECTION
00027
00345 CHECKeFOR®EROSIONeON=A=FOLD
00300
00275 CHECK=FOR-MISSCUULA=FLNODS

00030

(FLECS VERSION 22,46)
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00397 LOGICAL FUNCTION LINTER(RAD,FANGLE,POST,COBAN2,B8INAN,AVAXIS,
00398 + DISTFD,FRAC)

00399 DIMENSION FANGLE(4),RLEG(4),LEGID(4)

00400 DATA LEGID/2y1,4,3/

00401 o

00402 c

00403 C FUNCTION FINDS THE AMOUNT OF INTERSECTION BETWEEN A FOLD AND A
ooany C CIRCLE

00405 c

00406 RADIUSERAD%1000,0 JCHANGE TO METERS

00407 YFOLD®DISTFD*1000,0

00408 DO(Iri,a)

00409 e RLEG(IINPOSTATAN(FANGLE(]))

00410 e CALL RNUMBR(15,'#LENGTH OF LOGE',RLEG(I))

0044y o IF(RLEG(I),LT,0,0)

00412 e o CALL RNUMBR(14, 'ERROR IN ANGLE!',RLEG(I))

00413 e o RLEG(I)N0,99999

00414 e essFIN

00415 ewsFIN

00416 €

00017 ANGLEWAVAXIS

00413 ICOUNT=O

00419 DO(lwi,i)

00420 o YRSIN(ANGLE)®RLEG(LEGIO(I)) +YFOLD

00421 e IF(Y LT, RADIUS)ICOUNTRICOUNT4}

00422 s ANGLE®ANGLE+1,5708 1ADD 90 DEGREES

00423 weoFIN

00024 c

00425 IF(ICOUNT,EQ,0)

0042e « FRAC®O,0

00427 e LINTERm FALSE,

00428 « RETURN

00429 sesFIN

00430 c

00433 IF(FRAC,LT,0,0)

00432 ¢ e IJE, FLAG TD BE BET TRUE IF THERE I8 EVEN A POSSIBLE INTERSECTION
00433 o LINTER®,TRUE,

00a3a « RETURN

00435 seeFIN

00436 C

00437 C

00438 ¢

00439 c FIND THE AMOUNTY OF INTERSECTION BY DIVIDING UP THE FOLD INTO
00440 c UNIT SQUARES AND THEN COUNTING UP THE NUMBER OF SQUARES WHOSE
0044y c CENTER FALLS WITHIN THE CIRCLE, TO MAKE THE DIVIDING UP THE POLD
00au2 ¢ THE FOLD INTO UNIT SOUARES EABY TRANSFORM THE COORDINATE BVYSTEM
00443 ¢ 80 THAT THE X AXIS IS PARALLEL TO THE FQLD

0044y ¢

00uus XCENmYFOLDaSINAN

00446 YCENSYFOLDRCOSANR

00447 €

0o0au8 ¢

00449 ¢
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00450
00451
00452
00453
00454
004sS
00456
00457
004ass
004%9
00460
00441
00442
00463
00464
00465
00466
00467
00468
004as9
00470
00471
00a72
00473
00474
00473
00476
00477
00478
00479
004n0
00431
00482
00483
00484
004a8s
00486
00as7
00488
004R9
004990
00491
00492
00493
00494
00495
00496
00497
00498
00499
00500
00501
00502
00503
00504
00505

[ 3] (2] anon

AMOUNT®0,0

NEXT DIVIDE THE 'TOP' HALF INTO UNIT (METERaw2) SQUARES
IFC(RLEG(1) ,GE,1,0)

. IGNORE ANYTHING LESS THAN { METER

TANLFPSRLEG(8) /RLEG(1)

TANRTSRLEG(2) /RLEG(1)

NSRLEG(1)+0,5
YCURe, S {DISTANCE FROM THE 'TOP!?
DoO(Isy,N)
XBYCURRTANLF
XnIOEe(X+YCURRTANRT)
Xguw)X
IF(XWIDE,GE,1,0)
o« IGNORE BOX LESS THAN 1,0 METER NIDE
JNuXWIDE¢0 .93
o YW(RLEG(1)=YCUR) ¢YCEN
o DO(Jmi,JN)
« o DISTESGRT((X+XCEN)%#2 ¢ Y=Y) {GET TO FROM TME CENTER oFf THE CIRCLE:
o e TO THE CENTER OF THE UNIT SGUARE

IF(DIST,LE RADIUS)AMOUNTRAMOUNT+S,0
o XmXel,0

YCURmYCUR#1,0

...FIN

seofFIN

NOW CHECKX THE BUTTOM
1F(RLEG(3),GE,1.0)

« IGNORE ANY TMING LESS THAN t METER
TANLFeRLEG(4) /RLEG(3)
TANRTSRLEG(2)/RLEG(])

NBRLEG(3)+0,S

YCUR=,$ {QISTANCE FROM THE '80TTOM?

DOC(Isi,N)

XSYCURSTANLF

XWIDES(X+YCURNTANRT)

XRe X

IF(XWIDE ,GE,1,0)

o IGNORE B8OX LESS THAN {,0 METER WIDE

JNaXwIDE+0,3

YaYCEN«(RLEG(3)=YCHIR)

DO(Js1,JN)

DISTwSQGRT((X#XCEN)##g@ + YoY) JIGET TO FROM THE CENTER OFf THE CIRCLE
. TQO THE CENTER OF THE UNIT SQUARE
e IF(DIST LE,RADIUS)AMOUNTRAMOUNT$],0

. XlX#l.O

YCURSYCUR+1,0
FIN

s @ ® ® & & 2 & & & & & 9 & & » & o & 0o 0
Mo © & 6 5 ¢ 20 8 6 ¢ s e 2o

rew
Z e
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00806 C

00507 WHEN(AMOUNTY ,GY,0,0)

00508 o FRACSBAMOUNT/(3,1816%RADIUSRRADIUS)

00509 o IF(FRAC,GT,1,0)

00S10 e« o CALL RNUMBRC19,'ERROR IN FOLD COUNT!,AMOUNT)
0051} o o« FRACEi,0

00812 . eesFIN

00813 o CALL RNUMBR(17,'eFRACTION OF FOLD',FRAC)
00514 o LINTERm,TRUE,

00515 esoFIN

00516 ELSE

00517 s FRACHO,O0

0os18 « LINTER® FALSE,

00519 eooFIN

00520 RETURN

00s21 END

(FLECS VERSIUN 22,48)
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00001
ooon2
00003
00004
0000S
00006
00007
00008
00009
00010
0001}
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
0003}

00032
00033
00034
0003S
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
0004de
00047
90048
00049

[ X x] [¢] o n OO0

[2XeNy]

(s e EuNsNsNe N Ngl

(e XaNa)

ARRRANRARA R AN AAR Rt n CGLACER FLY ANAAARARAARAAARAANARNENRAR

PRQGRAM DESCRIPTION ¢
THIS ROUTINE MODELS THE EFFECTS OF CONTINENTAL GLACIATION
ON THE REPOSITORY,
THE EVENTS ACCOUNTED FOR ARE 1t
o GLACIAL ADVANCE AND RETREAT
» [SOSTATIC ADJUBTMENTS
DISPLACEMENT OF THE 8EA
GLACIAL ERDSION AND OEPODSITION
CONOITIONS FOR A PDSSIBLE RIVER COURSE CHANGE
GLACIER=INDUCED FRACTURING OF THE BASALY

SUBROUTINE GLACER
LOGICAL LTEMPG(3)

INCLUDE DIy (226,226] CONMON,FLX?
CALL NOTE(14, '#GLACIER START!)
FINDeGLACIEReEDGE=POSITION
SEE=IF=THE<GLACIER«I8=0NeTHE=SITE

TRYaTOeGLACIALLY=FRACTUREwTHE=SYSTEN
RETURN

RARRARRNARNARAANRANERANRAORAANRAIRRANARRAANNIRAARNNACRARNARNAARRRR

TO FINDeGLACIER=EDGE=POSITION
anaaF IND GLACIER EDGE POSITIONAAARANARRARRRRARACANRARAARNAARARAAE

GIVE CURRENT POSITION OF THE GLACIER EOGE IN
RAD 1 DEGREES FRNM SOURCE POINT

RLAT ¢t LATITUDE

RKMSIT3 KILOMETERS TO SITE

RADSSOURCE=RLAT
RKM(1)WRKMSITHEXTRSH
RKM(2)BRKMSIT
RKM(3)BRKMSIT+EXTRNE

L ]
[ ]
[ ]
v RUATERKMSIT/111,04SITLAT
[ ]
L ]
[ ]
ve ol IN

AR ARRR AR R NNAN R C AR I RN IR A AR RANANN RN RN AN ARANER AN ANANAAR AN TANAONAN

D.53
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000S0 TO SEE=]F=THE=GLACIER=]I8«ONeTHE=B]ITE

00051 c #a*48EE IF THE GLACIER I8 ON THE SITEANNAANARNARNAAARANANRRANNAN
00052 C .

00053 c .

00054 e WHEN(RKMSIT ,LE, 0,0)

000SS e« o IF(4NOT, LICEON)

00056 C e e o I,E, FIRST TIME ON THE BSITE

000S7 ¢« o o IFCLFLOOD)

00058 c e o ¢ o THIS SHOULD NOT HAPPEN SINCE THE GLACIER GROWTH REDUCES BEA LEVEL
00059 e s o  CALL NOTE(8,'SEA GONE?)

00060 s o o o LFLOODS FALSE,

0006} e o o oegeFIN

00062 e o o LICEON®,TRUE,

00063 e« o o+ CALL NOTE(20,'CON, GLACIER ON SITE')

00064 e o oeeflIN

00065 C o o LleEs GLACIER ON SITE

00066 c . .

00067 e o THICKGBRHIGHT(RKMSIT) JGLACIER THICKNESS ON THE SITE
000648 P

00069 c o e

00070 [o wosonessrmsvasvenwesDENSITY

00071 o o CALL CHANGX(PROB(QI)'DT!HE) 1ICE EROSION OR DEPOSITION
00072 c . e

00073 C e o CHECK FOR THE GALCIER A WALLUA GAP

00074 ¢ o JF(QNOT,LXICEW)

0007S o o o JIF(RLAT LE,NGLAT)

00076 e e o o CALL NOTE(14,'NO HYDRO, DAMSY)

00077 e s o o LXICEWs,TRUE,

00074 e o o weefFIN

00079 s ¢ easFIN

00080 C ceeces .o oove - osowse

0008} v oseeFIN

ooo82 « ELSE

00083 e o JF(LICEON)

00084 c e o o GLACIER JUST LEFT SITE

00085 e o o LICEONm FALSE,

000486 e o o THICKG =0,0

00087 s e e LRVCNGI,TRUE. IPDSSIBLE MAJOR CHANGE IN THE RIVER COUR'E
00088 e o o CALL NOTE(19,'GLACIER LEAVES SITE!)

000RY9 e s o CALL RNUNBP(ll.'JSUBBID!NCE'pSIT!GD)ICHANOE Doc
00090 e o eesFIN

00093 e wooFIN

00092 c .

00093 C e ALSO CHECK ON THE N,E, AREA

00094 ¢ HWHEN(RKMSIT, LT, RKMNE) THICNESRHIGHT(RPGLNE=RKMSIT)
00095 « ELBE THICNE®O,0

00094 seeFIN

00097 c

0009A c

00099 Cc AR RAAAR AR R AR AR A AR AR AR A ARARRR N AN NARRNNNAANRN AN AIANNNE NN RRNRNR
00100 TO TRY=TO=GLACIALLY=FRACTURE=THE=SYBTEM
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0oio01 [ ##s4TRY TO GLACIALLY FRACTURE THE BYSTEMAAANRAARARANARNNNARARNAR

00102 c .

00103 ¢ DOCISY3THNL,3)

00104 e o LTEMPG(ISYSTM)S(RKM(CISYSTM), 0T ,0,0,AND,RKM(I8YSTM) LE,200,0)
00105 e o eOR G C(RKMLLISYSTM) ,GT,200,0,AND RKM(ISYSTM) LE,0,0)
00106 o oeasflIN

00107 c o

00108 o« DOCIBYITME1,3)

00109 .« o TOPSQ,0

00110 e o IF(LTEMPGCIBYSTM) )

00111 ¢ o o DOCLAYERSITOP,NLAYER)

00112 C [} [} L[] [ ]

00113 e o o o DEPTHNTOP +ODELX(LAYER,ISYSTM)/2,0

00114 e o o o [IFCITYPEC(LAYER),GT,2)

0014S e o o o o CALL GSTRES(RKM(ISYSTM),DEPTH,RADSTR, TANSTR)

00116 e s o o o CALL RNUMBR(14,'#RADIAL ATRESS',RADSTR)

00117 e o o o o GALL RNUMBR(13,'0TANG, STRESS',TANSTR)

oo118 e o o o o PFRaPROBR(RADSTR,TANBTR,CGLST R,CCLAT T)

00119 e o o o o LFCL TEBTH(PFR) ,AND, CHHC(2,LAYER,ISYSTM) LE,0,0 )
oo0tao e o ¢ o o o CALL INUMBR(18,'ICE FRACTURES ROCK!',LAYER)

ootay e ¢ o o o o CAMLL INUMBR(16,'SYSTEM PRACTURED',I8YS8TM)

00122 e o @ o s o CALL PERM(RADSTR,TANSTR,DEPTH,HYDCN(LAYER,IBYSTM),
00123 e s 0 0 8 e CHHC(2,LAYER, JOYSTH),CGLOTR,COLATT)

00124 . . . . . eesFIN

0012s ¢ o s 8 o e

00126 e o o o oeesFIN

00127 c e o o o

0012n e o o o TUPBTOP+DELX(LAYER,I8YSTN)

00129 . . L) OOQ'IN

00130 C [ ] [} [

00131 . [ ] ...'IN

00132 o seeFIN

00133 c .

00134 c .

0013S c o NOW CHECK ON THE REPOSITORY

00136 « IFC(LTEMPG(2) )

00137 e« o CALL GSTRES(RKMSIT,ROEPTH,RADSTR, TANSTR)

00138 e o PFRRPROR2(RADSTR,TANSTR,CGLOTR,CGLETY)

00139 e o« IF(LTESTW(PFR),AND, CHRS(2),LE,0.0)

00140 e s o CALL PERM(RADSTR,TANSTR,ROEPTH,RPOSHC,CHRE(2),C6LOTR,CGLSTT)
00141 e o o CALL RNUMBR(20,'REPOSITORY HIT BY GL',CHRS8(2))

00142 v o oeeeFIN

00113 o oeeeFIN

00144 (o .

00145 c .

00146 « DOCISYSTME1,3)

00147 s o RRMUL(ISYITM)SRKM(ISYSTM)

oolaa e ssefIN

0049 ¢ .

00150 eeoFIN

00151 END

PROCEDURE CROSS=REFERENCE TABLE
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00050 SEE«IFeTHE=GLACIEReIS«ON=THE=SITE
00026

00032 FINDeGLACIER=EDGE=POSITION
0002S

N0100 TRYeTOwGLACIALLY=FRACTURE=THESYSTEM
00027

(FLECS VERBION 22,46)

00152 FUNCTION RHIGHT(RKMBIT)

00153 c FIND THICKNESS OF THE CONT, GLACIER RKN KM, BACK 'UP! THE
00154 4 GLACJER

Q0155 D@ABB(RKM8IT21000,0 )ICHANGE TO METERS

00156 RHIGHT®A ,T#SORT(D)

00157 c FROM ANDREWS(1975)

00138 RETURN

00159 - END

(FLEC8 VERSION 22,44)

00160 BUBROUTINE GSTRES(RKMSIT,RMID,RADSTR, TANSTR)
00161 ¢

00162 €

00163 MHEN (RKM8TY,LE,200,0 (AND, RKMSIT,GE,0,0)
00164 « TANSTRSPOLY(9,RKHSIT)

00165 « RADSTREPOLY(10,RKMSIT)

00166 eooFIN

00167 ELSE

001658 . TANSTR®0,0

00169 . RADBTRE0,0

00170 eooFIN

00171 ¢

00172 ¢

00173 ¢

00178 ¢

00175 ¢ IGNORE DEPYH EFFECTS FOR NOW

00176 RETURN

00177 END

(FLECS VERSION 22,46)

00178 SUBROUTINE PERM(RADSTR, TANSTR,DEPTH,STARTK,HC,CGLETR,CALETT)
00179 IF(ABS(RADSTR) ,GE,CGLBTR)IHCHPOLY(11,ABS(RADSTR) ) ¢HC

00180 IF(ABS(TANSTR) GE,CGLATT)IHCaPOLY(12,A88(TANSTR))+HC

00181} Cc eovevesecosvensonsesENETITYe woa

00182 1F(HCL.GT,0,0) HCWHC+PROB(4S)

00183 C sreocceveccasscocwseaDENSITY - -
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00184 CALL RNUMBR(9,'GL, H,C,%!',HC)
00185 RETURN
00186 END

(FLECS VERSION 22,46)

00187 FUNCTION PROB2(RADSTR, TANSTR,CGLITR,CGLST T)

00188 C CHANCE OF FRACTURE OUE TO CONT, ICE

00189 LOGICAL LTEMP

00190 LTEMPRABS(RADSTR) ,GT,CGLSTR ,OR, ABS(TANSTR),GT,CGLST T
00191 WHEN(LTEMP) PROB281,0

00192 ELSE PROB2mO,0

00193 RETURN

00194 END

(FLECS VERSION 22,46)
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00001
00002
00003
00004
00005
00006
00007
00008
00009
000190
00011
00012
00013
00014
00015
00n16
00017
00018
00019
00020
00021
00022
00023
00024
0002S
00026
00027
00028
00029
00030
00031
00032
00033
00034
0003S
00036
00037
00038
00039
00040
0004}
ooo042
00043
00044
00045
00046
00047
00048
00049
000S0
0005}
00052
00053

’
LA LA LA LA DA LA LI I L LT Dl LT L 11}

(2 NeNeNaNal OO0

o o

o000

[ Ne Xl

RARRRRERAR AR RARRERN HYDRO,FLX N nnaananeatdeaAnsaantenantantsy

PROGRAM DESCRIPTION 3

THIS ROUTINE MODELS THE DEEP GROUND WATER FLON ARDUND THE
REPOSITORY
IT ACCOUNTS FOR

« MODIFICATION OF PATH LENGTHS
MODIFICATION IN NORTHEAST RECHARGE AREA
PRESSURIZED RECHARGE BY A CONTINENTAL GLACIER
MODIFICATION OF HEAD VALUES DUE TO CLIMATE
CALCULATION OF DARCY VELOCITIES .
CALCULATION DOF TRAVEL TIME
CHECKING FOR A BREACH CONDITION
PERMAFROST EFFECTS

SUBROUTINE HYDRO

NOTE THAT 80OME OF THE DEBUG CHECKS HAVE BEEN LEFT IN THE CODE
HOWEVER, THEY WILL BE REMOVED AND ARE THUS NOT CALLED OUT IN THE
DOCUMENTATION :

REAL TUBEWD(12),TUBEHC(12),WEIGHT(3),HC($0)
+ JFTEMP(81)3,DI8T(4,3),VELC(4,)

INCLUDE DJy{226,226) COMMON,FLX!
CALL NOTE(S,'#HYROD')

CALCULATE THE DISTANCE FROM SITE/LAYERY INTERFACE TO RIVER

DOCIPATHR],3)PATHLN(IPATH)SUNPATH(IPATH)#1000,0
IF(LICEON)
o CALL NOTE(18,'#CHECK HY, FOR ICE')
PATHTBARS (RKM(2))*1000,0
DOCIPATHSEL,3)
o IF(PATHT,GT, PATHLN(IPATH))
s CALL INUMBR(16,'0ICE DRIVEN PATH!,IPATH) |CHANGE DOC
PATHLN(IPATH)SPATHT

¢

] .

