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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 1 i near 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 a1. 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 mill ion output data generated in the simulations can be sumnarized 
by considering the three primary questions to be answered by any cons~quence 
analysis: "where,1I "how much," and "when." The "where ll was an input to the 
hydrologic analysis contained in the GSM; the shortest path (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 

~. represent the three-dimensional behavi,or of the confined ground-water system 
(Petrie et a1. 1981). The IIhow much,1I and IIwhen" can be determined, for the 
most part, by examining the estimated Darcy velocity through the repository 
-

. a.nd instantaneous travel times for ground-water movement from the repository 
......... ~ 

'Jto the Columbia River as functions of time . 

. :·D~rcy Velocity Through Reposit?ry 

:_, 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 a1. 1981). 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 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: 
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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 Submodel 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 ale 
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 c1imatically­
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 ale 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. 

xii 



Thus, in terms of a demonstration of the GSM technology alone, the results 
indicate that the d~velopment 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 a1. 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. 

xiv 



CONTENTS 

ACKNOWLEDGMENTS iii 

EXECUTIVE SUMMARY v 
SUMMARY OF RESULTS vi 
DISCUSSION xiii 
VALIDITY OF RESULTS. xiii 

CHAPTER 1: INTRODUCTION. 1.1 
CHAPTER 2: RESULTS AND DISCUSSION 2.1 

CLIMATE 2.1 
HEAD VALUES AT THE RECHARGE AREAS . 2.3 
GLACIER MOVEMENTS 2.8 
SEA-LEVEL CHANGES 2.13 
RATIO OF TRAVEL TIMES IN THE UNCONFINED AND DEEP BASALT 
HYDROLOGIC SYSTEMS 2.15 
MISSOULA FLOODING 2.15 
DEPTH TO REPOSITORY. 2.20 
HEAD VALUES AT THE DISCHARGE POINT 2.24 
HEAD DIFFERENCES ALONG THE GRANDE RONDE FLOW PATHS 2.24 
INCREASES IN HYDRAULIC CONDUCTIVITY DUE TO SWARMS OF MINOR 
EARTHQUAKES 2.28 
CHANGES IN REPOSITORY HYDRAULIC CONDUCTIVITY CAUSED BY DEEP, SUB-
BASALT FAULTING 2.29 
AVERAGE HYDRAULIC CONDUCTIVITY OF THE WANAPUM-SADDLE MOUNTAIN 
LAYER 2.32 
HYDRAULIC CONDUCTIVITY ALONG THE GRANDE RONDE FLOW PATHS 2.37 
TOTAL DARCY VELOCITY AT THE REPOSITORY . 2.42 
INSTANTANEOUS TRAVEL TIME 2.47 

CHAPTER 3: EVALUATION 3.1 
PRELIMINARY EVALUATION OF SUBMODELS 3.1 
VALIDITY OF PRELIMINARY RESULTS 3.13 
RARE (CATASTROPHIC) EVENTS 3.14 

CHAPTER 4: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . 4.1 
REFERENCES Ref.l 

APPENDIX A: INPUT DATA . A.l 

xv 



APPENDIX B: ACLIN . 
APPENDIX C: EARTHQUAKE ENGINEERING STUDIES FOR THE GSM 
APPENDIX 0: AS-RUN GSM CODE . 

xvi 

8.1 

C.l 
0.1 



FIGURES 

2.1 Climate Index 
2.2 Head Value in the Southwest Grande Ronde Recharge Area 
2.3 Head Value in the Northeast Grande Ronde Recharge Area 
2.4 

2.5 

2.6 

2.7 
2.8 

Head Value in the Northeast Wanapum-Sadd1e Mountain Recharge 
Area . 
Head Value in the Southwest Wanapum-Saddle Mountain Recharge 
Area . 
Elevation Changes in the Monntain Ranges to the East of the 
Pasco Basin 
Elevation Changes in the Cascade Range 
Distance to the Edge of the Cordilleran Ice Sheet from the 
Repos itory . 

.. 

2.2 
2.4 
2.5 

2.6 

2.7 

2.9 
2.10 

2.11 
2.9 Time History of Changes of Sea Level from the Present Value. 2.14 
2.10 Ratio of Travel Times in the Unconfined and Deep-Basalt 

Hydrologic Systems 2.16 
2.11 Behavior of the Ratio of Travel Time in the Unconfined and 

Deep-Basalt Hydrologic Systems as a Function of Distance to 
the Edge of the Cordilleran Ice Sheet 

2.12 Change of Path Ler.gth of the Unconfined Aquifer System Caused 
by a Continental Glacier Covering the Former Discharge Point 

2.13 Net Erosion of the Pasco Basin by Missoula Floods if Glaciers 
En]arge Wallula Gap. 

2.14 Net Deposition in the Pasco Basin by Missoula Floods if Wallula 
Gap Remains a Flow Control 

2.15 Depth to the Repository from the Overlying Land Surface 
2.16 Potentiometric Head at the Ground-Water Discharge Point 
2.17 Head Difference in the Southwest Grande Ronde Flow System 
2.18 Head Difference in the Northeast Grande Ronde Flow System 
2.19 Changes in Hydraulic Conductivity of the Repository Caused by 

Swarms of Minor Earthquakes 
2.20 Change in Hydraulic Conductivity of the Repository Caused by 

Sub-Basalt Faulting. 
2.21 Average Hydraulic Conductivity of the Southwest Wanapum-Saddle 

Mountain Flow System 
2.22 Average Hydraulic Conductivity of the Northeast Wanapum-Sadd1e 

Mountain Flow System 

xvii 

2.17 

2.18 

2. 19' 

2.21 

. - 2.22 
2.25 
2.26 
2.27 

\. 2.30 

2.31 

2.33 

2.34 



2.23 Change of Average Hydraulic Conductivity of the Wanapum-Saddle 
Mountain Flow System Caused by Secondary Mineralization 2.35 

2.24 Change of Hydraulic Conductivity of the Wanapum-Saddle 
Mountain Flow System as a Function of the Number of New Local 
Faults Crossing the Flow Path. 2.36 

2.25 Schematic Diagram of the GSM Analysis of a l-Metre Wide Fault 
Zone in a 100-Metre Flow Path. 2.38 

2.26 Relative Average Hydraulic Conductivity of a 100-Metre Flow Path 
Containing a One-Metre Wide Fault Zone with a Smaller Hydraulic 
Conduct ivity Than the Surroundi ng Rock . 2.39 

2.27 Average Hydraulic Conductivity Along the Southwest Grande Ronde 
Flow Path . 2.40 

2.28 Average Hydraulic Conductivity Along the Northeast Grande Ronde 
Flow Path . 2.41 

2.29 Change of Hydraulic Conductivity of the Shaft Seal 2.43 
2.30 Total Darcy Velocity Through the Repository . 2.44 
2.31 Northeast Flow System Component of Darcy Velocity Through the 

Repository 2.45 
2.32 Southwest Flow System Component of Darcy Velocity Through the 

Repository 2.46 
2.33 Instantaneous Travel Time of Water from the Repository to the 

Discharge Point 2.49 

xviii 



CHAPTER 1 

INTRODUCTION 

The geologic simulatio~s 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 Mode1 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 likely 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 IIscenario" 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 loss of 

repository integrity and need to be further analyzed (Stottlemyre et al. 1981). 
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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 occurr.ence. 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 y 

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 (?etrie 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 calibrati.on 
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.la) and for the entire million years (Figure 2.lb). 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 resulting 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.lb). This relation 
is even more evident in the detailed-20,OOO year graph (Figures 2.2a to 2.5a), 
in which the saw-tooth pattern of the change from interstadial to stadia1 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 loading. In this latter case, 2 to 5 cmyr- l 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. All 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 ab~ence 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 others 1981) 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 variablJe 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 
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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 1 evel. 
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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 repository as shown in Figure 2.12. Permafrost, which reduces ground­
water speed, becomes effective in increasing travel time in the periglacial 
environmentl 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 
trqvel 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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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 lesser 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-simu1ation 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 little 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 little 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 71S,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 "nonnal" 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 IInormalll river erosion 
rate is controlled by the rate of abrasion of the annoring 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 2.1Sa is simply Figure 2.13a 
with superimposed IInormalll 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 6S,000 and 715,000 years of simulated time, Wa11ula 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 r'1issoula 
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-fluvial 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 a1. 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 
deptn mimics surface elevation (fixed repository elevation), and that denudation 
in the Pasco Basin keeps pace with incision of the Columbia River (no canyon or 
coulee fonnation). 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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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 700,00D 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 hydraul ic 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 an~ m~gnitude of the earthquakes 
and of lithostatic 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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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 MOUNTAIN LAYER 

Results 

Figures 2.21 and 2.22 show little change in hydraulic conductivities of 
the southwest and northeast Wanapum-Sadd1e 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-Sadd1e Mountain layer 
is affected by: 

1) The initial values of hydraulic conductivity chosen for the various 
components of the MCS by the Undetected Features Submode1 (see Petrie 
et a1. 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 "hea1ing" (i.e., a reduction of hydraulic conductivity caused 
by deposition of chemical precipitates in pore spaces). 

IHea1ing" and local earthquakes located 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, bas~d upon the preliminary 
input data of Appendix A, local 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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full million yrs. 

2.35 



,........ 
::j"' 

>- (\J a: G 0 G "-"-
:L 
I........J 

f-
:L m 

....... 
w G 
---1 G 
0 
0 
a: 
r.n 

I ::j"' 

:L ......... ~ :::J G 
CL G 

.. 
a: +~ 

z ~+ 

a: 
3 ++ 

m + 

w G ++ 
:r: G + 
f-

+ 

G + 
~ 

LL ++'\.t 

0 +++ 
..... ++. 

~ 
++ . ++tI:t .... 

U ::j"' ++ . G .... +-++ 

:r: G 8 
~II.II 

G 1 16 2'4 31 I 

32 

NUMBER OF FAULTS 
FIGURE 2.24. Change of Hydraulic Conductivity of the Wanapum­

Saddle Mountain Flow System as a Function of the 
Number of New Local Faults Crossing the Flow Path 

2.36 



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 little effect on average hydraulic 
conductivity if their hydraulic conductivity is greater than that of the undis­
turbed rock because of the ininute 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 flow 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 an~ Wanap~m-
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 IIbottleneck ll in the flow in the same fashion 

as local faults in the Wanapum-Saddle f10untain 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 
Nountain 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 IIbottleneck ll 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. 
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Discussion 

The repository Darcy velocity is a function of head gradients and average 
hydraulic conductivities in the Grande Ronde flow path. 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 
deglaciation. 

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. 

INSTANTANEOUS TRAVEL TIME 

Resul ts 

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 effe~­
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 linearly 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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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 
~s~. 

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: 

• 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. 

• It appears that probabilities for uplift of the Cascade and eastern ranges 
(sc·alars 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-linormal li 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 
stadial 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 less 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 a1. 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 likely 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 
Submode1s 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 almost 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 lowered 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 a1. 1981). If another forms, it 
eliminates the earlier one. The GSM uses a moderately elaborate approach 
to define the geometric characteristics of the new 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 differences may be related to failure to distinguish 
between "faulting,1I which may increase local hydraulic conductivity in 
brittle rocks by orders of magnitude, and IIfaults," 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 limits 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: 

• 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. 

• 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 should be derived for 
Missou1a floods. This latter effort may include the need for well-directed 
field work. 

• "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) is 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 ;s critical to the present 
results of the GSM, and should be reviewed carefully. 
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• 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. 

• Stream erosion and erosion during Missoula floods (Polynomials 13 and 14, 
Appendix A) are functions both of the submode1 code and data; both should 
be reviewed for adequacy and accuracy. This is a key effect of the present 
GSM, and one of the less expensive and time-consuming areas for further 
investigations related to increasing both accuracy and precision of the 
results. 

• Consideration 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. 

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

Continental Glaciation Submode1 

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 Submode1 are: 

5 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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• 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: 

• 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. 

• 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. 

• 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. 

• 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. 

• 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. 

• 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 
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"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. 

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

• The present one-dimensional (quasi-three dimensional, see Petrie et ale 
1981) confined ground-water system does not allow the future ground-water 
system to develop a ~eneral 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. 

• 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. 
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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 ale 
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 
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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 a1 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. 
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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 developmeilts 
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 
IIcalibration ll 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: 

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

• 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. 

• 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 und~rstanding 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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• Documentation of the GSM and its input data provides an organized lIaudit 
trail," showing assumptions and decisions made during a continuously­
refined analysis spanning several years. 

• 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 tectonic's, and contributes about half of 
the complexity of the model. Initial runs of the GS~' 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 
IIfuture. 1I Thus, the components of the Climate Submodel need careful review. 
The Climate Submcdel 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 ale 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. 
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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 list here, but in 
general all of the GSM data should be subjected to interactive scrutiny by 
geologis~s 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.l describes the "Quality Keys" used 
to describe the relative merit of the values used for individual variables. 
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TABLE A.l. Description of Quality Keys 

Type 
Test Data 

Data from the Literature 

Description 
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. 

Datum was found in the open literature. The cor­
responding reference is given in the "longll text 
fi el d . 

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

Data by Transform 

Data from Curve Matching 

DELPHI 

Expert Judgement 

Judgement and Data 

Depends on Repository 

Inactive for Future Use 

Variance-for Future Use 

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 . 

. 
In this case, a limited 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. 

Datum was developed-in a DELPHI-type process. 

Datum ;s the best subjective guess of an expert. 

Datum ;s the best guess of an expert constrained 
by at least a limited amount of data. 

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 licensing this value will be 
well defi ned. 

This datum is not currently being used by the model 0 

Denotes that a probability density function, used 
as a error term with a polynomial, is currently 
not being used. 

A.2 



SClla~ ~4CELCT - Sub-ij.'alt Quake Critical Acceler,tion 
Enter,d bv -Alan JAme, qald~in - on 27-~E8·81 equel. 490,00000 

For use in lubmodel Sub-da •• lt Flultinq 
Judae~~nt end DetA 

Error c~eckinQ boun~. era I 0.0000000 980.0000 
Unit. centimeter. I .ec**2 
Source =PNL --

Minimum .ert~Quek' Iccaleretion (cm/.ec**2) from lub-b, •• ,t 
ha •• m~nt e.rt~Queka that potentially could Initiate (or 
reactivAte) oel,lt foldtnQ or feultlnQ. 

Scalar -ACFTMN - 'ub-Ra.alt Quake Crltic.' 'Acceler.tfon 
Entered bv -Alan Jame. Bal~wln • on 27-'!S-&1 equ.l. 245,00000 

For use in lubmodel Sub-Ra.,lt FeultlnG 
Judgement 8nd Data 

Error checkinQ boun~' .re t 0,0000000 '80.0000 
Unit. centimeters I '.c**2 
Source :PNL .-
~inlmum earth~uak. aceeleretlon (cm/.ec**2) frOM .ub-be •• lt 
ba.ament earthoueke that potentlallv could fnittate (or 
reectivat~) b •• alt foldln9 or flultlnG, 

SCAler ~ACLCRT ~ Crltlc.1 Accel,ratlon For Shaft Seel 
Entered hv "Jon Lindberg' Alan aeldwln- on t5-JAN_81 equal. 534.29'" 

For u.e in lubmodel Shaft Seal 
JurlQement end Oata 

E~ror e~eCklnQ bounda are I 0.0000000 980,0000 
Unit • eentimete~a I aec**2 
Source .P~L --

Minlm1Jm e4rthQueke Iccaleretion (cm/lec~*2) th.t could 
potentially chAnge the hvdraullc conductivity of the .heft 
leal. 

Scaler "ANC~OS • 4nql, From North Of Model C~o •• Slctlon(~CS) 
Entererl by "Jon Llndber~ & Alln BIldwin" on 15-JAN-al IQual. 52.000000 

For us, in sUbmodel Undetected Feature. 
Unpublished Data 

Error eheckinG bounda are I 42.00000 &2.00000 
Unit • de~r.ea 

Sou~ce =PNL --
Anal. (deQrre) tr~m north to line of the MCS. 
The M.C.S.~.tends frOm Sunnvsine ,~. to Spokene, Wa,h , 
8nd PAS1~1 over t~e reference site of • hypothetical nuclea~ 
west. ~.~ositorv at Hanford. 

Scaler "ANCPUN " Critical Angl, For faults Parall.I to MeS 
Ente~.d hv -Jo~ LlndberQ ~ Al8n ~aldwin" on is-JAN-8t Icuel. 10.000000 

For us. In 1ubmodel Undetected Feature, 
Data ~rom EKpert JUrl?ement 

Error checklno hound. ere I 0,0000000 30.00000 
Unit. rleqre.e 
Source sPNL --

Critical ~n~le Cdeqree.) for the mowlmum an~11 In tha 
norfwontal ~lane me.lurad from the MeS. Faultl with ,trike. 
thet ere bet •• en the ,iCS e~d ANCAUN ere aoneidered to be 
•••• "~Iellv pare,l., to t~. ~CS. 
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hort.ontal "lane ~ea.urerl fro~ the MeS, Fault. wIth ,trlkel 
thet ar~ between the MCS end ANCRUN ere con,ldered to bl 
e •• enti.llv paral,., to the ~CS. 

Scalar "ARCRAD " Redlu. of Unconfined Aquifer Dllcharge Arc 
Entered b, "A'an Ja~.' ijaldwln " on 20-~E8.Bl equal. 40.000000 

For use in .ub~odel Undetected Felture, 
JUdgement and Data 

Error checkinQ boundl are I 34,00000 94.00000 
Unit = ~flomet.rl 
Source sPNL .-

The unconfined aquIfer dl'charoel to the Co'UMbla RIVer, The 
dl.charQe Ire Ichematlcall, reorel.ntl the Columbll Rlvlr In 
the Pasco S.,ln, ARCRAD I, the rldiul of the Ire, Seller 
varlebla. XSTART end YSTART dafine the Clnter of the 
dl.charoe arc, 

SCllar "AVEFLO • Averlge Number of MI.loull ~Iood. Per 100 Yr 
Entered h' "Grego PetrIe • on 17-MAY-Il eque'. 0.66""'8!-02 

For uae in .ubmod.l GeomorphIc Event. 
Judpement and Oata 

Error ehacklng houndl Ire' 0,0000000 T,OOOOOOOE-02 
Unit. Numbar Of Ev.ntl Per 100 Vearl 
Source aOonald Ea.terbrOOk 

Avera? number of Mi,.oula-type floodl olr 100 yeerl ~hen 
the contlne"t.l gleeler I. within e .,n.ittv, lon" Th • 
• en.ltiy~ ron. I. defined by two latltud. tlnl' thlt Ire 
north of t~e Henford .It" Se. RLATHI Ind RLATLW 'ICIllr 
veriehlf!I). 

Sceler "AVEG.S - Avereoe No Gabla Mtn Event. (ITGABT)/100 Yr. 
Ent.~ed hv -Grego P.trle - on J1-MAY-Sl equI'. 0,00000000 

For use in lunmode1 ~eformltlon 
Oete From Expert Judgement 

Er~or ch~cklno boundl ere I 0,0000000 3,000000 
Unit a Number Of Event' Per 100 Vear. 
Sourc~ sSteve Melona 

Average number of ,Iqnlflcent eerthQuake. on the albt. 
Mount.I" Itructure per 100 yeers, SignifiClnt larthQuake. 
occur onl. when the .treln rete il pr.a~er thln,or eqUI' to, 
the value of the ecalar verlable eTGART, The Geble Mount,tn 
.tructure al,o Include. Umtanum Ridge~ 
Se. chenqe memo of ~,y /14/81 to Ie. the rettone'l for 
setting the velue to "ero 

Sceler ·'VEMAG "'v. No. ~aQ Eventl/lOO Yr In The PI.eo 81"n 
Entered hv -Alen Jeme. 8eldwl" " on 1.-APR-81 equel. O,S20D0001!-01 

For ua. In lunmodel Megm,tlc Eventl 
Unpubll,hed Date 

Error checking bOu"d. er. I 0,0000000 1.000000 
-Unit. Number Of Event. Per Ion V.er. 
Source aPNL --- Kurt Schmierer 

Averege number of meomatic ev~nt. tectlv. vol~.no •• ) per 100 
y.ara In the p.sco 8~,ln. Thi, velue WI. obtllned frOM I by 
2 degree ~uedrengle mlp. produc.d from the 8WIP project 'a 
Rockw.l1 lubcontrlct) Ilona with U-2 photo.,LANDSAT ,nd ERTS 
,at.llite I •• aerv. fhl mOlt det.ile~ level of ~.ool"; u •• d 
mylar ov.rla.1 on U-2 photos (q K Q in.) .t a Ic.l. of 
11125,000 (1 tn.-.opro •• 2 mile,). The det. uled wer.' 
Mer Center. ~'D Centere MeD Center. 
Wen.tch~~ 0 Rit.vll1e 12 Pendleton 1 
Pullman 3 Grengeville 0 Vakima .7 
DIll.. ~1 SDo~~n. 5 O~."oaen 0 
HOQuetm 2 Cone~.ta n S."~~oint 0 
wal,. W.lla 0 CI",On City 1 Slklr ! 
Hamilton 0 Elk Cit. 0 80ie. 0 
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Scalar -AvENAS ~ Aftar,hoek, Per sun-aa.alt Earthquake 
Entared by "Jon ~lndberQ & Alen a.ldwln " en lb-JAN-Sl .qual. 2,0000000 

For ute In .ubmodel SuO-Ma •• lt FaultinG 
Telt nllte 

Error checklnQ hound. Irt I 0.0000000 4,000000 
Unit - Numher of Afterlhoc~. Per Sub-8,'alt Quake 
Souree -Llwrence H. Wight 

AVer8Qe numher of 8fter,hock, per ,ub-balalt balemlnt 
.arth'1ullke. 

Scaler -AVESWH " Ayer,ge No. 0' Swarm Eventl In Repoaltory 
Entered by "Alan Jamel Saldwln " on 2Q-APR-Sl eQuel1 0,20000000 

For u.e In .unmodel SUb-~.,elt FaultinG 
Oata From E.pert Judoement 

Error checking bouno. are I 0,0000000 1,000000 
Unit • Numb~r of evant. Dtr \00 Year. 
Source -Steye ~alone 

The IIver"Qe nU"'"er of .warm event. directly Intel'.ectfnG the 
repo'itory durinG a lOO-ya"r Deriod 

Scalar "AVGASF • Av. ~o. Gable Mtn Eyent. ('AULT end STGABT) 
Entered bv "GreQQ Petrie • on 17-MAY-S1 aQuII. 0,00000000 

For u.e In luhmodel Deformation 
Inactive - For Future U.e 

Error checklno bound. are I 0,0000000 1,000000 
Unit - Number Of EYent. Per 100 Vear. 
Source ISteye Malone 

lver'Qe number of .Ignt'lcent eerthQuake. In the Gebl' 
~ountAln and V~tamum Ridge Itructul'e. pe~ 100 v.,rl when. 
major 'Ub-b ••• lt basement fault he. occurr.d, Significant 
",rth"u,kel occur only when t~e Itrain rata of the Itru~tur' 
t. equel to, or o~eate~ than, the value of the Icale~ 
vartebl, STG4AT, 
See ch.nQe memo of ~ay/14/81 for the rltlon,l for 'attinG 
thl. nu~ber to zero, 

Scaler "AVLAND " Ave~aQe Number Of Llnd.lld •• Pep 100 Vear. 
Ente •• d by "~r.qo Patrie • on 1,-HAY-81 equII. 0.00000000 

For ule In submorlel GaomorDhfc Eyentl 
Oat' From E_part Judgement 

trror checking bOund. are. 0,0000000 1,000000 
Unit a Number Of Event. Per 100 'earl 
Source -Donald Ea.t,~brook 

Avera"e numher of lano.llrtel Del' 100 veeI'I that lufflcl,ntly 
block the rlYer to change tne riVAl' gredlent or dlYert the 
flo .... 
rhe chenee 01 landslide •• ffectlnQ the rlver;1 laroa 
enough tn I"clude In the 'normal' chang, In .loDe end 
path lenQth densltv curve.C,ae the documentation for curve. 
4ft and 51). 

Scelar -~MULTF • Rreaeh Multlpllcetlon Factor 
Ent~red by "Alan Jama. Balow!n • on 13-MA,-a! eoual. 10,000noo 

For ule In luhmodel Sub-~.I.lt Faultlno 
JUdqement and Uat. 

Error checklnq boundS ere I 0,0000000 20,00000 
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Unit = unitle •• 
Sou!'ce .P~L 

Tni. b!'eAch multlDlicetion fActor u ••• tha .tartln; D.rcy 
valocltv throuoh the !'epo'Ito!'y to de"ive tne It.Itl for 
deflnl~Q a bl'eech to the !',polltoI'Y. 

SClllr ·CGLSTR ~.dl.l Stre., Fo" Mock Fracturing 
Entel'ed bv ·.1," Jeme, Slld.ln • on 22.MA,-el eoual, 10000,0~0 

For U'I In .ubmodel contlnentll Glacletlon 
Inactive· For Future IIle 

Error checking bound I ere I 0,0000000 10000,00 
Unit. DI.cell 
Sou!'ce =PNL •• Mike Foley ~ Grego Pet"le 

Minimum redl.1 It"e •• (Palc,l.) f"om olaelal loading that 
will fracture be.,lt, 
Note' OurinG initial runl of the ,Imul.tton, ol.ef.l'v 
Induced frlctu"lng conll.tentlY produced the II.a !' •• ultl 
at the .8~e tlma" For el"lv "unl of the model It W'I 
decided to loeed tha model UP by effectiv.ly re.ovlng the 
glecl,l fracturing and addinQ It durin~ the InalYlil. Th. 
'nttl.l "uns demon,tr8ted 8 ",.d to .tudv the eff.ctl of 
glacl.1 frActurlnQ on hydraultc conductivity, 

Sce'ar ·CGLSTT • T,ngentl,l Stre., For Rock Fr.cturlng 
Ente"e" ny ·.len Jam •• Saldwi" • on 22-"A'.81 eQu.'1 10000,000 

For u •• In lubmod,' Continental GI,clat'o" 
Inactive· For Future U.e 

Erro!' checking bound I Ire I 0.0000000 10000.00 
Unit a 001c81, 
Source =PNL •• GreQO Pltrie ~ 41an BaldWin 
~Inlmum t8npentlel Itrel. (pe.cIl.) fro~ olaclal loeding 
thet 101111 f"ecture ba.att. 

Note I ~ur'nQ In'tial runl of the Ilmulatto", glectellv 
Induced frActurIng eon.'ltentlY o"oduced the 'a~' re.ultl 
It the a~me time •• for ea"lv modil run It wal 
decloed to lo,ed the model uo by effectively removing the 
glec',' frecturing and Iddlno It durlno the enalYli.. Th. 
Inltlel run, riemonltrated • n •• d to Itudy the eff.ctl of 
glacl.l fractUl'lng on hydraulic conductivity. 

Scallr "CU~VN • Converllon Flct"1' For Old Frlcturl H •• 'lng 
Entered by "Alan Jam.1 Saldwln • on 21-HAy-el 'Qual. 0.14000000£-03 

For ule In lubmodel HvdrolooY 
JUdoement end Date 

E!'rop ckecklng bOund. ere 0.0000000 1.000000 
UnIt a 1.0 I ppm 
Source aPNL •• Bill DeutCh 

A multlpllcetlon factor to chlnoe the unltl of fon 
concentration, length Of time ,teol of eo~put'r model, end 
Ion re.ld~nce time to decr'.I~ in hydrlullc conductiVity for 
old fracturel. Tkl •• caler vlrlable helpi to calculate the 
chlnge In "ock hydr,ullc conductivity cluled by 
mlnerlllZltion. 

8calar ·CONVS " Conver,lon Fector For New Fr,ctur. H •• 'Ing 
. Ent.re~ ~y "Alen J~mel A,lnwln " on 2t.MA,-51 equall 0.lQOOonOOE-03 
For ule 'n .uhmo~el ~Yd"ology 
JUdoement .no ~et. 

E"rnr checklno hounds are 0.0000000 1.000000 
Unit. 1.0 I ppm 
Source =PNL •• Hill Oeutch 

A multinlfc6tlon flctor to chenne thr units of Ion 
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coneentration, l.~qth of eomDuter time .tep, .nd ton 
re.fdent tIme to a decr ••• e In ~yrlraulfc conductivity of new 
be.elt fractures. Thf. ICeler veriable e •• ,.t. In the 
ealeulation of the chanqe In rock hydraulic conductivity 
caUted by mineralizatIon 

Scalar "cnR~ED • River Slope Correction For eedrock 
Entered by "Alan Ja~e. Baldwin " on lb-MAY-S1 eauall 1.0000000 

For U'ft in lubmodel G.omo~phlc Event' 
Data From Ex~ert Ju~oement 

Error checklna bounoe are 0.0000000 1.000000 
Unit. unltl.,. 
Source aOonald EasterbrOOk 

ChanOft8 In river ,loDe ,re normally calcul_ted With the 
a •• umDtion that the river I. not eroding beadrock In the 
Paleo Pa.ln. ~hen the river I •• rodlng bedrock, the ,cal,r 
v'rleble CQWBED (multiplication fector) convert' the .'ope 
chlnoea from sediment erO'Ion to bedrock .rollon. 

Note I Dr, Eaeterbrook recommend. the multtpltCltlon flctor 
of 1.0 (no dlfferenc')1 
·Comoarl,on of oredient, of .egment, of the Colu~bl. In 
b"elt Rnd in ,edlment, I. made dffficult by dim, on the 
river. On, 27 km .eQment of the Columbll· pre •• ntly flowtn; 
I~ b8selt hIS e Qrldlent of 0~4Q m/~~,only ,lightly hIGh.~ 
thIn ~Ive~ flow In 'ediment, In the PISCO 8 •• tn_ ••• from 
O,3.0.b ~/km, IPlnning the Qradllnt of the COlumbfa 
flowing t~ Be.,lt.- (Ea.terbrook,19!l) 

SClllr "COSBNE " Anol. From ~eDo.itory to G~.nde Rond. N! 
F.ntered hy "Jon Lindberq & 41an 811dwln" 0" lb-J4N-81 .qUlla 0.99989998 

For URe in .ubmode1 HydroloQv 
OePendG on Re~o.itory O •• ion 

Error checking bound. Ire I 0.0000000 1.000000 
Unit I eo.'ne 
Source =PNL 

The co'tn~ of a verticel ,nQl. between the hori.ontll end In 
ImlQinlry 'treloht line e.tending from the hypothetlc.l 
repoaltory to a ~olnt in the r.~.nd. ~onde Fo~mltton It the 
no~the •• t edoe of the P •• co Ra,in. The point i, loclted 
mldwIV ~etw'.n the tOD Ind botto~ of the GrInde Ronde 
Formation end lie' on the MCS. The vertlcl' ,nol. 
help. define e vector ~hlch .che~.tlcelly repr ••• nt. 
the flo~ of r.rande Ronde Formation ground weter from the 
northee.t to the repolltory, 

SeIter "CUSRSW • 4ngle From Repoaltory To GrInde Ronde aN 
Entered hv "Jon Llndberp & 41,n aeldwln" on lb-JAN-81 equels 0.999]0000 

For ua. In ,ubmodel Hvdrology 
Oepennl on Repo~liory O.tlan 

Error checking bounda ere I 0.0000000 1.000000 
Unit = COline 
Source =PNL 

The COline of • vertlcel angle between the hortzontal Ind an 
'.Iolnary Itr.IQht line e-tendlng from the repoatto~y to • 
pOint in the Grende Ronde For~ltlon At thl .outhwe.t edae of 
the Pe8co ~~.f~. T~. potnt I, loeated mfdway between the 
top an~ hottom of the formAtfo~ Ind lie. on the MCS 
The a"glft helos defln •• vector which repre"nt, 
flo~ of ~round weter from the Grande Ronde Form,tlon 'nto 
the P.ICO H",fn from the 'outhwe.t, 

Sce1ar "CHPMFS " Critfcal Dittlnce To Glac'er Fo~ Pe~mltro.t 
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Ent.r~d ~y "Jon Ltndbe~Q , Alen ~aldw;n " on l&-JAN-el eQuel. 300.00000 
For u •• In .ubmodel HydroloQY 
Date F~om E_pert Judgem.~t 

Error checking bound •• re I O,noooooo 500,0000 
Unit. kilometer. 
Sf)u~ce aPNL 

Dietence (km) from lite (to n~rth only) to conttnentel 
alecie~ when permafrolt condition. begin to .f1ect around­
water flow In the no~the'lt rec~e~~e eree, 

Seeler "CUNERC " Current StartinQ Northee.t Recheroe 
Entered by ".'en Jeme. 881~wl" " on 1.-MAy.e1 eQue'l 6.4000001 

For Ule In lubmodel Sub-S.'.'t Feulttng 
Judgement end Data 

Error checkino bOUndS ere 0,0000000 50,00000 
Unit = centimeter. I y.e~ 
Source aPNL .- G~.gg Mtl •• Petrie 

Current .tertino recheroe in t~e ~orthee.t Recherge Iree 
(cmIYe.~) for calculetlng the breech c~iterte, 
Note' Gre~Q Petrie .tete. thet thl. dete VI'U. t. actuI"v 
the emount of prectoltetlon th.t go •• Into the ground at 
t~h t I me, 

Scaler "CUSwRC ft Current Sterting Southwe.t Recheroe 
Entered hV ".'an Jame. Saldwln • on 16-HAy.et eQuI'. 2.4000001 

For ule in submodel Sub-Ra.elt Feultlng 
Judgement and Deta 

Erro~ checking bOund, ere I 0.0000000 50.00000 
Unit I centim.t.r. / veer 
Sou~ce =PNl -- ~r'Qg MIl •• Petrie & .'en Baldwin 

Current .tarting recherge In the Southw •• t Recherg. ere. 
(em/vear) for calculetlnQ the bre.ch c~lt.rl~. 
Notel GreqQ Petri •• t.te. th8t thl. data Yal~. I. aetue"v 
the e~ount of oracioitation thet 00 •• int. the ground et 
thllll tim,,_ 

Seeler "DUASE • Re •• ment To Grand. Rond. ,. Thlckn, •• 
Entered hv "Jon Lindberg' Alen ealdwin - On 16.JAN.81 equI'. 1494,0000 

For us. In Iubmodel Fault C~eetlon 
Date F~o~ Tha Literatur. 

Error checking bOund, ere. 1000,000 2000.000 
Unit I ",,,t.r. 
S"urc. =PNL 

Vertlce' dl.tenee em) fro'" the be.e of the Grande Ronde 
Formetlo" to beeement rock, 

Scaler ·nCOR~S • Feult Hldth Oepth Correction For P.aco ee.ln 
EMered ry ".lan Jem .. Re'd~in " on ,'S.MAy.et eque" 1,0000000 

For ule in ,unmodel HvdroloQY 
Inecttve - For Future Use 

Error checking bound. ere. 1,000000 3,000000 
Unit :II unit te •• 
Source aPNL 

••• umlnq thl!lt tectonIc stress I. I .. rgelv r.I· •••• d 01'1 .'readY 
,.I.tinQ feult •• th"n fl!lult. in the older Grend. Ronde 
Formation h8Y. g~eeter dlll'llece~ent' and wider feult lone. 
then fault. In the younQ'~ We"epu", and Seddle Mountain 
Formation.. The ,clllle r verlable nCORSS I. e multipllcetlon 
fector to CO~"ect (or wi':le,,) the older hult. of the Grend. 
Ronde Formation In the Pasco Re.in a. comoered to the fault. 
in the vounoe r we"apum end S.~dle hountlilin Form.tion., 
Notel Ry ,ettlna the Yelu. to l,we heve the 'worlt ee.e' 
beceulle current date .uaae.t thet f,ultinq decre .. '.1 the 
hvd~.ulic conductiVity (oer,"",1 communtcetionwith Dr, 
Jlme, Crolbv). 
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Scele~ "UCQRNE • Flult Width Deeth Cn~~.ctlon 'or Th. N! 
Ent.~ed by ·Alen JIM., elldwln • on IS-MAY-81 .qu.,. 

For u.e In sub~od.l Hyd~oloqy 
In.ctlve • F~~ Future U •• 

Er~op cheeklnq hound • • r.. 1.000000 3,000000 
Unit. unltl ••• 
Sou~ce .PNL 

A.sumtnq thlt tectonic str.s. I. I,rq.'y r.I •••• d on alr.edy 
•• I'tlnQ flulta, then f,ult. In the old •• ar.nd. Rond. 
Formation have greater dllolec.m.ntl Ind wld.r f.u't Ion,. 
than flult. In the younoer W,nIOuM ,nd Siddi. Mount.fn 
Formatlonl, The ICllar varlabl, DCORNE ts e ~ultfo'fc.t'on 
factor to correct (or wld.n' the ol~.r fault. In the Gr,nd. 
Ronde FormltlQn northe'lt of the Pa.co 8'I'n ,. cOMoer.d to 
the flults In" the younoer W,nlPum Form.tton. 
Not,. by s.ttlnG the v,iu, to 1, WI h.v. the .wor.e c ••• ' 

beCluse current date luqq •• t that f,ultlnG d.cr ••••• the 
hydraulic conductivity (D.r.on,1 communfc,tfon wfth Dr, 
JI~'S Cro.by). 

SClllr ·OCOPS~ • F,ult Wlrlth OeDth Corr.ctfon For the SN 
Entered by -Alln JaM" S.1rlwln • on IS-MA,.81 .aual. 

For u •• In submodel HydroloQY 
In,ctiV4 • Fo~ Futu~. U •• 

Error checklno bound. Ire' 1.0aoOOo 3,000000 
Unit. unltl ••• 
Source .PNL 

A •• u~InQ thlt t.ctonfc ,t~.,. I. '.~gly r.i •••• d on .1r •• dy 
exlsttnq feult" then flult. In Ch. older Gr.nd. Rond. 
Formation hAve gr •• t.r dl'olee.~.nt. Ind wider fault IOn". 
thIn faults In t~. younger W.n.~u. Ind S.ddl. Hount.'n 
Fo~~.tlons. The .eall~ DCQRSW t. I ~ulttoltcetlon fector to 
correct (or wld.n' t~. old.r feult' In the Grinde Rond. 
Formation sout~w •• t of t~e Pa.eo ~ •• tn ,~ comoered to Ch. 
faUlt. In the YOUng.r Wen IOU. ,nd Slddl' Mt Fo,m.tfon •• 

Not •• By •• ttlno the valu. to 1, ~e h,vI the 'wor.t ca •• ' 
b.eau.e current dlta ,uQO.,t, that flulclnq d.cr ••••• the 
hydpaullc conductivity (D,~,o"ll COMmunication with Dr. 
Jlme. Crosby). 

Sc,'.~ "DEAOZ • ~Inl~u. Se. OeDth For Sedl~.nt DeDo.ltlon 
Ente~.d bv ""An J.me. Saldwln • on 15-MA,-81 .Qual. 

For u.e In ,u~model S •• Level Fluctuation, 
JudQement end O.ta 

Errop Ch~Ckl"g boundl ere 2.000000 b,OOOOOO 
Unit = ~eters 
Soupce =PNL •• r,~eqo Mil •• Petri. & MI~e Foley 

Minimum rleath em) of the "1 ove~ the reDo.teOry .tte before 
deDoaltlon of I,dlment by the ••• can occu~ tn the Pe.co 
~esln. 

Note, Thl, valu. I. the velue fop the tlda' ~anq. of 
the ~ •• t cn.st. 

Sce1er "OEPPAS • V.~tlcel DI.tance Of ReDoeltory To sa.ement 
Ent~~ed hv ·J.w.l. ~ Ala" J.~ •• H.'dwl~ " on 16-JAN.81 eQuel, 

For UI' In lubmodel Fault C~ •• tlo" 
Depenrtl on ~epo.ltory O.,lon 
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E~~or cn~ckino bound. are I 1500.0UO ~500.000 
Unit a meters 
Soure .. aPNL 

Verticel di.tance (~) fro~ the bile of the repo,ttory to thl 
top of b •• ement rock. 

Scaler "DEPHIN " Sub-SII.lt ~inimu~ Depth For H,C. Chlnge 
Entered ~y "41.n Jemes 8el~win • on Z9-APR-81 eQu.l. 

For UI .. in .ubmodel Sub-Se •• lt Flulttng 
Oete Fro~ F..pert JudQement 
Er~or CheCkinQ bound'lrl 0.0000000 1000.000 

Unit a meter. 
Source -Lewrence H. wtght 

The lowest deoth(m) et Which an e.rthQuak. wtll cheng. the 
hydraulic conducttvitv. Selo- this depth, Lttho.t.tlc 
Dre •• u~e eliminete. anv change. to hvdrlulic conducttvity. 

Seeler "DEPTNE " H.lf ~In-Ssd Thtckness It HE BI.tn Edge 
Ente~ed by "Jon Lindberg' James Bildwin" on S6-JAN-el eQull. 

For use in submodel undetected Features 
Depends on ~eDo'lto~y De.ign 

Error checkino bound. Ire I ZOO. 0000 600.0000 
Unit I ",,,ter. 
Sou~ce aPNL 

Half the thlckne •• ("') of the basllt Ind tnterCllcul.ted 
.erllml!nt. of the WanaDUm and Seddla ~ountlin For~ltton. It 
the northe.st edge of the Pa.cO Ra.tn. Tht. potnt 
reDre'ent. the entrance of WenIDum-S.ddle Hount.tn. ground 
~at.r into the Pe.co Se.in. 

Scelar "OEPTS~ " H.lf wen-Sed Thickne •• et 8W 8a.in Edge 
Entered oY "Jon LindberQ & Jim •• Saldwin" on 16-JAN-Sl eQu.', 

For ua. In .uomo~el undetected F.atur., 
Oepends on Reposttory 0 •• 10n 

Error Checking bound. Ire I 300.0000 700.0000 
Unit a m"t.rs 
Source aPNL 

H.lf the thickn ••• (m) of the b ••• lt end tntlro.loul.t.d 
.edl~ent. of the WeneDUm .nd S.ddle Mount.tn 'orm.tto~ •• t 
the .outhwest .dO. of the Pesco 81,ln. Thl. ~oint 
repr"ents the entrence of wln.~u",-S.ddl. ~ountefn. ground 
w.ter into the Pa.eo al.ln. 

SCller "QSMTMX " ~IX. Redius From Stte For H.t.orlte IM~.ct 
Ent.red by "Jon Lindb.rQ & Jeme. B.ldwin- on lb-JAN-81 IQu.', 

For us. In .ubmodel Meteorit. Impact 
Oete From Expert Judgement 

Erro~ ehec~ln9 bound •• re I 25.00000 75.00000 
Unit a kilometer. 
Source aPNL 

Ma.lmum radiu. (km) from Site th.t would be con.tder.d for 
meteorite impact. Heteortte ImPlct. er r.dll ~r •• ter thIn 
DSMTMX supposedly would be of minor concern for tht. mod." 

SCII.r "EDG~NE " Dist.noe From Site .To Se.ln EdQ. HE 
Entered by "Jon Ltnd~ero & Jame. Baldwin" on lb.JA~-&l 'oull. 

For u •• In ,uh~odel undetected Fe~tur •• 
For us. tn .ubmodel Hydrolo~y 
OeDenrl. on ~epo.lto~v O.,lqn 

Error checking bound. ere I 30.00000 ao.ooooO 
Unit a kllometwr. 
Source .PNl 

The df,tlnce Ckm) from the r,Do.ltorv ,It. to the .dO. of 
the Pe.co 8 •• In .long the HeS. 
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Seallr "EDGE5W " Oilt,nce F~om Site To Salin Edoe aw 
Entered by "Jon Lindberg ~ Alln ~Ildwin • on Ib-JAN-SI equall -11.900000 

For UI' in 8uOmod.1 Undetected Fe.ture. 
FOr u., in .ubmod,l Hydrology 
Dependl on Pepolttory Oe.lon 

Error c"eekinQ bound. Ire I -15.00000 -5,000000 
Unit = kilo~eter. 
Source aPNL 

The di.tance (km) from the rIPo.~tory .it. to the edo. of 
the Palco Ma.in elong the MSe 

Scalar "EGAB • Elly.tion nf Gable Mountain 
Entered by "Jon Lindber9 , Alen Seldwin • on Ib-JAN-SI equal. 331,00000 

For ule in lubmodel O.formetlon 
Data From The Litereture 

Error eheekinQ bound. are I 300.0000 360,0000 
Unit a m.ter. 
Source aPNL 

Averaae e1evaCion (m) of the tOD of th., Gabl. Mounta4" 
Itructure. 

Scalar ·EPATTL • Elevetlon of Rattl.,nake Mountain 
Entered by "Jon LlndberQ , Alan Baldwin • on 16-JAN-al equal. 86'.00000 

For use in submodel Oeformltlon 
Oetl From The Ltter.ture 

Error cheekfn9 bound' arl' 600,0000 1100.000 
Unit. meterl 
Soure. aPNL 

Elevltlon (~) of the Rattl.snake ~ountain etructure at the 
Interlection of t". MeS 

Sellar "ESENT " Elev.tion Of Sentinel alP At Old River Llv.l 
Enter.d by "Jon Lfn1blrQ & Alan Ra'd~in • on lb-JAN-81 equall 144,00000 

For UI' 1n lu"m~de' D'for~ltfon 
Data Fro~ Th, Lit.reture 

Errer eh.eklng bound, ere I 110.0000 170.0000 
Unit a meter. 
Soure. aP~L 

El.yation (m) of Sentina' aap at river bottom. 

Seal.~ "EWALL " Elevation Wellull Gao At Old ~fver Level 
Ent.~ed by "Jon Lfndbero , Alan Baldwin" on Ib_JAN_el equals 85,000000 

For ua. in Iuhmodel Defor~atfon 
Oat. From T~e Ltterature 

Error e~.ckinQ boundl ar, I &5.00000 105.0000 
Unit • ~ .. t.r. 
Source aPNL 

EI.vatinn em) of ~lllul1 G.o It river bottom, 

SCllar "EfOLOE " Erilion Factor For Fold. e.u,ed ~v Mf ••• 'Id 
Ent.red hy ·Jo~ Lin~~.ra , AI.n ~eld~." • ~n lb-JAN-81 equal. 10,000000 

For u.e in ,unmodel Geomorphic Ev~nt. 
Data From Ewpart JUrlgament 

Error eheckino bound, ar. I 1.000000 100.0000 
Unit. unitl •• , 
Source :PNL 

Flcto~ to !ncr.~a. aro.ton on fold during Mla.oul.-tvpe 
flOOd. 'Iner •••• ' f' over whIt fs e.p.cte~ for "on-fold 
.r •••• 
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SClll~ wEXlRNE • 0istlnca F~oM Site To HE Aeeh.~ae Point 
Ente~.d by -Jon Lindberg & Al,n R~'dwin - on t6-JAN-81 equel. -18.1Q0002 

For us. in suoModal Contlnent.l Gl.clltlon 
Oet. From E.p.~t Judoement 

Error checkino bound I .~e I -100.0000 -50.00000 
Unit. _Ilometera 
Source =PNL 

A multiplication f.cto~ to inc~e.11 erOllon on foldl t •• 
cOMPered to non-fold I~el') durlnQ • MI.IOul.-tvpe flood. 

SCll.~ wE~TRSW w OI.tlncl No~th Of Site to SW A.ch.~o. Point 
Ente~ed by "Jon Lindberg & "an Saldwln • on 1~.JAN-81 equ.l. '.41""5 

For u.e in lubmodel contlnent.l Gleel~tton 
Date F~OM Expert Judoement 

Error ehecklno boundl e~e I 0,0000000 20.00000 
Unit a ~t'om.tftrl 
Source aPNL 
DI.tenc~ (km) f~om Itte to a oolnt elono the Hea thet l •• 
centrel locetlon of the .outhwe.t ~.cherg. e~e.. Tht, po.nt 
ie conllde~ed the everege point of the SW e~e. rtch.~ae 

See'er "FHAXO " M ••• DI.t.nce From Site Fo~ Sub-ba •• lt 'ault 
Enta~ed hy "Jon Llndbe~o & A'en Beldwln • on 16-JAN-81 equa" ~O.OOOOOO 

For us. In submodel Undetected Feeturee 
For use in lubmodel Feult Creation 
Oetl Fro~ Expert Judgement 

Error Checkln~ bounde ere I 20,00000 100.0000 
Unit a kilometers 
Source .PNL _. 

Oi.tence (km) f~om tlte .long the MeS to • ~otnt thet II • 
centre' location 01 t~e .outh~elt rech.rge .~ee. Thte point 
II conel"ered the everloe Dolnt of louthwe't .re. rtch.rge. 

SCllar wFOLD~X " "eKe Dlltence F~om Sit. For New Fold 
Entered by -Jon Lfndb'~O & Alen ijeldwln " on l6-JAN-Sl eQu.l. 75.000000 

For UI. in lubmooel Folo Creetlon 
nete Fro~ E.pe~t Judoement 

Error checklno bound I ere I 50,00000 100.0000 
Unit - _Ilometer 
Source .PNL 

M.ximum distence (km) from .Ite for conllneretlon of new 
fold Qrowth. Ne~ fold qrowth beyond FOLDMX would hIve e 
neollQlhl~ affect on the elte, 

Seeler "F~'C(l)" Retlo Sh~ft Aree 10 Reooeitory Aree 
Entere" hy "Jon Lindbero & A'en beldwln " on lb-JAN-81 a~u.l. O.2bOOOOOOE-04 

For UI' in lubmode' Sheft Se.l 
Oepeno. on Repolltory Ue.lon 

E~ror CheCking bounde ere I 1.000nOOOE-l0 0.1000000 
Unit I unltle.e 
Source .P~L 

Aetlo of the .~.ft eree to the to~.l renOllto~v eree, 
(Note. Thll vllue 1eoende on the rle.lqn of the repolltorv, 

.n~ .'.ow. the user to "erl'lfpn t~e recoeltorv'.) 
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Sc.I.~ ·FHEFNE • Tt~. Re •• t F~lction Fo~ NE F.ult Sy.te~ 
Ent.~eri by "Jon Llndbe~~ ~ AI.n R~ldwln • on lb-JAN_81 e"u.l. 0,10000000 

Fo~ u •• In submodel Undetected F •• tu~e. 
For u •• in .ubmod.1 Defd~m.t'on 
~.t. F~om E.D.~t Judo.~ent 

Er~o~ checking bound •• ~. I 0,0000000 1,000000 
Un It , IJn it , ••• 
Sou~ce ,PNl 

Time between b ••• lt •• ~thQu.k •• "o~the •• t of the P.ICO a •• t" 
I •• et hy ~enl'ty CU~Ye q1, FR~FNE f •• f~.ctlon 01 the 
time betw •• n •• ~thqu.k •• , wh4n ••• Jo~ .ub-b ••• lt b ••••• n' 
•• ~thqu.k. occu~. c.tween b ••• lt e.~thau.ke •• nd befo~. 
FREFNE tim. h •• p •••• d the n •• t b ••• lt •• ~thqu.k. Occu~ • 
•• "o~ •• lly sch.duled by Cu~y, 91, How.v.~, wh.n • m.Jo~ 
.ub-b •• ,lt .,~thQu,ke occu~ •• fter FREFNE tfm. h •• p •••• d 
.1nce the , •• t b ••• lt el~th~u.k., e b, •• lt e.~thqu •• e Will 
occur .'multln.ou.lv, The .chedul'ng of the n •• t b ••• lt 
e.~thQu.ke will then be det.~mfned by de",lty cu~ve '1, wfth 
the ti "" no ~e •• t I)y the • hu It ,neoul e.,.thqu •. k ••• 

Sc,l.r ·FREFSW " Time Re •• t Fr.ction Fo~ SN F.ult ,v.t.m 
Enter.d hy "Jon Lfndb,,.o , Al,n a.ld~ln • on 16-JAN-81 equ.l. 0,10000000 

Fo,. 1.1., '" .ubmode1 und.t'ct.d F •• tu~e. 
Fo .. 1.1111 In lub"'odel ",fo .. "'.tlo" 
a.t. From Exre~t Judgement 

E,.ror cn.ckinq boundl a"e I 0,0000000 1,000000 
Unit. unitl ••• 
Sourc. aP'Jl 

Tfm. b.tween b ••• lt .arthQu.k ••• outnwe.t of the P •• co 8 •• i" 
is .et bv den.ltv curve qO, 'REFSW I. a f,..cto" of the tfm. 
betw •• n b •• elt •• ~thqU.k •• ~ ~h.n a ""lor .ub-b ••• lt 
b ••• ~.nt 1I.~thqu.k. occu~. b.tw •• n b ••• lt •• ~thqu.k ••• nd 
b.fo~e FREFSW tim. he. PII ••• d, the nl.t b •• ,lt .... thqu ••• 
occu~. A. no~",.11v Icheduled by CU,.VI '0, Howevl", wh." • 
maJo~ suh.b ••• lt b •• em.nt •• r~hqu.k. occu ... aft.~ FREFSN 
tim. h •• p •••• d .'nc. th. le.t b •• ,lt .... thQu.k., , b ••• lt 
'I~th~uek. will occur .imult.n.ou.ly, Th •• chedulln9 of the 
next b.'llt •• ,.thqu,ke w~11 th.n be d.t .... ln.d by d.n.fty 
curve qO, with the tf~ino .. el.t by the .!multinioul 
•• rthqu.I(f!. 

Scal.r "FRESFT " Time Re.et F~.ctfon Fo,. Locil F.ult. 
Ent,,.ed hy "Jon. LI"dbe~ , Al.n ~Ildw'n • On 16-J4N-81 equ.l. 0.10000000 

For ua. 1" .ub"'od.l und.t'cted F •• tu,. •• 
For u •• 'n .ubmodel O.formatton 
~,t. From E.D.~t Judoem."t 

Erro,. ch.cklnQ bound. I"e I 0,0000000 1,000000 
Unit II unH1e •• 
Source aPNL 

T'.' b.t~ •• n loc.l 'I,.th~u.k •• In th. Pa.co e,.'n fl •• t by 
den,lty curve ~5. FRESFT I •• f",ctlon of the time betwe.n 
10c.l .,,.thou,k... when. ",.10 ... ub-b,.,lt b ••• ",.nt .... th. 
qu.k. OCCU~I b.tw,en locel e.~thQU8ke. 8nri b.fo ... 'RESFT 
tim. 1'1,. p •••• d, the n •• t locel .e .. thqu.ke OCCU .. I al 
no,. •• ,ly .ch.dul.d by den.lty cu~ve 85, Howev ... , when. 
",.Jor lub-h ••• lt b ••• "'en! 'lI .. thQUllke occu~. after FRESFT 
tl.e h •• ~ •••• d Iinc. th. l •• t loc,' •• rthQu'ke~ a 10c.1 
.... thou.k. will occu .. It~ult.n.ou.'V. The .cn.dullno of the 
n •• t 10c'l .... tnqu.k. wi II then be d.te~~tn.d by d'"'lty 
curve 85, .. lth the timtnQ ".Iet hy the ,hultaneoue 
.... thl1ua lt es. 
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Seeler "FRESTR " lime ~e.et Fr.ctlon For Thrult Fault, 
Ent~rerl by "Jon Llndbe~Q , Alan "aldWln " on lb-JAN-Sl equal, 0,10000000 

For u •• In lubmod.l Und.t.et.~ Featur •• 
For ule In .u~~od.' Oe'or~.tlon 
Oat. From E.~@rt Judoe~'nt 

Error c"ecklnQ bound •• re I 0,0000000 1,000000 
UnIt III unftl ••• 
Source cPNL 

Tl~e between t~ru.t-feult .'rthQuake, in the P •• eo 8 •• in f. 
determined by den.lty curve 87, rRESTR I •• fractIon of the 
tfme between thru.t-fault .,rt"Qu,ke., wh.n a ~aJor 
lub-b.'81t e,rt"Quek. occur. ~etween thru,t-fault .arth­
Queke. 8nd before FRESTR tIme he. p •••• d. the n •• t thru.t­
fault eert"queke occur. a' normelly 'c".dul.d bY den.fty 
curve 87. However. when, m.Jor .ub-b.,.lt b ••• m.nt e.rth. 
Qu.ke occur. eft.r FRESTR tIme h.1 o •••• d .'ne. tha "'t 
thru.t-f.ult eerthQu.ke, • thru.t-f.ult .erthau.ke wi" 
occur IlmulteneOUlly, The .ch.dullng of the ne.t thru.t­
feult eerthQuake wIll then ba determln.d by d.n.,ty curve 87 
with the timinQ re.et by t~. ,Imultaneoua •• rthquakea, 

Sc.l.r "FTHCSS " H,C, Ch.nge F.ctor When Loca' 'eult 1. New 
Entered by "AI.n J.ma. B.'dwln • on tS-MAY.8t .qu.'. 1,0000000 

For u •• In .ub~odel Oeformation 
Inectlve - For Futu~e U.a 
E~ro~ checklno bounde ere I 0,0000000 100,0000 

Unit II unit I ••• 
Source mPNL -- G~'QQ P.trle & Alen Saldwln 

Multlplic.tion f.ctor to correct hydr.ulic conductivity 
ch.nge w~~n loe.l f.ult 'I new. rether th.n a reactIvation 
of an e.'ltlna loeel feult, 

Notel We will update thla velue when wa g.t new fnfo~matlon 

Seeler -GLAT~E " Upper Letltuda of NE A.Cherge Are. 
Entered by -Jon Llndb.rg & Alen S.ldw'n • on 16-JAN-81 eauel. 47,149998 

For ule in lubmo~el Hvd .. oloQY 
Unpublfshed l'.ta 

E~ror c"eckinQ bound, ... e 47,00000 49,00000 
UnIt II Oegr ••• of l,tltuoa 
Source cJeme. w. Cro.by 

Upper latItude (d.or ••• ) of northe •• t r.ch.~ga a~ea of the 
be •• lt aouffere. See A~oendi. '.1, Fiour. 1 for NE 
recharge ,~ee definetfon 

Scaler wGLTNEL • Lowar L.titude of NE Rech.rg. Ar.a 
Entered hy "Jon LIndbe~Q , Alan Beldwin • on 16-JAN-81 .ou.'. 46,230000 

For u.e In .ubmooel Hvdrology 
Unpubll.hed Deta 

Error checkIng bound •• re 45,00000 48.00000 
Unit II negreel Of Letltuda 
Source -Jamel ~. Croeby 

Lowe .. latitude (deoree,) of narthe •• t rech.rge e .. aa of 
b ••• lt eauiferl. See Appendi_ 4,1, Figure 1, for northe.at 
rech.rge "r.e. 