L] LA X ]
eeoFIN
[

CALCULATE FLOOD EFFECTS

IF (LFLOOD)
« WHEN(ITYPE(ITOP),EQ,1)

« DOCImy,3)PATHLN(I)RDELX(1T0P,2)
eooFIN

ELSE
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00054 e o DOCIN1,3)PATHLN(])®, 000t JASSUME VERY THIN LAYER
0005S e oeoFIN

0005" '..FIN

00087 [+ RARANRRRAARNRRAAARRRRRANAARARAN

00058 c

70039 c

00060 c CALCULATE N,E, RECHARGE AREA aanatatnatdhdttddwaddd
00061 c

00062 c REDUCTION OF RECHARGE AREA BECAUSE OF ICE COVER
00063 RCANESRCARNE . .
00064 IFtRLA1.LT.GLATN!.AND.RLAT.GT.GLTNEL)RtANEIRCANEtPOLY(30aRLAT)
00065 c RRARANARAR AR RARAN AN RN RN R AR RO AR

00066 c

00047 c

00068 c

00069 c CALCULATE EFFECT FOR TOTAL COVERAGE OF N,E, RECHARGE .AREA BY SLACIER
00070 [ ICE

0007¢ c

00072 IF(THICNE,GT, 0,0)

00073 [ e I,€, GLACIER ICE ON THE N,E, RECHARGE AREA

00074 e WHENCLTEST(PGLCH})

0007S e o GALL NOTE(20,'FAR GLACIER RECHARGE!)

00076 [ s o ovecasnsesDENSITY CURVEweneoscauw

00077 e o RCHNEmPOLY(20,THICNE)}+PROB(121)

00078 c . . YweessssceTeRsRSReETERY - -

00079 e o CALL RNUMBR(148,'GLACIER EFFECT',RCHNE)

00080 e seeFIN

00031 o ELSE

00082 e o CALL NOTE(19,'eNO FAR GL RECHARGE!')

00083 e « PRCANEwi, E«05 IREDUCE THE EFFECTIVE RE;HARGE TO NEAR ZERO
00084 o eoefFIN

0008S eeoFIN

0008s c ARRARAR AN RA A RN RN RRA NI TARRANRN A AR AR R AR R NA RN Y
00087 [

00088 [+ CALCULATE HEAD VALUES AT THE FAR RECHARGE AREASawawwaw
00049 C enscasenanDENSITY CURVEeswnaemaes

00090 TEMPSPOLY(20+ICLIM,RCHIN)+PROB(122)

0009] IFCTEMP ,GT  HMENWNS)

00092 e CALL RNUMBR(19,'eMAX N,E, G,R, HEAD',RCHSN)
00093 o TEMPRHMSWNWS

00094 eeeFIN

0009% HCSWWEBHDSKWS+ TEMP+SITISO

00096 TEMPuPOLY (204 ICLIM,RCHENW)+PROR(122)

00097 IFCTEMP ,GT, HMSWGR)

00094 e CALL RNUMBR(19,'eMAX 8 N, G,R, MEAD',RCHSN)
00099 s TEMPRHMSWGR

00100 seeFIN

00101 HCSWGRETEMPHHDSWGR+STATNE

00‘02 c PSS eSO SOl RTPYNTONS

00103 C ALSO CALCULATE THE HEAD VALUE IN THE BASIN

00104 WHENCLFLOUD) HRIVERSSEACUR

00105 ELSE HRIVER=HEADBS

00106 HRIVERSHRIVER+SITISO {ADD IN ANY IBQSTATIC EFPECTS
00107 WHEN(RCHNE ,GT,0.0)

00108 c s wwevsessnaDENS]ITY CURVEseeveooaaes

00109 e TEMPEPULY(24+4ICLIN,RCHNE)+PROBC(123)
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0o0tio0
0011
00112
00113
00114
00115
00136
00117
00118
001419
00120
0012}
00122
00123
00124
00125
00126
00127
00128
00129
00130
001314
00132
00133
00134
00135
00136
00137
00138
00139
00140
00t4}
00142
00143
00144
00148
00146
0o0tay
00tan
00149
00150
0601S}
00152
00353
00154
00155
00156
00157
00158
00159
00160
00161
00162
06163
00164
00165

(e Xalel

130

o IFCTEMP,GT,HMNENS)

e o CALL RNUMBR(18,'oMAX N,E, W,8, HEAD',RCHNE)
e » TEMPRHMNENWS

+ eeeFIN

e HCNEWSETEMPeHDNEWS+81T180

o TEMPBPOLY(24+ICLIN,RCHNE)¢PRDB(123)

o IF(TEMP,GT ,HMNEGR)

« o CALL RNUMBR(19,'eMAX N, E, G,R, HEAD!,RCHNE)
e o TEMPRHMNEGR

e oeeFIN

e HCNEGRETEMP+HDNEGR+8TATNE

' (2 Al 1 X 111221117177}

sesFIN

ELSE

o HCNEWSEHRIVER
o HCNEGRBMRIVER
« CALL RNUMBR( §4,'N,E, FLOW 8TOP!,RCHNE)
oFIN
t:;tt.ttt..t..ttttttttttttttt'ttttﬁtttttl.ttl

DOCLAYER=],NLAYER)
o DOCISYSTHmYE,3) TOTHCC(LAYER,ISYBTM)N0,0
...'IN

ADD UP ANY CHANGES TO CONDUCTIVITY aanadwaaadnsAatnes
CALL SSWTCH({11,I8wW1Y)

DOCLAYERRITOP,NLAYER)

o« DO(ISYBTMEY,3)

o WHEN(ITYPE(LAYER),GT,2)

.
e o o WHENC(LAYER,EQ,LAYRWS,0R,LAYER,EQ,LAYRGR) ,AND IBYSTN,EQ,2)
e o o o ADDHCEGABHC(LAYER)

e o o eeefIN

e o « ELSE ADDHC=0,0

e o o TOTHCC(LAYER,JIS8YSTM)SHYDCN(LAYER,ISYSTM)+ADDHE

e« s o DOCICASE®],NCABE)

e o o o TVOTHCCLAYER,JIBYBTM)STYOTHC(LAYER,I8YSTM)
s o o o CH HCCICASE,LAYER,I8YS8TM)

e« o o s9sFIN

e s eeoFIN

e o ELSE TOTHCC(LAYER,ISYSTM)SHYDCN(LAYER,ISYSTM)

e o JFCIBWIL1,EQ,1) WRITE(H,130) LAYER,ISYSTM,TOTHC(LAYER,I8YBTM)
e o FORMAY(' TOTHCE',12,12,620,8)

e o IF(TOTHCC(LAYER,1I8Y8TM),LE,0,0)

e o o SHOULD NOT HAPPEN BUY POR O,A, INCLUDE THIS INTERNAL CHECK
e o o CALL INUMBR(11,'YOTHC LAYER',LAYER)

e o o CALL INUMBR(12,'TOTHC SYSTEM!,I8Y8TM)

e o o CALL RNUMBR(10,'H,C, VALUE',TOTHC(LAYER,ISYSTM))

e o o TOTHC(LAYER,IS8YSTM)ni,0E=20

e o oeeoflIN

s ogefFIN

eosFIN

RARRARRRR RN AN RN ANANRRN AN RARNNNI AN N RGN NAR

CALCULATE BPEED IN LAYER jwanAntnananans
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00166 c ccsananveaeDENSITY CURVEweswecanoue

00147 SPED!UNSPROA(123+ICLIM) JSPEED IN THE UNCONFINED LAYER
00168 REDUm1 , 0

00169 Cc CLrTr Y ey Yy Yy e P YL LYY Y L Y Y

00170 IF(RKM(2),LT, CRPMFS)

00171 o TEMPmABS(RKN(2))

00172 o IF(RKM(2),LT7,0,0) TEMP®O,0

00173 [ s owsvewuwesDENSITY CURVEsswvwecasw

00174 e« REDUSPULY(29,TEMP)+PROB(128)

00178 [ ¢ WOV EN LT INEENYNNEREIRETES NI RN

00176 o IF(REDULE,0,0,0R, REDU ,8T,§,0)

00177 e o CALL RNUMBR(19,'BAD PERMA REDUC',REDU)
00178 o « WHEN(REDU,LE,0,00)REDUR],0E=6

00179 e o ELSE REDUE®!,O

00180 ¢ eeeFIN

0013814 o CALL RNUMBR(18,'PPERMAFROST REDUCE!,REDV)
00182 o SPEDUNRSPEDUN#REDU

00183 eeosFIN

001A4 [ ARAAANRAANANRRANANRANRNERARRRRNRAAARRANARANNRARAARVIANA
00185 c

00186 c

00187 c

00188 4 FIND THE AVERAGE VALUE OF THE REPOSITORY#annnanansaannnn
00189 TOTRHCORPOSHC+CHRE (1) +CHRE(2) ¢+CHRS(3)

00190 IF(TOTRHC,LT,0,0)

00191 € o INTERNAL Q,A, CHECK

n0192 « CALL NOTE(12,'H,C, TOO LOW!)

00193 « TJTOTRHC®m1,0Ee10

00194 seoFIN

00195 C 1 3 SHAFT SEAL

00196 c 2 1 FOLD

00197 [ 3«50 STARTING LOCAL FAULTS

00198 C

00199 C

00200 c ARARANNRRANRN AN Nanas FIND THE FRACTION OF ANY POLD/FAULT INTERSECTION
00201 AHENCLFTINT) '
00202 o HC(2)aFOLDHC¢RPOSHC

00203 o IF(HC(2),LT,0,0)

00204 c e o INTERNAL Q,A, CHECK

00205 e o CALL RNUMBR(1T7,'FOLD H,C, TOO LON',HC(2) )
00206 e o HC(2)m], 0€w}lD

00207 o eesfFIN

00208 esofFIN

00209 ELSE

00210 o FRAC(2)=0,0

00211 . HC(2)md,0

00212 seaFIN

00213 IF(NEXTFT,6T,2)

00214 o DO(CLES,NEXTFT)

00215 e o HCC(L)WSSFTHC(IFSIT(L))¢RPOSHC

00216 e o IF(HC(L),LLT,0,0)

00217 c s o o INTERNAL Q,A, CMECK

00218 e o o CALL INUMBR(18,'FAULT H,C, LOW',L)
noeL9 e o s HC(L)®],0E=10

00220 . . enoFIN

00221 e oseefFIN
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00222 seoFIN

00223 TFRAC®0,0

00224 DO(Lu2,NEXTFT)TFRACBTFRAC#FRACC(LIIADD UP TOTAL FRACTION OF
00225 c INTERSECTION

00226 WHEN(TFRAC,6T,1)

00227 e CALL RNUMBR(20,'#T0T, REPOS FRACTION!,TPRAL)

00228 C .

00229 c e SINCE THE TOTAL FRACTION MAY BE GREATER THAN § DUE TO SOME
002390 c « INTERSECTION

00231 C e« OF EVENTS

00232 c .

00233 « DOCISL,NEXTFT) FTEMP(I1)SFRAC(I)/TFRAC

00234 seefIN

00235 ELSE

00236 e DO(ImI,NEXTFT) FTEMP(I)uFRAC(])

00237 ...FIN

00238 FRINTS0,0 JSET TOTAL AMOUNT OF REPOSITORY INTERSECTION
00239 DO(Im2,NEXTFT)FRINTSFRINT4FTEMP(I) INOTE THE SHAFT BEAL 18 IBNOR;D HERE
00240 c ARRERAARA A AR AR R AR RN A AR AN NN RAR AR ARAROANNANNDOASRAARANANRN
00241 c

00242 c

00243 RPSAVES(1,0=FRINT)«TOTRHC |NEXT FIND THE REPOSITORY AVERAGE
00244 DO(Im2,NEXTFT) RPSAVERRPSAVESHC(IInFTENP(])

00245 CALL RNUMBR(17,'eREPQSITORY H,C,8!,RPSAVE)

00246 IF(L TRUST _AND, TR8THC,6T, 0,0 )

00247 o« ALSRPOSTHeTHRHWD

002448 o« RPBAVESRPOSTH/(AL/RPSAVE+THRWD/TRBTHC)

00249 e CALL RNUMBR(16,'SREPOS AVE RESET!,RPBAVE)

00250 seoFIN

002951 o} 1231 a2 R Y e a2 N R Ay I e P R T I T I T Y]

00252 C

00253 c

00254 c

002S5S c FIND THE AYERAGE H,C, ABOVE THE REPOSITORYannanansins
002%6 HC(1)SCBHAFT+HYDCNI(2,2) JCURRENT H,C, VALUL OF SHAFT 9SEAL
00257 J8YSTMe2

00258 TFRACS0,0

00259 DO(ISl NEXTFT)TFRACSTEFRACHFRACC(L)

00260 WHEN(TFRAC,6T,1,0)

00261 e DO(Imi,NEXTPT)FTEMP(I)SFRAC(]1)/TFRAC

00262 eeeFIN

00263 ELSE

00264 o DOCISI,NEXTFT) FTEMP(I)®FRAC(I)

00265 eoosFIN

00266 FTEMP(NEXTFT¢1)®1,0=TFRAC

00267 4

00268 ITOPi{SJRLAYR=

00269 WHILE(LTOPY NE ,ITOP=y ,AND ,ITYPE(ITOP]) NE,{)

00270 o« TUBEHC(ITOP1)}sTOTHC(ITOPL,2)

00271 o TUBEWD(ITOP1)mDELX (ITOP1,2)

00272 e ITOP!SsITOPie}

00273 aseFIN

00274 JTOPISITOPL+}

00275 TUBEHC (IRLAYR)STOTHC(IRLAYR, JEYSTHM)

00276 TUBEWD(IRLAYR)sTHABOV I THICKNESS ABOVE THE REPOSITORY
00277 TUBEHC(IRLAYR+!)sRPSE AVE JREPOSITORY HW,C,
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00278
00279
00280
002Aa14
00282
00233
00284
00285
00286
00287
002A8
00289
00290
00291
00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00314
00317
00318
00519
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
0033t
00332
00333

QOO0

131

132

136

TUBEWO(IRLAYR+1)=RPOSTH REPOSITORY THICKNESS(METERS)

IF(19W11,EQ,1)
DOCLAYERWITOP|, IRLAYR+1)

WRITE(6s131) LAYER,TUBEHC(LAYER),TUBEND(LAYER)
FORMAT(1X,12,2620,8)
eoFIN

TOTLK=O,0
DOCLAYERSITOP1,IRLAYR4+1)
XF(ITYPE(LAYER),GT.Z.AND.LAYER.N!.XRLAYR#t)

® ® & ¢ ® ¢ X® @ 8 ® © 0 0 8 s a0 o

HC(NEXTF I+1)aTUBEHC(LAYER)
AVETOT=20,0
HCC(1)mCSHAFT+HYDEN] (LAYER,2)
HC(2)sFOLOHC+HYDCNL CLAYER,Q)
IF(NEXTFT,.GT,2)
e DOCKEI,NEXTETIHC(KIWSSFTHC (K)+HYDCNI(LAYER,2)
QOI'IN
DO(Ju1,NEXTFT4+1)AVETOTHAVETOTHHC () #FTEMP(J)
IFCISWLY,E0,1)
o DO(JINL,NEXTFT41) WRITE(6,132) J,LAYER,HC(J),FTENP(J)
o« FORMAT(' FRACN!,12,12,2G620,8)
seoFIN
TUBEHC(LAYER)SAVETOT

oo FIN

HEN(TUBEHC(LAYER) (67,0,0)

TOTLETOTL4TUREWD(LAYER)
TOTLKaTOTLK+TUBEWD(LAYER)/TUBEHC(LAYER)
IF(18w11,EQ,1)
o WRITE(6,136) LAYER,TUBEWD(LAYER), TUBEHC(LAYER),TOTL, TOTLK
esefIN

«oF IN

ELSE CALL INUMBR(31S5,'L0O8T HM,C, LAYER!,LAYER)
FIN
T Y P T L LT

WORK IN VALUES FROM THE G,R, #RAARARAARAANARAN

T0T=0,0

AVETPPRTOTL/TOTLK JAVEAGE H,C, ABOVE THE REPOSITORY
WHEN(RCHSW ,GT,0,0)

TOTLSWeTNTL

TLK WsTQTLK

ADO= [N THEwSHW
DVRPSWEAVHC W ( (HCSNGR=HRIVER) /TOTLAN)
TOTEAVHCSH

FIN

HEN(RCHNE ,6T,0,0)
TOTLNERTOTL
TLKNERTOTLK
ADD=IN=THE «NF

L ]
[ ]
»
[ ]
ELSE DVRPSW=0,0 JDARCY VELOCITY 20,0
N
[ ]
L]
[ ]
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00334 o DVAPNESAVHCNE®( (HCNEGR=HRIVER)/TOTLNE)

00338 s NWHEN (TOT,EQ,0,0) TOVTSAVHCNE

00336 « ELBE TUTS(TOT+AVHCNE) /2,0 -
00337 seofFIN

00338 ELSE OVRPNE=O0,0 IDARCY VELOCITY #0,0

00339 [+

00340 c

0034y c

00342 C

00343 [+

00344 ¢

00345 C

003a¢6 DVRPOSSDYRPNE+DVRPSH

00347 IF(DVRPOS,LE,0,0)CALL RNUMBR(9,INEG, VEL,',DVRPDS)ICHANGE DDC,
00348 WHEN(DVRPOS,E0,0,0) SEPAGE(2)mi , 0E=28 |EFFECTIVELY ZERQ
00349 ELSE SEPAGE(2)SDVRPOS/(POLY(19,TOT)+PROB(130)) JSEEPAGE VEL,
00350 c AR AR AR RN AR AN AR R AN AR RN AN NAAN IR RRE

00351 c ’

00352 c

00353 C

00354 c

0035S c

00356 c CALCULATE THE TRAVEL TIME §,N,

00357 FINDeTHE«AVEwHC«FOReNAN=SAD=B8N

00354 [~ NOTE THAT SOME OF THE DEBUG CHECKS WAVE BEEN LEFT IN
00359 WHEN (TOTLSW ,NE, 0,0) '
00360 e VEL(I)BAYSWHCR((HCSWNE=HRIVER)/TOTLSN)

00361 o SEPAGE(L)SVEL(1)/(POLY(19,AVBNHC)4PRUB(130)) ISEEPAGE VEL,
00352 vesPIN ‘

00363 ELSE

00364 o WRITE (6,100) 3,070,000, 0T, tL0,080,¢0)

00365 100 , FORMAT(//,' anax ERROR IN MYDRO AT ',12,' = FLOATING POINT!
00366 1. ' DIVIDE BY ZERO WITHN ',64A4,/7)

00367 s VEL(1) = |, 0E-28

00368 « SEPAGE(1)m],0E=28

00369 seeFIN

00370 WHEN(VEL(1),LT,0,0)

00371 o CALL RNUMBR(17,'S,K, BAD=NAN LE O!,VEL(1))

00372 ) « CALL RNUMBR(12,!' wwwa AVSWHC!,AVSWNC)

00373 D e CALL RNUMBR(12,! wewe HCHWWE',HCHIWHS)

00374 n e CALL RNUMBR(12,! w=ee HRIVER',HRIVER)

00375 M o CALL RNUMBR(12,! ewse TOT_SH',TOT_8NW)

00376 « TIMES(1)m0,0

00377 seoFIN

00378 ELSE

00379 e TIMES(1)sTOTL/SEPAGE(L1)+PATHLN(1)/8PEDUN

00380 eoeFIN

00381 c CALCULATE TRAVEL TIME FOR THE N,E,

00382 FINDeTHEeAVEaHCoFUReNANSSADNE

00383 WHEN (TOTLNE ,NE, 0,0)

00384 e VYEL(3)BAVNEHC®((HCNENS<HRIVER)/TOTLNE)

00385 o SEPAGE(3)SVEL(3)/(POLY(19,AVNEHC)+PROBC(130))
00386 esoFIN

00387 ELSE

00388 o WRITE (6,100) 2,171,100, 07, 1L, 1N1,'E!

00389 o VEL(3) = §,0E=g8
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00390 o SEPAGE(3)m],0E~28

00391 esoFIN

00392 WHEN(YEL (3),LT,0,0)

00393 o CALL RNUMBR(18,'VEL N,E, G.R, LE 0',VEL(3))
00394 0 o CALL RNUMBR(12,! ewes AYNEHC!,AVYNEHC)

00395 D e CALL RNUMBR(12,! ==ws HCNEWS',HCNENWS)

00396 D o CALL RNUMBR(12,! wwe= HRIVER',HRIVER)

00397 O e CALL ANUMBR(12,' www= TOTLNE!,TOTLNE}

00393 » TIMES(3)=0,0

00399 seoFIN

00400 ELSE

00401 ¢ WHEN(SEPAGE(3) ,NE,0,0)

00402 c e o I1,E, THE N,E, FLOW PATH MAY BE STOPED BY A GLACIER AT THE RECHARGE POI
00403 e o« TINES(3)BTOTL/SEPAGE(3)4PATHLN(3)/SPEDUN
00404 o eeofIN

0040S o ELSE TIMES(3)®9999,0 [SET TO AN ARBITARY NUMBER
00404 - esoFIN

00407 c COMBINE THE TWO

00408 IFC(ISWIt EQ, 1) WRITE(6,160) AVHCIH.AVHCN!.AVINHQ.AVNIHO
00409 160 FORMAT(1X,08620,8)

00419 WEIGHT(1)RCHSWARCARSW|TOTAL 8,W, FLUX

00411 WEIGHT (3)SRCHNE*RCANETOTAL NE, FLUX

00432 FLUXNEBNEIGHT(S)

00ais FLUXSWSHWEIGHT ()

00414 TOTEWEIGHT (1) +WEIGHT(3)

004a1% VEL(2)=0VRPOS

004dte IF(TOT,GT,0,0)

00417 c o ASSUME THAT THE WANAPUM SADDLE MT, DOMINATES THE FLOW
00418 o« SEPAGE(2)SSEPAGE(1)ANEIGHT(1)/TOT+HEIGHT(3)/TOT#SEPAQE(S)
00419 o VEL(2)SVEL(I)I®WEIGHT(1)/TOT+VEL(I)ANEIGHT(3)/TOT
00420 seeFIN

ooact c

00422 c NOW FIND THE TOTAL WEIGHTED TRAVEL TIME

00423 TRIME=O,0

00424 IF(SEPAGE(2),67,0,0)

00425 o TRIMEm(VHRCORNKRUEPTH/SEPAGE(2)+PATHLN(2)/SPEDUN) /365,25 IYEARS
00424 ceoFIN

00427 CALL RNUMBR(12,'#TRAVEL TIME!',TRIME)

00428 TIMES(2)STRIMNE

00429 TIMES(1)wTIMES(1)/365,25 |CHANGE TO YEARS

00430 TIMES(3)STIMES(3)/365,2% |CHANGE TO YEZARS

00431 c AARRARRARARAARRARANAARRNRRANRN

00432 c

00433 c CHECK FOR BREAGCH CONDITION

00434y IF(ABS(DVRP(S) 6T ,DVRRCH, AND, NOT,LBRECH)

Q0438 » LRRECHe, TRUE,

00436 e« XEYR]

00437 « BTIMESTIMEH

00438 e« CALL RNUMBR (14,'BREACH BY FLUX',DVRPOS)

00439 asoeFIN

00440 c

go4ai C

00442 GETeTHEGEQCHEM=EFFECTS

00443 C

00444 RETURN

00445 c
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00446 C

00447 c AR AR RARR AR PR R AR RARR RO ATANANANANARNNEAARO RN AN RNARARARANY
LA A L L L L A T AL Iy T T L Iy 1 YL T a1 17 3]}

00448 TO GET=THE=GEOCHEM=EFFECTS

00449 [« waawGET THE GEOCHEM EFFECTsa..t...ttt-.-.-.-.t..at.tt-.tt-n--t-'

004S0 e« DIST(2,1)mWSSHLN®1000,0 IMETERS

00451 . DIST(!;I)I(HSSHLNQGRSHLN)/2.001000.0 INETERS

004s2 e DIST(4,1)MGRSWLN%1000,0 IMETERS

00483 o DIBT(2,2)uDELX(2,2)

00454 o DI8T(3,2)mDELX(3,2)

0045S e« 018T(4,2)wDELX(4,2)

00456 s DIST(2,3)mWAHELN® 1000,0 ¢

00487 e DIST(3,3)8(WSNELN+GRLNNE)/2,0% 1000,0

00458 e DIST(4,3)mGRLNNEx $000,0

004s9 o VELC(2,1)mVEL(1)

00460 o VELC(3,1)m(VEL(1)+DVRPIN)/2,0

0046t o VELC(4,1)=DVYRPSW

00462 « VELC(2s,2)wVEL(2)

00463 ¢ VELC(3,2)u(VEL(2)+DOVRPOS8)/2,0

00464 o« VELC(4,2)sDVRPOS

00465 s VYELC(2,3)mVEL(3)

00466 o VELC(3,3)m(VEL(3)+DVRPNE)/2,0

00467 e VELC(4,3)sDVRPNE

00468 s TOPNmITOP

00469 o IFC(ITOP,LT,2) TOPNBQ

00470 » DO(I8YBTMEL,3)

0047} e o DOCLAYERSTOPN,NLAYER)

onare e o o CALL GEOCMB(MYDCN(LAYER,ISYSTM),DIST(LAYER,ISYSTM),

00473 te s o VELCC(LAYER,ISYSTM) ,DYIME,CONVN)

0047y e o« o« DO(ICASER],2)

00475 ¢ o o o CALL GFEOCHS(CHHC(ICASE,LAYER, 10YlTM).DIOT(LAY!R.IOYOTM).

00476 e o o o VELCC(LAYER,I8YSTM),DTIME,CONVS)

0oar7 e o o o JIFCIBYSTM EQ,2,AND, LAYER,EQ,IRLAYR)

00478 e o o o o CALL GEOCHS(CHR!(!CAS!).DIIT(LAYER.!lYlTH).

0047s s ¢ o e o VELCCLAYER,J8YSTM),DTIME,CONVSE) "

00430 e o o o weefFIN

00481 e o o woeFIN

00482 o o oaoFIN

00483 e oeeofFIN

00484 C .

004a8s c .

00486 c .

00487 c .

00488 [ « THE REST

00489 ¢ CALL GEOCHS(GABHC(LAYRWS),DIST(LAYRNS,2),VELCC(LAYRHS,2),

00490 L DYIHME ,CONYS)

0049} ¢ CALL GEOCHS(CHRS(3),DIST(LAYRGR,2),VELC(LAYRGR,2),

00492 4 DYIME ,CONVS)

00493 o CALL GEOCHS(RPOSHC,DIST(LAYRGR,2),VELC(LAYRGR,2),

00494 4 DTIME ,CONYN)

00495 s CALL GEOCHS(RPGOST,DIST(LAYRGR,2),YELC(LAYRGR,2),

Q0u96 L DTIME ,CONYN)

00497 o CALL GEOCHS(GRABHC(LAYRGR),DIST(LAYRGR,2),VELC(LAYRGR,2),

00498 +, DTIME ,CONVS)
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00499
00500
00501
00%02

00503
00504
0050S
80506
00507
00508
00509
00510
00511
00512
00513
005148
00515
00516
00517
00518
00519
00520
00521
00%822
00523
00524
0052S
00526
00527
00525
00529
00530
00531
00532
005133
00534
00535
00536
00537
00538
00539
00540
00541
00542
00543
00544
00S4S
00546
00547
005448
00549
00SS0

o000

seoFIN

ANNARNRARNA AR R AR AR AR AR RN N AN TN ANRNNARRNANR AR PR AR AN AR AN RANAN

aoaon

[z X3 K2

TO ADD=INeTHE=8NW
e a®ADD IN THE SWAR AN ANt AN AR AR SRR AANRAR R R RN AN RN

RFTLOFLWDBWADCORSY |8, W, FAULT WIDTH +CORRECTION FOR DEPTH
WHEN(FLHCSBW,NE,0,0)
o TOTLSWETOTLSW#RFTL
TEMPRFLHCOWNSHYDCN(Y, 1) IH,C, OF 8,W, GENERAL FAULY
IFCTEMP ,LE,0,0) TEMPaL , 0E~10

L ]
. TLKSWRTLKSW4RFTL/TEMP
L ]

RFTLBGRSWLN®*1000,0=RFTL

ELSE RFTLEGRSWLN#1000,0 |8,H, GRANDE RONDE LENGTH
IF(RFTL,LT,0,0)

o CALL RNUMBR(1TY,'ERROR IN S,N, LEN',RFTL)
e CALL RNUMBR(12,! wewe GREWLN',GREWLN)

e CALL RNUMBR{12,! mewe FLHCSW',FLHCANW)

s RFTL80,0

..I’!N

IF(TOTHC(CA,1)46T,0,0)

e TOTLAWRTOTLOWSRFTL

o TLKSWRTLKSWSRFTL/TOTHC(d,1)

seeFIN

192

TOTRABS(EDGESW)I*1000,0/C088Sw
IF(NSSFT,GT,1)

o WHILE(FAULT(I),LT,0,0 AND, I ,LT, N8SPFT)
o IFP(SSFTHC(II NEL0,0 )

e RLENGHuFWIDTH(I)*NCORBS/COSOBSH

o TOTLSWeTOTLSWeRLENGH

o TEMPRSSFTHC(I)+HYDCN(U,2)

e IP(TEMP,LE,0,0)TEMPR{ 08el0

e TULKSWETLKSN4RLENGH/TEMP

« TOTSTOTeRLENGH

IFLTOT,LE,0,0) TOTH0,048HOULD NOT HAPPENCL,E, AL FAULTS)
FIN
FUTOTHE(4,2).6T,0,0)
TOTLSWRTOTLSW4TOT
TLKSWETLKSH+TOT/TOTHC (3,2)
<FIN
AVHCSWSTOTLSW/TLKSN LAVERAGE VALUE ALONG THE 8,W, RIVER PATH

ooFIN

LA A2 AR AR AL X R A R I 222l R iyl asdlislsll]]]
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00551 T0 ADDeIN=THE=NE

00552 c wRRADD IN THE NEWR R AN AR ANE AR R ARRRRRA AN N NAARA NN NANR AN RN NY
00553 [+ . , ’
00554 c .

00SSS e RFTLWFLWONE®DCORNE [N,E, FAULT WIDTH ¢DEPTH CORRECTION
005S6 e WHEN(FLHCNE,NE,0,0)

00557 e o TOTLNESTOTLNE4RFTL

00558 e« o TEMPRFLHCNE+HYDCN(4,3)

00559 o o IF(TEMP,LE,0,0) TEMPE],0Ee10

00560 e o TLKNESTLKNESRFTL/(TEMP )

00561 e« s RFTLBGRLNNE1000,0=RFTL

00562 o eeofIN

00563 o ELSE RFTLEGRLNNE®]1000,0 JGRANDE RONDE LENGTN N,E,
00564 e IF(RFTLT,0,0) )

00565 o o GCALL RNUMBR(17,'ERROR IN N,E, LEN',RFTL)

00566 o « RFTLEO,O

00567 o eeofIN

00568 o IF(TOTHC(&4,3),GT7,0,0)

00569 e s TOTLNESTOTLNE4RFTL

00570 o » TLKNE=TLKNESRFTL/TOTHC(4,3)

00573 o eeeFIN

00872 o TOTSABS(EDGENE)*1000,0/CO8BNE

00573 « IF (NSSFT 6T, 200)

00574 e o CALL RNUMBR(19,'ERROR LAST NE FAULT', NBSFT)
0057% e o N8BFT m 200

00576 e egefIN

00577 o JeNSSFTei |LAST FAULT

00578 e IF (1 oGV, 1 (AND, 1 ,LT, 200)

00S79 c .