Scale .. ·GqL~NE • Site 10 HE Heeherqe Area Dletence In GRanda 
Ente~.rl hy "Jon LlndberQ & Alan lialdwin • on l&-JAN-Sl equ.'. 85.000000 

For u •• In .uh~odel HvdroloQY 
Depen~1 ~n Reoository Destgn 

Error checklno bound. are I 7~.OOOOO 100.0000 
UnIt II ~Ilomet~,.. 

Soure@ =Je~el ~. Cro.by Rnrl PNL 
Ol.tence (km) .lonq HCS from the rp~osltorv aite to , 
c.ntr81 locet1on ~f t"e nort~~ftlt reCherQe .r •• in tha 
G~ande Ron"_ For~8tlon. 
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Sc.lar -GPSWLN " Site To SW Rech.rge Are. Di.t.nce In Q Ronde 
Entered b, -Jon Lindberg' Alan S.ldwfn - on 16-JAN-al eQuel. 16.0'0000 

For Utll! In !lubmodel li,droloOY 
Oeoend. on Repositor, De.IQn 

Errnr c".ekln~ hound. al'l t 10,00000 20.00000 
Unit - kilometer. 
Sourcs -Jeme. ~. ero.by end PNl 

Of.tence (km) elonQ Mea f~om the rloo.Itor, .Ite to • 
central Incstlon of the .outhwe.t recharQe ere. 'n thl 
Grande Honde Formation. 

Sc.ler "HARUFC " Ero.lon Rate Fraction For 8edrock 'n " Flood 
Entered by -A18n Jamee Sald_fn - on 16-HAY-Sl equII. 1,0000000 

For u.e In .ubmodel Geomorphfc EVlnt. 
Oete From e_pert Judgement 

Error checking bound. are 1.0000000e-03 2.000000 
Unit • U"it h .. 
Souree .Oonald Ee.terbrook 

River ernllon r.te. norm,ll, calCUlated In thfl model u.e 
the ••• umotlon that tne river doe. not erode bedl'eek,but 
doe. ttrorle , .. ,dlment •• wllln the rf vel' 'I'ode., the "81.1' 
yelue ot HAIWFC convel't. the ero.lon rete. to tllee. for 
bedrock. Note th.t Or. E •• t.rbrook .tat •• t 
"Ero.lon rat •• in ba.alt Cen be eltlmated by eompll'flOn .'tll 

Inel.Ion In bes.lt It Mo ••• Coule" Gl'and, Coulee Ind other 
chennels cut in ba'elt, Ero.lon rat •• In bal.lt dUl'fng 
MI •• oule flOOd. wel'l vary high, I,rglly bIC'U" much of the 
be.elt Is "iOhlY Jointed end be •• lt column. 81" tllel'.fol'e 
e •• fly plucked, Ero.Ion ~ate. fo~ Moe •• end Grende Coul.e. 
are 10 hioh (424m In • few d3,e) thet 1 recomm.nt ulfng • 
multiplication tactol' of 1.0 (no dlff'~I"c",,),' 

Se.'ar "rlONEGR " Ave, H.arl El.vatlon For Nt Grinde Rondl F 
Entered ~y -Jon Llndblrg , Alan eaJdwln - on 16-JAN-81 eQuel. 457.00000 

For ue. In .ubmodel Continental Gl.clatlon 
FOI' u.e In .ub~odel H,drolOQ, 
JudQ.~ent end ~.t. 

Error checking bounds ere I 300,0000 bOO.OOOO 
Unit. metf!lr. 
Source 2J8mel W. C~olb, .nd PNL 

Avareoe hee~ velue em) ot Grand. Rondl ~orm'tlon equlfel' In 
the nort~8.8t r.ehe~Q. ere •• 

SCI1I~ "fWNEWS " Avo. rl'ad El.vat I on For NE wln-S.d F 
Ent.~.d by "Jon Lindberg & Al,n Reldwln - on lb-JAN-Sl eau,l. 51~,OOOOO 

For u.e In 8u~morlll Contlnentsl Glleiatlon 
Fo~ u.e In submorlel Hydroloq, 
Jud~.m.nt end Oate 

El'ror eheckln~ bound. Ir. I 400,0000 600.0000 
Unit. "et .. ,,1 
Source -Jame. w. Crolby anrl PNL 

AVII'Sa. head vllue (m) of the WlnlPum For.,.tton end Seddl. 
Mountain For~'tlon' aouifer In the north.a,t rleharge arll. 

Sealar "HDSWGR " Avo. Head Elevetlon For SW Grinde Ronde F 
Entered hy "Jon LlndberQ & Ale" ~.ldwln • on lo-JAN-Sl IQuIl. 213,00000 