00580 [« e o WHILE (1 ,GT, 0 ,AND, FAULT(I) .67, 0,0)

00581 c ¢

00582 s o WHILECFAULY(I),GT,0,0)

00583 e o o IP(SSFTHC(1),6T,0,0)

00584 » o o o RLENGHEFWIDTH(I)#DCORBB/COSBNE

00585 e o o s TOTLNEmTOTLUNE4+RLENGH

00586 e o« o o TEMPERSSFTHC(I)+HYDCN(4&,2)

00587 ¢ o o o IF(TEMP,LE,0,0) TEMPE],0E=10

00588 e o o o TLKNESTLKNE+RLENGH/(TENP )

00589 » . . e TOTETOTYeRLENGH

00590 o o o oegeFIN

00591 ¢ o o Imle}

00592 e o o IF (1 ,LT, 1) GO TO 11

00593 e o asseFIN

00594 o oeeflIN

00%9S 11 4, CONTINUE

00596 o IF(TOT,LE,0,0)YOT®0,01TOTYAL COVERAGE BY FAULTS{SHOULD NOT HAPPEN)
00597 e IF(TDTHC(4,2),87,0,0)

00598 e o TOYTLNERTOTLNE+TOT

00599 e« o TLKNERTLKNE+TOT/TOTHC(4,2)

00600 s eesFIN

00601 o AVHCNESTOTLNE/TLKNE JAVERAGE VALUE ALONG THE N,E, RIVER PATH
00602 eeosFIN

006013 C

00604 c
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00605

00606
00607
006043
00609
00610
oo6tt
00612
Q0613
00614
00&1S
00616
00617
006148
00619
00620
00621
00622
00623
00624
00623
00626
00627
00628
00629
00630
00631
00632
00633
00634
00638
00636
00637
00638
00639
00640
00641
00642
00643
00644
00645
00646
00647
00648
00649
no06sa
00651
00652
00653
00654
00655
00654
00657

c

PRARARAANANEAANRARNN AN A AN AR AANANARENRARN AN A AR ARRAAANAANANANRR

OO0

70 FINDeTHE@AVE«HC=FOR=WANeSADuSH
aneaF IND THE AVE HC FOR WAN SAD SHARANARRAAAANARRAANRARAANGANRAR

® & ® & ¢ 2 8 5 9 O 9 A & @ 8 ¢ 5 & S S S S 8 S 6 0 0 0 S S S S S B S S SO S SN O LSS

TOTLSWmO,0

TLKSW=0,0

RFTLRFLWOSW |8,W, FAULTING LENGTH
WHEN(FLHCBW NE,0,0)

e TOTLSWRYOTLOW4RFTL

o« TEMPEFLHCIN+HYDCN(2,1)

« IFCTEMP LE,0,0) TEMPS}, 0Ee1d

e TLKSWSTLKSW+RFTL/(TEMP )

e RFTLEWSSWLN#1000,0=RFTL

eesFIN

ELSE RFTLSWISWLNNL000,0 IWANAPUM«SADDLE 8,4, LENGTH
IF(RFTL,LT,0,0)

« CALL RNUMBR(18,'ERROR IN S, N, W LEN!,RFTL)
CALL RNUMBR(12,' eewee WSSWLN',WSONLN)
CALL RNUMAR(12,' eeeee FLHCON',FLRCON)
RFTL=0,0

JFIN

(TOTHC(2,1),6T,0,0)

TOTLSWETOTLSWeRFTL
TLKSWeTLKSH+RFTL/TOTHC (2,1)

e o 40 & 0o o
e

TOTEXHORSH

Is2 .
WHILE(FAULTC(I),LT,DPNTSW ,AND, I LT, NSSFT)
o IF(SSFTHC(I),NE,0,0)

o RLENGHEFWIDTH(I)/COSSH

[ ]

e o TOTLSWRTOTLIW+ALENGH

o o TEMPEISFTHC(I)+HYDCN(R2,2)

e « IF(TEMP,LE,0,0) TEMPE! 0B=10
e o TLKSARTLKIWSRLENGH/(TENP )

e o TOTEBTOT=RLENGH

[ ] ...F!N

s IBlet

seofIN

IF(TOT,LE,0,0) TOT®#0,0
IF(TOTHC(2,2),6T7,0,0)

e TOTLSWETOTLSWeTOT

e TLKSWeTLKBW+TOT/TOTHC(2,2)
eeeFIN :

WHEN (TLKSW ,NE, 0,0}

o AVSWHCETOTLSIW/TLKSW

. uRITE (6.100) SQ'Y'J'L'I'K',.S"'N'p' ]
AVSWHCE1,0
LFIN
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00658 c

00659 (o L I R LTy e L a R R P R R L TR LR s et it
POPOOROOPENOP VISRV IFIPrODENEOPERODIRNOReN

00660 T0 FIND=THE«AVE=HC=FOReWAN®BADeNE

00661 [+ ankaFIND THE AVE HC FOR WAN SAC NERAWRXNANAANNAARAANARGANAARARAS

00662 c .

00663 C .

00664 « TOTLNES®O,O

00665 e TLKNEmO,0

00666 e RFTLEFLWDNEIN,E, FAULT LENGTH

00667 o WHEN(FLMCNE,NE,0,0)

00668 e o TOTLNERTOTLNE+RFTL

00669 . e TEMPEFLHCNE+HYDCN(2,3)

00670 e o IF(TEMP,LE,0,0) TEMPS{ ,0E={0

006714 e o TULKNESTLKNESRFTL/(TEMP )

00672 e s RFTLEWSNELN#1000,0eRFT|,

00673 s essFIN

00674 o ELSE RFTLWWSNELN®1000,0 |WANAPUMeBSADOLE N,E, LENGTH

00678 s IF(RFTL,LT,0.,0)

00676 . « CALL RNUMBR(18,'ERROR IN N,E,W LEN',RFTL)

00677 e o RFIL®mO,0

00678 e seefFIN

00679 « IF{TOTHC(2,3),6T7,0,0)

00680 e o TOTLNESTOTLNE4RFTL

00681 e« o TLKNEWTLKNESRFTL/TOTHC(2,3)

00682 s aeefIN

00683 e TOTBXHORNE

00684 s lm2

00685 c e WHILE(FAULT(1),LT,DPNTYNE)

00686 o WHILE(FAULT(I),LT,DPNTNE ,AND, I ,LT, NBSFT)

00687 e o IF(SSFTHC(I) NE,0,0)

00688 « o o RLENGHSFWIDTH(I)/COSNE

00689 e o o TOTLNESTOTYLNESRLENGH

00690 o o « TEMPmSSFTHC(I)SHYDCN(2,2)

00691 e o o IF(TEHP,LE,0,0) TEMPm] ,0E=10

00692 e o o TLKNESTLXNESRLENGH/(TEMP )

00693 e o o TOTRTOTRLENGH

00694 e o oeoFIN

00695 e« o IWIsg

00696 o oeeoFIN

00697 « IF(TOT,LE,0,0) TOT=O0,0

00698 ¢ IJF{TOTHC(2,2),67,0,0)

00699 e o TOTLNESTOTLNE+TOT

00700 e o TLKNEsTLKNESTOY/TOTHC(Z2,2)

007014 e easFIN

00702 o WHEN (TLKNE NE, 0,0)

00703 e o AVYNEHCSTOTLNE/TLKNE

00704 o osoefFIN

0070S « ELSE

00706 e o NRITE (6,100) 4,070, L0, K1, 09, tut, 9 ¢

00707 . . ‘VNEHC"-O

00708 o eesFIN

00709 eeofFIN

00710 END

D.70
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00714
00712
00713
00714
00715
00716
00737
00718
00719
00720
00721
00722
00723
00724
0072%
00726
o727
00728
00729

PROCEDURE CRO8B3eREFERENCE TABLE

00503 ADDwINeTHEwSW
00325

00606 FINDeTHExAVE«HC=FOR=WAN=SAD=EW
00357

00660 FINDeTHEmAVE=HCeFOReWAN=SADeNE
00382

00551 ADOeINeTHE=NE
00333

00448 GET=THE=GEOCHEM=EFFECTS
00442

(FLECS VERSION 22,46)

SUBROUTINE GEOCHS(MC OLD,D}8T,VEL,DTIME,CON)
CALCULATE REDUCTIUN IN HYDRAULIC CONDUCTIVITY ODUE TO DEPDSITION
OF CHEMICAL PRECIPITATE

OO0

IF(VEL,NE,0,0,AND, HC OLD.GT,1,0E=28)
FRACEPROB(129)#VEL#365,284DTIMES CON

CALL RNUMBR(B,'¥HEALING',FRAC)

IF(FRAC,GT,1,0)

« SHOULD NOT HAPPEN BUT WILL DO AN INTERNAL @,A, CHECK HERE
. WRITE(6,100) FRAC,REST,DIST,VEL

« FORMAT(1X,8620,5)

...FIN

HC OLDSHC OLDeFRAC#*HC OLD

vadP IN

IF(HC OLD,LT, 0,0)HC OLD ®{,Ee29 JALLOW FOR ROUND OFF ERROR
RETURN

END

100

(FLECS VERSION 22,46)
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00001 c AARRAANRAEAARRARAGRANKANNE MAGHAT FLX ARARQAARAAANAANNARANANNNRAN
00002 c

00003 c

00004 c PROGRAM DESCRIPTION 1§

00005 c THIS ROUTINE MODELS TNE EFFECTS OF MAGMATIC EVENTS THAT
00006 c COULD DISRUPT A REPNSITORY,

00007 c THIS SURMUDEL ACCOUNTS® FOR 3

000048 c = DIRECT BREACHING BY MAGMATIC EVENTS

00009 [« o ESTABLISHING CONDITIONS FOR A POSSIBLE RIVER COURSE CHANGE
00010 C

00011 c

000412 c

00013 SUBROUTINE MAGMAT

00014 c

00015 INCLUDE 'DI11226,226) COMMON, PLX®

00016 c

00017 CALL NOTE (15,'#MAGMATIC START!)

00018 LMAGRVe _FALSE, | MAGMATIC DOES NOT YET INTERSECT THE RIVER
00019 C

00020 c

00021 c

00022 NMAGEPOIBON(AVEMAG) JORAW NUMBER OF EVENTS FROM A POISSON DISTRIBUTION
00023 IF(NMAG,EQR,0,AND, IFOQRCE,EQ,7)

00024 « CALL NOTE (17,'FORCED MAG, EVENT!)

00025 o NMAGE]

00026 esoFIN

00027 C .

00028 IF{NMAG,GT,0)

00029 « DO(IMAGE],NMAG)

00030 c e o I,E, MAGMATIC EVENT IN PASCO BASIN

00031 e o CALL NOTE(§S, 'eMAGMATIC EVENT!)

00032 c . e

00033 c e

00034 e o NWHEN(LTESBTW(PMAGST))

00035 c e « o MAGMA EVENT NOT ONLY IN THE BASIN BUT IN THE SITE
00036 e o o CALL NOTE(§18,'MAG, EVENT ON SITE!)

00037 e« o o MWHEN{ NOT,LBRECH)

00038 e o o o BTIME a TIMEHW

00039 s s o o LBRECH = ,TRUE,

00040 ° . . . KEY®O

0004} e o s seofFIN

000“§ e o o ELSE CALL NOTE(17,'ALLREADY BREACHED!')

0004 c e o o

00044 e s o VWHEN(LFLOOD,0R,LICEON,OR,LRIVON)

0004S c o o o o 1,E, WATER ON SITE CAUSING PHREATIC TRANSPORT
00046 s o o « CALL NOTE (18, 'PHREATIC TRANBPORT!)

00047 c cssesonrssnsewssnsecsDENS] TYeonnsncnnosoonsnvans

00048 e o e« o ATH = PRDB(28) |} BELECT WASTE TO AR

00049 s e s e SURWAT ® PROB (29) | SELECT PRACTION OF WASTE TO WATER
00050 Cc sonsvasveseascsswrseveslENSI TYoooe - -

000S1 o o o o CALL REMAIN(HT,ATH,SURNWAT)

00052 e o o eesFIN

00053 e o« o ELSE
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000%4 c e o« o o NORMAL TRANSPORT

00055 e s o o CALL NOTE (16,'NORMAL TRANSPORT')
00056 c wesssecccseencveconealfNS] TYesovesonassssvnoeavese
00057 e s s o ATM ® PROB(30) | AIR TRANSPORT
00059 e o o o SURWAT = PROS (31) | FRACTION OF WASTE FOR SURFACE WATER
00059 o vecesevccssencascenalENI]TYsvosonesesavsosneveas
00060 e o o o CALL REMAIN(HT,ATM,SURNAT)
00061 » [ ] . l..'IN
00062 c « 8w o
00063 e o o IP(RDEPTH LT, 500)
00064 ¢ e » o o CASE 2 BY CROWE
00065 e s e s ATH ®m ATMRG,0
00066 e o o a BU"HATOSUQNATQQ 0
00067 o » o o CALL REH‘IN(HT'ATH SURWAT)
00068 e o o egoFIN
00069 c e o o
00070 e o o IFCLRIVON)
00071 " o & LMAGRVE ,TRUE,
00072 e o o o CALL NOTVE(20,'MAG EVENT MITS R!V!R')
00073 o o o o IF(LRAVFXD,AND, ,NOT, LBEDRK)
00074 c e o« o o s I,E, RIVER FIXED IN PLACE 8Y A FOLD
0007%S e o s o o LRVFXD'.'lLSE.
00076 e o o o o CALL NOTE(18,'RIVER FREE 8Y MAG,!)
00077 e o o o eesFIN
00078 e« o o oeoflIN
00079 e o o CALL RNUMBR(12,'WASTE TO ATMI ,ATM)
00080 e o o CALL RNUMBR(14,'WASTE TO WATER!',SURNAT)
0008} o o eaofFIN
00082 s » ELSE
00083 c e s o EVENT OFF BITE
00084 [ e e »
0008S c e o
00086 e o o IFCLTESTW(PRVYMAG) )
00087 e o s o CALL NOTE (20, 'MAG EVENT HITS RIVER!?)
000R8 e o ¢ o LMAGRVs,TRUE,
00089 e e o eesFIN
0009¢ s o eeoFIN
00091 c ¢
00092 c ¢« v
00093 s eesfIN
00094 esoFIN
00098 c
00094 c
00097 RETURN
00098 END
(FLECS VERSION 22,46)
- cee wosscesewsveee
00097 c
00100 SUBROUTINE REMAIN(HT,ATM,BURNAT)
00101 c
00102 TOTALSATM¢SURWAT
00103 IF(TOTAL,GT,1,0)
00§04 c s« THIS SHOULD NOT HAPPEN BUT JUST IN CASE ALLOW FOR A CORRECTION HERE

D.73
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00105 o CALL NOTE(S,'ROUND OFF!')
g0i06 o ATMERATM/TOTAL

00107 o SURNWATESURKAT/TOTAL
00108 seefFIN

00109 HTa]l , 00 (ATM¢BURNAT)

00t10 RETURHN

0011y END

(FLECS VERSIDN 22,46)
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CNOCeTOO OO U N ORNINIOO PRSP RETOO OSSN ESERES

000014 c AAREARRRNARAARAARROARARN METRIT FLX ANANRARAAAANRARARRANAAARNIAR
00002 c

00003 c TMIS RQUTINE ESTIMATES THE EFFECTS OF METEORITE IMPACT IN THE
00004 PASCO BASIN, IT ACCOUNTS FOR 3

0000S c « THE METEORITE INTERSECTING THE REPOSITORY,

00006 c e THE SEISMIC AFFECTI TO THE REPOSITORY BY AN IMPACT,
00007 €

00008 c

00009 c

00010 c

00011 SUBROUTINE METRIT

00042 c

00013 INCLUDE '0131226,226] COMMON,FLX!

00014 c

00015 CALL NOTE (7,'sMETRIT')

00016 c

00017 c

00018 c -

00019 c

00020 IF( LTEST(PMETRT),0R, IFORCE EQ,6 )

00021 » CALL NOTE(12,'METERITE HIT")

00022 c « wocesecessnexDENS]ITYewee [T 1]

00023 e DISTMT2PROB(32)*DSMTMX IGET DISTANCE(KM)

00024 e ANGMT®PROB(33) IGET ANGLE(0=360)

0002S « CRSIZE=PROB(34)/2,0 JCRATER RADIUS(XM)

00026 C . sovscesgeown woew ssaee LYY -

00027 e« CALL RNUMBR(13,'METERIYE DIST!,DI&TMT)

00028 e CALL RNUMBR(12,'METERITE ANG',ANGMT)

00029 e CALL RNUMBR(11,'CRATER SIZE!,CRSIIE)

00030 e DTOTAL®SQRT( (ROEPTH/1000,0)8424DI8TMTARQ)

00031¢ C .

00032 c .

00033 e NHEN((RADCRTACRSIZE),GT,OTOTAL)

00034 c .

00035 c e o CLAMY I e CRATER INTERSECTS REPOSITORY

00036 c e e

00037 e o CALL NOTE(11,'MAJOR EVENT!)

00038 e oeseFIN

00039 « ELSE

00040 c e« o CLASS I = POSSIBLE JECONDARY EFFECTS ONLY

00044 e o SIESLGR(ALDGIO(CRSIZE®2,0)+6,11%)70,288 (L0OG OF ENEZRGY(SEE EQUATION T)
00042 e o PART1®10,0%*(0,28#2(8IESLG/1,9))

00043 c P :

00044 c e« NOTE THAT THE AB0VE USES LOGIO(ENERGY) =i ,IaMAGNITUDE FROM
0004 € « e KANAMORI,H AND D,L, ANDERSON,"THORETICAL BASIS OF SOME
00046 c ¢« o EMPIRICAL RELATIONS IN SEISMOLOGY" BSHA,65,1073-1096,1978
000ay [ s e

0004aAa e o ACCEHC4T2,0#PART1)/((DTOTAL$2S,0)nn3,3)1(8EE WIGHT,1979)
00049 e o CALL SHAFT(ACC,TIMEH)

00050 e eseFIN

00051 c .

00052 c .

00053 cesFIN
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00054 c
00055 RETURN
00056 END

(FLECS VERSION 22,46)
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00001
00002
00003
00004
0000S
00006
aoo0o7
00008
00009
00010
00011
00012
00013
00014
0001S
00016
00017
00018
00019
00020
00021
00022
00023
060024
00029
00026
00027
00028
00029
00030
000314
00032
00033
00034
000138
00036
00037
00038
00039
00040
0004}
00042
00043
00024
0004S
00046
00047
00048
00049
00050
00051
00052
00053

o Ko N o] [£] o

[z Xz N2)

Iz X2 ¥ 3]

© OO0

100

999

200

300

3199

ARVRRRAARRARARAARRRARARE OPINT AANAANANARNARANANAARARN S RN AN R NAANAS

PROGRAM DESCRIPTIONS
THIS PROGRAM OPENS THE NEEDED FILES FOR A MONTE CARLO RUN
OPEN A NEW HISTORY FILE (8EE APPENDIX P)
OPEN A NEW M,C,8 FILE (SEE APPENOIX F)
SAVE THE STARTING SEED VALUE
REINITIALIZE ANY VARIABLES

CREATED AY 3 GREGG M, PETRIE ONg AUG, 28, 1980
UPDATED BY 3 ALAN J, BALDWIN ONg BEP, 2, 1980

SUBROUTINE OPINT(IRUN)

BYTE BRUN(Q),BNAME(28)
REAL RNAME(T)
EQUIVALENCE (RNAME(1),8NAME(1))

INCLUDE DI (226,226) COMMON,FLX!
DATA RNAME/'DI23','(226%,',226',') ! V2 1AGE!, %0/
CHANGE TRUN Tn CHARACTER FORM FOR PILE NAMES

TRUNMISTABS ([RUN=])

DO (ITMPm1,8) BRUNCITMP) m ¢

ENCODE (8,100,BRUN,ERRE999) IRUNM]

FORMAT(I4)

G0 T0 200

WRITE(6,5%) IRUNM{

FORMAT(* OPENIT CONVERSION ERROR >>m=p [RUN3!,18)

DO (ITMPal,4) BRUN(ITMP)miQ?

CONTINUE

DO (ITMPai,a) ,
o IF (BRUN(CITMP) LT, '0v ,0R, BRUNCITMP) ,GT, '91)BRUNCITHP)=!O
ceosFIN

DO (1TMPmi,d4) BNAME(ITMP+1%) m BRUN(ITMP)

OPEN UP HISTORY FILE

BNAME(18) » IH!

BNAME(1S) = 18!

BNAME(3) = 12!

WRITE (6,300) BNAHE

FORMAT(' OPEN HIATORY FILE »!,30A1,'%, ')

OPEN (UNITm2 ,NAMERBNAME, TYPER!NEW' ,FORMEIUNFORMATTED ! ,ERRu399)

OPEN UP MASTER UUTPUT FILE

BNAME(1Q) = "M
BNAME(1S) = 'N!

D.77
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00054
0005S
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
0006A
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
0008}
00082
00083
000Ad
0008s
00086
00087
00088

D

(g ] (9] (e Xs e

400

a99

401

BNAME(3) = '3

WRITE (6,400) BNAME

FORMAT(' OPEN MABTER OUTPUT FILE "!,30A1,'",")

OPEN (UNITs3,MAMESBNAME, TYPER'NEN',FORMa ' UNFORMATTED !, ERRDA99)
CONTINUE

BNAME(14d)m'C!

BNAME({1S)esL*

BNAME(3)m' 1

WRITE(6,401) BNAME

FORMAT(' OPEN GLACIER FILES',30A%)
OPEN(UNIT®T,NAMERRNAME ,FORMu ' UNFORNATTED ! ,READONLY,
+ TYPE®'OLD')

INITIALIZE DATA
INCLUDE 'DI3(226,2261 INITDAT,DAT!
CALL GLSEAR(SOURCE,RAT]IO)

INCLUDE 'DIp(226,2261L0GICALS,DAT!
CHRS(3)®0,0

DO (11m4,8) ITYPE(II) » 4

OOCLAYER®1,NLAYER)

o ITYPE(LAYER)®ITYPEL(LAYER)

+ DOCIBYSTMNL,3)

e o DELXCLAYER,ISYSTM)®DELX{C(LAYER,ISYBTM)
e oeasFIN

..I'IN

TIMEXXBSECNDB(0.0) IGET BTARING TIME
RETURN
END

(FLECS VERSION 22,48}
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00001
00002
0000%
00004
09008
00006
00007
90008
00009
00010
000114
06012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
0o0g2s
00024
00025
00026
60027
00028
00029
00030
00031
00032
00033
00034

00039
0003%
00037
00038
00039
00040
00041
00042
00043
00040
06045
00046
nooay
00048

© QOO0 0D

(9]

999

Aga

OTHER2A,FLX

ARARRAAANARARARNNAARRARR LEND ANARARANARNRANAVANAAAANANRANRRARAN

PROGRAM DESCRIPTIOMY
READ THE CLIMATE FILE, OGN AN ENDwOF<FILE, BET THE LOGIC PLAS
LEND TO ,TRUE,

CREATED BY ¢ GREGG M, PETRIE ON¢ AUG, 28, 1980
UPDATED BY 3 ALAN J, BALDWIN ONE 3EP, 2, 1980

LOGICAL PUNCTION LENOCLUCLIM)

LOGICAL LDUMP,LMORE
COMMON /MORDMP/ LDUMP , L MORE

INCLUDE 'DI3s{226,226)COMMON,PLX?
READ(LUCLIM,ENDN999) TTIME,DTIME,FCLIM,GLACIN, GLMEIN,GLMAX

+ +RKMSIT,8TATNE,S1ITISO

ICLIMBFCLIM
IFORCERQ

TEND ® TTIME +0DTIME IGET TIME AT THE END OF THE TIME STEP
TIMEH ® TTIME 4DTIME/2,0(GET TIME FOR THE MIDOLE OF TINE STEP
IF (1FORCE ,GT, 0) CALL NOTE ( §8 ,'|} FORCED EVENT }}')
IFCICLIM ,LT,1,0R ICLIM,GT,8) BTOP ' wwe BAD CLIMATE INDEX wwal
LEND ® ,FALSE,

GO TO 8an
CONTINUE
LENO=,TRUE,
CONTINUE
RETURN

END

(FLECS VERSION 22,86)

o o000

o0

ARARRARRANNRAARRARRARIARRAR MIX AR A AR AN NNNAN RN NN TR AANNRAANRANA IR

PROGRAM DESCRIPTIONS

RANOOMLY ORDER THE SUBMODELS FOR THE MONTE CARLO RUN,
CREATED 8Y ¢ ALAN JAMES BALOWIN ONt AUG, 14, (980
SUBROUTINE MIX(1GO)

DIMENSION 1GO0(1S),R0O(1S)
LOGICAL LORPER

D.79



(FLECS VERSION 22,46) 26=0CT=8% 108016385 PAGE 00002

00049
00050
0005t
00052
00053
00054
00055
00056
00057
000548
00059
00040
00064
00062
00063
00064
00065
00065
00067
00068
00069
00070
00071
00072
00073
00074
0007S

00076
00077
00078
00079
00080
0008}
00082
00083
000AR4
0008S
00086
00087
00088
000A9
00090
00041
00092
00093
00094
00095
00096
00097
00098
00099

(s X e XNg)

COMMON /IJRAN/IRAN,JRAN

NSUBMD = 7 | NUMBER OF ACTIVE SUBMODELS
00 (IORDER = 1,NSUBMD)

« IGN(IDORDER) w IORNER

« GO(CIDRDER) ® RANDOM(IRAN,JRAN)

...FIN

BUBBLE SORY IGO ARRAY USING RANDOM NUMBERS

REPEAT UNTIL (LORDER)
LORDER a ,TRUE,

.

e« DO (IORDER ®» {,NSUBMDel)

e o« IF (GO(IORDER) LT, GO(IORDERe)))
. . e« LORDER = .FAL’E.

. . [ ] GT!MP [ GD(IORD‘R)

e o o [SGTEMP s IGO(IORDER)

« o o 60 (IDRDER) 8 GO(IORDER+Y)
e« o o IGO(IORDER) ® IGO(JORDER+Y)
e o o GO (IORDER+1) = GTEMP

. . . IGOCIORDER+1) s IGTEMP

o o seofFIN

o eeoFIN

eeofFIN

RETURN

END

(FLECS VERSION 22,46)

o (s NeKoNasEoNoNoNolel :
[}

©

- L L LTI 117 - W -
RARREANNANE RSN RAANRANRAAY QUTALL ARt aantaaettataa st et anannannd

PROGRAM DESCRIPTIONG

THIS ROUTINE WRITES THE M, C, 8, OUTPUT DATA AND CHECKS THE
SENSE BWITCHES TO S8EE WHAT MESSAGES TO DUMP AND IF 1T SHOULD
HALT THE MODEL,

CREATED BY 1 ALAN J, BALDWIN ONg AUG, 14, 1980
SUBROUTINE DUTALL(IRUN)

LOGICAL LMORE,LDUMP
COMMON /MORDMP/ LMORE , LDUMP

INCLUDE 'DIg(226,226) COMMON, FLX!

CALL SSWTCH(1,I5W1) | DUMP '4' GEOLDGIC MESSAGES
WHEN (I18W1 ,ER, 1) LDUMP m ,TRUE,

ELSE LOUMP » ,FALSE,

CALL SSWTCH(2,I9W2) | DUMP '®' HISTORY MESSAGES
WHEN (I8W2 ,EQ, 1) LMORE s ,TRUE,

ELSE LMORE w FALSE,

WRITE AN UUTPUT RECORD TO THE OUTPUT FILE

D.80



(FLECS VERSION 22,46) 28=0CT=81 10116355 PAGE 00003

00100
00101
00102
00103
00104
00109
ootloes
00107
ooto8
00109
00110
00111
go0lte
00113
00114
0011%
00116
00117
00118
00119
00120
00121
00122
00123
00124
00t2s
00126
00127
00128
00129
00130
00131
00132
00133
00134

00135
00136
00137
00133
00139
00140
00141
00t42
00143
00144
00145
0014s
00147
00148
00149
00150

¢

FCLIM 8 ICLIM
FCLIMGE ICLIMG

FTOP = ITOP

T128T0THC(L,2)

T228T0THC(2,2)

T328T0THC(3,2)

T42eTOTHC(4,2)

T218TUTHC(2,1)

Ta1mTOTHE (A, 1)

T238T0THC(2,3)

T438T0THC(A,3)

SGADNERHCNEGR«HRIVER

SRGDSWEHCIWGR=HRIVER

WHEN(SPEDUN NE,0,0,AND, TIMES(2) ,NE,0)

o EWALE(PATHLN(2)/3PEDUN)/TIMNES(2)

l.!FIN

ELSE EWALNO,0"

WRITE(3)

TIMEH, AVHCNE , AVHCSW, AVNENHC , AVSWHC,CASELY, CHEONE ,CHCISN,
CHRKNE ) CHRKSW,CHRS(1),CHRE(2),CHR(3),COHAPT,DELX(ITOP,2),
DVRPOS,DVRPNE ,DVRPSW,EGAB,ERATTL ,ESENT, ENAL,FLHCNE, FLHCON,
FLUXNE,FLUX8W,FRINT,HCNEGR, HCBWGR,

HCNEWS , HCSWNS, HRIVER,FCLIM,

PATHLN(1),PATHLN(2) ,PATHLN(3),P08T,Q,
RAINNE,RAINSH,RCANE,RCHNE ,RCHSN,RDEPTH, REDU,
RKMS1T,ROCKEL,RPGOST,RPSAVE,SEACUR,
+8ELEV,8GADNE,SLOPE, SPEDUN, SRGDSW, SUMFTN, TFLER, THICKG, THICNE,
1 THRCH,TTIME,TIMES(1),TIMESC2), TINES(3),TMSULA, THOSF,
2 TOTRHC, TRMOVE, VEL(1),VEL(3),8EPAGE(1),8EPAGE(R),8EPAGE(D),
2 CHHE(1,291))CHHC(1,2)2)oCHHCCY,2,3)oCHHC(L1,8,1),CHHC(L,9,2),
2 CHHC(1,8,3),CHHC(2,2,1))CHHC(2,2,2))CHHC(2,2,3),CHHC(R,8,15,
2 CHHC(2,4,2),CHHC(2,4,3),T12,T22,732,142,T21,T741,T23,T43
RETURN

END

O @~ A B e

(FLECS VERSION 22,44)

SUBRQUTINE CLOUT(IPUN)
LOGICAL L3MEOF

c RARRRRRARAARRRRRARSNARRE CLOUT Aaanaadad v v a vt vhd v av vt r v w®
%

c PROGRAM DESCRIPTION 3

c THIS ROUTINE ACCOMPLISHES THE FOLLOWING 1o

c CLOSES THE CURRENT HISTORY FILE (SEE APPENDIX F)

c CLOSES THE CURRENT M,C,9, FILE (8EE APPENDIX F)

c WRITES TO THE SUMMARY FILE

[ CLOSES THE CLIMATE FILE

c

C CREATED BY 1 GREGG M, PETRIE ONt AUG, 28, 31980
c UPDATED AY ¢ ALAN JAMES BALDWIN ONg SEP, 13, 19680
c

c

c

D.81



(FLECS VERSION 22,46) 28«0CT=81 10316855 PAGE 00004

00151
00152
00153
00154
001SS
00156
00157
00158
001589
00160
0016}
0062
00163
00164
00165
00166
00167
00168
00169
00170
001714
00172
00173
00174
00175
00176
00177
00174
00179
00180
00181
0ot182
00183
00184
0018s
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200

00201

oo

D

j00

INCLUDE 'D13(226,226) COMMON,FLX!

REWIND(T) | REWIND CLIMATE FILE
CLOSE(UNITs?) JCLOSE GLACIER AND CLMATE FILE
CLOSE (UNIT=2) § CLOSE HISTORY FILE

CLOSE (UNITu3) | CLOSE MASTER OUTPUT FILE

GIVE THE LENGTH OF THE RUN
TIMEXXSBECNDS(TIMEXX) /60,0
WRITE(6,100) TIMEXX

FORMAT(' LENGTH UF RUN=!,F8,2)

WRITE SBUMMARY FILE
OPEN (UNITwg,NAMERIDI]§SUMHARY,AQS!, TYPEN'OLDY,

+ FORMSYUNFORMATTED',ACCESSa'DIRECT! ,RECORDBIZEn64,ERRB300)
60 Yo 400

300 STOP ' PROBLEMS OPENING SUMMARY TO WRITE OUTPUT RECORD'
400 CONT]INUE

WRITE (6,%) ¢t WRITE SUMMARY RECORD (',IRUN,'")!?

LOMEOF = ,TRUE,

WRITE (4 TRUNYIRUN,LBMEOQF, IRAN)JRAN,KEY,DVBRCH,AXISAN,BTINE,

1 COSNE,COSBW,DISTFD,DPNTNE,DPNTSN,PANG, (FANOLE(L1),11m1,4),
2 FOIST,FLWONE,FLWDSW,FOLDAN,HT,ROFTDT,RTREND, BURNAT, THRND,
3 HYDCN(1,2) ,((HYDCN(IL,JJ) ,1122,8),JJ81,3),

4 HYDCNI(1,2), ((HYDCNI(12,J2),1202,8),J204,3)

LSMEUF® FALSE,

IF (IRUN,LT,NRUNS) WRITE(Q'IRUN#1) IRUNe{,L8MEDF,0,0,0,0,,0,,
1 00000004900906000900000900¢00r00r00vDopDor0er0s90se04s0,s0,4
§ 0500.'0.00-'ooto.'onooooocoo-vonvooo°-o°-v°ov°o'°o'°-v°-v°o

tVe

CLOSE (UNITm4)

CHECK SENSE SHWITCHES
CALL BSWTCH(3,I8NW3) | WRITE OUT DEBUG MESSAGES TO TERMINAL

IF (18W3 ,EQ, 1)
e WRITE (6,500) IRUN,NRUNS

500 , FORMAT(' AEGI8 FINISBHED ',1IS,' OF ',IS,' RUNS,!)

FIN
CALL SBWTCH(4, I8W4) | HALT THE MODEL IF 83w & I8 UP
IF (1848 ,EQ, 1)

WRITE (6,600) IRUN,NRUNS

600 : FORMAT(//7,' J11L1 HALTING AEGIS (Il1])',//,

1. ! AEGIS STOPPED AFTER RUN ',I%,' OF 1,1S,! RUNS,!',//)

« CALL CLO8IT JCLOSE SUMMARY AND CLIMATE FILES

« STOP ' AEGIS HALTED WITH SWITCH 4 (RESTART SWITCH = 8)!
seoFIN

RETURN

END

(FLECS VERSION 22,46)

LALL LI DAL DALY T LDl LY L L2 L1 1)
.

C

ARARRRARAARRARAANNERRAN CLOSIT Avararatt e AA RN AR AANOARNAAARCARS

D.82
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00202 ¢

o203 ¢ PROGRAM DESCRIPYION 1§

00204 c THIS ROUTINE CLOSES THE SUMMARY FILE AND THE CLIMATE FILE,
00208 c

00206 SUBROQUTINE CLOSIT

00207 c

00208 CLOSE (UNIT«7) | CLOSE CLIMATE FILE
00209 CLOSE (UNITm4) 1 CLOSE SUMMARY FILE
00210 8TOP ' FINISHED WITH AEGIS!

00211 RETURN

00212 END

(FLECS VERSION 22.86)
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00004
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00028
00026
00027
0002R
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
0004}
00042
00043
00044
ooo0us
00046
00047
00048
00049
00050
000S1
00052
00053

o000 © o oOcOooOO0n

(2N o] o000

(o)

(2] (2] o000 (e Xa X2l

[} (e X ol (2] (o] o0

ARNARRRARARanannranhnrtaenn SLEVEL FLX anantenanavtnrvntrannntnnn

THIS SUBRUUTINE ACCOUNTS FOR RISES OR LOWERING OF S8EA LEVEL DUL
T0 CHANGES 18 GLACIER ICE VOLUME

SURRQUTINE SLEVEL
INCLUDE 'Dlg(226,226)COMMON,PLX!?
CALL NOTE(4,'#BEAY)

IFCICLIM,EQ, 1)

DURING AN INTERGLACIER CHECK FOR A 8EA LEVEL RIBE: DWING
TO A PARTIAL DR TOTAL MELTING OF EXISTING ICE SHEETS
NOTE THAT THERE 18 A MAX, AMDUNT OF SEALEVEL RIBE
CORRESPONDS TO A MAX, AMOUNT OF ICE THAT CAN MELT
IF(SEALT,SEAMAX,AND,L TEST(PSEAEX))

« MAVING 'GOT' A RISE IN SEA LEVEL FIND THE AMOUNT
#AAUNNNRNN0DENSTITY CURVESSNSRENENY

SRISBEPROR(25) JORAW FOR THE AMOUNT OF BEA LEVEL RIBE
I ] TITIETTT ]

SEARSEA+SRISE

CALL RNUMBR(14,'SEA LEVEL RIBE!,SRIBE)

o oFIN

IN

Ne @ » ¢ o o

FIND THE LOWERING OF BEA LEVEL YO THE GLACIER GROWTH (IF ANY)
SEACURBBEASEACH(RAD,RATIOD)

WHEN(BEACUR ,GT, (S8ELEV+1,0),AND,  NOT, LICEON)
« 1,E, THE SITES FLOODED BY THE 8EA
1IF(,NOT, LFLOOD) ' )
o AND ALSO FLONDED FOR THE FIRBY TIME THEN i
o CALL NOTE(12,'8]TE FLOODED!')
. LFLOOD® ,TRUE,
oanIN

NeUYNUNRNNSDENS]ITY CURVENNASRNQSNNS

DEPSPROB(26)#DTIME |GET AMOUNY OF SEDIMENT DEPOSITED
ypeAsEINLY NRNSBARINS
IFC(DEPTH LT ,DEAD2)DEPR(,0001 INEAR DEAD ZONE

WHEN{SEACUR ,LE, (S8ELEV+DEP))

.