For u.e In !luhmorlel HyoroloQY 
~~~glm.nt ~nd Uat. 

El'l'or checking houndS ere I 100.0000 300.0000 
Unit. ",eters 
Soul'ce _JIm •• 1'1. Crolby and PHI. 

AVersqe head value em) of the GrandI Ronde FOI'",atlon .quifll' 
I" the .outhwe.t recherql are., 
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Selll~ "HnsW~S " AVO, He.d Elevltlon Fo~ SW W.n-Sad , 
Ente~erl by -Jon Llndb.~g & Al.n BIldwln " on 1.-JAN-al eQulll 274.00000 

Fo~ ule In submodel Hvd~oloOY 
Judge~.nt and Oet. 

E~~o~ checkIng bound I e~e. 200,0000 QOO.OOOO 
UnIt I ~ete~1 
Sou~ce 'Je~el ~. C~Olby end PNL 

Ave~.qe held value (m) of the WlnlDum Ind Siddle Hount,'n 
Fo~mltions IQulfe~ in the southwest ~echl~oe Ire,. 

Sc.ll~ "HEAOBS " AvO. He,d ~Iev. For S •• tn Uneonfln,d Aqulfe~ 
Ente~ed by "Jon Lindberg' Alln ealdwln " on 1.-JAN-a1 -,quala 111.00000 

For use In lubmodel nefo~mation 
Fo~ u •• in submodel contInental Gleclltlon 
For UI. in submodel DeformatIon 
Judoemlnt end Oeta 

E~ror checking bound •• ~. I 50.00000 150.0000 
UnIt I meterl 
Source cPNL 
Ave~.oe .levation (m) of the dl.chl~ge .tte fo~ the 
unconflneo 8Quite~ In the Peleo S.sin, The Columbf. RIver 
Ie the rllscharge ,ite of the unconfin.d .Quffer In the Pa.eo 
e •• ln. 

Sc.la~ "HIP'TH • Ha.imum UnconfIned AQulfe~ Path Length 
Entered hy "Jon Llndbl~Q & Alan Baldwin • on 1.-JAN-Sl equela 

Fo~ UI. in submodel Geomorohic Evente 
Judoement and O~tl 

Error checkin~ bounde .~e I 10,00000 70.00000 
Unit I kilometer 
Source IPNL 

Ma.lmum dlstlnce (km) th.t O~ound w.ter would flow 'n the 
unconftn~d aquifer I, rech'~Q8d with ground water from the 
confined 8Quif~~ th.t cont,ln, the hYPothettoal ~epo'ttorv. 

Sc.l.r "~~NEGR " M'Ki~um Heed of NE G~.nde Ronde 
Entered Oy "Alen JIMa. S.ld~tn " on 12-MAY.81 equ.l, 

For use In eUhModel Hvd~oloqy 
JudQe~ent end O.t. 

Err~r checktnQ bOUndl are' 0.0000000 1000.000 
Unit • m~t~rs 
Source DPNL _. Cherl~1 Col~ 

~I.t~um hvdr.ullc held (meterl) for the Northe.'t G~.nde 
Ronde sublVltam. 

(Note, currentlv. the belt 'Itlmlte of HMNEGR 
eee~, t" be t~a .verege elevltion dtfference between the 
Columbll Hiver end the recharoe are •• ) 

Sceler ·H~NEwS " M.xt~um He.~ 

Entered ~v ".lan Jsmel AIlrlwin 
For use 'n su~modal HvdroloQY 
Judoement and Oltl 

Error checkinQ bound. sre I 
Vnlt I meters 
Source aPNL -- Ch.rl.e Cole 

of NE WsnnlPUM S.ddle Mtn. 
" on 12-MAY.81 eou.l, 

o.noooooo 1000.000 

Me.lmum hvdreultc he.d (mete~l) f~r the Northe.et w.nn,~um_ 
Saddl. ~ountlln Sub'vltem. 

(Note. Currently, the beet .stlmete of HMN!Wa 
.eems to be the eVereQI .levltlon differenoe betwe." the 
Columbia River .nd the reCharoe e~ ••• ) 
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Scele~ "~~swGR " ~exlmun Haed Of SW G~ende Ronde 
Ente~ed bv "Alen Jeme. Beldwln • on 12-HAY-S1 eq~e" 

Fo~ u.e in lubmodal Hvd~ologV 
JUdgement end Oet. 

Erro~ enecklng bound. ere. 0.0000000 800,0000 
Unit a ~.ter. 
Source aPNL .- Cn.~la. Cole 

Mexlmum hvdraullc nead (meters) fo~ tne Southwe.t G~ende 
Ronde Subsvltem. 

(Note, Currently, the be.t e.tlmete of HHSWGR 
.ee~. to he tne eve~eoe elevetlon dlffe~enoe between the 
Columbll ~Iver end the recherae e~e •• ) 

Seelar "HHS~NS • Mexlmum He.d of SN Wanneoum Seddle Mtn, 
Entered bv "Alan J.mee Seldwln • on la-HAy-e1 equel. 

Fo~ u.e In submode! HVd~oloQY 
Judgement Ind Data 

E~r~~ ehec~l"g bound. e~e J 0,0000000 SOO,OOOO 
Unit a m.t.~e 

Source aPNL -. Cherie. Cole 
Maximum nyd~eu'lc heed (metera) for the Southwe.t W.nneou~ 
Seddl. ~ountatn Subsystem. 

(Note' Currently, the best e.tlm.te of HMSWNS 
seema to be the .ve~ege eleyetlon dlffe~.na. betwe.n the 
Columble Qlyer and the recharge e~ee,) 

Scele~ "!RLAYR " Repo.ttorv Leve~ Numbe~ 
Ente~.d bv "Jon Llndbe~q & Alen Beldwln • on lb-JAN-Sl .quel. 

Fo~ us~ In .unmodel HvdrolOQV 
See Text For Explenatlon 

Er~or cnecklnQ bound. ere I 1,000000 4,000000 
Unit. unltle.a 
Source aPNL 

The mQdel aecountlnQ numb.~ essloned to the ,.y.~ of ~ook 
thet contelns the hvpothetlcel reposlto~v, 

Seeler "IrOp "Su~fece Leve~ Number et qun 8te~t 
Entered bV "Jon Llndbero , Alen ~eldwln • on lb-JAN-81 .quel. 

Fo~ us~ In .uhmodel undetecterl F.atu~ •• 
See T~.t For E.planetton 

Error c~eeklnQ bounds ere I 1.000000 4.000000 
Unit. unities. 
Source =PNL 

The model eccountlnQ nu~b'r e •• tQned to t~e pre.ent .urfeoe 
lever (the surface sedl~ent.). 

Scel,r ~LAVRGR • r.r8nde Ronrle F Llyer Nu~ber 
Entered hy "Jon LlndherQ ~ Alln ~Aldwtn " on lb-JAN.81 equel. 

For u •• f~ luhmode' D.~or~etlon 
Fo~ U'e In .ub~o~.1 HydrolOQV 
See re.t For FXD'~netion 

Er~o~ e~ecklnp ho~nd. ere. 1.000000 4,000000 
Unit. unltl ••• 
Source .~~L 

The mOdel eecountlng numb.~ ,.slgned to the G~ende Ronde 
For~ltlon. 
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Scalar "PFL4TF • Probe of Fold Growth With ~.ultlnq 
Entered hy "Jon Lindberg & Alan ~aldwin " on 16-JA~-81 ,qu.l. 0,50000000 

For UI. f~ lub~od.l Oeform.tlon 
Data From Eapert Juogement 

Error checklno bound. are I 0.0000000 1.000000 
U~ft • unftles. 
Source .Robert O. aentleY 

Probeb"ltv tn I lOO-year oerlod t~at • new fold will begin 
to uplIft ~tt"I" the radlu. from the 1ft. det.rmln.d by 
FOLDMX. '"e probability I. wtt" t". potential influence of 
I major tub-bAlalt ba.ement feult. 

Scalar "PFOL~ • Probe of Undetected Fold In P •• oo B •• ln 
Entered by "Jon Lindberg & Alan Reldwfn • on 16.JAN-81 equal. 0.82999999£-04 

For Uae In lubmodel undetected F.etur •• 
Oeta From expert Jurloement 

Error eneeklng bound. ere I '.9999999E-09 9.9999991£-05 
Unit. unltl ••• 
Sourc~ -Robert O. Rentle, 

Probabllltv t~et a feld will go undetect.d wlthtn the p"co 
8e.~n. 

Scalar ·PFTNE~ " Probe For New Sub-baaalt Fault 
Entered bv ·.lan Jam •• Baldwin " on 12-~AV-81 Iquel. 1.0000000 

For u.e In eubmcdel Sub-SAI.lt Faultlno 
Oet. From Expert Judoement 

Error cnecklnq bound. are I 0.0000000 1.000000 
Unit. unitle" 
Source -Lawrence H. wfQht 

Probabilitv In a 100-year period that I new .ub-ba •• tt 
ba,ement fault will be cr'ated wlt~fn I ridlul of the Ifte 
determined by Ice~er Varlabl. FMAXO. 

Sc,~,~ "PGLCH " Probe of Rech,rge ~h.n Gllcle~. Coyer the HE 
Ente~ed by "Alan Jame, A.'d~l" • on lS-"AV.el louet. 0.00000000 

For u,e In luhmodel Hydrology 
In,cttv. - For Futu~e Us. 

Error checkino bound. are I o.OOOOOOq 1.000000 
Unit. unltl". 
Source aPNL •• Gr~go Petri. & AI,n S,ldwin 

Probabllttv t",t contlnent,1 glacter will rech,roe be"lt 
,Qulfere in t~e north."t ~ec~aro. ar., ~n.n t"e "o~thee.t 
~ec"arQ' ~ree Is covered ny a continental glacier. 

Note I Tn~.e effect, will be added .fter the ~al" ~onte 
Cerlo runs 

ScalAr "P~AGS' " Probe of ~.g. Ev. on Site ~hen One In ~elfn 
Ente~.d bv "Alan JAme. B.~~wln " on lb-APR-81 equill O.Z4000001f-Ol 

For UI. In ,ubmodel Magmatfc F.venta 
Unpublf'he~ Oate 

Er~or c~.eklno bound. are I 0.0000000 1.000000 
Unit a unltle,. 
Sour~e aPNL _e. Kurt S~nmler.r 

Probability that • ~'Qm.tle event wll I occu~ .t the ~.po.­
ItorY ,'te w~en the procabilitv of occurrence in the Pe.co­
Ra,tn Is 1.0. The redlu. of the Itta II d.t.~ml".d by the 
Ic.~er variable SITRAD. To gene~.t. tht. probability, the 
ere. of t~. reoo.lto~y ~.I dlvldad by the area of the 
Paleo Ra.ln. 

Radlu. of reDo,ltorv 'it. • Z km 
Area of r.pn.ttor~ ,It, • (l.141592b53', * ~~Z 

• 12.57 kmtZ 
Ar •• (repo,lter,) 12.57 kmt2 _ .... _-_.-.... -. . 

---------. • 0.0024 Ar •• (P"co a •• ln) S2bO kmt2 
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Scel.~ ·L'YR~S • wen.Pum-S.ddle F ~eve~ ~umber 
Ente~erl bv "Gregq Petlre " on IT-HAy-al eQual1 i,OOOOOOO 

Fo~ u.e In lubmodel D.fo~m.tlon 
Fo~ u.e in .ubmod., Hvd~oloov 
See Text Fo~ Ex~l.natlon 

E~~or cn.ckln~ bound •• ~e I 1,000000 4,000000 
Unit a unltlell 
Source af'NL 

T~a modpl eccountlng numbe~ es,lgnld to the WlnIDU~ Ind 
Seddle ~ountl'n Formltlon' IIYI~, 

SCllar "NlAYER • ~ulllbir of Leve~, In thl Hod., 
Entered bV "Jon I.lndberg & Alan Slldwln " on 16-JAN-el 'QYll, •• 0000000 

Fo~ u.e In ,ublllode' undetectld F.eture. 
fo~ ule in lunmodel Hvd~oIOQV 
See Text For Explanation 

E~~or checking bound, are I 1.000000 10,00000 
Unit a unlUe .. 
Sou~ce aPt.:L 

Th. total numbe~ of model laverl at the It art of the ryn. 

SCllar "PASHFL " Probe of Llrqe A.htall ChlnglnG Climate 
Entere~ bv "Alan Jam.' Slldwln • on IS-MAy-eleQual. O.SOOOOOOlE-Ol 

For ule In su~mod.1 Climate 
JUdgement end Dltl 

Erro~ checkino bound •• re Q,9q99QQTE-06 1.000000 
Unit a unltl ... 
Source -Stottlemvr. It, II. (lq81) 

Probability in e 100-velr period thet a volcano will Droduee 
a llroe a.htlll that ChanQe. the ellmlte ,Ignlfleently, 
~ote , Thl. velul com •• Out of 8tottl.my~a (1981) 

Scaler ·PCASUP • Prob. of Ca.ea~e Mount.ln. U~lift 
Enta .. ad hv "Jon Lindbaro & Alan Baldwin • on U-JAN-U .qua" 0.199'9"9£-0) 

For ule I~ aubmodel tltmate 
Judge~ent end Dat. 

Erro~ ch~c~inQ bOUndl a~e Q.Q9QQQQTE-05 '.""9'8(-03 
Unit a unitle., 
Souree .Rohlrt D. ~entlav 

P~obebllltv in • 100-ya,,. Deriod that the Ca.eade Ranoe wf" 
be slqntftcently uollfted and the ell~.tl of the Columbte 
Plaet.Au wIll b~ effected eionlflClntly, 

Selle .. wPFAULT W P~ob of Suh-bl.alt Feult Exl.tl at Run 8ta~t 
Ent.~.d hy "Ale" JAme' ijAldwln W on 12-HAy-es eQual1 1.0000noo 

For use In .ubmodel undatected F.,tU,.11 
Oata F~o~ Expert JudQe~ant 

Erro~ checkln9 hound •• re 0,0000000 1.000000 
Unit. unities. 
Source .Lewr~nca H. ~IOht 

Prohlbllltv thet a .Iontfteent ,ub-b'.llt basement fault 
ext.t. (within redlu. of the sIte de~ar~l"arl by acalar 
v.~table FM~XD). 

Scel, .. ·PFLAT • Prob. of fol~ Growth Without FAulting 
Ent.re~ bv "Jon Lindberg & Ala" Heldwin • on 16-J'N-81 eoual. 0,39,','QQE-oa 

Fo~ use in .ub~o~.l Defor~atlon 

Judo.~.nt .nd jllte 
E~~o~ checkIng bound •• rl n,oooOOOO 1.000000 

Unit a unit 1 ell 
Sourca .Robe~t 0, BentlaY 

Probability that a ,Iq"fflce"t ,ub-ba,alt bl.em.nt flult 
exlat. (wIthin the ... diu. of the lite determined by Icalar 
varllble FMAX~). 
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Scele~ "PMETHT " P~Ob. of Meteo~ite I~~ectino Sfte 
Ente~ed by "Alan Jeme. Raldwin " on 24.APR-al eQu,l, O,J960"'9!-O' 

For use In 8ub~orl.' ~eteo~ita Impact 
Unpublished Oeta 

Error chec~inQ bounds ere 0.0000000 1.000000 
Unit - unitIes, 
Source .WIIlie m K. Hartm.n 

Prob.bllity In e lOO-Vlar p~rlOd that. metlor'tl of 
significant slle wil' Impact the repository .Itl. 8tontf­
icant meteorite alze Is determined by ,cIlar RADeRT, end 
.It. rsdlus is determined by Ic.lar varleble SITRAD. 

Thil valu. wa. calcullted from the formul·1 I 
Nd • (Formation ratl for crate~. of dllmeter ~ RADCRT] 

• 1.82 * (10**-15) * (~AOCRT**-1.8) 

Hartmann, W. K., lQ7Q. ·LonQ-term ~etlorfte Hellrde to 
Rurled Nuclear Weste". In IA 8Um~lrV of 'Y 1978 Coneultlnt 
Input For Scenlrfo MethodoloQY Uevelopment', p~, VI-I -
VI-IS, PNL-2S57, Paclffc Northwelt Leboratorle., RIehl,"d, 
WashfnQton, 

Scalar ·PMISFT • Probe of Undltactad Flult In Repo.ltory Ho.t 
Entered by "Jon Lfndherg & Alan Haldwln • on I.-JAN-al eQuel. O,99999998!-02 

For us. In lubmodel Undetecte~ Feature. 
Oet. From EKPert JUdgemint 

Error checking boundl arl I 0.0000000 1.000000 
Unit. unitlass 
Source .PNL 

Probabl,ltv t~.t the rlDo.itory host rock will contlln In 
undetectad fault. The rlPnsftorv ho.t rock ,. the Grinde 
Ronde Formation In the I~mediete vicInity of I hypoth.tical 
repo.ltory. 

Scallr "P~EfXF " Prob of Renewen NE Fault'nG With MIJor Flult 
Entared hV "Jon Lfndberq & Alsn aaldwln " on 16-JAN-81 equal. 0,50000000 

For u •• In au~mOdal Deformation 
Data Fro~ Exo.rt Judoe~ent 

Error checklno boundS are 0,0000000 1.000000 
Unit. unltlw.s 
Source sRobert D, Bentlev 

Probability In • lOO-yeAr period that a fault north.a.t of 
thl Pasco S •• ln ~ill be reactivated, Tha probability I. 
within the potential Influence of e ~eJor .ub-be.alt bas.­
ment fault, The area northeast of the Pe.c~ Rasln that i. 
01 concern i. the era. between the p •• co ~ealn edoe Ind the 
edqe of the C~lumbl. Plate.u, 

Sealer ·PNwFO " ProOf of New Fnlrl Growth Without Faulttng 
Enterarl by "Jon Linrl~lrQ & .'en Raldwln • On 1~.JAN-81 equlle 0.10000000[-05 

For u.e In lubmodel oefor~ation 
Data From Expe~t Judgement 

Error checkinG bound. are 0.0000000 1.000000 
Unit - unltl •• a 
Source ~Robart D. 6lntl., 

Probability ,n I IOo-vear period of • new fold oro~th 
(within a radius of thl .ite rletermlned by 'Cllar vlrlebll 
FOLD~X) whan a msJor lub-basalt earthquake hiS not oceurred 
durlnQ the la~. tima stao. 
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Scal.~ ·PNWFOF " Probe of NIW Fold Growth With F.utt'nG 
Entlred by "Jon Lfndhlrq & llan Baldwin" on i.-JAN-al IQUlt. 0,400000001-05 

For u •• in lubmodel Defo~mation -
Data F~om E-pert Judqem.nt 

Error checkinG bound. ar' I 0.0000000 1,000000 
Unit. unltle •• 
Source 'Robe~t D. aentllY 

ProbabIlity in a lOO-year Plriod of nlw fold growth (within 
• r.dlu. of the .fte determined by FOLDHX) wh.n •• IJor 
lub-b ••• lt el~thaulke hll occurred durinG t~ ••••• tim. 
Itep, 

SCllar "PHWFf " Probe of Nlw Flult Without MIJor 'lultinG 
Entl~ld by "Jon Lindb.rg & Alan Baldwin" On 1.-JAN-al IQu.'. 0,100000001e05 

For u •• in lubmodll Oeformation 
Olta From E.oI~t Judglmlnt 

Er~or checkinQ bound. Irl' 0.0000000 1.~00000 
Unit. unltle •• 
Source .Robe~t O. SentllY 

Problbility in a lOO-ylar Plriod that I nlw fault will bl 
creatld in thl P •• co e'.1n. Thl probability •• without the 
potentiel InflulnCI of • m.)o~ .ub-bl •• 1t bl •• mlnt fault in 
thl Pa.co Rllin. 

Scall~ "P~WFTF " Prob of Nlw ea.alt F.ult With M.Jar '.ultlnG 
Entlrld by "Jan LIndblrg , Alln a.ldwln " On 1.-JAN.a1 IQu.l. 0.40000000E-OS 

For u •• in .ubmodel Dlformation 
Data From Expe~t Judglmlnt 

Error Chlcking bounde Irl' 0.0000000 1.000000 
Unit ~ unitl ••• 
Saurci aHobert O. SlntllY 

Problbility in a 100.Ylar Plriod that a nlw bl •• lt fault 
will be C~I.ted in thl Pa.co b •• In. Thl problbil'ty f. with 
thl ootential InflulnCI of a major lub-ba.alf e.rthQu.k., 

Scala~ ·PNwTR • Probe of New Thru.t without Ma10r F.ultinG 
Ent'red by "Jon Lindb'rQ , .'.n 8.1dwtn • on l'-JAN-St .qu.l. 0.10000000[-05 

For u •• in .uhmodel Deformation 
D.ta From Expert Judgement 

Error checkinQ hound. are I 0.0000000 1.000000 
Unit. unit Ie •• 
Sourc. aRobe~t D. B.ntl.y 

ProbabiltiY in • 100.y.ar nerlod that a new thru.t f.ult 
will int.rs.ct tha ~epo.itorv w~en a major .ub-ba.alt 
.arthnu ••• does not occur durinQ the I,m. tim •• tIO. 

Scal.r "P~wTPF • Probe of New Thrust With Major Faulting 
Entlrlrl by "Jon Lindoerg & AI,n ~.Idwin • on 19-JAN-el equal. 0.40000000E-05 

For ue. in .ub~o~.1 D.formation 
D.ta From Exoert Jud~em.nt 
E~ror checklnQ boundt .r. I 0.0000000 1.000000 

Unit a unitl ••• 
Sourc. aRobert O. Sentl,y 

Probabiltiy in a 100-Y'er plriod thlt • n.w thru.t fault 
will tnt ••• eet the r.po.ito~y when. m,Jor .ub-b •• alt fault 
occure during the .ama tl~. ItIP. 
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Seela~ "PRKUP • p~o~. of E UQllft Affectin; Cli.ete 1100 Y~a 
Entered by "Jon Lindbe~; & Alln ijald~in " on l~-JAN.Sl eQuIla 0.30000001E-03 

Fo~ u~e in lubmodel Cli.ete 
Judoement and Data 

E~ro~ CheckinQ bounda are 0,0000000 1.000000 
Unit a unitl." 
Source IRobe~t D. Bentlev 

Probability In a 100-vea~ period that .ountatna to the "It 
(Roekv Mountelna o~ Blue Mountalna) ~111 b. upl'fted enough 
to lianlflClntlv chanOI the climate (precipitation ret., In 
the Paleo Helin. 

Sellar "PRYMAG • Probe of Heg. EYent Affecttn; RiYer Gr.dl,nt 
Entered bV "Alen Jemel 811d~tn - on 1&-APA-S1eou.'1 0.11200001 

For ua. in aubmod.l Mapmatic Eventa 
Unpubliehftd Pata 

Er~or cheekinn bounda ere I O,OOOQOOO 1.000000 
Unit a unitle •• 
Sourc. aPNL ._- Kurt Sehmlerer 

PrOb.btlity th.t ft mlQmatlc event (.ueh •• I yoloano) vtll 
chenoe the oredlent of the Columbia River o~ dtye~t the floN 
in thl Palco Beein, (~ivenl t~e p~oblbility of • -'O-.ttc 
Ivent In t~. Pa.eo Se.in i. 1.0) 
T~ oener.te thi. p~obebilltv, the lenoth of the Colu-bta 
River c~.nn.1 throuOh the Peaco 8ft.tn waa •••• u~.d .nd 
multiplied bv twice tha aVerloe _a.imum I.noth of I.v. flow. 
f~om volcanic center. (5 km) a. th.v occur ove~ the CRB 
e.pan,.. lhi. Qeve In ev.rege flow ineur.fon a~ •• for 
vole.nic cente~. whtch would dt.rupt the flow of the ~iYe~ 
In the p.eeo b •• in. Dividing tnt •• re. bv the tot.1 .r •• of 
the PI.CO Ha.t" vleld. the PRVM~G probabtlitv. 

Aree flow tncur'ion on tolu~bia ~IY'~ a 1&40 k_tZ 
A~e. of Pesco ea.in I 5260 kmt2 

Se.l.r ·PSEAE~ • Prob. of Se, Lavel Ri •• In Clt •• t. 1 
Ent.~ed hy "Jon Llndb.~g & Alln R.ldwln " on lq-JAN-81 eQu.la 0.1'000000E-04 

for UI. In lubmodel S •• Llvel Fluctuation. 
o.t. From E.~e~t JUdQe~ent 

Erro~ ehaekin~ bound. er. I 0.0000000 1.000000 
Unit I unitle •• 
Source IMerice L. Schwartz 

Probability in e IOO.Y'ft~ De~lod ~u~lnQ In int.~g'aet.1 
cllm.te that the '" l'vel wtl I be rai.ld Ibov. tha pr.lent 
.a. I.vel. 

Sc"a~ ·PSS~XF " Prob of Ren.wen Locsl F.ultin; With 5B ~Iult 
Entered by "Jon Lindb.rg ~ Al,n H.ldwin " on 19-JAN_81 equal·. 0,75000000 

For ula in lubmodel Deformetlon 
Oat' Fro~ E.pe~t Judgement 

E~ror ckeckino bOunrl. are I 0.0000000 1.000000 
Unit I unltl~s. 
Source IRobert U. Sent lev 

Prob.bility in", lon-v.ar Deriorl that' local fault In the 
P"eo ~e.in will be re.ctivetrd when. IUb-b ••• lt b ••• ~.nt 
e.rthQUlke occurs durlno thp. .e~e ttme Itep. 

Se.lar ·PSSfTA " PrObe of LOCIl F.ult By.t.m In P •• co 8"'n 
Ent.~.~ bV "Jon Llndbarg & Al.n ~.ld~ln " on lq-JAN-81 eQu.la 0,15000000 

For u •• in submod.1 Undetected Fa.tur •• 
Judgem.nt .nd Cate 

Er~or cneeklng bound •• re 0.0000000 1.000000 
Unit I unitl ••• 
Sourc. a~obert D. Bentlev 

Probabilttv th.t a 'oe.' f.ult .y.tlm e.t.t. in the P,ICO 
Se.ln. 
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Scala~ "PSWEXF • P~ob af Rene~ld SW Flultin9 With Ma'o, ~ault 
Entl~ed by "Jon Lindbe~g & Alan Baldwin • on l'-JAN-at equ.'. 0.2S000000 

Fo~ u.e in sub~od.l D.fa~~.tton 
Data F~o~ Expert Jud9.~ent 

Error c~eckinq bound. ar. I 0.0000000 1,000000 
Unit m unitle.s 
Sou~c, .ROb.~t 0, aentleY 

Probabiltiy in a 100.yea~ p.rio~ th.t • fault In the 
southwest fault IVltem will be reectivated when a me,or 
sub-ba.alt b ••• ~.nt earthquake occurl during the la.e time 
steD. 

Seala~ "PTREXF • P~ob. of Renew.d Thru.tlng With MeJor ~.ult 
Ent.~ed by "Jon Lindberg & AI.n 8.ldwln • on 1'-JAN-el equal. 0.75000000 

Fo~ ule in suhmodel Oeformatln" 
Data Fro~ Exp.rt JUdoement 

Er,or cheCkin9 boundl .re 0,0000000 1.000000 
Unit a unitl.I' 
Source sRobert 0, B.ntleY 

P~ob.billtY In e lOO-ya.r p.rlod thet • thrult f.ult in the 
Paleo R.sln will he ~eactlYated when a m.Jo~ lub-b ••• lt 
b ••• ~ent e.rthqUake occur. durino the I.me time Itep. 

Se.la~ ·PUNTHS • Probe of Undetected Thrult In Repol. ~Olt 
Ent.~ed by "Jon Llndb.rg & Alen 8.ldwln " on 1'.JAN-el equI'. 0."~9 •• qe!.02 

For u.e In SUbmodel Undetected Fletu~.s 
Data From E.D.~t Judqement 

Error checkinq bound •• re I 0.0000000 t.OOOOOO 
Unit a unitle.s 
Sourc. aPNL 

Probability that a thrult fault will QO undatected 'n the 
repolitory hOlt rock. 

Scala~ "QOAM "Min, Flow For Hydrlulic Oam at ~al1ul. Gap 
Ente~ed ~y "Jnn LlndnarQ , Al.n Aeldwtn " on 19-JAN.Sl eque's 2200000.0 

For us. in lub~odel Geomorphic Event. 
nat. Fro~ The Llter'ture 

E~ror checking bounrls are I 10000.00 I,OOOOOOOE+08 
Unit - m.te~.~~3 I second 
SOU~c. anoneld Easterb~ook 

Minimum dileh~rge (m**3/sec) of a mlJor flood(H4110ule.tYDe) 
In the PIICO ~asln thlt ~ould cau~. lufflc'ent hyd~lulic 
damm'nq at WIllule GIn to pond w.te~ to the eleyatlon of the 
ground lurface at the reDosft~ry .Ite, 

Seslar "QAOCRT " Sphere Radius Sen,rlte. 910 ~ Little C~.terl 
Entered by "Jon ~In1berq & Alan Rlldwln " on lq.JA~.81 e~u.11 0.50000000 

For u,. In sunmodei Meteorite I~Dact 
D~t~ F~o~ Ex~.~t Judoement 

~rror ch,CkinQ ~ounrls are. 5,OOOOOOlE-02 1.000000 
Unit 8 kilometers 
Source aPNL 

Radius (km) of an Inagfnary s"he~e with ita center at the 
hypothetical repository. The model will account fo~ t"e 
Dotentlal effeetl of meteorlt. cretera that tnter.eet the 
Iphere with ~adlul RADeRT. The effectl of meteorita c,atar. 
that do not int'~lect the imaoinary IDhere wIth radiUI 
RADCRT will be Interpreted followlno the ~odel run. 
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Scel.~ wRCARNE W Ste~ting 4~ea of the NE ReCherge A~ee 
Ente~ed hy "Alen Jem., Slldwin W on lO-APR-81 eQuel. 

Fo~ u'e in 'Ubmodel Hyd~ology 
Data F~om E.pe~t Judgement 

E~~o~ checking bound, .~e 1000,000 100000,0 
Unit - kilomete~~*2 
8ou~ce -Jam.s w. C~o'by 

Totel .~.e (km~*2) of the northee't ~ech.rg •• ~ee at the 
st.~t of the run. 

Seeler wRCARSW W Stertlng Aree of SW Rech.~ge Area 
Entered by "A"n Jam., ~.Idwin won IZ-MAY-81 eaue', 

For u •• In lubmodel HydrolOQY 
D.t. From EIPert JU~Qem.nt 

Error checking bound, .re I 50.00000 100.0000 
Unit - kilometer~~2 
Source -Jamel ~. Crolby 

Tot,1 a,.e. (km.*2) of the ,outhwe,t ~Charge ,re, et the 
start of the run. 

Scalar wHDEPTH W DePth To Tha Repo'lto~y ~~om Ground au~f,ee 
Entered hy wJon Lindberg' Alan Raldwtn W on 19-JAN-81 IQU". 

Fo~ u.e In lubmodel Hvd~010gV 
Oete F~om The Lltereture 

Erro~ checktng boundl are I 750.0000 1250.000 
Unit - mlllters " 
Source aPNL 

Depth (m) from the oresent around lurfece to tha 
hypothetical repo,Uory. 

Scale" wRFSCON R'IPon'e Con't.nt for Climate Chenoe 
Entered bv "Alan Jeme, Saldwln W on 14-MAY-81 eQu.l. 

For ule in 8ubmodel Climate 
For use In lubmodel Continental Glacletion 
JUdoement and Oltl 

Error checklno boundl Ire I 0.0000000 1000.000 
Unit. LJn\tlel' 
Source aPNL -- Gregg Pet~le .nd Mi~. Folev 

RalPonl. tl~e con,tent for gllclal Idva"ce fro~ clt~ate 
chengel. 

Notl' Thll detl v,'ue co~., fro~ en e~pt~icil fit of kno~n 
qleclel ~o'ltlonl to cellbr.terl model ~elultl. 

Scele~ "RESPNl R OlltftnCe RpIPon,e Constant For Glacier Adv. 

39390,000 

u,oooooo 

1067".0000 

69,720001 

Entered hy ·Alln Je~el Beld~In • 0" OS-MAY-81 eQulll 0.15779999E-03 
For Ule In lunmodel Contlnentel Glaciation 
Judgement end Data 

Forror checkinQ bOUnd, ere I 0.0000000 1000.000 
Unit - l.O I Kllo~et.rl 
Source -P~L --- ~reog Petrie end "Iklll Folev 

Olltlnce relponl. conltlnt from flttino the Continlntel 
Glacial pOlltlon,. 

Note, Thla d.ta Value II from an empiric,' fft of lenown 
GI,cl,1 pOliti on'. 

Not.. Thtl detl velue II f~olft an empiriCal fit of leno~n 
olaclal DOlltlon, 
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SCIII~ ·RESPN2 W Tfme Re.pon.e Con.tlnt Fo~ Gllcle~ Advence 
Enterld bv "Alln Jlme. 61!dwfn • on 01-MAY-It eQu." 0.1.410000£-03 

For u.e i" lubmodll contlnentll GI.clltlon 
Judqemlnt end Olt. 

Error c~lcklng bound. Irl' 0.0000000 1000.000 
Unit ~ 1.0 I Yelr. 
Source ePNL _.- Greog Pltrie end ~ikl Folev 

Time responle eon.tent from fittlno the Continlntal ;1.01.1 
potUfon •• 

Note, T~il dete Yilul fl from In eplrlcl! fft of known 
Qlaefll pOlltlon •. to c~llbrlted model. 

Sellar ·~IVCAP • HI •• Rldiue From Sitl For RIYlr Clpture 
Entered b~ "Jon Lindberg & Alln Beldwln • on It-JAN.S! .~ual. '.0000000 

For u •• 'n lubmodel GIomorPhlc !yent. 
Dati From E-Plrt Judoement 

Error checklno bound. Ire 2.000000 8.000000 
Unit. kilometer. 
Sourci ePNL . 

Me.imum rediu. (km) from ~epo.itory .~te for river clPture 
by en u~Ifftlno bl'llt fold. When In upliftl"9 b.lalt fold 
Intarsectl the river end the 'nter.ectlon f. wtth the redlu, 
RIVCAP of the site, the rlYer become. entrenched 'n the fold 
for t~e ~emelnde~ of the run. Whl" the I"ter'ectlon ,. 
outlfde t~e rediul RIVCAP, the rlve~ doe. not become 
entrl"ched over the ~.po'itory Itte Ind therefore rem.tn, 
free to meander ove~ thl repolltory lite. 

Scal.r ~RKHN~ w Dilt.nee N of Sfte For All NE Are. Coyered 
Ente~ed bv "Jon Lindberg' Alan Baldwin W on l'-JAN-al equal. -]0.000000 

Fo~ use In lubmodel Conti"ent.I Glaciatfon 
Judoement ,nd Oat. 

Erro~ checktn\) bound. are. -00,00000 60.00000 
Untt - kilometers 
Source ~Jam8' ~. CrOSby and PNL 
T~. dlltence (km) north o. th. reoolttory lite to the 
latltud. of the southernmOst portion of the northeeat 
recharQe ere., When the contlne"tll gl.cler re.ch •• the 
letttude Indlcat.d bv RK~NE, the northe.,t recheroe .rel " 
con.lder.d to be comoletely coverld. 

Seeler "RL4THI • UpPlr Lit. of Glacllr For MI •• oula Floodlno 
Ent.r.d by "GreQq Petrie • on 11.HAy.el eQue', 48.500000 

For use fn lubmodel Geomorohic !Yentl 
Judqement and Data 

Error e~.ekinQ boundS ere a8.00000 4'.00000 
Unit I negre.s of Latitude 
Source eOonald Ea.terbrook 

The upoer latttud. (degraes) of the le~.ftlve lone for 
Dotent'.1 MI.I~ula-tYDe floodinQ. The .enl~tiY. lonl lies 
betw.,n two latItude linel .n~ 's the er •• where the ol.cfe~ 
termInus ~ey eau •• fce demminp end lublequent cat.strophlc 
floodln", 
Recaus. t~. model 'follow.' the Okeno~.n lobe, whIch we, 
'Iar~ ... ' than the I:dllcte,. lobe at the we.htn\)ton-ldaho 
boundary, the velue given RLATHI ~ •• incr •••• d over the 
oriQinel valu. 
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8eel.r ·RLATL~ • Low.r Let, of GI,c'er For "i.aoul, Flood'ng 
E~tered by "Greg~ Petrie' " on IT-HAv-at equ.'a 

For u •• In .ubmodel GeomorPhic Eventl 
Judgement end Oat. 

Error checking bound. ar. 47,00000 4Q,OOOOO 
Unit - DeQree. of Latitude 
Source aDonald Eaaterbrook 

The lower latitude (degre •• ) of the a,nlitive lone for 
potentlel Mil.oul.-typ, floodino, The len.itiv. lone 'ie. 
oetwe,n two letitude line •• nd II the .re. wh.r. the 
continental galcler terminul m.v CaUl. Ice d.m~ing .nd 
lubleauent cetaltrOPhic floodlnQ, 
ijec.uee the mori.l 'followl' the Ok.nogen 'obe,whteh WI' 
'I,rger' then the lObe .t the "elhington-Id,ho bounde~Y, 
the v.lue given RLATlW W" decr •••• d from the flr.t v.lue 
ueed 

Sc.ler "RNELf • A~ount of ~E R.cherge Aree St,'l Covered 

47,000000 

Enter.d bv "Gregg Petrie _ " on IS-KAy-elequell 3'390.000 
For uae in IUbmodel Geomorphic Eventl 
Judpement ~nd n.te 

Error checkln~ boundl ere I 0,0000000 100000,0 
Unit = kllometer**2 
Source aPNL •• Grego Petri. 

Amount of rech.roe ere. Itill cover.d bv 101' th.t dlvertl 
water from the ground w.ter av.tem to the lurfeee river., 

Seeler ·R~ERED • Frectlon of Reduction In NE Cover"'ood 
Entered by "Gregg Petrie " on 18-HAY-81 equ.', 0 ••• ' •••• 81.02 

For ule in .ubmodel GeomorPhic Event. 
Jud"e~ent .nd Oltl 

Er~or checkinQ bound. 8~e t 0,0000000 0.5000000 
Unit a unit1e.1 
Source .rNL 

Frection.1 reduction of that Plrt of the ~E ~eGh.r,e .re. 
stl,' covered by .oil durinq , 'Mi.loul.' flooding event. 

SClllr ~~PGLNE " Av.~.o. NE Glacier Rech.rge Point 
Entere~ hv "Jon Lindberg' Al.n B.ldwin " on 1~-JAN.81 eQua', B8,800003 

For ule in .ubmodel Contlnentel GI.ci.tion 
Oete From Expert Judoement 

Error c~eekinQ boundl ere I 50,00000 100,0000 
Unit. kilometer. 
Source -J~~ •• ~. eroeby end PNL 

The diat,ncp (k~) north of the reDo.itory .ite to the 
l.titude line thet inter.ectl the centrel point In the 
narth.,.t r'ch,roe are., Th. centrel point in the northeeat 
recheroe Iree i. conlidered to be a ~otnt 
aomewhat centrll in locltion to the era. rech.roed bv tot.1 
glacier cover~ge, 