.

.

.

.

.

.

o DEPTHESEACURSSELEVIDEPTH OF THE SEA ON THE BITE
.

.

.

.

.

.

.

o o CURRENT AODITION OF SEDIMENT JUST BRINGS SITE OUT OF THE BEA

D.84



(FLECS VERSION 22,44) 28=0CT-814 10917303 PAGE 00002

00054 OIFFuABS(SEACURBELEY)

[ ] L
00055 e o CALL CHANGX(DIFF)
00056 e o CALL NOTE(20,'SITE JUST OUT OF SEA!)
00057 e o LSEACHS ,TRUE, JCHANGE RIVER CHANNEL
00058 e o+ LFLOODS ,FALSE, INO LONGER FLOODED
00059 e esoFIN
00060 . ELSE
00061 € e o NORMAL FLOOD ACTION
00062 o o CALL CHANGX(DEP)
00063 o eseFIN
00064 eooFIN
00065 ELSE
00066 C . NO FLOODING BY THE SEA THIS TIME STEP
00067 . DEP®O,0
00068 + I1F(LFLOOD)
00069 e o CALL NOTE(1S,'SITE OUT OF 8EAY)
00070 e« o LSEACH®,TRUE, LCHANGE RIVER CMANNEL
00071 e eooFIN
00072 « LFLOODE,FALSE, INOT FLOODED
00073 veoFIN
00078 ¢
00075 C
00076 ¢
00077 €
00078 RETURN
00079 END

(FLECS VERSION 22,46)
LA LD L LD LYl AL LD L LD LAl L Ll L 1 N

00080 FUNCTION SEACH(RAD,RATIO)
0008y ¢ GIVEN THE DISTANCE OF THE GLACIER EDGECIN DREGEES) FROM
00082 ¢ THE SOURCE LATITUDE THE FUNCTION RETURNS
00083 ¢ THE AMOUNT OF SEA LEVEL ODROP IN METERS
00084 C
00085 SEACHS0,0}FIRST ASSUME NO CHANGE IN SEA LEVEL
00086 IF (RAD,GT,0,0)
00087 . RICERRATIOWRADSRAD*SQRT(ABS(RAD) )
00088 . SEACHSRICE#2,64
00089 oo FIN
00090 RETURN
00091 ENO

(FLECS VERSION 22,46)
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(FLECS VERSION 22,46) 28=0CT=8} 10517807 PAGE 00001

00001
060002
00003
00008
00005
00006
00007
0000A
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
0004y
00042
00043
00044
00045
00046
00047
00048
00049
000590
00051
00052
00053

LD L L LT LT i Aty Y el 1tryr e b rlr r Xt r i1 1.1}
ARRANRNNNRNRARRARRNONRR SUBFLT PLY ARSI AN AN ARININRRRAANIERN

PROGRAM DESCR]IPTION 1
THI8 ROUTINE MODELS BUB=BABALY BASEMENT FAULTING EVENTH,
IT ACCOUNTS FOR THE FOLLOWING EVENTS! ’
= CHANGES IN HYDRAULIC CONDUCTIVITY
TIME BETWEEN SUB=BASALYT BASEMENY EARTHQUAKES
FAULT AREA UF BUB«BASALT BASEMENT EARTHQUAKES
FREQUENCY OF SUB=BASALT BABEMENT EARTHOUAKES
DURATION OF A SUB=BASALT BASEMENY EARTHQUAKE
ACCELERATJON
POSSIBLE CHANGES IN THE OHAPT 8EAL

SUBROUTINE SUBFLY
INCLUDE 'Olg3[226,226) COMMON,FLX?
CALL NOTE(310,'#8UB=FAULT!)

INITIALIZE
LFRASMe FALSE,

(s Ka Xyl OO0 o0 a0 OO0

IF(,NOT, LFBASE)

o WHEN(LTEST(PFTNEW) ,0R, IFORCE,EQ,!)
o o CALL SETFLY
o o TBUBFTETTIME
] II.'IN
]

L]

ELSE RETURN

esFIN
c
c
o
IF(IFORCE,EQ,1)
o CALL NOTE(1S,'FORCED FAULTING!)
o TSUBFTRTTIME
sesFIN
C
NHILE(TSUBFT.LT. TEND)
« CALL RNUMBR(ZO.‘!SUE BASALY FAULTING"TSUBFT)
Cc CEOEEEEEEE PO CEEEEEEEEEEEEEE -6 ¢EEEEEGEEEEEEEEEEEEEEE¢ 666
o TSUBFTRTSUAFT4PROB(102) 3 GET TIME UNTIL THE NEXT FAULY
RICH=PROB(104) I GET THE RICHYER MAGNITUDE

[ ]
e« WHEN(DTIME ,GT,100,0) TEMPRAVENAS#100,0/DTINME
o ELSE TEMPmAVENAS

c o THE ABOVE I8 BECAUSE FUNCTION POISON I8 TYIME STEP ADJUSYED
e NUMFYISPOISON(TEHP) 41 | AFTER SBHOCKS ¢ STARTING EVENT
CEEEECEEEEEEEEEEEEEEEEEEEEECEEEEEEEEEEEEEEEEEEE e

o

*

D.86



(FLECS VERSION 22,46)

000%4
0005S
000S6
00087
00058
00039
000460
00061
00062
00043
00064
0006S
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076

00077
0oo07a
00079
00080
000814
00082
00083
00084
0008S
00086
00087
00088
00089
00090
00091
00092
00093
00094
00075
00096
00097
00098
00099
00100
00101
00102
00103
90104
00105
00106

[z N2 X o) (2N a) OO0

c
c
c
c

RICHTRERICH&ANFACT

28=0CT=81

10117307 PAGE

CALL INUMBR(Lf,'eMOVEMENTAS! ,NUMFT)

CALCULATE®THE=EFFECTYw0F e THE=FAULTING=ONeHC

{ CORRECT FOR ANGLE: FACTOR

DOCImy,NUMFTICALL SHAFT(ACRPOS, TIMEH) JALLOW FOR BHAFT SEAL EPFECTS

IFCACRPOS,GE, ACELCT)
LFBASME, TRUE,
CALL NOTE(S%, "MAJOR FAULT!)

veoFIN

oo FIN

RE TURN

ARARANNAANAARANAR DR R RANANANAAARNARAA A NI A NN AR NAARAANNNN AN R ANNNAN

00

TO CALCULATE=THE=EFFECTSwOFwTHE=FAULTING=ONHC

Arn®CALCULATE THE EFFECTS OF THE FAULTING ON HCAnaadtatanddvtddd

[ ]

*

® ® ¢ o ¢ o o ¢ & o 0 ¢ 8 8 fo Po s s s 0 0 e v o

-

*é

ACRPOSSACLER(RICHTR,RDFTOT)
WHEN (ACRPOB ,GE, ACFTMN,AND,RDEPTH,LT,DEPMIN)

.
.
.
[}
.
L 4
.
-
[}
.
L
.
.
4

FAREASPOLY(16,RICHTR)
FREQFTRPOLY(17,RICHTR)
OURFTY sPOLY(18,RICHTR)

CALL RNUMBR(9,'FREQUENCY!,FREGFT) ICHANGE DOC
CALL RNUMBR(8,'DURATION',DURFT)}CHANGE DOC
CALL RNUMBR(10,'FAULT AREA',FAREA) ICHANGE DOC

DO(L=i,NUMFT)

CEPEEE LG+t ECEEtC ettt et er et e ettt b et 00 bte ¢ be e ¢t bP b s
TEMPuCH HC FT(ACRPOS,RDEPTH)#PROB(10S)*RPOSHC
CEEEEEEEEEEEEE Pt ettt bttt ettt tett Pttt e ettt tette

CALL RNUMBR(18,'ACCEL,(REPOSITORY)!,ACRPOS)
+FIN
ESE CALL NOTE(20, 'SFAULT MINOR AT REP,!)

| FAULT AREA
{ FREQUENCY
1 OURATION

ICHANGE IN M,C,

CALL RNUMPBAR(18,'eFRACTIONAL CHANGE!,TEMP) [ADD TO DOC
CHRB(1)STEMP+CHRSE(Y)
seoFIN

DO(LAYER=ITOP,NLAYER)
IFCITYPE(LAYER) ,GT,2)
PO(ISYSTMS],3)

ACERSACLER(RICHTR,RADIST(LAYER,ISYSTM)

3

1F (ACER ,GE, ACFTMN,AND, DEPTHZ(LAYER,ISYSTM),LE,DEPMIN)

LO(I=1,NUNFT)

D.87
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00107
00108
00109
00110
00111t
0o0tte
00113
00114
00115
00116
00117

00118
00119
oolz20
0012}
00122
00123
00124
0012$

00126
00127
00124
00129
00130
00131
00132
00333
00134
00§35
00136

¢ CEEEEPEEEtEr et r ettt ettt tttttttttbbtbtthttttttbtebtt
¢« o ¢ o o o TEMPECHMCFTCACER,DEPTHZ(LAYER,IBYSTM))#PROB(10S)»
e ¢ o s s e HYDCNI (LAYER,J8Y8TM) .
c CEEEPEEEREPEEPEtEEEEEEr bt tbe bttt tttbtrbetbbbbrtbbtbel
« o o o s eeoFIN
¢« o o o geoFIN
s o o egeFIN
o o oeeefIN
o oeeefFIN
seoFIN
END
PROCEDURE CROSS~REFERENCE TABLE
00077 CALCULATESTHE=EFFECTS«0F=THE=FALULTING=ONoHC
00060
(FLECS VERSION 22,46}
L LT 11131 11yl T3I Yy 11 71}
FUNCTION ACLER(RICHTR,DIST)
c NOTE THAT THIS FORMULJZATION IB SEEN TO BE CONSERVATIVE
c WHEN USED AT DEPTH(INSTEAD OF THE SURFACE)
TOP=4T2,0%(10,0%%(0,28*RICHTR))
BOTTOME (DIST+25,0)ani 3
ACLERSTOP/ROTTOM
RETURN
END
(FLECS VERSION 22,46)
FUNCTION CHHCFT(AG,D)
c THIS FUNCTION I8 USED TO CALCULATE THE CHANGES® IN M,C, DUE
c YO0 ACCERATION A DEPTH, IT I8 TAKEN FROM "EARHQUAKE ENGINEERING AND
¢ THE BATTELLE REPOSITORY RELEASE SCENARID MODEL®™ REPORY SUBMITTED
c BY L, ,H, WIGHT OF TERA CORP,
c
TEMPR(0,0001126%AGe (D] ,0Fw04)=0,020919)JEQUATION A PAGE 4ep
IF(TE"P.L".O.D) TEMFRO0,0
CHHCFTBTENP
RETURN
END
(FLECS VERSION 22,46}
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00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
0001}
00012
00013
00014
00015
00016
00017
00018
00019
00029
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033

00034
00035
00036
00037
00038
00039
00040
0004}
00042
00043
00044
00045
00046
00047
0004R
00049
000S0

(s Kx X g] (3] oo aoOoOoOOOO00OO0O0O00O0n

oo

2 XaXe)

o0 (o] (2] a0

RRARRRRRRARRARSRRRERRANN UNFEAT ,FLY AAARRAAANAARANNAREARAANAARANR

THIS SUBROQUTINE ACCOUNTS FOR 3
STARTING H,C, FOR EACH LAYER IN THE SYSTEM
THE LOCATION OF THE DISCHARGE POINTO'OF ozgr GROUND WATER
SYSTEM3 INTO THE SEDIMENT FILL OF THE BASIN
LOCATION AND STARTING PARAMETERS POR THE LOCAL FAULTING SYSTEM
THE POSSIBILITY OF AN UNDETECTED FOLD
AN UNOETECTED SUB BASALT FAULT
PARAMETERS FOR THE 8,W, SUB=SYSTEM FAULTS
PARAMETERS FOR THE N,E, SUBeSYSTEM FAULTS
THE STARTING VALUE FOR THE UNCONFINED PATH LENGTHS

SUUBROUTINE UNFEAT

INCLUOE 'DI1(226,226) COMMON FLX?
CALL NOTE(1],'W#UNDETECTED!)
IN THE FOLLOWING wAYj

GETe8TARTINGeHC

CALCULATE=THE=DISCHARGE=POINTS

ACCOUNT=FUReANY= OCAL=FAULTS
ACCOUNTeFOR=FOLDING=AND=8UB=BASAL TaFAULTING
ACCOUNT=FOReF AULTING=INeTHEwNEwAND=BN=8UBGYSTEN
CALCULATE=THE=BASE=CASE

RETURN

AARRRANARRREARAR RN ARRAANANAANANARNRANARA R A NAANNAN AN A RRNA N AR AARAD

TO GET=3TARTINGeHC
2t aGET STARTING HC ANt e ARttt AN A AN AR AR AR AR AR AR AN RRRARARRRN

9
o

(LAYER = ITOP , NLAYER)

NOW LOOK AT EACH SUB=SYSTEM (8,W,,BA8IN,N,E,)
DO (18Y3TM » | , 3)

o SELECT (ITYPE(LAYER))

o SELECT BY ROCK TYPE

soovesssssDENSITY CURVEseueosonew

(1) HCuPROB(69)BASINS SEDIMENTS

2)

o« CONSOLIDATED ROCK

o SELECT (18Y8STH)

« o SELECT 8Y SUBeSYSTEM

. . wocecaseeeslENSITY CURVEsooosoanne
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00051
00052
00053
00054
00055
00056
000S?
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
0008}
00o0a2
00083
00084
0008S
00086
0co0a7
0008A
00089
00090
00091

00092
00093
00094
0009S
00096
00097
0009R
00099
00100
00101
00102
00103

o000

(1) HCaPROB(70) 18,w, SED,
(2) HCUsPROB(71) |BASIN 8ED
(3) HCePROB(T2) IN,E, BED

oFIN

BASALT OF THE WANAPUM AND BADDLE MT,

SELECT(ISYSTM)

o« SELECT 8Y SUBSYSTEM
veonsncsacesDENSITY CURVEssovanowss
(1) HCEPROB(73) §8.,K, BASALY DF WANAPUM«BADDLE MT,
(2) HCWPROB(T4) IBASIN BASALT OF WANAPUMa«BADDLE MT,
(3) HCWPRDB(7S) IN,E, BASALT OF WANAPUMaBADOLE MT,

L
]
L
. LU L L1 2]} - -
[
F

ooFIN
IN

BASALT OF THE GRANDE RONDE

SELECT(ISYSTM)

sevescacesnsDENSITY CURVEowonnuase

(1) HCsPROB(76) }8,X, BASALY OF THE GRANDE: RONDE

® ® © ® & 0 & 6 © 6 0 9 0 Y O O O VP O O O G S S a0 O
e © 8 ® ¢ B & & 5 MO 6 8 60 & 6B 660 Mmoo @ & P o e

: (2) HCSPROB(YT) JBASIN BASALY OF THE GRANDE RONDE
« (3) HCePROB(TB) IN,E, BASALT OF THE GRANDE RONDEZ
. sPOcERSwNe LA A4 0 L1 1]
sseFIN
(B ) pl N
ooFIN
IFCLAYER,NE, 1)

. CALL RNUMBR(12,'#8TART H,C,m',HC) JCHANGE. DOC

+ CALL RNUMBR{10,'@THICKNESE ! ,DELX(LAYER, I8YSTM)) ICHANGE DOC
FIN

HYDCNCLAYER, ISYSTH)BHC

HYDCN (LAYER, I8YSTH)BHC

FIN

Me © » ¢ ©¢ » © © ¢ ¢ 0 ¢ @ © 0 @ 0 © % & 0 0 08 9 O O O " P O O e

- e
Ze

Me 2 o & o 0 0 ¢ © 0 0 0 ® & 0O O O " @ OO S O " S 06 O Ve e S " O e

e
Ze

ARNR RN NN R ANANNANAAR RN NANNARNE AN N ANARAANA NN IR ANANANANANORNRNRNAN

0000

TO CALCULATE«THE=DISCHARGE=PDINTS
wax2CALCULATE THE OISCHARGE POINTSARARANRANAANRANNNANNRANNANAAAY

DRAWN FOR THE LOCATION OF THE DISCHARGE POINTS FOR EACH SUB=SYSTEM
esceseveeslENSITY CURVEvowoaoesse
DPNTBWEPROB (T79) v (EDGENE-EDGEBN)+EDGESK 18,W, DIBCHARGE POINT
OPNTNESPROR(80) 2 (EDGENESEDRESW) ¢EDGESW IN,E, DISCHARGE POINT

IF (DPNTSK ,GT, DPNTNE)

o CALL NOTE (18, 'CHANGING DISCHARGE!)

e« TEMP m DPNTSH

D.90
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00104 e o OPNTSWRODPNTNE

00108 e o DOPNTNERTEMP

00106 ] ...'IN

00107 » CALL RNUMBR(20,'S,W, DISCHARGE POINT!,DPNTSK)

00108 o CALL RNUMBR(20,'N,E, DISCHARGE POINT',DPNTNE)

00109 ¢ « FIND THE ANGLE OF PLOW PATH

00110 o XHORSWNABS(DPNTSWeEDGESW)#1000,0 JCHANGE TO METERS

oo111 e RSSURT(XHORSH*%24DEPTIWNRRD)

00112 . COSSWSXHNRAW/R

00113 . 1IF (COS SW ,LE, 0,0 ,OR, COS 8W 6T, §,0)

00114 e« o GCALL RNUMBR(1S5,'ERROR IN COS 3wi,CO88N)

00115 e o COSSWsl,D

00116 e seefFIN

00117 o XHORSWRR

60118 o« CALL RNUMBR(19,'DIST FROM EDGE S8.E,',XHORSN)

00119 ¢ XHORNEwABS(EDGENE=DPNTNE)#1000,0 JCHANGE TO METERS

00120 o RESART(XHORNE##2+4DEPTNER®2)

00121 . COBNE®XHORNE/R

00122 o« IF (COS NE ,LE, 0,0 ,0R, COS NE ,GT, §,0)

00123 e o CALL RNUMBR(15,'ERROR IN COS NE!,COSNE)

00124 e » COSNEmi,0

00125 [ ..I'lN

00126 C .

00127 e« XHORNEWR

00128 o« CALL RNUMBR(18,'DI8T FROM EDGE N, E!,XMORNE)

00129 € .

00130 o IMDELX(},2)/1000,0 IDEPTH TO BASALT/BED INTERFACE(KM)

0013t « DO CIPATH®1,3)

00132 ¢ » BELECT (IPATH)

00133 e & & (1)

00134 € s s e s 8., DISCHARGE SYBTEM

00135 e o o ¢ XOUT m OPNT3IN

00136 e o o o FINDaDISTANCE=FROM«BASALTSED=DISCHARGE=POIN

00137 o o s egefFlIN

00134 e s o ()

00139 ¢ s o o o IN THE BASIN

00140 e« o s o XOUT ® 0,0

00141 e o o o FINDeDISTANCE=FROM=BASALTSEODISCHARGE=POINT

001“2 . [] L ...'IN

001“3 L) ¢ e (3)

00144 € e » o o N,E, DISCHARGE SYSTEM

00145 e« o o o XOUT ® DPNTNE

00146 e« o o s FIND=DISTANCE=FROM=BASALTSED«DISCHARGESPOINT

00147 e o v eessFIN

00148 e o sesFIN

00349 e eesFIN

00150 eeeFIN

00151 ¢

00152 ¢

00153 [ RAANNRNAR AR ARANR R RN AR R AARNRANREARARANRARNAA RN ANAANANA AR RN ANNANRRN
Ll 2 L L L 2T L L 1] ) - L 11 ] - -

00154 TO FIND=DISTANCE=FROMaBASALTSED=DISCHARGE=POINT

00135 [ aaxaFIND OISTANCE FROM BASALTSED DISCHARGE POINTawwwnanatanatnwnw
00156 c o

D.91
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00157 c .

00158 C o COORDINATE RELATIVE TO THE CRDS8 SECTION (Y POSITIVE SDUTH AND

00159 [+ « X POSITIVE TOWARD THE N,E,

00160 C .

00161 c .

00t62 [ . wocsnnrwenDENSITY fURVEscosswonna

00163 o« TEMPE(PROB(92))/S7,29¢ JDISTANCE ALONG THE DISCHARGE ARC

00164 [o ¢ wevecscwwsesss

0016% c .

001646 o CALL INUMBR(20,'SUNCONFINED PATH IB8,',IPATH)

00167 o CALL RNUMBR(16,teDISCHARGE ANGLE!,TEMP)

00168 c « FIND THE COODRODINATES IN A SYSTEM IN LINE WITH NORTH

00169 [+ e AND TRANSLATE THE ORIGIN BACK OVER THE REPDSITORY

00170 o VYYSCOS(TEMP)®ARCRAD ¢ YSTART

pogrt e XXBSIN(TEMP)®ARCRAD + XBTART

00172 e CALL RNUMBR(OT7,teX COR1',XX)

00173 o CALL RNUMBR(D7,'eY COR1',YY)

00174 o TEMPE(90,0-ANCRDS)/S7,295

001758 C o ROTATE COORDINATE SYSTEM IN LINE WITH THE M,C,8,

00176 o XmXX®COS(TEMP)SYYNSIN(TEMP)

00177 o YsXX#SIN(TEMP)¢YY*COS(TEMP)

0017AR o CALL RNUMBR(Ob6,'®X COR',X)

00179 « CALL RNUYUMBR(O0&,'eY COR',Y)

001A0 « XsXeXOUT -

0018%¢ o DISTUNBSQRT(XaXeYrYSZrZ)

00182 o CALL RNUMBR(13,!'PUNPATH DI8Ta!,DISTUN)

001R3 e UNPATH(IPATH)SDISTUN

00184 esoFIN

00185 c

00188 c

00187 [ RN AN RN RN AR R A RN R RARRA NN RANAARN RN AR RN AR R AR R AR RRR AR R ANRRRARRN
LA A A L Ll A LA Dl 1yl Ty I Il Yl Y1l 17T.]

00188 TO ACCOUNTePOReANY=|OCAL=FAULTS

00189 (o axan ACCOUNT FOR ANY LOCAL FAULTORAARARARANSRARARRARRRANNRRANRIND

00190 [+ .

00191 c .

00192 c o FIND LOCAL FAULT PARAMETERS

00193 [ . eevecsvsesDENSITY CURVEsssosmsnas

00194 o RTRENUSPROR(B1) IGEY REGIONAL TREND

00198 C . LT T T Y T T o Y Y T TPy T

00196 c .

00197 « RNORMLSBRTREND+90,0

00198 o ANBTWNEANGATN(RNORM{ ,ANCRDS)

00199 e« IF(ABB(ANBTWN=90,0),LE,ANCR UN)

00200 o o CALL NOTE(1S,'FAULTS PARALLEL')

00201 e o PS8SSFTB = 0,0 | NO FAULT ON THE MODEL CROSS SECTION

00202 o egoFIN

00203 e COSANBCOS(ANBTHN/ST,296)

00204 o CALL RNUMBR(14,*#ANGLE BETWEEN',ANBTNWN)

00205 » I1F (COSAN ,LE, 0,0)

00206 e o CALL NDTE($1,'ERROR ANGLE!)

00207 e o L08SAN = §,0

0020A e oesfFlIN

00209 C .

D.92
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00210 C .

00211 e NEXTFT ®» 2 JCOUNTER FOR FEATURES IN THE REPOSITORY

00212 c . 1 = SHAFT SEAL

00213 c - . 2 ®» FOLD

00214 c . 3=50 = LOCAL FAULTS IN THE REPOSITORY

0021S o WHEN (LTESTH(PSAFTB))

00216 e o LSSFIN s ,TRUE, JSET PLAG SHOWING A POSSIBLE FAULT IN THE BABIN
00217 e o GCURDIS = STFLT |THE FIRST FAULT I8 JUST OUTSIDE THE BASIN

00218 s o REPEAT UNTIL (CURDIS 6T, EDGESH)

00219 o o o SBFTHC(1) » 0,0

00220 C e s o ecomewsessDENSITY CURVEsewecevewe

00221 e o o DISNXTePROB(82)/COSAN

00222 e« o« o FWIDTH(1)BPROB(83)/COSAN IEFF!;TXV! FAULT WIDTH

00223 c " s o = - ceenaaw

00224 e o o OSSPTT(1) =1,0EQ8 JTHIS FAULT I8 TO BE OUTSIDE THE BASIN

00225 e o o FAULT(1)=CURDIS

00226 ¢ « o CURDIS sCURDIS+DISNXT

00227 e o osoofFIN

00228 c . e

00229 e« o INEXTE2

00230 « o REPEAT UNTIL (CURDIS ,GT, EDGENE)

00231 e o o FAULT(INEXT) = CURD]S

00232 e o o BSSFTHCCINEXT)m 0,0)S5ARTING H,C, DIFFENCE BETWEEN THE FAULT AND 7!! SURR
00233 c ¢« o o wonsesesseDENSITY CURVEwemcssanew

00234 e o o DISNXT s PROA(82) /7 COSAN |[DRAN FOR THE NEXT UQCATION
00235 e o o FWIOTH(INEXT)w PROB(B3) / COSAN [DRAW FOR THE FAULT WIDTH
00236 s o o FORCINEXT) s PROB(84) ¢ RTREND [ORAN FOR LOCAL FAULTY DIRECTION
00237 e o o SSBFTTC(INEXT) = PROB(83) ITIME: UNTIL THIS FAULT 18 ACTIVE
00233 o o o RESETC(INEXT) w SSFTTC(INEXT)#FRESFT |GET RESBET TINME

00239 C e o ® - -

00240 . . . IF (ABS(FAULT(INEXT)) LT, SITRAD)

00241 c e o s o I,E, THIS FAULT GOES THROUGH THE SITE

00242 e o o o WHEN (LTESTW(PMISFT))

00243 c s e o o o AND THE GENLOGIST MISSED IT

00244 o o o o o NEXTFT = NEXTFY ¢ §

00249 e o o o o IF (NEXTPT ,GT, %0)

00246 e o o o ¢ o GCALL NOTE (12,'MISSED FAULTY)

00247 . . . » . e NEXTFT = %0

00244 ¢« o o o o oeeasFIN

00249 « o o o o IFSIT(NEXTFT) ® INEXT

00250 e o o o ¢ CALL NOTE(19,'FAULT IN REPOSITORY?!)

00251 e o o o o ANG ® ANGBTN (FOR(CINEXT),ANCROS)

00252 « » o 9o o R ® ABS(FAULT(INEXT)®SIN(ANG/S57,2396)) J1,E, GET THE NORMAL
00253 c « o o o o DISTANCE TO THE FPAULT
00254 e o 8 s o RLENGHRSART(SITRADNSITRAD=R#R)#2 |JLENGTH OF FAULT 81TE
00255 C e o s o o INTERSECTION

00256 e s o o o AREA = RLENGH#(FWIDTH(INEXT)/1000,0)nCO8AN

00257 s o o o o FRAC(NEXTFT)SAREA/(SITRADASITRAD#3,14159)

002SA e o o o o CALL ANUMBR(17,'FRACTION OF INTER!,FRAC(NEXTFT))

00259 e o o o geoFIN

00260 o o o o ELSBE

00261 e« o o o o CURDIS = SITRAD

00262 s o o e ¢ FAULTCINEXT) = CURDIS

00263 e o o o o CALL NOTEC(18,'FAULT JUST QUTEIDE!')

00264 . . . o oeofFIN

n0265 e« o o esoFIN

D.93
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00266 CALL RNUMBR(1S,'FAULT LOCATIONS',FAULT(INEXT))

[ ] 1 ] L]
00267 e o o INEXT ® INEXT ¢ |
00268 e o o CURDIS ® CURDIS + DISNXT
00269 e o o JIF (INEXT ,GT, 200)
00270 e o o o GCALL NOTE (11,'L087 FAULTYS?')
00271 e o e o INEXT ®= 200
ooavre e o o oeeeFIN
00273 o o eesfIN
00274 e s NSSFT @ INEXY
00278 e o FAULT(INEXT)NCURDIS JREMEMBER THAT THIS FAULT I8 OUTSIDE THE BASIN
00276 e o SSFTTCINEXT)w®],0ERS
00277 s o CALL INUMBR(13,'6TOTAL FAULTS!,NBSFT]
00278 e oeoefFIN
00279 + ELSE
00280 e o LSSFIN = FALSE, INO FAULTS IN THE BABIN
00281 e o CALL NOTE(1S,'NO LOCAL FAULTS')
00282 e o NSBFT = 0 [NUMBER OF LOCAL FAULTS ® O
00283 o ososFIN
00234 [ .
00285 c .
00286 c o ALLOW FOR A THRUST FAULT IN THE REPOSITORY
00287 o NWHEN (LTESTW(PUNTHS))
00288 c e o ©vvenseens=DENSITY CURVEsowssoveve
00289 e o THRWD = PROB(B6) JORAW FOR THRUST WIDTH
00290 « o TRUST Te PRDOB(8T7) IDRAW FOR TIME OR ACTIVE THRUSTING
00291 e o RESET Tm TRUST T » FREBTR | RESET TIME
00292 c e o cee
00293 s o IF (THRWD ,GE, RPOSTH)
00294 e o o CALL RNUMBR(15,!'THRUST TO0 WIDE'!, THRWD)
00295 e s o THRWDSRPOSTH/2,0
00296 e o esafFIN
00297 e o TJTRMOVE®O0,0 § TOTAL THRUST MOVEMENT BET TO ZERO
00298 e o CALL NOTE (1B,'THRUST FAULT FOUND')
00299 o o THRCH =0,0 } INITIALIZE H,C, TO ZERO THE DIPFPENCE BETWEEN THE FAULT AND
00300 e o LTHRST = ,TRUE,
0030% s seeFIN
00302 « ELSE
00303 . e LTHRSBT s FALSE,
00304 e« o CALL NOTE(15,'ND THRUST FOUND')
00305 e oeoFIN
00306 ...FIN
00307 C
00308 c
00309 o RARE R RN TR R AR NAN RN R R AR TR NAN N AN NN AANARANAA RN AR N A NN RANN RN AR
00310 T0 ACCOUNT«FORaFOLDING=ANDeSUBeBASALT=«FAULTING
00311 c wanxnACCOUNT FOR FOLDING AND SUB BASALT FAULTINGASNSANARSNAANNRAN
00312 c .
00313 4 .
00314 c o CHECK FOR A FOLD
00315 s WHEN (LTESTHW(PFOLR))
00316 e o LFOLD = ,TRUE,
00317 e« o CALL NOTE(10,'FOLD POUNDT!)
00318 e o CALL GETFLD

D.94
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00319
00320
00321
00322
00323
00324
003259
00326
00327
0032n
00329
00330
0033}
00332
00333
00334
00335
00336

00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00347
- 00348
00349
00350
00351
00352
00333
00354
00355
00336

00357
00358
00359
00360
00361
00362
00363
00364
003565
00366
00367
00364

. FOLDHCRO,0

...FIN

ELSE

« LFOLD ® FALSE,

o CALL NOTE (13,'NO FOLD FOUND')
eeeFIN

s Xz X 3]

*

*

[ ]

.

[ ]

[ ]

. CHECK POR UNKNOWN FAULT IN THE BASEMENT
L

. WHEN (LTESTW(PFAULT)) CALL SETPLT

. ELSE

« o LFBASE u, FALSE,

« o CALL NOTE(18,'NQ SUBBASALT FAULT?)

e eooFIN

.'CFIN

c
¢
[o AARANARNARA AR RN ANARAA RN AAANNARRAARRAARRA AN AN NN NAANANANANNARANNRAR

TO ACCOUNT=FORwFAULTING=INwTHE=NE=AND=8W=8UBSYSTEN
#aawACCOUNT FOR FAULTING IN THE NE AND 8K SUBSYSTEMwawawawawwawe

: snwsesrsesDENSITY CURVEvevasevene

o FLWDSWEPROA(BS) tDRAW FOR WIDTH OF REPRESENTATIVE S,N, SUB=BYSTEM
FAULT

: FLWONESPROB(89) JORAW FOR WIDTH OF REPRESENTATIVE N,E, SUBSYSTEN
FAULT

: FLTSW =PROB(90) ITIME OF NEXT S,W, FAULTING EVENT

o RESFNERF_ TSWaFREFNE [RESET TIME

[ ]

[ ]

.

[ ]

.