Sc.l·er "RPOSHC " H,C, of Rerositorv Ho.t-Rock 
Ente~ed bV "Jon Lindberg , Alan BAldwin • on 1'-JAN-81 eQu,'1 O,lOOOOOOOE.Ob 

For u •• in .unmode' HvdrolOQv 
Depends on Repo.ltorv Oelion 

Error checking boundl .re I 9,QQQQQq7E-I0 Q,Qq~q'Q8E-03 
.Unit • ~eter. I dey 
Source -Jeme. w. ero,by 

The hydr.ultc conductivity (m/day) of the Gr.nde Ronde 
Form.tion in the Immediate vicinity of th~ hv~otheticftl 
re~o.ttorv, 
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SC81,~ "RPOSTH - Repo.ltory Thickn, •• 
Entered bv "Jon Llndb,rg & Al,n Baldwin - on 1.-JAN_S1 equala 

For u., I~ .ubmode' Undetectarl Faature. 
For u •• In .ubmo~el Oeform,tlon 
For u.e In .ubmodel Hvdroloay 
DatI F~om The Llterltura 

Error checkln9 bounda Ire I 50.00000 100.0000 
UnIt I lIIetera 
Source IPNL 

The thlckn •• a (m) of the hypothetical ~epo.ftory, 

Sellar ·SEAMAX " Ha •• El,v,tlon of S,a-Laval RI.a 

&7.000000 

Entared hy -Jon Llndbarg , Al,n B"dwln • on ,.-JAN-al equal. 100,00000 
For u,' In .unmadel Se, Level Fluetu,tlon, 
Data F~om Expert JUdgeMant 

Erro~ chacklna b~und' are 0.0000000 200.0000 
Unit I ",eter. 
Source '~Irlca l. Schwlrtz 

Ma.lmum elevetfon (m) of the la, during In fnter;lact" 
climltlt. 

Schwartz, H. L" 1979, -Sa, Lavel Raoort-, 1ft 'A SumMery 
of FY-1918 Con,uttlnt Input For Seenlrlo MethOdoloGY 
Oevelooment', OPe IX-l - IX-8. PNL.28~1, Plelflc 
Northwest Llboratorle" Rlchl,nd, WI.ntnoton, 

Scallr "SELEV n Sfte Elevation It Ground SUrflce 
Enta~.d by -Jon Llndb,rg & Alln Baldwin • on ,9-JAN-St .qual. 220,00000 

For u •• In lubmod,1 Oeform,tlon 
Unpublished Olt, 

Error checklno bound' are "I 200.0000 240.0000 
Unit I metl~' 
SourCI aPNL 

The 111vatlon (m) of the hypothetical raDolttory Itt. It the 
ground surface. 

Seller ·SIlLAT " Site L.tltude 
Ent .... d by "Jon Lindberg" 41en Fllldwfn " Oft U-JAN-Sl eQue" 46,500000 

For u.e In sub~odel continental GI.cletion 
Unpubllsh.d Data 

E .. ror checklna bound, .... I 4b.OOOOO 41.00000 
Unit. Degree. of LatitUde 
Sou .. ce :PNL 

The l.tltud~ (degree.) of the hypothatlcal reoo.lto .. y .Ite, 

Se"lar "SITRAO " Radlu. of Sfte 
Entered bv -Jon Lfn~b.ro .. Al"n R.ldwln • on lq-JAN-81 eQu.la 2.0000000 

For uae In IUbmod~1 Undat.et.~ F •• tu .... 
For u.e In .unmod., Oefo .. ~atlo" 
For u.e In lubmode·l Geolftorpl'lic Event. 
Depend. on RepOlltorv Oe.lon 

Error cheeklnQ bound. ara. 1.000000 10,00000 
Unit • kllo~et.r. 
Sourc. aPNL . 

The redly, (km) of the hYDothatfCl1 r~po.ltorv .fte. 

Scel ... "SLOPHI " HIgh •• t Poaafble River Gr.dl.nt 
fntered bv "Jon Llnrlbera & Al3n Ualdwin • on lQ-JAN.Sl .Qual. 0.11200000f-02 

Fo .. u.e In ,ub~odel Geomorphic Event. 
Unpubll.hed Oata 

Error cMeekln9 bound. ere 0.0000000 1.000000 
Unit a meter. , mete~ 

Sourca -Donald Ee.terbrook 
The hlghelt po •• fbl. river qrldl.nt (lII'Ift) In the P •• co B.atn 
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Sc.l.~ ·SLOPLN • Lowe.t Po •• lble Rlve~ G~ld'I"' 
Ente~ed by "Jon Llndbe~o & 4'ln Beldwln • on 19-JAN-81 IQual. 0.J0000001E-OJ 

For ule In submodel Geomo~p~tc Eventl 
unpublished O.t. 

E~ror checking boundl I~e 0,0000000 1.000000 
Unit - meterl Im.te~ 
Source -Ooneld E,ltlrbrook 

Tne lo~elt pOlllble ~Ive~ orlolent (m/m) In the Pa.co al.'n, 

Selle~ ·SOURCE • Lltltude of Glacle~11 Sourci 
Entered by ·AI.n Jlm.1 Reldwln • on 12-MAY-81 IQull. 57,000000 

For U.e In lubmodll Sea Lev.1 Fluctuation. 
For use In aubmodel Contlnent.l Glaelatlon 
Judgement and Oetl 

Error cheCklnQ bound. Irl 4Q.00000 b5.00000 
Unit - Degree. of Lltituda 
Source 'Pi'lL 

The Iltltude (degree.) of the .0urCI of continentll 
Qllclltlon hetween the RoCky Hount.in. Ind thl Coe.t RenO', 
The .ou~ce II the oolnt whe~e thl contlnlntal olacier bagin. 
to eccrete (prelumlbly, 'Omew~lrl In Cenldal, 

(Note' Thll velue I. ona of thl parl.e'lr. thlt Oan bl 'It 
In the program to emplr'cilly fit tha pe" Po •• t'on, of 
ollcl., e~ge edvlnc" to the clima'i model, Mike 'oIlY 
fit thll data to obtlln the be.t normal lied data for ,nput 
to our model,) 

Scala~ ·STFLT • Flrlt Flult ~alt of 8a •• n ApprOl. on Mea 
Ent.~.n bv "Jon Llndba~o & 41.n 811dwln • on 19-JAN-81 aQull. -Z5,700001 

For ue. In IUbmod,1 Undetected Fe.ture. 
Oete Fro~ The Lltereture 

E~ror checklnq boundl ere' -50.00000 -2,000000 
Unit _ kllometerl 
Soul"ce ,PNL 

Tn, dfltance (k~) to the n.erl.t non-th~u.t flult we.t of 
the Paleo Sasin alono the MeS. 

SClle~ ·SlGAST w U~ltft Ret. on Glbl, Htn (For Chlek He) 
Entered by "Alan JI~'I Reldwln • on Z9-APR-81 Iquil' 0.00000000 

For ule In lub~odel O.fo~~ltlon 
Oete From E.pe~t Judoe •• nt 

EI"ror check'nQ boundl e~e' 0.0000000 0,12'0000 
Untt :I meters / ,ee~ 

Source aSteve Milone 
Tha minimum u~'ift rite (m/,r) on Gable Hounteln (Ind 
Umtenum Rldoe Itructure) that would Illow fOl" chlcklno fo~ I 
chenge In hYdraulic conductivity. 

Sella .. ·THA~OV " G .. en~e Ronrle Thickne •• Above Rloolttor, 
Entered by "Jon Llndbarq & lIen ~.ldwfn • on l'-JA~-al equill 305.00000 

Fo~ ule In lunmodel HvdroloQ, 
Oependl on ReDolltor, O.,lqn 

Erro~ ehecklna ~ounrls .re' 2no.0000 QOO.OOOO 
UnIt - "'.te~1 
Source :aPNL 

Thl thlcknel' (m) of the Grende Ronde Formetlon ebo.,e thl 
h,pothetlcel repo.ltor,. 
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Scal,r "TPSTRT " Ccnv,rlion 'actor 'or N,N Thru.tina HC 
Ent,red bv ""in Jame. A,'dNin " on 15-MAY-8l .qu,ll 

For u.e in aub~od.l D,for~'tio" 
Inactive. For Future U •• 

Error cnlcklng bOund. are 0.0000000 100.0000 
Unit a unit 1 es, 
Source aPNL 

The ~ulttoltc'tio" factor t~at chanqe. the valu. for t~e 
chlno.s In hydraultc conductivity 1" a ourrently .etfve 
thrust-fault zona to t~e Change. in hydraulte eonduettvitv 
in I "ewly created thru.t-fault lo"e, 

Note I we hive "ot found anv data that would lu.ttf., e 
v,lu. other than 1.0 (A neN fault f. tre,t.d Ifke a" 
old fault.> 

Sc,'ar "VH~COR " Horl.ont.l to V.rtic.' H.C, Retto 
Entered by "Ala" Ja",e. a,'dNln " on OS-JUN-S1 .quell 

For u.a in ,ub~odel HvdroloQY 
Judoem.nt and Data 

Error ch.cllino bOundS are. 0.0000000 10000.00 
UnU a unit h., 
Sou .. c. aPIIIL 

Co .. rectlon for trav.' tll11, beceu" of d.er •••• , in hvdraulie 
COnductivity In tne vertic,l direction, 

(Note. Thea. data w.re d.rived from C. Col.t.(PNL) velu •• 
for hydraulic conductivity fn the horilonte' end vertf'al 
directions.) 

Seal.r "WGL'T " Lltitude of wallul, Geo 
Entered by "Al.n J .. ~,s ~"rlwt" • on Ol-JUN-8l .quel. 

For use In lublllode1 Conttne"t.1 Glacfatlon 
Oat, From Th, Literature 

Err~~ checkl"q boundS are I 0.0000000 90.00000 
Unit a rl4Qre'a latttude 
Source IPNL -- GregQ p.trle , Alln Baldwfn 

Latitude ~f ~ellul, Ga~ (degre •• ). 

Sellar "WSNELN • Wenpaum-Seddl. Pith Length 'or the NE 
Entered by "Alen Jema. ijaldwtn • 8n aO-APR.81 .qu.ls 

For u.e tn ~ubmorlel Hyd~oloQV 
Oet. From f_oert Jurlge~ant 

Error cheCklnQ bounoS are I 70.00000 100.0000 
U"lt • kilometers 
Source aJemes W. CrOSby and PNL 

rhe dl!tance (km) of qroUnd-w4ter flow elono the MCS i" the 
Wenepum and Seddle ~ount.jn Formations frolll the c.nt~.1 
potnt In the no~t"e ... t recha~Qe area to the reDosltorY alte. 

Scale~ "WSS~lN " Weneoum-Seridl, Path L,"otn For The SW 
Entered by "Jon Llnd~'rQ , Ale" aaldwin • on 19-JAN-Sl equel. 

For use tn lubmodel Hvd~oloov 
JUdoement a"rl Date 

Error checklnQ bounds ere 1,000000 10.00000 
Unit a kilometer! 
Source IJamel W. C~o'bv 

The diltance (km) ot Q~ound-w.t~r flow .lonQ the MCS tn the 
WenlDum e"d Saddle Mountain For~atlon. from the centra' 
location ~ojnt In the louthwe.t recharge ere. to the 
r'Doalto~v ere, t~ the ~.oo.ttory lite. 
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9cela~ "Xsr.RT • X COo~dinat. of Ol,eha~gl '~e Cantlr 
Ent.rerl bv ·Alen J.~e. S.,dwln • on ZO-FES-el laual, -15.000000 

For UI. In lub~orlel undetected Feature' 
JUdoement and Date 

Error checklnQ bound, 8re J -]0,00000 -1.000000 
Unit I kllo~eter. 

Soul'ce IPNL 
lhe X cool'dtnete of the center of thl unconftnad aqulfap 
dl'cherQe e~c Ca lehemette ~ep~'lentetlon of the ColUMbia 
RIYar In the Paaeo Ba,tn), The ooordinate 'Vltem hal an 
ordinate It the reDo,ltory .Ite and tha X-a.t, co~~el~ond. 
to the MCS, POlltiYI Y il to the louthaa.t 
Unit' of the coordtn.te IVltam are kllomatarl, 

Scale" ·VSTART • Y Coordinate of Ollcharga A~C Centl~ 
Entered bv nAlan Jamel 8aldwln • on 20-F£8-es IQual' -20,000000 

For UI. In lubmodel Undetected Feature. 
Junoe~ent end Oat. 

E"ror checklnq bOund, ere I -100,0000 -1,000000 
Unft I ktlo~ete"l 
Source ."NL 

Thl y coo~dlnatl of the center ~f the unconflnad Iqutfer 
dllcharoe erc te Ichematic "a~re.entatton of tha Columbta 
Rival' In the Palco Sa.ln), The coo~dlnate IVlta. ha. an 
ordtnete It the reDo.ttorv .Ite and the X-a.f. CO~~laDond. 
to the ~CS. POlltlve Y I, to the ,outh.alt, 
Unit' of the coordln.te 'V.t.~ '1" ~llom.ta~a. 

Qu.llty Oi.t~fbutio~ 

Ta.t O.tll ha. Ic.'.r. 

Date From The Lt t.retu~e h •• 10 eelhr. 

See Text For ElCPh".tlon h.1 S ac.lar. 

Unpublilhed O.ta ha, tt .c.I.~. 

JudQem.nt and D.ta ha, 3" Icel.r, 

Oet. From EXDert Judg.",ent ha. '11 .cala,,' 

Depend. on Repolltol'Y O •• Iol'lh .. 13 '0.1.,,1 

In.ctlve - Fo" Futur. Ule h.1 " le.lar, 

* Thl. Oat. ha. no cl ••• * he. 0 .c.l.rl 

Tot.1 Sc.lar. entered to d.te '111 
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NE Precip. Change Fraction For Cascade Mtns 
Polynomial 1 . 
Submodel(s) 

Climate 

~active - For Future Use 
No Transform on X 
No Transform on Y 

-.25000050 to .25000050 
-1000. 002011U6 to 1000.00201Q,16 

values of Y 
values of X 

1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 0.0000000000 

s 
s s . 
s 

Units for X 
Units for Y 
Source 

meters 
uniUess 
George Kukla 

-1000.002 
meters 

1000.002 

Calculates the change of j)recipjtation rate (clll/Yl:l in th~ 
northeast re~harge area tram 'the change in elevatIon (m, of 
the Cascade Range. 

Prepared by Alm lames Baldwin Date 22-IUY-81 
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Slf Precip Change Fraction For Cascade Mtns 
Polynomial 2 . 
Suhmodel(s) 

Climate 

Inactive - For Future Use 
No Transform on X 
No Transform on Y 

-.25000050 to .25000050 
-1000. 00201lU6 to 1000. 0020 llU 6 

values of Y 
values of X 

1 . Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 0.0000000000 

Units for X 
Units for Y 
Source 

. 
s 

meters 
uniUess 
George Kukla 

-111100.002 
meters 

1000.002 

Calculates the change of precipitation rate. (cI{)./~>, in t.h~ 
southwest re~harge area Crom 1'.b.e change In elevat:ion (mJ of 
the Cascade Range. 

Prepareel by Alllll Jam.. BalclwiD Date U-IlAY-81 
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NE Precip Change Fraction For Rocky Mtns 
Polynomial 3. 
Suhmodel(s) 

Climate 

Inactive - For Future Use 
No Transform on X 
No Transform on Y 

-.25000050 to .25000050 
-1000. 00201q16 to 1000. 00201Li16 

values of Y 
values of X 

1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 0.0000000000 

s s s 
s 

Units for X 
Units for Y 
Source 

meters 
unitless 
George Kukla 

-1II11ll1ll.1ll1ll2 
meters 

11ll1ll1ll.1ll02 

Calculates the change of ..:precipj,tation rate (cIll/~} in th\' 
JJ.ortheast t:echarge area ftom the chanj[e in elevation (m) of 
the Rocky Mountains or the Blue Moun-tains. 

Prepared by Alan Jame. BaldlriD Date 22-MAY-81 
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S1f Precip Change Fraction For Rocky Mtns 
Polynomial lJ:. 
Submodel(s) 

Climate 

Inactive - For Future Use 
No Transform on X 
No Transform on Y 

- 2. 501lU1H1l500 to 2. 50000500 
-1000. 00201q16 to 1000.00201416 

values of Y 
values of X 

1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 0.0000000000 

151 
151 
151 

151 

Units for X 
Units for Y 
Source 

meters 
unitless 
George Kukla 

-1111111111.1111112 
meters 

1111111111.1111112 

Ca1~lates the change of «,reciPitati9n rate (cJQ./n) in tlu: 
sou west :r~charg~ area om "'the cDtange in elevation (mJ of 
the ocky Mount8.1ns or B ue Mountains. 

Prepared by Alan James Baldwin Date 22-IU.Y-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 
-1500. 00305175 to - 1 . 00000202 
0. Order Polynomial 
Coefficients : 

0. 0.0000000000 

In 
I-c 

51 
51 
51 

lSI 

values of Y 
values of X 

CIJ 
+,51 
Cl)51 e: ~ __ ~ __________________ __ 

-1500.003 
meters 

Units for X 
Units for Y 
Source 

meters 
meters / year 
Colin Bull 

-1. 001 

Calculates the rround surface rebound rate bn/yrl que to 
ftn>'ial unloadilil. from the decrease of ,laci8.l1ce l.hickness 

(Note: DfJ' Coli~ Bull (1981)· statel : 
"iiiln~Ite~t Iar:eJ~b:it1~c;0~~r:n f~;~J As ito\i~ ~o~eel at 
thIS stage." J 

• Unp"l,J..blished CO.Jl!iult~t's report to PNL from Dr. Colin Bull 
of "Ohio State UDlverslty on April 3, 1981. 

Prepared by .&lUI. Jam .. Balchrin Date 30-APR-81 
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Prob. of H.C. Change in Shaft Seal With Time 
Polynomial 5 . 
Submodel(s) : 

Shaft Seal 

Depends On Repository Design 
No Transform on X 
No Transform on Y 

flI. flIflIflIflIflIflIflIflI to 1 • flIflIflIflIflI2fl12 values of Y 
1 • flIflIflIflIflI2fl12 to 1 flIflIflIflIflI2. flIflIflIflIflI0fl1fl1 values of X 
1. Order Polynomial 
Coefficients : 

flI. flI.flIflIflIflIflIflIflIflIflIflI 
1. .flIflIflIflIflI1fl1fl1fl1fl1 

years 
unitIess 

lSI 
lSI 
lSI -

1. III VI III 
years 

Units for X 
Units for Y 
Source PNL -- Gregg Petrie 

Illllllllllllfll2.IIlVlIll 

Calculat~1I the p_robability of chan.ae in hxdraulic cOJlduct­
ivity of the shaat seal from the erapsed simulated time. 

Prepared by Alan lames Baldwin Date O"-KAY-8! 
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Glacial Rebound Rate When Ice is Gone 
Polynomial 7 . 
Submodel(s) : 

Continental Glaciation 

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

Ill. !lllll!ll!lllll!ll!ll!ll to. !ll!ll731ll!ll1ll1 values of Y 
, 1.1ll!ll!ll!ll1ll2!ll2 to 11ll1ll!ll!ll1ll.21ll31251ll!ll values of X 
! Ill. Order Polynomial 

Coefficients : 
Ill. 1ll.1ll1ll!ll!llIllIllIllIll!ll1ll 

" 

IS 
IS 
IS 

IS 

... 
«I 
~ 
~ 

" ... 
~ 
~IS 
~IS a: ~~ ________________ ~~~ 

1. 01110 1011100111. 281 

Units for X 
Units for Y 
Source 

years 
years 
meters / year 
Colin Bull 

Calculates th~. ground sqrface r~bound rate (zp./yr) due to 
I. lacial unloadUlIl. from the number of years SInce the glacier 
fetreated from the area. 

(Note: Dr.. Coli~ Bull (1981)· state~ : 
" .... uplift and sub~jqetlce there ~Pasc. 0) .is .going to be 
nunu"te. I teally thInk you can forget It Iii tile model at 
this stage." J 

• Unp-ublished consult8.ll:t's report to PNL from Dr. Colin Bull 
of "Ohio State UniversIty on April 3, 1981. 

Prepared by AlIlD lames Baldwin Date 30-APR-81 
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Glacial Subsidence Rate From Ice Thickness 
Polynomial 8. 
Submodel(s) : 

Continental Glaciation 

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

-.00730001 to -.00730001 values of Y 
1. 00000202 to 1500.00305175 values of X 
0. Order Polynomial 
Coefficients : 

0. 0.0000000000 

In 
104 

CSl 
CSl 
CSl 

CSl 

4) 
~CSl 
4)CSl S: ~ ____________________ ~ ____ 

1.000 1500.001 

Units for X 
Units for Y 
Source 

meters 
meters 
meters / year 
Colin Bull 

Calculate, the_.lroqnd surface .s~sidence rat~ (Ip/;n) Qaused 
by glacla! loadihg from the thic ess of g aClal lce tmJ. 

(Note : Dfr Coli~ B~9} (1981)* state( : 
"m\n':K~!t ~eJ~ ft'~Cyo~~:n fo~~~J As ~o~~ ~ol~fel at 

s stage." J 

* U~1tublished CQJl!fultant's report to PNL from Dr. Colin Bull 
of ""Ohio State Umversity on April 3, 1981. 

Prepared by Alan .Jamel Balctwill nate 30-APR-81 
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Radial Stress From Glacier Distance 
Polynomial 9 . 
Submodel(s) : 

Continental Glaciation 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

-7.2UlIlHlllij59 to 15.fllUlUlfll3fll51 values of Y 
fll. fllfllUlfllfllfll00 to 2fll0. fllfllflllU 198 values of X 
1. Order Polynomial 
Coefficients : 

fll. Ifll.560021ijfllfllij 
1. -.fll613261222 

Units for X 
Units for Y 
Source 

kilometers 
pascals 
Colin Bull 

51 
to 
In 

sa -

0.000 
kilometers 

200.000 

Calculates the radittress~as~al~) of glaqial loading 
ft'9m th~ dl!ltapce .J. to e g aCler termmus. 
Note: Dr. Colin B cites rotc ie and Silvester (1969) 
as his source for . s data. 

Prepared. by .llan James Baldwin Date 22-MA.Y-81 
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Tangential Stress From Glacier Distance 
Polynomial 1 !ZJ • 

Submodel(s) : 
Continental Glaciation 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

-7.0IllfD01"30 to 15.00003051 values of Y 
0.00000000 to 200.000,.1198 values of X 
1. Order Polynomial 
Coefficients : 

0. 1.5920032501 
1. -.0085071172 

Units for X 
Units for Y 
Source 

kilometers 
pascals 
Colin Bull 

N 
OJ 
If') . -

0.J111/11/1 
kilometers 

Calculates the tanaential S¥,S!f (pascals) of glacial 
loading rom the distance. .1 to the (lacier te . s 
Note: Br. Colin Bull cites rotchie anN Silveste:mX'9) 
as his source for this data. 

Prepared by .Alan .James Balchrin Date 22-JU.Y-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 
0.0000001ll1ll to 10.00002002 
1. Order Polynomial 
Coefficients : 

0. -2. 55q0051q60 
1. .1690003395 

Units for X pascals 

(r) 
~CD 
NCD 
=' • . . 

Units for Y meters / day 

values of Y 
values of X 

.-.-.-
'" '" '" 

/ .-

/ 
/ 

/ 

/ 
/ 

/ 
/ 

Source James W. Crosby & Alan J. Baldwin 

/ 
I 

/ 
/ 

/ 

/ 

10.000 
10.000 

Calculates the ch~:fe in hydr,aulic cop.ductivity (JIl/day) of 
basalt frnxp. th~ rad e) stress \P~scal,} of l1acil\l 10adiD.R. 
Note: This . .polY.Doml..al was derIved by comparIng Vr. TaIJ,;les 
Crosby's estnnates of change iI~ hydraulic conductivy with 
dIstance from Llacier edge to Hrot~hie & Silvester's 
e$timates (1969") of stresses from distance to glacial edge. 

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

Prepared by Alan lame. BaldwiD Date 22-JUY-8J 
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Change In HC With Glacial Tangential Stress 
Polynomial 1 2 • 
Submodel(s) : 

Continental Glaciation 

Subjective Guess With Data 
No Transform on X 
e To The Y Power 

• fDQHIHIHll fD 1 fD to. 5 fD fD fD fD lIZHll 
fD. fDfDfDfDfDfDfDfD to 1 • 5fDfDfDfD3fDS 
1. Order Polynomial 
Coefficients : 

fD. -5.fDSqfD1fD3530 
1. .0fD17QS3fD37 

., 
'"' 

..... 
C7) 

IDS 
S. 
Sin .. 

G.I d' 
~ C7) 
GIlD IS 

values of Y 
values of X 

d~.n R •• ~~ ________________ ~-=~ 
1.500 
1.501ll 

Units for X 
Units for Y 
Source 

pascals 
meters / day 
PNL -- Alan Baldwin Be James Crosby -

Calc\llates the change in hydrauliCf condu~tivity. (m/.day) of 
basa)t from the tangential stress \pascals} of glaci81 
loading. 

Note : This _ 'polY,Jlomial was derived by ~omparing Dr. J 8.D)es 
Crosby's estnnates of change iD hydraulic conductivity W'lth 
distance froIP, .&lacier edge to Brot~p.ie Be Silvester's 
estimates (1969") of stresses from dIstance to glacial edge. 

- Unp'Ublished copsultant's reDPrt to PNL frQJIl James W. 
Crosby of Washmgton State 'University on Nov. 1980. 

Prepared by .u.n JUDe. Baldwin Date 22-KlY-81 
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-----------------------------------....., 
Erosion From Stream Power 
Polynomial 13 . 
Submodel(s) : 

Geomorphic Events 

From Expert Judgement 
No Transform on X 
No Transform on Y 

-.00100000 to .30000061 
0. 00000000 to. 0010UlUlUl0 
1. Order Polynomial 
Coefficients : 

Ul. Ul.0UlUlUlUl0Ul0UlUl 
1. -9.6~301B7225 

IS 
IS 
IS 

IS 

values of Y 
values of X 

0.000 ( .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~·o.niftate (~yr) by the C-olumbia River from 
stream power dl~C arge tim..elt~radien.t). 
See variables OP afld SLOPLlr and density curves 56-59. 

(Data)from Mike Foley and Gregg Petrie of PNL on Feb. 26. 
1981. . 

Prepared by Ala James Baldwin Date 02-1Wl-81 
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M of Missoula Fold Erosion From Stream Power 
Polynomial llJ: • 
Submodel(s) : 

Geomorphic Events 

From Expert Judgement 
No Transform on X 
No Transform on Y 

-lIlI. rD1lI1lI1lI2!lHlI2 to Ill. 1lI1l11l11l11l11l11lJ1lJ values of Y 
67.21l11l113li27 to 2lillllllllJ.llJli882812 values of X 
1. Order Polynomial 
Coefficients : 

Ill. 1lJ.llJllJllJllJllJllJllJllJrDllJ 
1. -.1lI1lJ171lJIlJrDIlJ35 

=' --. 
I 

en 
,",19 
4)19 ..,cc 
4)' 

a~ 
~----------------------~ 

Units for X 
Units for Y 
Source 

67.200 2q00~.058 
meters··3 / second(meters/meter) 

meters··3 / second(meters/meter) 
meters 
Donald Easterbrook 

Calculates ero~o.n rate (mjyr) by a. Mis~oula-type flood from 
stream power t dIscharge times gradIent,. 

Prepared by .Alan Jame. Baldwill Date 02-JiWt-81 
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-------------------------------------------, 
Correction Factor of Intersection Angle 
Polynomial 15 . 
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 

degrees 
unitless 

S 
EiI 
EiI . -

111.111111111 
degrees 

Units for X 
Units for Y 
Source PNL -- Gregg Petrie 

981.8100 

Calculates th9' red'\lc~on or enhancement of earth!Uake 
acce era'ijon \l ulti lication ~ctor or traction of t e accei~ration w~en me wave ~ll"ection Is)directly _ ~ ong the 
JIlodel cross section from the northeast from "the angle 
between the ;q:lodel cross section and the direction of earth­
quake wave dll"ection. 

Prepared by Alan Jame. BalchriD. Date 13-KlY-81 
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I Fault Area From Earthquake Magnitude 
I Polynomial 16. 
I Submodel(s) : 
I Sub-Basalt Faulting 

I 
Unpublished Data 
Exponential Form X 
No Transform on Y 

.00010000 to 100000.20312500 
1 . 00000202 to 8. 00001621 
2. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. .0012769025 
2. 1.1910023689 

values of Y 
values of X 

LIlIIlIIlI 
Richter magnitude 

Units for X 
Units for Y 
Source 

Richter magnitude 
kilometers··2 
Lawrence H. Wight 

B.1lI1lI1lI 

~alcul_~tes the {iisp'lace~t!nt ar~tl (km"2) of J1. fault.nlan,e 
rom the magnltuCie of the earthquake assocIated 'Wlf.h the 
ault movement. 

See L. H. Wight in Appendix B. 

Prepared by Alan Jam •• Balclwin Date 24-rBB-81 

A.46 
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Earthquake Freg,uency From Magnitude 
Polynomial II . 
Submodel(s) : 

Sub-Basalt Faulting 

From The Uterature 
No Transform on X 
No Transform on Y 

01. 0101010101010101 to 16. O101O1O1321!2 values of Y 
2. 01 01 01 01 01 LJ, 015 . to 8. 010101011621 values of X 
1. Order Polynomial 
Coefficients : 

01. -.1660101013LJ,23 
1. .01830101011735 

2.000 8.000 

Units for X 
Units for Y 
Source 

Richter Magnitude 
Richter Magnitude 
cycles / second 
PNL - - Steve Blair 

Calculates earthQ.\1~ke freqqe:Q.cy (Hz) from magnitude. 
(Gutenberg and RIchter, 1906, 

Prepared by Alan James Balchrin Date 08-M.\Y-81 
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I Earthquake Duration From Magnitude 
Polynomial 18. 
Submodel( s) : 

Sub-Basalt Faulting 

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

- • 3200rlHllSq to 20. 1ll000q005 
1. 00000202 to S.00001621 
1. Order Polynomial 
Coefficients : 

0. -1.Q00002SS10 
1. • 320000SQSQ 

&rI 
to 
s= S o CD 
(J (r) S 
Q)CD • 
r"S­
.." .. 

values of Y 
values of X 

---

I 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

1.000 B.000 
L 1/l1/l0 B.000 

Units for X 
Units for Y 
Source 

Richter magnitude 
Richter magnitude 
Seconds 
PNL - - Steve Blair 

Calculates earthquake duration (sec) from earthquake 
:p}a!nltude. 
tGu'tenberg and Richter, 1956) 

Prepared by Alan James BaldwiD. Date O'7-JUY -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. QHlJfll000fll0 to. Ifll000020 
0.00000000 to. 00380000 
0. Order Polynomial 
Coefficients : 

0. • 0350fll00715 

It) 
(I') 
s 

values of Y 
values of X 

0.000 
meters / day 

Units for X 
Units for Y 
Source 

meters / day 
Effective Porosity 
PNL - - Charles Cole and Gregg Petrie 

.003 

Relates effective porosity and hxdraulic conductivity. 
{Note: Until a better. relationsliiR for the WQapu1n Ba~alts 

becom..es ~va.llable. Gregg Petrie and Alan Baldmn 
have de~ded to use an aver..age effective porosity 
for the Pasco Basin basalts. J 

Prepared by .Alan James Baldwin Date OS-roN-81 
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Recharge From Glaci'er Thickness 
Polynomial 20. 
Submodel(s) 

Hydrology 

Inactive - For Future Use 
No Transform on X 
No Transform on Y 

5.00001001 to 31ll. 1ll1ll1ll1ll6103 values of Y 
Ill. 1ll00001ll1ll0 to 1500.0031Zl5175 values of X 
1. Order Polynomial 
Coefficients : 

0. 6.Q000129699 
1. 0.0000000000 

en 
~ 
~, 

+J 
~ 

S 
:;j 
~~ 
~~ 

(J to 1...0.-0-0-0 ----------15-=-0-0-. 001 

meters 
Units for X 
Units for Y 
Source 

meters 
centimeters / year 
Colin Bull 

Calculate!J fr~ )the thickness of ,dacial ice (m) the amount 
of water \ cm yr that is rechargea to basalt aquifers in 
the northeas recharge area when the area is covered by a 
p,ontineJl1.al glacier. 
\Note : Thi!l polYD:omial function will be used when we obtain 
!lde,quate da"ta. Currently, we ~e the value of the recharge 
m the northeast recharge area. J 

Prepared by Alan lame. Baldwin nate 22-JUY-81 
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SW Head Chanle Fro~ Recharge Rate, 
Polynomial ~ 1. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 1 

121. aU1J012100121121 to 1121121121. 12112I212111U 6 values of Y 
121.1211210012101210 to 6.1211211211211239 values of X 
1. Order Polynomial 
Coefficients : 

121. 121.1211211211210121121000 
1. 5121.1211211211029968 

I 
51 

51 
51 
(I') 

Ill. 000 
centimeters / year 

Units for X 
Units for Y 
Source 

centUneters / year 
meters 
James W. Crosby 

6.000 

Calculat,f:s hYdra~C head change (m) of basalt aquife. rs in 
the SOUthlf~!Jt rec arge area d,.uring Q.D. interglacia"l climate 
state from the rec arge rate (cm/ yr J. 

Prepared by .lIm lam •• Balcbrin Date 28-APR-81 
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SW Head Chanle From Recharge Rate. 
Polynomial ~2. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 2 

(lJ. IlHlJ(lJ(lJ(lJIZ)(llllJ to 1 (lJ(lJ(lJ. (lJ(lJ2(lJ 11.J:l6 values of Y 
(lJ. (lJ(lJ(lJ(lJ(lJ(lJ(lJ(lJ to 6. (lJ(lJ(lJ(lJ1239 values of X 
1. Order Polynomial 
Coefficients : 

(lJ. (lJ.(lJ~(lJ(lJ(lJ(lJ(lJ(lJ(lJ(lJ 

1. 29. 27(lJ(lJ595855 

In 

" (U 

S 
N 
ID 

In 
I"--

~s 
(US S: ~ ______________________ ___ 

0.000 6.000 
centimeters / year 

Units for X 
Units for Y 
Source 

centimeters / year 
meters 
James W. Crosby 

Calculates hydraulic head change (m) of basalt aguifers in 
th.e southwest. recharge area durj,ng , t.,emperate mterstadial 
climate from the recIlarge rate \cm/YT). 

Prepared by Alan Jamea Balchrin Date 28-,APR-81 

A.52 



SW Head Chanle From Recharge Rate, 
Polynomial ~3. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 3 

flJ. flJlllflJlllflJflJflJflJ to 1flJlllflJ.1ll1ll2flJl1U6 values of Y 
Ill. flJflJflJ0001ll0 to 6. flJflJ0flJ1239 values of X 
1. Order Polynomial 
Coefficients : 

0. flJ.00flJflJflJflJflJflJflJ0 
1. 23. 530flJijS3703 

1ft 
M 
~s 
Q)S a: ~ ______________________ ___ 

Units for X 
Units for Y 
Source 

111.000 
centimeters / year 

centimeters / year 
meters 
James W. Crosby 

6.000 

Calculates hydraulic head change (m) of basalt act.uifers in 
the south1fe~t recharge area during an ipterlJtadiaJ. climate 
state from the change in recharge rate \cm/yr). 

Prepared by Alan .J .... Baldwin Date 28-APR-81 

A.53 



SW Head Chanle From Recharge Rate,' Climate 4 
Polynomial ~L1. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

0. 00000000 to 1000. 0020 1l.}J 6 values of Y 
0.00000000 to 6.00001239 values of X 
1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. Q0.0000801086 

lSI 
lSI 
lSI 

lSI 
:::I' 
N 

0.000 
centimeters / year 

Units for X 
Units for Y 
Source 

centimeters / year 
meters 
James W. Crosby 

6.000 

Calculates the hydraulic head chanm (m) of basalt aquifers 
in the southwest: recharge are,. du,r g a stadial clima""te 
state from the recharge rate \cm/yr . 

Prepared by .Alu .James Baldwin Date 28-»R-81 

A.54 



NE Head Chanje From Recharge Rate, 
Polynomial ~5. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 1 

0. 00000000 to 1000. 00201 Ll16 values of Y 
0.00000000 to 6.00001239 values of X 
1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 78.1201629638 

~ 
k 

~s 
GIS S: ~ ____________________ ~~ 

6.000 

Units for X 
Units for Y 
Source 

0.000 
centimeters / year 

centimeters / year 
meters 
James W. Crosby 

{:alculates the hydraulic head chanae (m) .of ba!lalt. ,quifers 
~ the northeast: recharge areadurmg an }ll\.erglaclal 
climate state from the recharge rate (cm/ yr ,. 

Prepared by Ala :l .... Balchria Date 28-.1PR-81 

A.55 



NE Head Chan.&e From Recharge Rate, 
Polynomial ~6 . 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 2 

Ill. III III III III III III III III to 11ll1ll1ll.1ll1ll21ll11l16 values of Y 
Ill. III III III III III III III III to 6.1ll1ll1ll1ll1239 values of X 
1 • Order Polynomial 
Coefficients : 

Ill. Ill. III III III III III III III III III III 
1. 92. 591ll1871ll727 

S 
::I' 
II'l 

II'l 
II'l 
II'l 

111.000 
centimeters / year 

Units for X 
Units for Y 
Source 

centimeters / year 
meters 
James W. Crosby 

6.000 

Calculates the hydraulic head c&an&e (m) of basalt aquifers 
Pl the Qrtheast recharge area uriilg a temperat mterst~lal climate state from e. recharge rate f cm/yr). 

Prepared by .Alan lame. Balchria Date 28-DR-81 

A.56 



NE Head Chanie From Recharge Rate. 
Polynomial ~7 . 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 3 

0.01lH1l00000 to 1000.0020111:16 values of Y 
0.00000000 to 6.00001239 values of X 
1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 73.5301513671 

1ft 
~ 

5 
CD -

35 
41 5 a: ~ ______________________ __ 

Units for X 
Units for Y 
Source 

0.1ll00 
centimeters /year 

centimeters /year 
meters 
James W. Crosby 

6. III III III 

Calculates the hydraulic head chanle (m) of basalt a9uifers 
ill, the northeast recharge area durihg( anj'n\erstadial 
clunate state from the recharge rate cm yr J. 

Prepar" by Alan lUll •• Balchrba Date 28-.1PR-81 

A.57 



NE Head Chanle From Recharge Rate, 
Polynomial ~8. 
Submodel(s) 

Hydrology 

Subjective Guess With Data 
No Transform on X 
No Transform on Y 

Climate 4 

0. 00000000 to 1000. 00201 L! 16 values of Y 
0. 00000000 to 6. 00001239 values of X 
1. Order Polynomial 
Coefficients : 

0. 0.0000000000 
1. 63.2901306152 

., ,.. 
tI 
~s 
tiS 
S~ ~ ______________________ __ 

Units for X 
Units for Y 
Source 

0.000 
centimeters / year 

centUneters / year 
meters 
Ja%nes W. Crosby 

6.000 

Calculates the hydraulic head chanWf.(m) of basalt aquifers 
in the northeast: recharge are,. dur a stadial clima'te 
state from the recharge rate \ cm/yr . 

Prepared by .Alu Jamea Balchr1D Date 28-DR-81 

1\.58 



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

Hydrology 

From Expert Judgement 
No Transform on X 
No Transform on Y 

. 27561ll1ll55 to 1 . 1ll1ll1ll1ll1ll202 

Ill. III III III III III III 0 III to 31ll0.1ll01ll611ll35 

1. Order Polynomial 
Coefficients : 

Ill. . 27561ll1ll5525 

1. • 002ij101lllllij8 

rn 
rn 
~ 

:1 

to en en 

.... If) 

values of Y 
values of X 

s=" 
~~ ~-------------------------31110.0111111 

Units for X 
Units for Y 
Source 

kilometers 
unitless 
PNL -- Gregg Petrie 

Calculate, the red\1ction of groung-water v{!locity (fracYion 
Qf normal velocity J d.ue to peJ"Dlafi"Osj:. conditions. fr0»l. 1 e 
distance to the termmus of the continental glacler ~JOn • 

Prepared by ,J.1r.r... Ala Jame. BalctwiD Date 

A.59 



r----- -
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 
ij6.23009ij90 to ij7. 8500938ij values of X 
1. Order Polynomial 
Coefficients : 

0. -28.5300579071 
1. .6173012256 

en 
en 
Q) 

;3 

c-. 
51 
51 -

-c-. 
~s 
p~ 

~q6~.~23~0~----------------~q7~.-6=-50 

Units for X 
Units for Y 
Source 

Degrees of latitude 
Degrees of latitude 
UniUess 
James W. Crosby 

Calculates the r~duction( fraction of ~e :qi1thea,!ft recharae 
area from the dlstance degree, of latitude of the glacial 
tertni,nus to the southernmost latitude of e northeast 
recharge area. 

Prepared by J.1I'.L.".lian Jamea BaldwiD Date 14-UN-81 

A.60 



NE Precipitation Rate for Climate State 1 
Density Curve 1 . 
Submodel(s) 

Climate 

Data From Transformation 
No transform on X 

0. 001lHlll1HIH1l0 to 105. 00021362 
0. 00000000 to 105. 00021362 

error bounds on X 
values of X 

Point by Point 
Density Points : 

0. .001110000010 
1. • 111011111100011110 
2. .019/159111387 
3. .10/15111U12102 
/I. .07/115/11/133 
5. .013065111269 
6. .11108771115183 
7. .013077111266 
8. .0253/17111516 
9. .0/15567111928 
1111 •• 1117/13591/199 
11. • 1111/1201112081 
12 •• 12291111112/175 
13. .123101112/1/19 
1/1. .10/13002128 
15. .11177551155111 
16. • 01167580938 
17. .111257/10111512 
18. .111127/11111268 
19. .1110/151/17089 
20. .11100000111011/1 0.0111111 

centimeters / year 

Units for X 
Source 

centimeters / year 
George Kukla • 

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

• Unpublished consultant's report to PNL from George Kukla 
of l.amont-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 2 . 
Submodel( s) 

Climate 

Data From Expert Judgement 
No transform on X 

1Zl. 1Zl1Zl1Zl1Zl1Zl1ll1Zl1Zl to 1511.1.11.111.111.1311.1517 error bounds on X 
1Zl.11.I11.I1ll1ll11.l11.l11.l11.l to 131. Qfl)1Zl25329 values of X 
Point by Point 
Density Points : 

0. 0.0000000000 
1. .3000006198 
2. 3.4000070095 
3. 6.000111123977 
11. .811100016212 
5. .Q000008106 
6. 1.11111100020265 
7. 2.300111011721116 
8. IL 61110009111113 
9. 6.700111131607 
10. 8.001111111621211 
11. 7.70011115511118 
12. 6.6000132560 
13. 11.60111009111113 
111. 3.6000072956 
15. 3.0111111111061988 
16. 2.3111000117206 
17. 1.500111111309911 
18. .900011118119 
19. .500011110013 
2111. .311100006198 

Units for X 
Source 

centimeters / year 
George Kukla • 

/ year 

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 ~amont-Doherty Geological Observatory on Feb. 4, 1981. 

Prepared by .Alan Jamea Baldwb:l 

A.62 



NE Precipitation Rate for Climate State 3 
Density Curve 3 . 
Submodel(s) 

Climate 

Data From Expert Judgement 
No transform on X 

UI. UlUIflHDUIUIUIUI to 150. UlUIUI3U1517 error bounds on X 
6.568U11319 to 137. 9U1U126855 values of X 
Point by Point 
Density Points 

0. . 200000/1053 
1. 1. 200002/1318 
2. 2.5000050067 
3. .5000010013 
/I. .3000006198 
5. . 700001q305 
6. 1.500003099/1 
7. 2.7000055313 
8. q.0000081062 
9. 5.5000109672 
10. 6.500013351q 
11. 7.10001q2097 
12. 7.20001Q5912 
13. 7.10001Q2097 
lQ. 6.500013351Q 
15. 5.2000102996 
16. 3.700007Q386 
17. 2. /l0000Q8637 
18. 1. 30000257Q9 
19. .700001 Q305 
20. • Q000008106 

Units for X 
Source 

centimeters / year 
George Kukla • 

/ year 
137.900 

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 ~amont-Doherty Geological Observatory on Feb. 4. 1981. 

Prepared by Ala lame. Baldwin ID.tered on a-MAy-al 

A.63 



NE Precipitation Rate for Climate State 4 
Density Curve LJ:. 
Submodel(s) 

Climate 

Data From Expert Judgement 
No transform on X 

5.lZllZlflllZl1lZlrll1 to 153.lZlrllrll31Zl517 error bounds onX 
52. 551Zl11Zl61Zll! to 131. l!rlIrl125329 values of X 
Normal Curve 
Density Points : 

0. . 00/1/1319090 
1. .010/1210221 
2. .0223950/157 
3. .01!3981!0888 
I!. .0789501619 
5. .1295002698 
6. .19/12003822 
7. .2661005258 
8. .3332006931 
9. . 3811!007759 
10. .3989008235 
11. . 381/1007759 
12. .3332006931 
13. .266U105258 
11! •• 19/12003822 
15. .1295002698 
16. .111789501619 
17. .1111!3981!0888 
18. • 02239501!57 
19. .010Ll210221 
20. . 001!1!319090 

Units for X 
Source 

52.550 
centimeters / year 

centimeters / year 
George Kukla • 

131."00 

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

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

Preparecl by Alan Jame. BalchriD BDterecl 011 05-1IAB-81 

A.64 



SW Precipitation Rate for Climate State 1 
Density Curve 5 . 
Submodel(s) 

Climate 

Data From Transformation 
No transform on X 

0.00000000 to Q0.00008010 
0.00000000 to Q0.00008010 
Point by Point 
Density Points 

0. .0000000010 
1 • • 0000000010 
2. .0295250606 
3. .10/i8002123 
/i. .06823/i138/i 
5. .012790025/i 
6. .0086637172 
7. . 0132690262 
6. .0258920526 
9. .0/i65750932 
10. .07511821586 
11. .11115111111112165 
12. .12311D02111!9 
13 •• 1226111111211511 
III. .1027111111211196 
15. .111756711626 
16. .0111173110917 
17 •. 02/i52/i01197 
18. .012131!0239 
19. . 0038810076 
20 •. 0000000010 

error bounds on X 
values of X 

0.000 
centimeters / year 

Units for X 
Source 

centimeters / year 
George Kukla • 

/i0.000 

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

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

Prepared by Alan Jame. BaldwiD. Intered 011 05-1UR-81 

A.65 



SW Precipitation Rate for Climate State 2 
Density Curve 6. 
Submodel(s) 

Climate 

Data From Expert Judgement 
No transform on X 

1ll.IIHIHIHllIlU1l00 .to 100. 0011120599 
0.00000000 to 95.81018829 

error bounds on X 
values of X 

Point by Point 
Density Points 

0. Ill. 00000000ID0 
1. .3000006198 
2. 3.~000070095 

3. 6. 00 III III 123977 
ll. .811l1ll1ll016212 
5. • ~0011l011l8111l6 
6. 1. 000011120265 
7. 2. 30000~7211l6 
8. 1l.600009~1l13 

9. 6.7000131607 
10. 8.011l1ll016212ll 
11. 7.700111155llll8 
12.6.6011111113256111 
13. ij.60011109~~13 

Ill. 3.600111072956 
15. 3.0000061988 
16. 2.3001110ij7206 
17. 1.511l1ll003099ll 
16. .911l111011118119 
19. .51110111111111111113 
20. .30001111116198 

Units for X 
Source 

centimeters / year 
George Kukla * 

/ year 
95.610 

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

* Unpublished consultant's report to PNL from George Kukla 
of l.amont-Doherty Geologic8.1. Observatory on Feb. 4, 1981. 

Prepared by Alan James Baldw:ln Intered on 1'-KAY-11 

A.66 



SW Precipitation Rate for Climate State 3 
Densi ty Curve 7 . 
Submodel(s) 

Climate 

Data From Expert Judgement 
No transform on X ' 

Ill. III III III III IlHll III III to 1111l.11l11l11l22125 error bounds on X 
Q.7SI1lI1lI1lSqS to 111l11l.611l11l211lQQS values of X 
Point by Point 
Density Points 

0. .2010001&053 
1. 1. 2000021&318 
2. 2.5000050067 
3. .5000010013 
/I. .3000006198 
5. .700001/1305 
6. 1. 500003099/1 
7. 2.700121055313 
8. /1.121000081062 
9. 5.5100109672 
1111. 6.500013351/1 
11. 7.10001/12097 
12. 7.200011&5912 
13. 7. 100011&2097 
11&. 6.500013351/1 
15. 5.2000102996 
16. 3.700007/1386 
17. 2./10000/18637 
18. 1.30000257/19 
19 •• 700001/1305 
20. _/1000008106 /1.790 

centimeters / year 

Units for X 
Source 

centimeters / year 
George Kukla * 

100.600 

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

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

Prepared by Alan Jam •• Baldwin 

A.57 



SW Precipitation Rate for Climate State 4 
Density Curve 8 . 
Submodel( s) 

Climate 

Data From Transformation 
No transform on X 

5.00001001 to 100.00020599 
19.9ij00ij058 to ij9.8ij009933 
Normal Curve 
Density Points : 

0. . 00qq319090 
1. .010q210221 
2. . 0223950q57 
3. .0q398110888 
q. .0789501619 
5. .1295002698 
6. . 19q2003822 
7. .2661005258 
8. . 3332006931 
9. .38111007759 
10. .3989008235 
11. . 381 q007759 
12. .3332006931 
13. .2661005258 
111. .19Q2003822 
15. . 1295002698 
16 •. 0789501619 
17. • 0Q398Q0888 
18. .02239501157 
19. .1111011210221 
20. .001111319090 

error bounds on X 
values of X 

19.9110 
centimeters / year 

Units for X 
Source 

centimeters / year 
George Kukla • 

119.8110 

Average precipitation rate (cm/yr) in the southwest recharge 
area durIng a stadia! climate state. 

• Unpublished consultant's report to PNL from George Kukla 
of Lamont-Doherty Geologic8.l Observatory on Feb. 4, 1981. 

Prepared by Alan .James Baldwin Intered OD 05-MAR-8! 

A.68 



Cascade Mountain Range Uplift Rate 
Density Curve 9 . 
Submodel(s) 

Climate 

Judgement and Data 
Log transform on X 

-6. III III III III 1239 to -3.1ll1ll1ll1ll1ll619 
-5.1ll1ll1ll1ll101ll1 to -ij.01ll1ll01ll810 
Normal Curve 
Density Points : 

0. .00Qq320092 
1. .010Q211l0220 
2. .02239001.161 
3. .0Q39800882 
Q. .0789501619 
5. .1295002698 
6. • 19Q2003822 
7. • 2661005258 
8. .3332006931 
9. .38111007759 
10. .3989008235 
11. .38111007759 
12. .3332006931 
13. .266H105258 
1 II. . 19112003822 
15 .• 1295002698 
16 .. 0789501619 
17. . 01139800882 
18 •. 0223900QS1 
19 .• 010Q200220 
20. .0011Q320092 

error bounds on X 
values of X 

-5.000 
meters / year 

Units for X 
Source 

meters / year 
Robert D. Bentley * 

-".000 

Cascade range uplift rate (m/yr). This rate is the net 
uplift rate 'Wnen the erosion rate is subtracted from the 
total uplift rate. 

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

Prepared by Ald lame. Baldwin Intered on 05-MAR-8t 

A.69 



Cascade Mountain Range Erosion Rate 
Density Curve 1 (lJ • 
Submodel(s) 

Climate 

Judgement and Data 
Log transform on X 

-6.00001239 to -3.00000619 
-5.00001001 to - Ll. 00000810 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 001!1!320092 
1. . 111 1 l1Iij20022111 
2. • 0223901111!61 
3. .0ij39800882 
I!. .078951111619 
5. .1295002698 
6. . 191!2003822 
7. .266111105258 
8. .333211106931 
9. • 381ij007759 
1111. • 3989008235 
11. .381ij01117759 
12. .3332006931 
13 •. 2661005258 
1 I!. . 19ij2003822 
15 •. 1295002698 
16 •. 0789501619 
17. • 01!39800882 
18. • 0223900"61 
19 .• 010ij200220 
20 •. 00""320092 

Units for X 
Source 

meters / year 
Robert D. Bentley • 

/ year 

Cascade Range erosion rate (m/yr). This rate is the net 
erosion rate when the uplift rate 1S 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 .lamel BalelWin Intereel 011 02-MB-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 
0. 0000000111 to Ill. III 0 III 0 III III III 0 
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 
1~. 1.0000020265 
15. 1. 0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
18. 1 . 0000020265 
19. 1. 0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
centimeters / year 

Units for X 
Source . 

centimeters / year 
George Kukla 

111.000 

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

Prepared by AI_ .Tames Baldwin Enterecl on O!-MAY-8! 

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 
q. 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 
111. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
centimeters / year 

Units for X centimeters / year 
Source Geor&e Kukla 

0.000 

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

Prepared by Alan lame, Baldwin Entered Oil O!-BY-I! 

A.72 



Uplift Rate of Eastern Mountains 
Density Curve 13 . 
Submodel(s) 

Climate 

Judgement and Data 
Log transform on X 

-7.00001~30 to -~.00000810 

-5.22001028 to -5.00001001 
Normal Curve 
Density Points : 

0. . 001111320092 
1. .01011200220 
2. .02239001&61 
3. .01&39800882 
1&. .111789501619 
5. .1295002698 
6. • 19112003822 
7. .2661005258 
8. .3332006931 
9. .3811&007759 
10. .3989008235 
11. .3811&007759 
12. . 3332006931 
13. .2661005258 
11&. • 19112003822 
15. .1295002698 
16. .0789501619 
17 •• 01&39800882 
18. • 02239001&61 
19. .01011200220 
20. .001111320092 

error bounds on X 
values of X 

-5.220 
meters / year 

Units for X 
Source 

meters / year 
Robert D. Bentley * 

-5.000 

Uplift rate (m/yr) on mountains to the east of the Pasco 
Basin (Blue Mount.ains 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. 

Preparecr by Alan Same. Baldwin Entered on 05-MAR-8f 

A.73 



,I Erosion rate on Eastern Mountains 
Density Curve 11.± • 
Submodel(s} 

Climate 

Judgement and Data 
Log transform on X 

-7.00001Q30 to -3.00000619 
-6.00001239 to -Q.00000810 
Normal Curve 
Density Points : 

0. .00/111320092 
1. . 01011200220 
2. .02239001161 
3. .01139800882 
II. .0789501619 
5. .1295002698 
6. .19/12003822 
7. .2661005258 
8. .3332006931 
9. . 381/1007759 
10. .3989008235 
11. • 381/1007759 
12. .3332006931 
13. . 2661005258 
1/1. • 19112003822 
15. .1295002698 
16. .0789501619 
17. . 0/139800882 
18. .0223900/161 
19. .010/1200220 
20. .00/111320092 

error bounds on X 
values of X 

-6.000 
meters / year 

Units for X 
Source 

meters / year 
Robert D. Bentley * 

-/1.000 

Erosion rate lm/yr} on mountains to the east of the Pasco 
Basin (Blue MountaIns or Rocky Mountains). This rate is the 
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. 

Prepared by Alan lames Baldwin Entered on 05-1UR-81 

A.74 



Variance of Polynomial Number 3 
Density Cu~e 15. 
Submodel( s) 

Climate 

Variance - For Future Use 
No transform on X 

0.00000000 to 0.00000000 
0.00000000 to 0.001ll00000 
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 
B. 1.0000020265 
9. 1.0000020265 
10. 1. 0000020265 
11. 1.0000020265 
12. 1. 0000020265 
13. 1.0000020265 
1Q. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
lB. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
centimeters / year 

Units for X centimeters / year 
Source George Kukla 

0.000 

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

Prepared by Alan lames Baldwin IDtered OD Ol-MAY-81 

A.75 



Variance of Polynomial Number 4 
Density Curve 1 6 • 
Submodel( s) 

Climate 

Variance - For Future Use 
No transform on X 

m.mm000000 to m.000mmmm0 
m.0m000000 to 0. 000m000m 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1.0000020265 
11. 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 
111. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1. 0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

error 'bounds on X 
values of X 

0.000 
centimeters j year 

Units for X centimeters j year 
Source George Kukla 

0.000 

Variance or error (cmjyr) of polynomial number 4. 

Prepared by Alan Jame. Baldwin Intered on 01-IUY-81 

A.76 -



Fraction of Precip. Recharged NE Climate 1 
Density Curve 17. 
Submodel(s) 

Climate 

Judgement and Data. 
No transform on X 

0. 000QJQJQJQJQJ to. 500QJQJ 1 QJQJ 
0. 0QJQJ00QJQJQJ to. 20QJQJQJQJI1QJ 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

m. .810/1/13208192 
1. .811011281812281 
2. .8122398181/161 
3. .81/13988181882 
/I. .817895811619 
5. .129581812698 
6. .19/12003822 
7. • 266181815258 
8. • 33328106931 
9. .381"0817759 
1m. • 398981818235 
11. • 381 "8107759 
12. .33328106931 
13 •• 26618105258 
1/1. .19/128103822 
15 •• 129581812698 
16. • 07895811619 
17. • 81/13988181882 
18. .02239081/161 
19. .8110/128181220 
2m. .810/1/1320092 

Units for X 
Source 

Unitless 
James W. Crosby * 

Fraction of the total annual precipitation in the northeast 
recharge area that recharges basalt aquifers during 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.'I'.L".llUL lame. Baldwin BD.tered 011 l2-IAN-81 

A.77 



Fraction of Precip. Rechareed NE Climate 2 
Density Curve 18. 
Submodel(s) 

Climate 

Judeement and Data 
No transform on X 

m.mmmmmmmm to .5mmmmlmm 
m. mmmmmmmm to. 2mmmmm~m 
Normal Curve 

error bounds on X 
values of X 

Density Points : 
Ill. • 1Il0/1/1320092 
1. • 010112002211l 
2. • 02239001161 
3. .01139800882 
II. .0789501619 
5. .1295002698 
6. .19112003822 
7. • 2661005258 
8. .3332006931 
9. • 381 IIIIlIll7759 
1 Ill. .398911l1ll8235 
11. • 381 1I11l1ll77S9 
12. .333211l1ll6931 
13. .2661 1Il1ll5258 
1". • 19"211l1ll3822 
15. • 129511l1ll2698 
16 •• 1Il789511l1619 
17. • 1Il"39800882 
1 8. . 02239011l"61 
19. . 01011200220 
20. • 001111320092 

Units for X 
Source 

Unitless 

0~000 
Unitless 

James W. Crosby • 

Fraction of the total annual precipitation in the northeast 
recharee area that recharees basalt aquifers durine a 
temperate interstadial climate' state. 

• Unpublished consultant's report to PNL from James W. 
Crosby III of Washineton State University on Aue. 1980. 

Prepared by I.Y.L" Ala lames Baldwin Intered 011 12-IAN-81 

A.78 



Fraction of Precip. Recharged NE Climate 3 
Density Curve 19 . 
Submodel( s) 

Climate 

Judgement and Data 
No transform on X 

0. 00000000 to. 50000100 
0. 00000000 to. 20001ll0qlll 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. . 00""320092 
1. • 01 0q200220 
2. .0223900"61 
3. .0"39600682 
q. .0769501619 
5. .1295002696 
6. . 19q2003622 
7. .2661005256 
8. .3332006931 
9. .381"007759 
10. .3989008235 
11. • 381 "007759 
12. .3332006931 
13. .2661005258 
1". .19"2003822 
15. .1295002698 
16. .0789501619 
17 .. 0"39600882 
18. . 0223900"61 
19 •. 010Q200220 
20. .00QQ320092 

Units for X 
Source 

UnitIess 

0L 000 
UnitIess 

James W. Crosby * 
Fraction of the total annual precipitation in the northeast 
recharge area that recharges basalt aquifers during an 
interstadial climate state. 

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

Prepared. by I.T.L".l1u. Jam .. Bald.win Intered. Oil 12-IAN-81 

A.79 



Fraction of Precip. Recharaed NE Climate 4 
Density Curve 2 (lJ • 
Submodel(s) 

Climate 

Data From Expert Jud&ement 
No transform on X 

Ill. 1ll1ll1ll1Zl1ll1ll1ll1ll to. 5 III III III III 1 III III 

Ill. III III III III III III III III to .11ll1ll1ll1ll1ll21ll 

Normal Curve 
Density Points : 

0. . 00qq320092 
1. . 010'1200220 
2. • 0223900q61 
3. • 0'139800882 
'1. .0789501619 
5. .1295002698 
6. .19112003822 
7. .2661005258 
6. .3332006931 
9. .38111007759 
10. .3969006235 
11. . 38111007759 
12 .. 3332006931 
13 •. 2661005258 
111. . 19112003622 
15. .1295002696 
16. .0769501619 
17. .01139800882 
16. .02239001161 
19. .01011200220 
20. .00QQ320092 

Unitless 

error bounds on X 
values of X 

Vl.000 
Unitless 

Units for X 
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 Washin&ton State University on Au&. 1980. 

Prepared by 1 .•. L" Alan lame. Baldwin latered 011 12-1.AN-81 

A.BO 



Fraction of Precip. Recharged SW Climate 1 
Density Curve 21 . 
Submodel( s) 

Climate 

Judgement and Data 
No transform on X 

Ill. 1lI1l11l11l11l11l11l11l1 to. 5 III III III III 1 III III 
Ill. 1lI1l11l11l11l1fllllllll to. 21l1fllfllfllfllijfll 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 001111320092 
1. • 010"200220 
2. .02239001161 
3. .0113981110882 
Ii. .0789501619 
5. .1295002698 
6. • 19112003822 
7. . 2661005258 
8. .333201116931 
9. .38111007759 
10. .3989008235 
11. • 38111007759 
12. .3332006931 
13. .2661005258 
111. .19112003822 
15. .1295002698 
16. .0789501619 
17. • 14"39800882 
18. .0223900"61 
19. .14114"200220 
214. • 00""320092 

Units for X 
Source 

UnitIess 
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 J.1f.L Ie .Alan Jame. BaldwiD. Intered Oil 12-1,lN-81 

A.81 ' 



Fraction of Precip. Recharged SW Climate 2 
Density Curve 22. 
Submodel(s) 

Climate 

Judgement and Data 
No transform on X 

Ill. IlllllrDlllllHDlll1ll to. 5 III III III III 1 III III 
Ill. 1ll1ll1ll1ll1lJ1ll1lJ1lJ to. 21ll1ll1ll1ll1lJLJ:1lJ 
Normal CUJ'\Te 
Density Points : 

0. • 00qq320092 
1. • 010q200220 
2. .0223900q61 
3. .0"39800882 
L!. .0789501619 
5. .1295002698 
6. • 19q2003822 
7. .2661005258 
8. .3332006931 
9. .381111111117759 
10. .398911108235 
11. • 381 "007759 
12. • 3332006931 
13. • 2661005258 
1 II. .19Q2003822 
15. .1295002698 
16. .111789501619 
17. • 11111398111111882 
18. .02239001161 
19. .01M2111022111 
20 •• 1II0Qll320092 

Unitless 

error bounds on X 
values of X 

Units for X 
Source J~es 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 J~es W. 
Crosby III of Washington State University on Aug. 1980. 

Prepared by 1 ••• L" Alan lame. Bald1ril1 btered on 12-IAN-81 

A.S2 



Fraction of Precip. Recharged SW Climate 3 
Density Curve 23 . 
Submodel( s) 

Climate 

Judgement and Data 
No transform on X 

121. I2Il21fDfDl2ll2lfDfD to. 5fDfDfDI2I1l2lfD 
121. I2IfDfDfDfDfDfDfD to. 2fDfDfDl2lfDqfD 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. . 00""320092 
1. • IDl n20111220 
2. .0223900"61 
3. • n39800882 
". • 0789501619 
5. • 1295002698 
6. . 19"2003822 
7. .2661005258 
8. . 3332006931 
9. .381"007759 
10. .3989008235 
11. • 381 "007759 
12. • 3332006931 
13 .. 2661005258 
1 ". • 19"2003822 
15. . 1295002698 
16 •• 0789501619 
17. .0"39800882 
18. • 0223900"61 
19. • 010"200220 
20. . 0M"320092 

Units for X 
Source 

UnitIess 

il! ... 000 
UnitIess 

J~es W. Crosby • 

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 In of Washington State University on Aug. 1980. 

Prepared by l.Y.L" Alan lames Baldwin latere. on 12-lAN-81 

A.83 



Fraction of Precip. Recharged SW Climate " 
Density Curve 2l± • 
Submodel( s) 

Climate 

Data From Expert Judgement 
No transform on X 

rD.rDrDrDrDrDrDrDrD to .5rDrDrDrDlrDrD 

rD. rDrDrDrDrDrDrDrD to. 1 rDrDrDrDrD2rD 

Normal CUiI'Ve 
Density Points : 

0. .00""320092 
1. • 010"211111122111 
2. • 02239111111"61 
3. .0"398111111882 
II. .11178951111619 
5. .1295002698 
6. • 19"201113822 
7 • • 2661005258 
8. • 333201116931 
9. • 381"01117759 
1 Ill. • 39891111118235 
11. • 381"1111117759 
12. • 333211106931 
13. • 26611111115258 
1" •• 19"201113822 
15. .129511l1112698 
16. .1Il789511l1619 
17 •• 0"39811l0882 
18. .1112239111111"61 
19 •• 1Il1111"211l11122111 
2111 •• 1II1II""3211111l92 

Unitless 

error bounds on X 
values of X 

0 .. 111111111 
Unitless 

Units for X 
Source James W. Crosby • 

.1111111 

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.1t'.L".Alan Jamel Baldwin Intered 011 12-JAN-81 

A.84 



Sea-Level Rise Above Present Elev. Climate 1 
Density Curve 25 . 
Submodel(s) : 

Sea Level Fluctuations 

Data From Expert Judgement 
No transform on X 

0.00000000 to 100.00020599 
0.00000000 to 100.00020599 
Pomt by Point 
Density Points 

0. 111.111000000000 
1. 11.00002193115 
2. 28.00005722011 
3. 57.0001111111109 
I!. 83.00016781166 
5. 98.00019836112 
6. 90.00018310511 
7. 68.0001373291 
8. 113.0000877380 
9. 21. 00001119616 
1111. 12.00002117955 
11. 9.0000181198 
12. 8. 0000162121! 
13. 7.00001113051 
111. 7.00001113051 
15. 6.0000123977 
16. 6.0000123977 
17. 5.0000100135 
18. 5.0000100135 
19. 1!.0000081062 
20. 1!.0000081062 0.000 

error bounds on X 
values of X 

meters 

Units for X 
Source 

meters 
Marice L. Schwartz (1979) 

100.000 

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', p~. IX-I - lX-8. PNL-2857, Pacific Northwest 
Laboratory, Riclliand, Washington. 

Preparecl by .J.".L" Alan .Jame. Baldwin Intered on l2-.JAN-8f 

A.OS 



Deposition by Sea Flooding 
Density Curve 26. 
Submodel(s) : 

Sea Level Fluctuations 