[ ]

© (o) aOon

FLTNE sPROR(91) |TIME OF NEXT N,E, FAULTING EVENT
RESFSWSFLTSN2FREFSN '
NSNSt NTSANSSew - °
FLHCSWE0,0 JH,C, INITIALIZED TO ZERO
FLHCNE®Q,0 |H,C, INITIALIZED TO ZERO

soFIN

c
c
[ ARARARNARARA NN AN AN AN AR AR AN AN AN RN RN AN NN NAANNA A NARN R ANNN RN AANANN

TO CALCULATE=THE=RASE=CASE

TERMS NOT CURRENTLY IN THE DOCUMENTATION INCLUDE;
AVHCSWs AVERAGE H,C, ALONG THE 8,N, PATH(T)
AVHCNE 3 AVERAGE MH,C, ALONG THE N, E, PATH(T)
CUNERCH CURRENT N,E, RECHARGE (])
CUSHWRC? CURRENT 8,.W, RECHARGE (I)
BMULTF Y BREACH MULIPLICATION FACTOR (1)
HVRPNE 3 DARCY VELOCITY ALONG THE N,E, PATH(T)
DVRPgHWy DARCY VELQCITY ALONG THE 8,W, PATH(T)
OVRPOS ¢ TOTAL DARCY VELOCITY THRU THE REPOSITORY(T)
GRADNE ? N.,E. GRADIENT(T)
RRADSH?Y S, N, GRADIENT(T)

OO OOHOO0OO0

D.95
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00369 € . HCNEGR® CURRENT HEAD VALUE FOR THE N,E, RECHARGE AREA(T)
00370 [+ N HCSWGRY CURRENT HEAD VALUE FOR THE 8,W, RECHARGE AREA(T)
00371 c . TOTL ¢ TOTAL DISTANCE FROM THE BOTTOM OF THE REPOBITY TO THE RIV
00372 ¢ . TOTLK t SUM OF LENGTH/H,C,(T)

00373 € . TOTNEt TOTAL LENGTH(METERS) ALONG THE N,E, PATH(T)

00374 C o TOTSWt TOTAL LENGTH(METERS) ALONG THE 8,M, PATH(T)

00375 ¢ . ’

00376 o« TOTLSDELX(2,2) IWANAPUM«SADDEL

00377 e« TOTLKmDELX(2,2)/HYDCN(2,2)

00378 « TOTLRTOTL4DELX(3,2) §'80FT ROCK' LAYER

00379 o« TOTLKETOTLK4DELX(3,2)/HYDCH(3,2)

00380 e« TOTLSTOTL+THABOY JGRANDE RONDE ABOVE THE REPOSITORY

00381 e TOTLKATOTLK4THABOV/DELX(&,2) ‘

003a2 e TOTLmTOTL4RPOSTH JREPOSITORY THICKNESS

00383 e« TOTLKSTOTLK4RPOSTH/RPOSHC

00384 C -

00385 € N

00384 o« TEMPRABS(EDGESWI%1000,0/CO8BS8N

00387 ¢ TOTSHERTOTL+TEMP+GRBWLN#1000,0

003A8 o AVHCSAN(TOTSW)/(TOTLK+GRSWLNx1000,0/HYDCN(A,1)¢TENP/HYDEN(G,2))
00389 o

00390 o TEMPBABB(EDGENE)*1000,0/CO8BNE

00391 e TOTNEBTOTL+TEMP+GRLNNE*1000,0

00392 o« AVHCNESTOTNE/(TOTLK$GRLNNEw1000,0/HYOCNCE,3)+TEMP/HYDCN(4,2))
00393 e« CALL RNUMRR(16,'S,M, H,C, STARTE!,AVHCSNK} |CHANGE DOC '
00394 e CALL RNUMBR(16,t'N,E, H,C, STARTE! ,AVHCNE) | CHANGE: DOC

00395 « HCBWNGRSHDSWGRePOLY(2%,CUSHRC)

00396 o GRADSWS(HCOWGR=HEADBS)/TOTSNH

00397 « HCNEGRSHDNEGR+POLY(25,CUNERC)

003948 e GRADNES(HCNEGR=HEADBS)/TOTNE

00399 e CALL RNUMBR(14,'8,W, GRADIENTE!,GRADSK) |CHAGNE DOC

00400 e CALL RNUMBR(14,'N,E, GRADIENT®',GRADNE) 1CHANGE DOC

0040t e« DVRPSWNEAVHCBWAGRADSW

00402 e DOVRPNEBAVHCNE#GRADNE

00403 « DVRPOARDVRPNE+DVRPEW

00404 + DVBRCHEDVRPOS#BMULTFIDEFINATION OF BREACH FLOW

00405 « CALL RNUMBR(19,'STARTING DARCY FLOW'!,DVRPOB) {CHANGE DOC

poaoe C .

00407 € .

0040R e« TOTLENSSWLN#1000,0+XHORSW

00409 ¢« TOTLK®WSSWLN*1000,0/HYDCN(2,1)¢XHORSW/HYDEN(2,2)

onaio e« AVBWHCETOTL/TOTLK

0041} c .

00412 e TOTLEWSNELN®1000,04XHORNE

00413 o TOTLKEWSNELN®1000,0/HYDCN({2,3)+XHORNE/HYDCN(2,2)

00814 e AVNEHCETOTL/TOTLK

00415 e« CALL RNUMBR(16,'WAN=SAD 3S,W, HC®*,AVBNHC)

000616 e« CALL RNUMBR(16,'WAN=SAD N, E, HCE',AVNEHC)

00417 eosFIN

00418 END

PROCEDURE CRUSS«REFERENCE TABLE

001AA ACCOUNTeFURmANY=| OCAL®FAULTS
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00154

00337

00357

000348

00310

00092

00026

FINDeDISTANCE=FROMaBASALTSED=DISCHARGE=POINT
00136 00141 00146

ACCOUNTeFOR=FAULTINGeINeTHE=NEmAND=SN=SUBSYSTEM
00028

CALCULATE«THE=BASE=CASE
00029

GET=8TARTING=HC
00024

ACCOUNT«POR<FPOLDING=ANDuSUS«BASALT=FAULTING
00027

CALCULATE=THE=DISCHARGE=POINTS
0002%s

(FLECS VERSION 22,36)
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00001 C ARRRARARARRANARARANNAN READS ARatadnanttannntd e et vt AN AR RN A AN
00002 c
00003 C PROGRAM DEBCRIPTIONS
00004 c THIS ROUTINE CALLS THE ROUTINES TO READ SCALAR, POLYNOMIAL,
00005 C DENSITY AND LAYER DATA, ALONG WITH CHECKING THE POSITIONS OF
00006 c THE SENSE SWITCHES TO SEE IF THE MODEL BHOULD STARY ‘PROM SCRATCH
00007 c OR REBTART FROM WHERE IT LEFT OFF,
00008 c .
00009 c CREATED BYg ALAN J, BALDWIN ONt AUG, 14, 1980
00010 C
0001} SUBROUTINE READS
00012 C
00013 LOGICAL LMORE,LDUMP
00014 COMMON /MODRDMP/ | MORE,LDUMP
00015 C
00014 BYTE BYDATE(C10),BYTIME(8B)
00017 LOGICAL LSMEOF
00018 C
000319 COMMON /IJRAN/ IRAN , JRAN
00020 C
00021 INCLUDE 'D]3l226,226) COMMON,FLX?
00022 c
00023 C
00024 READ=SCALAR=DATA
00025 READ=POLYNOMIAL=DATA
00026 READ=DENBITYaDATA
00027 READSLAYEReDATA
00028 * CHECK@BENBE=SWITCHES
00029 OPENCLIMATE=FILE
00030 RETURN
000314 c
00032 c
00033 c

L2 1 11 L1 LIyl 1y 17 Y]] - -
Q0034 TO OPENeCLIMATE=FILE
00035 o AR hOPEN CLIMATE FILEARARAARARANAANNNANNNANNRANARARNIARRANARRANR
00036 c »
00037 C .
00038 c ¢ OPEN(UNITST NAMEw'DI{ITABLE,CLM!,TYPER'QLD',READONLY
00039 C ¢ JFORMBIUNFORMATTED!)
00040 seoFIN
00041 c
00042 c

Ll A L L L L L YA 4 12 I'1X}] L4 J
00043 TO CHECK=SENSE~SWITCHES )
00044 [ AAARCHECK=SENSE SWITCHES AR AR ARAARANANANNARAANANRAANNNNANRANRNAR
0004s c .
00046 c .
00047 c o CHECK TO SEE IF RESTARY IT FROM WHERE LEFT OFF
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00048
00049
00050
00051
000S2
000S3
000S4
000SS
00056
00057
00038
00059
00060
00061
00062
00063
00068
00065
00066
00067
00064
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
000a2
00083
00084
00085
. 00086
000487
09088
00089
00090
00091
00092
00093
00094
00093
00094
00097
00094
00099
00foo
00101}
00lo2
00103

c

o000

100

-

+ +

558
536

200

+ +

SS7
358

210
220
230
240

250

1.

CALL S83NTCH(S,ISWS) | RESTART MODEL WHERE IT HALTED
WHEN (18wWS ,EQ, 1)
e RESTART MODEL WHERE IT HALTED
WNRITE (6,100)
FORMAT(//7,40X%,'A E G X 8Y,//
' aadas RESTARTING A E G I 8 PROM WHERE IT LEFT QFFtY,//)
OPEN (UNITma,NAME=?DI{3JSUMMARY AGA',TYPERIOLDY,
FORMRYUNFORMATTED',ACCESSn'DIRECT! ,RECORDSIZENSGA,
ERRRSSS)
60 TO $S6
STOP ' s#sws COULD NOT OPEN OLD SUMMARY FILE FOR RESTARTY
CONTINUE
READ=SUMMARY=FILE«UNTIL=LAST=RECORD
eoFIN
LSE
START MODEL OQUT FROM SCRATCH
WRITE (6,200)
FORMAT(//7,40X,'A B B 1 81,7/,
' 33883 BEGINNING A E G I 3 NWITH A FRESH 3TARTY,//)
OPEN (UNIT®a,NAMES!DIt)SUMMARY AGEY, TYPERINENY,
FORME'UNFORMATTED? ,ACCESSN'DIRECT! ,RECORDSIIERSS,
INITIALSIZEa30,ERRe8S7)
G0 To S58
WRITE (6,%)' wawan PROBLEMS OPENING UP NEW SUMMARY FILE*
CONTINUE
ISTRIN = 1
saeFIN
CLOSE (UNITm&)

RANDOMIZE THE RANDOM NUMBER SEED

CALL SSWTCH(6,]3W6) | START MODEL WITH A RANDOM NUMBER 3EED
IF (184 LEQ, 1)

e CALL DATE(BYDATE)

v CALL TIME(BYTIME)

» DECODE (9,210,BYDATE,ERRE299) IDAY

o FORMAT(I2,7X)

o QECUDE (9,220,8YDATE,ERRN299) IYEAR

o FORMAT(TX,12)

» DECODE (8,230,B8YTIME,ERRN299) IHOUR

. FORMAT(I2,6X)

« DECODE (8,240,BYTIME,ERRR299) IMINUT

» FORMAT(3X,12,3X)

o DECNDE (8,250,BYTIME,ERRN299) ISEC

o FORMAT(6X,12)

« IRAN ®w IDAY & IHOUR « [SEC

e« JRAN ® IMINUT » ISEC

e WRITE (6+260) IRAN,JRAN,IYEAR, IDAY, IHOUR, IMINUT, ISEC

o FORMAT(//,' LIJ1§ THIS RUN USES A RANOOM 8EED 1}111',//,
N ' THE RANDUM SEED I8 1',218,//,

. ' VE‘R .',I}psx"olv l',ll,lOX.'HOUR ."IS'S!""INUYE ..I
o I3,5X,"SECOND 3!,13,//)

o CONTINUE

eseFIN
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00108
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
00117
00118
00119
00120
o012y
00122
00123

00124
0012%
00126
00127
00128
00129
00130
001314
00132
00133
00134
00135
00135
00137
00138
00139
00140
00141
00142
00143
00144

0014%
00146
0014y
00148
00149
00150
00151
00152
00153

C o CHECK FOR 'w' LEVEL MESSAGES
c v
o CALL SSWTCH(],18w}1)
o WHEN (I8W1 ,EO, 1) LDUMP = ,TRUE,
o ELSE LDUMP m FALSE,
¢
C : CHECK FOR 'e' LEVEL MESSAGES
c
: CALL SSWTCH(2,I8w2)
s WHEN (18wW2 ,EQ, 1) LMORE ® ,TRUE,
o ELSE LMORE ® ,FALSE,
c
c : ASK HOW MANY RUNS
C
470 . WRITE (6,871)
471 , FORMAT(//,' HOW MANY MONTE CARLO RUNS 7!,3)
e« READ (6,%,ERRSU70) NRUNS
seoFIN
¢
c
I YT 1r1Jyrryy) o - - L L 1 1}
TD READ=SUMMARY=FILE«UNT]L=LAST=RECORD
c e aREAD SUMMARY FILE UNTIL LAST RECORDANAANARSARNRANARAARAANRNR .
IRECs0
: LSMEOF = ,TRUE,
o REPEAT UNTIL (IREC ,NE, IREC ,OR, .NDT. LEMEOP)
o « READ(GVIREC+1,ERRs489)IRC,LOMEOP,IRAN,JRAN,KEY,ATM,AXIS8AN,
1 BTIME,
1. . COSNE,COS8K,DI8TFD,DPNTNE,DPNTSN,PANG, (FANGLECIT), 11n3,8),
e o FDIST,FLWDNE,FLWDOSK,FOLDAN,HT,ROFTDT,RTREND,SURNAT, THRND,
3, . HYDCN(1,2) , CCHYDCN(I1,J1),11%2,8),J1%1,3),
G, HYDCN3 (1,20, ({HYDCNI(32,J2),1202,4),J2=1,3)
e o IF (LSMEOF) IREC = IREC ¢ |}
[] ...FlN
489 CONTINUE

L)
o WRITE (6,490) IREC .

490 , FNORMAT(//,' RESTARTING ON RECORD !',I4)
e NHEN (IREC ,LT, 1 ) ISTRTN m |
e ELSE ISTRTN ® [REC ¢ |
[ ]

ooFIN

C
c

TO READ=SCALAR=DATA
c *ARWREAD SCALAR DATARKARAAARARAARANNAARNRARANRANGRARARARARARNRAR
c .
c
c . THIS PROCEDURE READS THE SCALAR FILE DATA,
c .
c

: OPEN (UNITs1,NAME®'0DJ13SCALAR2,DAT!,TYPER'IOLD!,FORMNR'UNFORMATTED!

‘e +READONLY)
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00154
001SS
00156
00157
00158
00159
00160
00161
00162
001563
00164
00185
00166
00167

00168
00169
00870
00171
00172
00173
00174
00175
00176
00177
00178
00479
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191

00192
00193
00194
00193
00196
00197
00198
00199
00200
00201
00202
00203

) . WRITE (6,%) ' 338388 READ SCALAR DATA 33333338/
e INP B O
o« READ(1) NTOTAL
e WHILE(I.ER,I)
e o READ (§1,ENDmG66) DATAL(INP41)
e o INP m INP ¢ |
e oeoFIN
666 , CONTINUE
o IFCINP NENTOTAL) WRITE(S,15) INP,NTOTAL
15 o FORMAT(' ERROR IN SCALAR *,16,1%)
o CLOSE tunIT=mi)
seoFIN
c
c
TO READ=POLYNOMIAL=DATA
[ At anREAD POLYNOMIAL OATANRAARAARARANRARARNANRRAARARNANRAARRANRRAN
c
c . THIS PROCEDURE REAOS POLYNOMIAL DATA FROM THE DATA PILE
o OPEN (UNITui,NAMESIDI1sPOLY2,CURY,TYPERIOLD!,PORMR!UNFORMATTED Y
%, sREADONLY)
0 e WRITE (6,%) ' 333333 READ POLYNOMIAL DATA $883338'
« NPOLY2' ® O
e READ(1) NTOTAL
o WHILE (1,EQ,I)
« o READCL,ENDBTTT) 1D
» o NPOLY2 m NPOLY2 # 1}
e o IF CID ,LE, 0 ,0R, ID .67, 32)
P e o o WRITE (b,%)! 10m7,1ID,' SET TO ',NPOLY2
e o o 1D m NPOLY2
o s waoFIN
e o READC1) LOGTRX(CID),LOGTRY(ID),IQRDER(ID), (COEFF(L,ID),Lmi,11)
e oesFIN .
7717 . CLOSE(UNITaYl)
o I1F (NTOTALNE NPOLYZ) WRITE(S,10) NPOLYZ,NTOTAL
10 e FORMAT(! ERROR IN POLY TOTAL',IS,1%)
[ X ] .F !N
o
c
el AL L Pl Y LA A Y T 1Tyl 11Xyl Z: 1 7 1)
TO READ=DENSITY=DATA
c tARAREAD DENSITY DATANRAARNRARRANRAARRANANNRANANARRARERARANARANN
c
C . THIS PROCEDURE WILL READ IN THE DENSITY CURVE DATA,
c .
e« OPENCUNITE]I,NAHESID]I1IPROB2,DEN', TYPERIQLD! ,FORMa'UNPORMATTED!
¢, READONLY)
0 o WRITE (6,%) ' 333388 READ DENSITY DATA 8$33%383!
« NDEN ® 0
o« READC(1) NTOTAL
s WHILE (1 ,ER, I)
e =« READ(1,ERR®A88,EMND=888) ICURY
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oo204
60208
00206
00207
00208
00209
00210
o021l
00212
00213
00214
00215
00216
00217
00218

00219
00220
oo0221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
002349
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
0024S
0024as
00247

NDEN 3 NODEN ¢

L] L
e o IFCICURV,LE,0 ,OR, ICURY ,GT,13%)
b e » & MWRITE (6,%) ' ICURV m!',ICURY,' BET TO ! ,NDEN
. . e« ICURY ® NDEN
[ [ ] I.l'lN
e o READ(1) IOPTONCICURY),LOGTR(ICURY),XLON(ICURY),XHIGH(ICURY),
+e o (CURVE(ICURYV,X),K=0,20)
. ..-FIN
888 , CLOSE(UNITw=})
e IF(NTOTAL ,NE, NDEN) WRITE(6,11) NDEN,NTOTAL
11 o FORMAT(' ERKOR IN TOTAL DENBITY ',I5,1X,I%)
» CLOSE (UNITmi)
osoFIN
C
c
TO READ=LAYER=DATA
c AR AREAD LAYER DATARA AR AN ARARAANERANARNARRRANARNARANERARANDARRAAN
c
c . THIS PROCEDURE READS IN THE DATA POR EACH LAYER,
c .
c .
c .
e DOPEN (UNITE1,NAMES'DIJJLAYER2,0AT!,TYPESIOLD!,PORMS?UNFORNATYTED?,
¢+, READONLY)
D o WRITE (e,%) ' $33838 READ LAYER DATA 8333838¢
c .
o« READ(C1,ENDN999) (ITYPEL(K),Ku},q)
o WHILE (1 ,EQ, I
e o READ(1,END®999) DELX1(1,2)
e« » DO(LAYER®Z2,4)
¢ e o ;EAD(l,ENDloov)(D[LXI(LAYER.!SYSTH)plSVOTHIl.3)
e o eeoFIN
e o READC1,ENDE999) REPOST(1,2)
e o DO(LAYERSZ,4)
e o o READ(1,END®999) (REPDST(LAYER,ISYSTM),I8YBTMN],3)
o o e9oFIN
[ ...'XN
c .
c N
999 , CLOSE (UNITSi)
esofIN
€
c

END

PROCEDURE CROSS=REFERENCE TABLE

00185 READSSCALAR«DATA
00024

00192 READDENSITY=NATA
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00124

00168

00034

00219

00043

00028

READ=SUMMARYFILE=UNTIL =L AST=RECORD
00061

READ=POLYNOMIAL=DATA
0002S

OPEN=CLIMATE=FILE
00029

READSLAYER=NATA
ooo2ry

CHECK=SENSE=SW]TCHES
00028
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