Data From The Literature 
Log transform on X 

-5.69901132 to .30100059 
-q. 6990091,l1 to - . 699001 q5 
Normal Curve 
Density Points : 

0. . 00/1/1320092 
1. • 010/1200220 
2. .0223900/161 
3. .01139800882 
/I. .0789501619 
5. .1295002698 
6. .19112003822 
7. .2661005258 
8. .3332006931 
9. .381/1007759 
10. .3989008235 
11. .381/1007759 
12. • 3332006931 
13. .2661005258 
1/1. • 19/12003822 
15. .1295002698 
16. .0789501619 
17. • 0/139800882 
18. .0223900/161 
19. .010/1200220 
20. .00/1/1320092 

error bounds on X 
values of X 

/ year 

Units for X 
Source 

meters / year 
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', pp. IX-I - lX-8. PNL-2857, Pacific Northwest 
Laboratory, Ricliland, Washington:. 

Prepared by Alan Jame8 Balchrin Entered 011 05-1UR-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 .11.111.I11.I11.I1~311.1 to 1.11.111.111.111.111.1211.12 

-6.11.111.111.111.11239 to 11.1.11.111.111.111.111.111.111.111.1 

Normal Curve 
Density Points : 

0. .001l1l320092 
1. • 01011200220 
2. . 02239001161 
3. .01l39800882 
Il. .0789501619 
5. . 1295002698 
6. . 19112003822 
7. . 2661005258 
8. . 3332006931 
9. • 38111007759 
10. .3989008235 
11. • 38111007759 
12. .3332006931 
13 •• 2661005258 
11l. .191l2003822 
15. .1295002698 
16. .0789501619 
17 •. 01l39800BB2 
18. .02239001l61 
19 •. 0101l200220 
20 •. 001l1l320092 

meters / day 

error bounds on X 
values of X 

-6.000 
meters / day 

Units for X 
Source PNL -- Gregg Petrie 

0.000 

The change in hydraulic conductivity em/day) of the shaft 
seal when it is lCnown to have occurred. 

Prepared by Alan Jame. Baldwill Entered 011 05-1IAR-81 

A.B7 



Fraction Waste to Air in Phreatic Mag. Event 
Density Curve 28 . 
Submodel(s) : 

Magmatic Events 

Data From Expert Judgement 
No transform on X 

0.00000000 to 1.00000202 error 'bounds on X 
values of X .15000030 to . 35000071 

Normal Curve 
Density Points : 

1lJ. .01lJ""320092 
1. • 010"201lJ221lJ 
2. . 0223901lJ"61 
3. .1lJ"3981lJ1lJ882 
". . 078951lJ1619 
5. • 12951lJ1lJ2698 
6. .19"21lJ1lJ3822 
7. • 26611lJ1lJ5258 
8. . 33321lJ06931 
9. • 381"007759 
10. . 398911108235 
11. • 381 "1lJ1lJ7759 
12. • 33321lJ06931 
13. • 26611lJ1lJ5258 
11.1. .19"2003822 
15 .• 1295002698 
16 .. 1lJ789501619 
17. • 0"39800882 
18. . 0223901lJ"61 
19. .010"200220 
20. .00""320092 

Unitless 

150 
Unitless 

Units for X 
Source PNL -- Jon Lindberg 

.350 

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

Prepared by I.W.L II Ale lame. Baldwin Intered on 12-IAN-81 

A.88 



Frac. Waste to Water in Phreatic Mag. Event 
Density Curve 29. 
Submodel( s) : 

Magmatic Events 

Data From Expert Judgem,ent 
No transform on X 

0. 00000000 to 1. 00000202 
.25000050 to . q5000090 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. . 0QWI320092 
1. • 01011200220 
2. .02239001161 
3. .01139800882 
II. .0789501619 
5. • 1295002698 
6. . 19112003822 
7. .2661005258 
8. .3332006931 
9. .38111007759 
10. .3989008235 
11. • 38111007759 
12. .3332006931 
13 •• 2661005258 
1 II. • 19112003822 
15 •• 1295002698 
16. .0789501619 
17 •• 01139800882 
18. .02239001161 
19. .01011200220 
20 •• 001111320092 

Unitiess 

250 
Unitiess 

Units for X 
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."'.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 

111. IlHDIllIlHDIllIlHD to 1 • III III III III III 2 III 2 
to . 1 III III 1ll1ll!D2!D 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 001111320092 
1. . 01011200220 
2. .02239001l61 
3. .01l39800882 
Il. .0789501619 
5. .1295002698 
6. .191l2003822 
7. .2661005258 
8. .3332006931 
9. • 381 ij007759 
10. .3989008235 
11. .38111007759 
12. .3332006931 
13. . 2661005258 
111. .19112003822 
15 •• 1295002698 
16 .. 0789501619 
17 .. 01l39800882 
18. .02239001l61 
19. .010ij200221ll 
20 .. 001lij320092 0.000 

Unitless 

Units for X UniUess 
Source PNL - - Jon Lindberg 

Fraction of the waste that is discharged to the atmosphere 
when a nonphreatic magmatic eruption intersects the 
repository. 0 

Prepared by J.1r.L" Alan lamea Baldwin IDtered on 12-IAN-81 

A.90 



Frac Waste to Water in Nonphreatic Mag Event 
Density Curve 31 . 
Submodel( s) : 

Magmatic Events 

Data From Expert Judgement 
No transform on X 

0. 00000000 to 1. 00000202 
. 05000010 to. 25000050 
Normal Curve 
Density Points : 

0. .001111320092 
1. . 01011200220 
2. . 02239001161 
3. . Q)ij39800882 
II. .0789501619 
5. .1295002698 
6. . 19112003822 
7. . 2661005258 
8. .3332006931 
9. . 381 11007759 
10. .3989008235 
11. . 381 q007759 
12. . 3332006931 
13 .. 2661005258 
1 II. .19112003822 
15. .1295002698 
16. .0789501619 
17. .01139800882 
18. .02239001161 
19 •. 010Q200220 
20. . 001111320092 

Unitless 

error bounds on X 
values of X 

.050 
Unitless 

Units for X 
Source PNL -- Jon Lindberg 

.250 

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

Prepared by 1.Y.L." Alan lame. Baldwin Entered 011 13-1AN-a! 

A.91 



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 
0.0000!lH1l00 to 1.00000202 
Position Vector 
Density Points : 

Ill. Ill. 1IIQ11111111111111111l1111Q1 

1. 1. III QI 1111111112111265 

2. 2.1II111Q11l1111~1II531 

3. 3.11111111111111161968 
~. ~.1II1II1II1II1II6111162 

5. 5.1111111111111111111135 
6. 6.00111111123977 
7. 7 .111111001 ~3051 
6. 6.1II1lI1lI1lI16212~ 

9. 9.1111111110161196 
1111. 1111.111111011120111271 

11. 11.0001l12193~5 

12. 12.1111111111112~7955 

13. 13.1II1l11l111126711126 
1~. 1~.1II1l11l11l126611l12 

15. 15.11111111111131115175 
16. 16.11111111111132~2~9 
17. 17.1II1lI1lI1113Q3322 
16. 16.111111111111362396 
19. 19.1II1lI1lI111361~69 
2111. 21l1.IlII11Il1Il1QIll1ll5Q3 

Unitless 

error bounds on X 
values of X 

0LIlIIlIIII 
Unitless 

Units for X 
Source PNL -- Gregg Petrie 

1.111111111 

The length of the "meteorite crater position vector". The 
lenLth of the vector is a fr·action of the scalar variable 
DSMTMX (which is the maximum distance from the rep_ository 
site for meteorite impact). The vector extends from the 
repository site to the meteorite crater. 

Prepared by J •• .L. Ie 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 

Ill. 111111111111001110 to 36111. 11l11l11l732L!2 error bounds on X 
111.11111101110111111111 to 3611l.11l11l11l732L!2 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 
1~. 1.0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
18. 1. 0000020265 
19. 1. 0000020265 
20. 1.0000020265 

Degrees 

0.000 
Degrees 

Units for X 
Source PNL -- Gregg Petrie 

360.000 

The angle (degrees) in the horizontal p'lane from north for 
the trend of the "meteorite crater position vector". The 
vector extends from the repository site to the meteorite 
crater. 

Prepared by 1.Y.L. Ie Alan lame. Baldwin Intered 011 12-1AN-81 

A.93 



Meteorite Crater Diameter 
Density Curve 3l:1:. 
Submodel(s) : 

Meteorite Impact 

Data From The Literature 
No transform on X 

0.00000000 to 210.000Q272Q 
.25000050 to 200.000Q1198 
Point by Point 
Density Points 

0. 2.5600051679 
1. • 01111111118ij0001 
2. .11111100120000 
3. .0000039000 
ij. .0000017000 
5. .000011109200 
6. .0000005500 
7. • 000001/13600 
6. .1/1000002500 
9. .000000181/10 
10. .0000001300 
11. .000001/11000 
12. .0000000800 
13. .0000001116ijlll 
1ij. .0000000520 
15. .111111111111000ij30 
16. .0000000360 

·17. .000111000300 
16. .0000000260 
19. • 0000000220 
20 .• 0000000190 

kilometers 

error bounds on X 
values of X 

250 
Kilometers 

Units for X 
Source William K. Hartmann (1979) 

200.000 

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. "Lon~-Term Meteorite Hazards to 
Buried Nuclear Waste." In A Summary of FYI978 Consultant 
Input for Scenario Methodology Development', pp. VI-I -
VI-15. PNL-2857, Pacific Northwest Laboratory, Richland, 
Washington. 

Prepared b:y J ••• L. ~ .Alan Jam .. Balclwin Interecl on 12-J.&N-81 

A.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 
. 09500020 to. 10500020 
Uniform Curve 
Density Points : 

Ill. 1.1111111111111112111265 
1. 1. 111111111002111265 
2. 1.11111111101112111265 
3. 1.1110001112111265 
~. 1.11101111111112111265 
5. 1.11111111111102111265 
6. 1.111111111002111265 
7. 1.1111110002111265 
8. 1.1110001112111265 
9. 1.1110111002111265 
10. 1.1110111002111265 
11. 1. 00111011120265 
12. 1. 000002111265 
13. 1.111111111011120265 
1~. 1.1111111110020265 
15. 1. 0111111002111265 
16. 1. 000011120265 
17. 1.01110011120265 
18. 1.0111111011120265 
19. 1.111000020265 
20. 1.1111110002111265 

error bounds on X 
values of X 

11195 
kilometers /year 

kilometers /year 

.105 

Units for X 
Source PNL -- Mike Foley, Gregg Petrie 8c Colin Bull 

Continental glacier retreat rate (km/yr) during an inter-
glacial climate state. . 

(Note: This curve is calibrated for this model by comparing 
different 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 27-1UR-81 

A.95 
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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 
.09500020 to . 10500021Zl 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1.0000020265 
12. 1.0000020265 
13. 1.0000020265 
1Q. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1. 0000020265 
lB. 1. 0000020265 
19. 1.000011120265 

error bounds' on X 
values of X 

20. 1.0000020265 
~fi50meters / year 

kilometers / year 

.105 

Units for X 
Source PNL -- Mike Foley. Gregg Petrie & Colin Bull 

Continental glacier retreat rate (km/yr) for a temperate 
i~terstadial climate state. 

Note: This curve is calibrated for this model by comparing 
ifferent advance/retreat rates with the climate file to 

obtain glacial p-ositions that match current geological 
knowledge of past and currently expected glacial advances.) 

Prepared by Alan Jame. Baldwin IDtered on 27-1UR-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 
. 09500020 to. 10500020 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 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 
1Q. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1. 0001/1020265 
20. 1.0000020265 

error bounds on X 
values of X 

.095 
kilometers / year 

kilometers / year 

.105 

Units for X 
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 
aifferent advance/retreat rates with the climate file t.o 
obtain glacial positions that match current geological 
knowledge of past and currently expected glacial advances.) 

Prepared by Alan Jame. Baldwin btered Oil 27-1U1-81 

A.97 



Glacier Rate for Preprotostadial 
Density Curve 38. 
Submodel( s) : 

Continental Glaciation 

Data From Curve Matching 
No ttansform on X 

-1.00000202 to 1.00000202 
.06319713 to .06985013 
Uniform Curve 
Density Points: 

III. 1.11100011120265 
1. 1.011100020265 
2. 1 • 11111111101112111265 
3. 1. 1111111111111112111265 
ij. 1.11111111111102111265 
5. 1. 011100020265 
6. 1.1111111110020265 
7. 1.11111111111102111265 
B. 1.1111111111111112111265 
9. 1.001110020265 
1111. 1.0111111011120265 
11. 1.00001112111265 
12. 1.01111111111112111265 
13. 1.000011120265 
1ij. 1.001110020265 
15. 1. 001110020265 
16. 1.0011111111120265 
17. 1.0000020265 
lB. 1.0000020265 
19. 1. 000111020265 

Climate 4 

error bounds on X 
values of X 

20. 1.0000020265 063 
xilometers / year 

kilometers / year 

.11169 

Units for X 
Source PNL -- Mike Foley, Gregg Petrie & Colin Bull 

Continental glacier advance or retreat rate (km/yr) for a 
preprotostadlal climate state. 

(Note: This curve is. calibrated for this model by comparing 
(lifferent advance/retreat rates with the climate file to 
obtain glacial positions that match current geological 
knoWledge of ~ast and currently expected glacial advances.) 

Preparecl by Alan Jame. BalclWin Interecl on 27-1UR-81 

A.98 



Glacier Rate for Plenistadial 
Density Curve 39 . 
Submodel( s) : 

Continental Glaciation 

Data From Curve Matching 
No transform on X 

-1. 00000202 to 1. 00000202 
.07577815 to. 08375516 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 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 
lQ. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1. 0.000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1. 0000020265 

Climate 5 

error bounds on X 
values of X 

... !lIJ5 
Kilometers / year 

.11183 

Units for X 
Source 

Kilometers / year 
PNL -- Mike Foley. Gregg Petrie & Colin Bull 

Continental glacier advance or retreat rate (km/yr) for a 
plenistadial climate state. 

(Note: This curve is calibrated for this model by comparing 
different 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 Al .. .Jame. Balchrb:l Intered Oil 27-1UR-81 

A.99 



Glacier Rate for Postprotostadial Climate 6 
Density Curve 4:0. 
Submodel(s) : 

Continental Glaciation 

Data From Curve Matching 
No transform on X 

0. 00000000 to 1 . 00000202 
.06399012 to .07821016 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1 • 1 • 0000020265 
2. 1.0000020265 
3. 1. 0000020265 
q. 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 
1Q. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

~~,63 
Jcllometers / year 

Units for X kilometers / year 

.078 

Source PNL -- Mike Foley, Gregg Petrie & Colin Bull 

Continental glacier advance or retreat rate (km/yr) for a 
postprotostadial cl~ate state. 

(Note: This curve is calibrated for this model by comparing 
Qifferent advance/retreat rates with the climate file to 
obtain glacial positions that match current geological 
knowledge of past and currenUy expected glacial advances.) 

Preparecl by ~Ul Jame. Balclwba latorecl 011 2'7-1UR-81 

A.100 



Glacier Erosion / Deposition Rate 
Density Curve LJ 1 . 
Submodel(s) : 

Continental Glaciation 

Data From Expert Judgement 
No transform on X 

-2m.mmmm~mm5 to 2m.mmmm~mm5 

- . mmm~mmmm to rlJ. rlJrlJmmrlJmmm 
Normal Curve 
Density Points : 

0. .0044320092 
1. • 01011200220 
2. .02239001161 
3. .01139800882 
ll. .0789501619 
5. .1295002698 
6. . 19112003822 
7. .2661005258 
8. .3332006931 
9. .38111007759 
10. .3989008235 
11. • 38111007759 
12. .3332006931 
13. .2661005258 
Ill. .19112003822 
15. .1295002698 
16. .0789501619 
17. . 01139800882 
18. . 02239001161 
19. .01011200220 
20 •. 001111320092 

error bounds on X 
values of X 

- . 000 
meters / year 

Units for X 
Source 

meters / year 
Colin Bull • 

0.000 

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 
OhIo State University on April 3, 1981. 

Prepared by Alan lame. BaldwiD. lDt.ered on 05-IUY-81 

A. 1 01 



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 : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1.0000020265 
ij. 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 
lij. 1.0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
meters / year 

Units for X 
Source 

meters / year 
Colin Bull 

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

0.000 

Prepared by AlUl lame. Baldwin Intered on O!-MAY-a! 

A. 1 02 



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. 1.0110020265 
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 
1Q. 1.0000020265 
15. 1. 0000020265 
16. 1 • 0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1. 0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
meters / year 

Units for X 
Source 

meters / year 
Colin Bull 

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

111.000 

Prepared by Alan Jame. Bald'lrin Intered on Ol-IUY-81 

A. 1 03 



Variance of Polynomial Number 8 
Density Curve 44:. 
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 
~. 1.0000020265 
5. 1.00000.20265 
6. 1.0000020265 
7. 1.0000020265 
8. 1. 0000020265 
9. 1.18000020265 
10. 1.0000020265 
11. 1.0000020265 
12. 1.0000020265 
13. 1.0000020265 
1ij. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

0.000 
meters / year 

Units for X 
Source 

meters / year 
Colin Bull 

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

0.000 

Prepareel by Ala lam .. BalelwlD KIltereel Oil 01-MAY-81 

A.104 



Variance of Polynomials 11 and 12 
Density Curve Ll5. 
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 
~. 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 
1 ,.. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. i.0000020265 

Pascals 

error bounds on X 
values of X 

1L000 
Pascals 

Units for X 
Source James W. Crosby 

0.000 

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

Prepared b, Alan lam •• Baldwtn htered on 01-MAY-81 

A. 105 



NorJnal Change in River Gradient of Columbia 
Density Curve 4:6. 
Submodel(s) : 

Geomorphic Events 

See Text For Explanation 
No transform on X 

-.000ij0000 to .00120000 
-.00000003 to .00000011 
Uniform Curve 
Density Points : 

0. 1.00000~0265 

1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
ij. 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 
1". 1. IIIID00020265 
15. 1.0000020265 
16. 1 • 0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

-.000 /.000 
meters / meters year 

Units for X 
Source 

tneters / tneters / year 
Donald Easterbrook • 

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

(Note: Easterbrook recotntnends using the current Colutnbia 
river gradient (-0.3E-3 to i.12E-3 tn/m) with no "nortnal 
change" in slope over the next one millon lears. He believes 
that changes in river gradient other than ' nortnal" changes 
can be dealt With using curves for specific effects.) 

• Unpublished Consultant's Report to PNL frotn Donald 
Easterbrook of Western Wasliington University on Dec. 1980 

Mackin, J.H., 1948, Concept of tlie Graded River, Geol. Soc. 
ADler. Bulr., v. 59, p.463-512. 

Propuoe! by Alan Jam •• Bal4. latero4 OIl OIS-PI8-81 

A. 1 06 



Change in River Gradient Due to Glaciation 
Density Curve 47 . 
Submodel( s) : 

Geomorphic Events 

Data From Relative Frequency 
No transform on X 

- . 00ij00000 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 
~. 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 
1,*. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.121000020265 
18. 1.0000020265 
19. 1. 0000020265 
20. 1.0000020265 .003 .011 

meters / meter 

Units for X 
Source 

meters / meter 
Donald Easterbrook • 

The chance in gradient (mim) of the Columbia river in the 
Pas~o Basln immediately following glaciation of the Pasco 
Basln. 

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

Proparod by Alan Jamos Baldwla BatoJ'od OD 08-P'I8-81 

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 

Ill. Illllllllflllllfllllllll to 1 Ill. III III III 1ll201ll2 
Ill. Illfllllllllllllllllllll to. 1ll1ll18931ll1ll 

error bounds on X 
values of X 

Point by Point 
Density Points 

0. 0.0000000000 
1. 0.0000000000 
2. • 12110021t69 
3. .2ij21005010 
ij. . 226300 It5ij 1 
5. . 210500ij310 
6. .1053002238 
7. 0. 0000000000 
8. 0.0000000000 
9. 0.0000000000 
10. 0.0000000000 
11. 0.0000000000 
12. 0.0000000000 
13. 0.0000000000 
lit. 0.0000000000 
15. 0.0000000000 
16. 0. 0000000000 
17. 0.0000000000 
16 .• 0157900323 
19. .03158006"2 
20. . 0"73701000 

\ 
0.000 
meters / meter 

Units for X 
Source 

meters / meter 
Donald Easterbrook • 

I 
• 001 

The chance in gradient (mlm) of the Columbia River in the 
Pasco Bas1n immediately following flooding by the sea in the 
Pasco Basin. . 

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

Proparod by Alan lame. Balchrba lbate .. ed Oil 21-IUY-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 
- • 00950002 to - . 00063000 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

III. .111111 .... 32111092 
1. .1II1111"2f11f1122111 
2. .1112239111111 .. 61 
3. .lIIli398111111882 
,., .11178951111619 
5. • 12951111112698 
6. .19"21111113822 
7 • • 26611111115258 
8. .33321111116931 
9. • 381 lilll1ll7759 
10. .39891111118235 
11. • 381,.01117759 
12. .33321111116931 
13. .26611111115258 
1". • 19li201113822 
15. .12951111112698 
16. .11178951111619 
17 •• 111,.398111111882 
18. .1112239111111li61 
19. .1111111,.2011122111 
2111 •• 0111,.,.3211111192 

Units for X 
Source 

meters / meter 
Donald Easterbrook • 

The chance in gradient lm/m) of the Cohmibia 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 Wasliington University on Dec. 1980 

Prepared by Alan lame. Baldwin Inured on OS-rlB-8! 

A. 1 09 



Change in Gradient Due 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 

0. .5000010013 
1. .50111111111111111113 
2. .37111011111171138 
3. • 201111111111111111153 
11. .150111111111311199 
5. .1111011111102026 
6. .0751111111111573 
7. .1115111111111111111101 
8. .025111000500 
9. .023011101111172 
10. .02200001157 
11. .0210111001.H9 
12. • 02001111111111105 
13. .020011111101105 
1". • 0200111001105 
15. • 0200001111105 
16. .020011101111105 
17. .0201111111111111105 
18. .020011111101105 
19. • 11120111111111111111115 
20 •• 111211100001105 111.111111111 .1111113 

meters / meter 

Units for X 
Source 

meters / meter 
Donald Easterbrook • 

The chance in gradient (m/m) of the Columbia River in the 
Pasco Basm due to landslic1ing near the Columbia River in 
the Pasco Basin. 

• Unpublished consultant's report to PNL from Donald 
Easterbrook of Western lfasliington University on Dec. 1980 

Prepared by ~1Ul Jam .. 8a1clwin latered OD IS-MAY-81 

A. 110 



Normal Change in Path Length 
Density Curve 51 . 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-1.00000202 to 50.00010299 error bounds on X 
values of X -.00015000 to. 00015000 

Normal Curve 
Density Points : 

0. • 001i4319090 
1. .0101l210221 
2. .02239501l57 
3. .01l3981l0888 
,.. .0789501619 
5. .1295002698 
6. .191l2003822 
7. . 2661005258 
8. .3332006931 
9. .3814007759 
10. .3989008235 
11. • 3811l0077S9 
12. .3332006931 
13 •. 2661005258 
1,*, .191l2003822 
15 •• 1295002698 
16. .0789501619 
17, .0li3981l0888 
18. .02239S01lS7 
19. .010,.210221 
2~ .. 00",.319090 -.000 

kilometers / year 

kilometers / year 

.000 

Units for X 
Source PNL -- GMP, Am, MPF & Donald Easterbrook • 

The annual change (km/yr) in the distance that possible 
waste-bearing ground water must travel in the unconfined 
aquifer from recharge by deep basalt aquifers (one contains 
tlie repository) to tlie Columtiia River. 
(Note: Dr. gasterbrook gives the maximum average value 
tor 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 rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Proparod by Alan Jam.. Balclw1a IDtorocl OD 02-JUN-81 

A.lll 



Change in Path Length Due to Glacier 
Density Curve 52 . 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-~0.00008010 to ij0.00008010 
-~0.00008010 to .0m000~00 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 00qq319090 
1. • 010q210221 
2. .0223950q57 
3. .0q398,.0888 
,.. .0789501619 
5. .1295002698 
6. • 19q2003822 
7. .2661005258 
8. .3332006931 
9. .381,.007759 
10. .3989008235 
11. • 381 q007759 
12. .3332006931 
13. .2661005258 
1q. .19,.2003822 
15 •• 1295002698 
16. .0789501619 
17. • 0q398,.0888 
18. .0223950q57 
19. .010q210221 
20. .00,.Q319090 

Units for X 
Source 

Kilometers 
Donald Easterbrook • 

The change in distance (lap) that possible waste-bearing 
,round water must trave~ (in the unconfined aquifer of the 
Pasco Basin) due to continental glaciation of tlie 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 Wasliington University on Dec. 1980 

Preparecl by Alan Jame. 8a1chrbl ht.crecl on 02-JUN-81 

A.112 



Change in Path Length Due to Sea Flooding 
Densi ty Curve 53 . 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

- Q0. 00008010 to Q0. 00008010 error bounds on X 
-Q0.00008010 to Q0.00008010 values of X 
Point by Point 
Density Points : 

0. .0600001239 
1. • 0700001 ~30 
2. .0800001621 
3. .0900001811 
~. .1000002026 
5. .1100002288 
6. • 130000269~ 
7. . 1350002765 
6. . 125011102503 
9. .111100002026 
10 •• 1000002026 
11. • 1000002026 
12 •• 1250002503 
13 •. 1350002765 
lit . 130000269~ 
15 .. 110011102268 
16. • 101110002026 
17 •• 0900001811 
18. .0800001621 
19. .111700001 ~30 
2m •. 0600001239 

kilometers 

·'*0.000 
kilometers 

Units for X 
Source Donald Easterbrook * 

tt0.000 

The change in distance (k~) that possible waste-bearing 
ground water must travel lin the unconfined a~uifer of the 
Pasco Basin) due to fioodinf by the sea in the Fasco Basin. 
The chance would be after he sea had retreated from the 
Pasco BaSin. 

• Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1980. 

Prepared by Alaa lame. Balcl7ia bterod on 16-lUY-81 

A.1l3 



Change in Path Length Due to Volcanic Event 
Density Curve 54: • 
Submodel(s) : 

Geomorphic Events 

Data From E%pert Judgement 
No transform on X 

-50. 00010299 to 50. 00010299 error bounds on X 
-li0. 00008010 to qlll. III III 1ll081ll 1 III values of X 
Point by Point 
Density Points 

o. .0600001239 
1. • 0100001 /i30 
2. .0800001621 
3. .0900001811 
It. . 1000002026 
5. .1100002288 
6. .130000269/i 
1. .1350002165 
8. .1250002503 
9. .1000002026 
10. .10001/102026 
11 •• 100001/121/126 
12 •• 1250002503 
13 •• 1350002165 
1/i. .130000269/i 
15. .1100002288 
16. .1000002026 
11. .0900001811 
18. .0800001621 
19. .0100001/i30 
20. .0600001239 -/i0.000 

kilometers 

Units for X kilometers 
Source Donald Easterbrook * 

The change in distance (lap) that possible waste-bearing 
ground water must trave! (in the unconfined a~uifer of the 
Pasco Basin) due to a volcanic eruption in the -Pasco Basin. 

* Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1980. 

Proparecl by Alan Jame. Balcl'lrin bterocl 011. IS-MAY-al 

A.114 



Change in Path Length Due to Landsliding 
Density Curve 55. 
Submodel( s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-40.00008010 to ij0.00008010 error bounds on X 
values of X -ij.00000810 to ij.00000810 

Normal Curve 
Density Points : 

0. • 00ijij319090 
1. .010ij210221 
2. • 0223950ij57 
3. .0"398ij0888 
ij. .0789501619 
5. .1295002698 
6. . 19ij2003822 
7. . 2661005258 
8. .3332006931 
9. . 381 ij007759 
10. .3989008235 
11. .381ij007759 
12. .3332006931 
13 •. 2661005258 
1~ .. 19~2003822 
15. .1295002698 
16. .0789501619 
17. • 0ij398ij0888 
18 •• 0223950ij57 
19. • 010ij210221 
20. .00ltij319090 

Units for X 
Source 

kilometers 
Donald Easterbrook * 

The change in distance (km) that possible waste-bearing 
ground -water must travel (in the unconfined aquifer of the 
Pasco Basin) due to a landslide near the Columbia River. 

• Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Proparod by Al .. Jamo. Bald'ria IDtorod OD 02-roN-81 

A.115 



River Discharge for Climate State 1 
Density Curve 56 . 
Submodel(s) : 

Geomorphic Events 

Data From The Literature 
No transform on X 

0.00000000 to 20000.0~101562 

0.00000000 to 20000.0~101562 

Point by Point 
Density Points 

0. 92.000183105" 
1. 161. 1Il1ll1ll3211l"3"5 
2. 137.511l1ll27"6582 
3. 11".1Il1ll1ll2288818 
LL 77. 500161112172 
5. "1.1Il1ll011l839233 
6. 28. 5 III 1Il1ll5722 Ill" 
7. 16.1Il1ll1ll1ll32Q2Q9 
8. 2LL 1Il1ll1ll1ll"9591III 
9. 32. 00006Q8"98 
10. 2".0000"959111l 
11. 16.000032"2"9 
12. 13.5000276565 
13. 11. 00002193"5 
1". 8.00001621211 
15. 5.1Il000100135 
16. 3.50011l071525 
17. 2. 00011l0"1Il531 
18. 1Il.011l011l011l1ll1ll00 
19. 2.0011l1ll1ll"1Il531 
20. 0.1Il1ll1ll1ll1ll1ll1ll1ll00 

error bounds on X' 
values of X 

0. o III III 
meters**3 / second 

Units for X 
Source 

meters**3 / second 
Donald Easterbrook * 

211l1ll1ll1ll.IIlQl 

Columbia river discharge (m**3/sec) in an interglacial 
climate state in the Pasco Basin. 

• Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Prepared b1 Alan lame. Balchrin Intered 011 08-IllY-Il 

A.1l6 



River Discharge for Climate State 2 
Density Curve 57 . 
Submodel(s) : 

Geomorphic Events 

Judgement and Data 
No transform on X 

0. 00000000 to 200000. q0625000 error bounds on X 
0.00000000 to 32000. 06qq5312 values of X 
Point by Point 
Density Points : 

0. 92. 000183105ij 
1. 161. 000320ij3ij5 
2. 137. 50027ij6582 
3. llij.0002288818 
ij. 77.5001602172 
5. ij1.0000839233 
6. 28. 500057220ij 
7. 16. 000032ij2ijS 
8. 2ij.0000ijS5910 
9. 32. 0000SijaijSa 
10. 2ij.0000ij95910 
11. lS.000032ij2ij9 
12. 13.5000276565 
13. 11.00002193ij5 
1ij. 8.000016212ij 
15. 5.0000100135 
lS. 3.5000071525 
17. 2.00000ij0531 
16. 0.0000000000 
19. 2.00000ij0531 
20. 0.0000000000 0.000 32000.0Sij 

meter**3 / second 

Units for X 
Source 

meter**3 / second 
Donald Easterbrook * 

Columbia River discharge (m**3/sec) in a temperate 
interstadial climate state In the Pasco Basin. 

* Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Prepared by AId James BaldwiD IAtered 011 21-MAy-a1 

A.117 



River Discharge for Climate State 3 
Density Curve 58. 
Submodel(s) : 

Geomorphic Events 

Judgement and Data 
No transform on X 

Ill. III III III III III III III III to 2 III III III III III . ij,1lI6251ll1ll1ll error bounds on X 
Ill. 1lJ1lJ1lJ1ll1lJ1lJ1ll1ll to ij,ij,IlJIlJIlJ. 1lJ898ij,375 values of X 
Point by Point 
Density Points 

m. 92.m0m1B3105~ 

1. 161. 000320~3~5 
2. 137.50027~65B2 

3. 1l~.00022BBB1B 

~. 77.5001602172 
5. ~1.0000B39233 

6. 2B.500057220~ 

7. 16.000032~2~9 

B. 2~.0000~95910 

9. 32.0m006ij8~98 

10. 2ij.0000~95910 

11. 16.000032ij2ij9 
12. 13.5000276565 
13. 11. 00002193~5 
1~. 8.000016212~ 

15. 5.0000100135 
16. 3.5000071525 
17. 2. 00000~0531 
18. 0.0000000000 
19. 2. 00000~0531 
20. 0.0000000000 0.000 ijij000.089 

meter**3 / second 

Units for X 
Source 

meter**3 / second 
Donald Easterbrook * 

Columbia River discharge (m**3/sec) in an interstadial 
climate state in the Pasco Basin. 

* Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Prepared by Alan lame. Baldwin Intered Oil 2!-MAY-8! 

A.llB 



River Discharge for Climate State 4-
Density Curve 5 9 • 
Submodel(s) : 

Geomorphic Events 

Data From The Literature 
No transform on X 

0.0~000000 to 62000.12500000 
0.00000000 to 56000.11328125 
Point by Point 

error bounds on X 
values of X 

Density Points 
Ill. .20000011053 
1. .11000008106 
2. .31100007009 
3. .2800005722 
11. .1900003910 
5. .1000002026 
6. .07000011130 
7. .01100000810 
8. .0600001239 
9. .0800001621 
10. .0600001239 
11. . 01100000810 
12. .0350000715 
13. .0300000619 
111. .02000101105 
15 .. 0100000202 
16. 0.0000000000 
17. .0100000202 
18. 0. 0000000000 
19. .0100000202 
20. 0.0000000000 111.000 

meter··3 / second 

Units for X 
Source 

meter··3 / second 
Donald Easterbrook • 

Columbia River discharge (m··3/sec) in a stadial climate in 
the Pasco Basin. The discbarge includes ablation effects. 

• Unpublished consultant's report to PNL from Donald 
Easterbrook of Western Wasliington University on May 1981. 

Prepared by Alm Jame. Baldwin Intered 011 08-MolY-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 

-.mmmlmmmm to m.mmmmmmmm 
-. mmmm928m to - . mmmm557m 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. •00LlLl319090 
1. • 010Ll210221 
2. •0223950Ll57 
3. .0Ll396Ll0666 
Ll. .0769501619 
5. .1295002696 
6. •19Ll2003622 
7. .2661005256 
6. .3332006931 
9. .361"007759 
10. .3969006235 
11. • 361 "007759 
12. .3332006931 
13. .2661005256 
1". .19Ll2003622 
15 •• 1295002696 
16. .0769501619 
17. • 0Ll396"0666 
16. • 0223950"57 
19. • 010Ll210221 
20 •• 00LlLl319090 

meters / year Units for X 
Source PNL -- Mike Foley and Greig Petrie 

Variance or error (m/yr) for polynomial number 13 during an 
interglacial climate state. 

Preparod by .Alan Jam .. Baldwin BateJ'od on 27-rBB-81 

A.120 



Variance of Polynomial 13 in Climate 2 
Density Curve 6 1 • 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-.00010000 to 0.00000000 error bounds on X 
values of X - • 00009280 to - . 00005557 

Normal Curve 
Density Points : 

III. .1II111'l'lS191119111 
1. .111101121111221 
2. .1II22395111'l57 
3. .1111139811111888 
II. .11178951111619 
5. • 12951111112698 
6. .191121111113822 
7. .26611111115258 
8. .33321111116931 
9. .381111111117759 
1111. :39891111118235 
11. .381111111117759 
12. .333211106931 
13 •• 26611111115258 
111. • 19'121111113822 
15. .12951111112698 
16. .11178951111619 
17. • 1II'l398'l1ll888 
18 •• 0223951111157 
19 •• 1II1111~21111221 
2111. • III111lili3191119111 - .111111111 

meters / year 

Units for X 
Source 

meters / year 
PNL -~ Mike Foley and Gregg Petrie 

- .111111111 

Variance or error (mlyr) for polynomial 13 during a 
temperate interstadial cllmate state. 

Pr.p .... od by GrOll K1l •• P.trie bterod OD 27-lI'IB-81 

A.121 



Variance of Polynomial 13 in Climate 3 
Density Curve 62 . 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-.00010000 to 0.00000000 error bounds on X 
values of X - . 00009280 to - . 00005570 

Normal Curve 
Density Points : 

0. .00""31911190 
1. • 010"210221 
2. .0223950"57 
3. .0"398"0888 
". .0789501619 
5. .1295002698 
6. • 19"2003822 
7 • • 266111105258 
8. • 333211106931 
9. .381"11107759 
1111. • 3989008235 
11. • 381"11107759 
12. • 333211106931 
13. • 26611111115258 
1". • 19"211103822 
15. • 129511102698 
16. .0789501619 
17. • 111"398"0888 
18. • 11122395111"57 
19. .1111111"210221 
20 •• 1110""319090 - .11100 

meters / year 

Units for X . meters / year 
Source PNL - - Mike Foley and Gregg Petrie 

Variance or error (m/yr) for polynomial number 13 during an 
interstadial climate state. 

Prepared by Gre" am .. Petrie bt.ered on 27-rD-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 
-.00011100 to .00003710 

error bounds on X 
values of X 

Point by Point 
Density Points 

0. 1.0000020265 
1. 1. 1000022888 
2. 1.6000032424 
3. 2.5000050067 
,.. 4.8000097274 
5. 6.0000123977 
6. ".800009727,. 
7. 2.5000050067 
8. 1.6000032,.24 
9. 1.1000022888 
10. 1.0000020265 
11. 1. 0000020265 
12. 1. 0000020265 
13. 1.0000020265 
1,.. 1.0000020265 
15. 1. 200002,.318 
1·6. 1. 6000032"2" 
17. 2.00000"0531 
18. 2.00000"0531 
19. 1.6000032"2" 
20. 1. 200002,.318 

meter / year Units for X 
Source PNL -- Mike Foley and Gregg Petrie 

Variance or error lm/yr) for polynomial number 13 during a 
stadial climate state. 

Preparod by GrOll Mlle. Petrie btcred on 27-FI8-81 

A.123 



Missoula Flood Discharge 
Density Curve6 lL 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

Ill. III III III III III III III III ,to ll1ll1ll1ll1ll1ll81ll.1ll1ll1ll1ll1ll1ll error bounds on X 
911ll1ll1ll18.IllIllIllIllIll.to 2131ll1ll1llllll.1ll1ll1ll1ll1ll1ll values of X 
Normal Curve 
Density Points : 

0. .0044319090 
1. .010421111221 
2. .11122395111457 
3. • 043984111888 
4. .0789501619 
5. .129511102698 
6. .194211103822 
7. .266101115258 
8. .333201116931 
9. .381401117759 
1111. .398901118235 
11. • 3814007759 
12. .3332006931 
13. .2661005258 
14. • 1942003822 
15. .1295002698 
16. .111789501619 
17. .043984111888 
18. .022395111457 
19. .111104210221 
20 •• 111044319090 

/ second 

Units for X 
Source 

meter**3 / second 
Donald Easterbrook * 

Missoula-type flood discharge (m*·3/sec) into the Pasco 
Basin. 

• Unpublished consultant's rej)ort to PNL from Donald . 
Easterbrook of Western WasJiington University on Jan. 1981 

Prepared b, Alan Jamea Baldwin Intered 011 21-II.lY-81 

A.124 



Variance of Poll.ll0mial Number 14 
Density Curve 6:J. 
Submodel(s) : 

Geomorphic Events 

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 
q. 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 
1~. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1.0000020265 
221. 1. 0000020265 

meters 

error bounds on X 
values of X 

0.000 
meters 

Units for X 
Source Donald Easterbrook 

Variance or error (m) of polynomial number 14. 

0.000 

Preparecl by Alan .Jame. Balcl1rin laterecl on 01-MAY-81 

A.125 



Change in Gradient Due to Missoula Flooding 
Density Curve 66 . 
Submodel( s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-.00100000 to .00100000 
0.00000000 to 0.00000000 

error bounds on X 
values of X 

Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1. 0000020265 
IL 1. 0000020265 
5. 1.0000020265 
6. 1. 0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1. 0000020265 
12. 1. 0000020265 
13. 1. 0000020265 
1 ij. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
lB. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 0.000 

meters / meters 

Units for X 
Souroe 

meters / meters 
Donald Easterbrook * 

0.000 

Change in gradient lm/m) of the Columbia River in the Pasco 
Basin due (0 Missoula-type flooding. 

• Unpublished consultant's re'port to PNL from Donald 
Easterbrook of Western Wasliingt9n University on May 1981. 

Preparecl by Alan Jame. Balchrta bterecl OD 13-IUY-81 

A.126 



Change in Path Length From Missoula Flooding 
Density Curve 67 . 
Submodel( s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

-Q0.00008010 to Q0.00008010 error bounds on X 
- Q0. 00008010 to ij0. 00008010 values of X 
Normal Curve 
Density Points : 

0. .00"1.l319090 
1. .010"210221 
2. • 0223950"57 
3. .1II1.l3981.l0888 
Ij" .111789501619 
5. .12951/102698 
6. • 191j,21/103822 
7. • 2661005258 
8. .3332006931 
9. • 3811j,1/I07759 
10. • 39891/108235 
11 • • 3811j,007759 
12. .3332006931 
13. • 2661005258 
IIj" .191j,2003822 
15 •• 1295002698 
16. .0789501619 
17. • 0"398'*0888 
18. .0223950"57 
19. .0101.l210221 
20 •• 001j,1j,319090 1J.0.000 

Units for X kilometers 
Source Donald Easterbrook • 

The change in distance (kJP.) that possible waster-bearing 
ground water must travel \In the unconfined aquifer in the 
Pasco Basin) due to Missoula-type flooding. 

• Unpublished consultant's rej)ort to PNL from Donald 
Easterbrook of Western WasIiington University on May 1981. 

Propared by AlaJl James Baldwia bterod OD 02-JUN-81 

A.127 



Deposition During a Missoula Flood 
Density Curve 68. 
Submodel(s) : 

Geomorphic Events 

Data From Expert Judgement 
No transform on X 

0. 00001lJ000 to 100. 00020599 error bounds on X 
0.00000000 to 100.00020599 values of X 
Point by Point 
Density Points : 

0. 0.0000000000 
1. .0470600986 
2. • 1353002667 
3. .223500,.425 
". .1588003396 
5. .09"1201972 
6. • 0882401752 
7. .0823501682 
8. .0529"01063 
9. .0235300"93 
10. • 0176500368 
11. .0117600250 
12. • 0058820123 
13. 0.0000000000 
1". . 0058820123 
15. . 0117600250 
16. .0058820123 
17. 0.0000000000 
18. .0058820123 
19 •. 011760025111 
20 •. 0176500368 0.000 

Units for X 
Source 

meters 

meters 
Donald Easterbrook • 

Deposition (m) in the Pasco Basin durin&. a Missoula-type 
flood. Erosion is accounted for polynolDlal number 14.-

• Unpublished consultant's re"port to PNL from Donald 
Easterbrook of Western Wasliington University on Oct. 1980 

Preparecl by Alan Jame. Balclwln Enter" Gao 05-J'lB-81 

A.128 



H.C. of Sediments in The Pasco Basin 
Density Curve 69 . 
Submodel(s) : 

Undetected Features 

Data From Expert Judlement 
No transform on X 

~ 1 . 00000202 to 150. 00030517 error bounds on X 
0.00000000 to ILl7. 30030822 values of X 
Point by Point 
Density Points 

0. 0.0000000000 
1. 95. 16019"3969 
2. 1.2100025415 
3. 1.2100025415 
4. 0.0000000000 
5. 0.0000000000 
6. 0.0000000000 
7. ."000008106 
8. .8100016593 
9. 0.0000000000 
10. • 4000008106 
11. 0.0000000000 
12. 0.0000000000 
13 •. 4000008106 
1". 0.0000000000 
15. 0.0000000000 
16. 0.0000000000 
17. 0.0000000000 
18'. 0.0000000000 
19. 0.0000000000 
20. 0.0000000000 

meters / day 

-
0.000 
meters / day 

Units for X 
Source PNL -- Charles Cole & Alan Baldwin 

1,*7.300 

Hydraulic Conductivity (m/day) of the unconfined aquifer in 
tlie Pasco Basin. 

Propal'od by AId lame. Balclwin intcrocl Oil 20-IUY-81 

A.129 



H.C. of Aquitard Near Vantage Horizon S.W. 
Density Curve 70. 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
Log transform on X 

-6. 00001239 to 17. 50003623 error bounds on X 
-5.29801082 to 
Point by Point 
Density Points 

III. .1111511111111111131119 
1. .11117161818356 
2. .18196211111138111 
3. .IB22ijij1llIBQ1l8 
II. .1112566111111522 
5. • 1112935181861 ij 
6. .183356111111686 
7. .183838111111821 
8. • IBij389111111899 
9. • 18511169111111125 
1111. .111586811112112 
11 •• 18679211113611 
12. .1117862111162111 
13. .189111111111795 
111 •• 1111117111111211177 
15. .1119111251111869 
16 •• 11177811111115"6 
17. .1116711171111313 
18. .185156111111162 
19 •• 1111363111111277 
218. .1111113111111111511161 

.55960111 values of X 

-5.298 
meters j day 

Units for X 
Source 

meters j day 
JamBes W. Crosby • 

Hydraulic Conductivity (mjda-,,) ofaquitard near the Vantage 
horizon in the southwest recharge area. 

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

Prepared. by .Alan .lame. Bald.win Entered. 011 06-P'lB-81 

A. 130· 



B.C. of Vantage Horizon in Pasco Basin 
Density Curve 71 • 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

0.00000000 to 3.00000619 error bounds on X 
values of X 0.00000000 to 3.00000619 

Point by Point 
Density Points : 

0. .0128700256 
1. .0225300/178 
2. .032180068/1 
3. .0/182700967 
Ll. •06Ll3601369 
5. .080q501628 
6. .09010018311 
7. .0997602081 
8. . 109110022116 
9. .1017002105 
10. .08528017011 
11. .068860111/16 
12. .0537Q01103 
13. .0/111900806 
1Q. .0286Q00585 
15. .01609003QQ 
16. .0131900286 
17. . 0103000211 
18. . 007Ll010152 
19 .. 0066710138 
20. . 00702201Ll1 

Units for X meters / day 

0.000 
meters / day 

Source James.W. Crosby • 

3.000 

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 State University on Aug. 1980 

Prepared by Alan Jame. Bald1riA btered on 03-PB8-81 

A.131 



B.C. of Aquitard Near Vantage Horizon NE 
Density Curve 72. 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
Log transform on X 

-6.00001239 to 17.50003623 error bounds on X 
values of X -5.29801082 to .55960111 

Point by Point 
Density Points 

0. .0150000309 
1. .0171600356 
2. .019621110380 
3. • 022ijij00ijij8 
4. .0256600522 
5. .0293500614 
6. .0335600666 
7. .0363600821 
8. • 0ij38900899 
9. • 0506901025 
10. • 056680121.i2 
11 . • 0679201361.i 
12 .• 0786201620 
13. .0910101795 
1 4. • 10ij 7002077 
15. • 0902501869 
16 •. 0776011115ij6 
17 .. 111670701313 
18. .0515601062 
19. .0136300277 
20 •• 0030010063 

Units for X 
Source 

-5.296 
meters / day 

meters / day 
James W. Crosby • 

Hydraulic conductivity (m/ day) of the aquitard near the 
Vantage horizon in tlie northeast recharge area. 

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

Prepared b7 Alan James Balcl1rin IDtered on OI-PlB-II 

A.132 



B.C. of Wanapum-Saddle Basalts in TlIe SW 
Density Curve 73. 
Submodel( s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

- 1 . III III IllOJ(ll 2 III 2 to 51ll. 1ll1ll1ll11ll299 error bounds on X 
Ill. III III III III III III III III to .1ll1I,L3151ll2 values of X 
Point by Point 
Density Points : 

0. 01.010101000101000 
1. 1101.2,*00817871 
2. 18.1201013701788 
3. 11.760012,*07017 
Ii. 11.29002285010 
5. 7.7601011596,*5 
6. 1.18001023365 
7. 1.65010033378 
8. 2. 120001U770 
9. .9'*000118692 
10. .2Q000101,*863 
11. • 2,*00010Q863 
12. .7100101ij209 
13. .9,*010018692 
1,*. • "701010093'*6 
15. 01.010101000101000 
16. .9Q210018692 
17. • 9"000118692 
18. 0.00001000000 
19. .2ij0000"863 ___ ~ 
201. 01.00000000001 01.010101 .01lij 

meters Iday 

meters Iday Units for X 
Source PNL -- Charles Cole & Alan Baldwin 

The hydraulic conductivity (m/day) of the Wanapum and Saddle 
Mountain formations in the southwest recharge area. 

Prepared by Alan James Baldwin IDtered on 20-MAY-81 

A.133 



H.C of Wanapum-Saddle Basalts in Pasco Basin 
Density Curve 74: • 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

-1.00000202 to 50.00010299 
0.00000000 to 
Point by Point 
Density Points : 

0. 0.0000000000 
1. Q0.2ij00817871 
2. 18.1200370788 
3. 11.76002ij0707 
ij. 11.2900228500 
5. 7.76001596"5 
6. 1.1800023365 
7. 1. 6500033378 
8. 2.12000"1770 
S. .Sij00018692 
10. .2ij0000ij863 
11. .2"0000ij863 
12 •. 710001"209 
13 •. 9"00018692 
1". . ij 7000093ij6 
15. 0. 0~f/l0f/l00f/lf/l0 
16. .9Q0f/lf/l18692 
17. .9"0f/l018692 
18. f/l.00000f/l000f/l 
19. .211000011863 

.011!31502 
error bounds on X 
values of X 

-20. 0.0000000000 0.000 
meters Iday 

meters Iday Units for X 
Source PNL -- Charles Colc & Alan Baldwin 

The hydraulic conductivity (m/day) of the lfanapum and Saddle 
Mountain formations in the Pasco Basin. . 

Preparod by Alan lamo. Bald'Will bterecl OD 20-IU.Y-81 
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B.C. of Wanapum-Saddle Basalts in the NE 
Density Curve 75.· 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

-1.00000202 to 50.00010299 error bounds on X 
values of X 0. 00000000 to. 01 l!31502 

Point by Point 
Density Points 

0. 0.0000000000 
1. ~0.2~00817871 

2. 18.1200370788 
3. 11.76002~0707 

q. 11.2900228500 
5. 7.76001596~5 

6. 1.1800023365 
7. 1.6500033378 
8. 2. 12000q1770 
9. . 9q00018692 
10. • 2110000~863 
11. • 2110000~863 
12. .7111UIl01/j,209 
13. . 9~00018692 
1 ~. . It 7000093116 
15. 0.0000000000 
16. .91100018692 
17. • 9q00018692 
18. 0.0000000000 
19. .2Q0011l0q863 
20. 0.0000000000 

meters / day 

0.000 
meters / day 

Units for X 
Source PNL -- Charles Cole & Alan Baldwin 

.01~ 

The hydraulic conductivity (m/day) of the Wanapum Formation 
in the northeast recharge area. 

Propared by Alan .James Bald'WiJL laterod on 20-IUY-81 
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B.C. of Grande Ronde Basalts in the Slr 
Density Curvc 76 . 
Submodel{s) : 

Undetected Features 

Data From Relative Frequency 
No transform on X 

-1.00000202 to 50.00010299 error bounds on X 
values of X 0.00000000 to 

Point by Point 
Density Points : 

0. 0.0000000000 
1. 60.1801223754 
2. 5.051/11/1102043 
3. 4.321/11/1087547 
4. 3.420006991/14 
5. 2.5200049877 
6. 3.9600081443 
7. 3.061/10061416 
8. 2.1600043773 
9. 1.4400029182 
10. 1. 261/10024938 
11. 1. 6200033664 
12. 1.4400029182 
13. 1.4400029182 
14. 1.0800021934 
15. 1.4400029182 
16. 1.0800021934 
17. .5400011062 
18. .90001/118119 
19. 1.4400029182 
20. 1.6200033664 

.00349230 

meters / day 

0.000 
meters / day 

Units for X 
Source PNL -- Charles Cole & Alan Baldwin 

-
.003 

The hydraulic conductivity em/day) of the Grande Ronde 
formation in the southwest recharge area. 

Prepared by Ale Jame. BalchriD Intered on 20-IllY-81 
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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 50.00010299 error bounds on X 
values of X 0. 00000000 to. 003ij9230 

Point by Point 
Density Points 

0. 0.0000000000 
1. 60. 1801223751i 
2. 5. 05001020li3 
3. /I.32000675li7 
/I. 3.2/100066652 
5. 2.52000/19877 
6. 3. 9600081/1li3 
7. 3.0600061416 
6. 2.16000/13773 
9. 1./i/i00029182 
10. 1. 260002/i936 
11. 1.620003366/1 
12. 1.Ii400029182 
13. 1.4/i00029182 
Iii. 1.080002193/i 
15. 1. /lli00029182 
16. 1. 080002193" 
17. .5/i00011062 
18. .9000018119 
19. 1. /1400029182 
20. 1.620003366/1 

metcrs / day 

0.000 
metcrs / day 

-
.003 

Units for X 
Source PNL -- Charles Cole & Alan James Baldwin 

The hydraulic conductivity (m/ day) of the Grande Ronde 
formation in the Pasco Basin. 

Prepared by AlIUl Jame. Bald'W1n Entered 011 20-MAY-81 
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B.C. of Grande Ronde Basalts in the NE 
Density Curve 78 . 
Submodel(s} : 

Undetected Features 

Data From Relative Frequency 
No transform on X 

-1.00000202 to 50.00010299 error bounds on X 
values of X 0. 00000000 to. 00349230 

Point by Point 
Density Points : 

0. 0.0000000000 
1. 60. 180122375q 
2. 5. 05001020q3 
3. q.32000875q7 
q. 3.2Q00066852 
5. 2. 52000Q9877 
6. 3. 9600081qq3 
7. 3.0600061/116 
8. 2.160001i3773 
9. 1. Qq00029 1 82 
10. 1.260002Q938 
11. 1.620003366Q 
12. 1. qq00029182 
13. 1.QQ00029182 
lQ. 1.080002193q 
15. 1. QQ0Vl029182 
16. 1.080002193Q 
17. .5"00011062 
18 •• 9000018119 
19. 1.QQ00029182 
20. 1. 6209103366Q 

meters / day 

0.000 
meters / day 

Units for X 
Source PNL -- Charles Cole & Alan Baldwin 

-
.003 

The hydraulic conductivity (m/day) of the Grande Ronde 
formation in the northeast recharge area. 

Prepared by Alan Jame. Bald1t'ln Intered on 20-IUY-81 

A.138 



Slr Discharge Point, Frac. Dist from Basin SW 
Density Curve 79 . 
Submodel( s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

Ill. III III III III III III III III -to . 61ll71ll1ll125 
• ij,971ll1ll11ll2 to. 61ll71ll1ll125-
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 11100002111265 
2. 1.1111111110020265 
3. 1.111000020265 
q. 1.111001111112111265 
5. 1.1111111111111112111265 
6. 1.1111111111111112111265 
7. 1.1111111111111112111265 
B. 1.0111111111020265 
9. 1.1111110002111265 
1111. 1.000011120265 
11. 1.01110002111265 
12. 1.011100020265 
13. 1.00011102111265 
1", 1. 0000020265 
15. 1.0000020265 
16. 1.011111111111120265 
17. 1.1111111111111112111265 
lB. 1.1111111111111112111265 
IS. 1.1111111111111112111265 
20. 1.11111111111111120265 

uniUess 

error bounds on X 
values of X 

• QS7 
uniUess 

Units for X 
Source PNL -- Alan Baldwin & Gregg Petrie 

.61117 

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(stricUy schematic 
representation for modeling purposes only). Curve 79 is the 
fractional distance along tIie MCS (from the southwest edge 
of the Pasco Basin to ilie northeast edge of the Pasco Basin) 
and locates a representative discharge point. 

Proparod by J.1'.I.." Alan Jame. Baldwin Bntered on l3-JAN-8l 

A.139 



NE Discharge Point, Frac. Dist From Basin SW 
Density Curve 8 fl) • 
Submodel(s) : 

Undetected Features 

Data From Expert Judgement 
No transform on X 

• 37flHlHlH1l74 to 1.IZHlHllflJflJ2flJ2 

.6flJ7flJflJ125 to .63flJflJflJ125 

Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1 • 0000020265 
2. 1.0000020265 
3. 1. 0000020265 
q. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1. 0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1. 0000020265 
11. 1. 0000020265 
12. 1. 0000020265 
13. 1. 0000020265 
1q. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1. 0000020265 
lB. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

unitless 

error bounds on X 
values of X 

.607 
unitless 

Units for X 
Source PNL -- Alan Baldwin & Gregg Petrie 

.630 

Confined aquifer ground water from the northeast recharge 
area discharges to the unconfined aquifer in the Pasco Basin 
to one point alon", the model cross section between the north 
east edge of the Pasco Basin and the site(strictly schematic 
representation for modelinR purposed only). Curve 80 is the 
fractional distance alo~g Uie MCS (from the southwest edge 
of the Pasco Basin to tlie northeast edge of the Pasco Basin) 
and locates a representative discharge point. 

Preparecl by Alan Jam •• Balchrin laterocl on 08-PlB-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 

-90.00018310 to 90.00018310 
-90.00018310 to 90.00018310 

error bounds on X 
values of X 

Point by Point 
Density Points 

0. 3.0000061988 
1. 6.0000123977 
2. 1. 0000020265 
3. 9.0000181198 
q. 1.0000020265 
5. 1.0000020265 
6. 17. 00003q3322 
7. 8. III III III III 16212q 
8. 17.1ll1ll003Q3322 
9. 8.1ll00016212Q 
10. 17.01ll01ll3Q3322 
11. 1. 000002111265 
12. 1. 0000020265 
13. 6.1ll1ll1ll0123977 
1Q. 1.1ll1ll1ll0020265 
15. 1.1ll01ll0020265 
16. 5.0000100135 
17. 1. 000002111265 
18. 1. 0000020265 
19. 1. 00001ll21ll265 
20. 3.1ll1ll1ll0061988 

degrees Units for X 
Source Robert D. Bentley * 

Trend of the local fault system in the Pasco Basin measured 
in degrees from the nortli. . 

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

Prepared by I.Y.L. Ie Alall lame. Baldwin IDtored 011 13-IAN-al 

A.141 



Distance Between Local Faults 
Density Curvc 82. 

of Pasco Basin 

Submodel(s) : 
Undetected Features 

Judgement and Data 
No transform on X 

1.00000202 to 25.00005149 
3.00000619 to 5.00m01mm1 
Normal Curve 
Density Points : 

III. .1II1II1.lij3211111192 
1. . 010q200220 
2. • 0223900q61 
3. .0439800882 
q. .0789501619 
5. .1295002698 
6. • 191.l2003822 
7. • 2661005258 
8. • 3332006931 
9. .361/,L007759 
10. • 396911106235 
11 • • 381 1.l007759 
12. • 333211106931 
13. .266111105258 
11.l. .191.l211103622 
15 •• 129501112698 
16 •• 11176951111619 
17. • 01.l39800862 
18. • 02239001.l61 
19. • 0101.1200220 
20 •• 001.l1.l320092 

Units for X kilometers 

error bounds on X 
values of X 

3.000 
kilometers 

Source 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 .T ..... L." Alan lam •• Balclwln lateracl Oil lS-IAN-8l 
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Width of a Local Fault Zone 
Density Curve 83 . 
Submodel(s) : 

Undetected Features 
Deformation 

Judgement and Data 
Log transform on X 

-1.00000202 to 3.00000619 
0.00000000 to 2.00000Q05 
Normal Curve 
Density Points : 

Ill. .1II0IJ.IJ.320092 
1 • • 010IJ.200220 
2. .111223900IJ.61 
3. .0IJ.39800882 
IJ.. .0789501619 
5. • 1295002698 
6. • 19IJ.2003822 
7. • 2661005258 
8. • 3332006931 
9. • 381 Q,01117759 
1111. • 39891111118235 
11. • 381111111117759 
12. .33321111116931 
13. • 266111105258 
1Q,. • 19IJ.2003822 
15 •• 1295002698 
16. .0789501619 
17. • 0IJ.3980111882 
18. .0223900IJ.61 
19 •• 010IJ.2011122111 
20 •• 0111Q,ij320092 

meters 

error bounds on X 
values of X 

0.1110111 
meters 

Units for X 
Source Robert D. Bentley • 

2.1111110 

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.1r.L. Ie Alan Jame. Bald1riD Intored 011 13-JAN-81 
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Local Fault Trend Variation 
Density Curve 84. 
Submodel(s) : 

Undetected Features 
Deformation 

Judgement and Data 
No transform on X 

-ij0.00008010 to ij0.00008010 
-20.0000ij005 to 20.00004005 
Normal Curve 
Density Points : 

0. .00Li1l320092 
1. . 010Li200220 
2. • 02239001161 
3. .01l39800882 
Il. .0789501619 
5. .1295002698 
6. .191J,2003622 
7. • 2661005256 
6..3332006931 
9. • 3611J,007759 
10. • 3989008235 
11. • 381 IJ,007759 
12. .3332006931 
13. .2661005258 
11J,. • 191J,2003822 
15. .1295002698 
16 •• 0789501619 
17. • 01139800882 
18 .• 02239001J,61 
19. .0101J,200220 
20. . 0011"320092 

degrees 

error bounds on X 
values of X 

-20.000 
degrees 

Units for X 
Source Robert D. Bentley • 

20.000 

Trend variation (degrees) of 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 I.Y.Lo" Ala lam .. Baldwin IDtered Oil 13-IAN-81 
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Time Between Local Faulting Events in Basin 
Densi ty Curve 85 . 
Submodel( s) : 

Undetected Features 
Deformation 

Judgement and Data 
Log transform on X 

ij.00000810 to 8.00001621 
5.00001001 to 7.00001430 
Normal Curve 
Density Points : 

0. • 00qq320092 
1. • 010q200220 
2. • 0223900q61 
3. .0q39800882 
q. .0789501619 
5. .1295002698 
6. • 19q201113822 
7. .2661005258 
8. .333211106931 
9. . 381q007759 
1111. .3989008235 
1l. • 381q007759 
12 • . 3332006931 
13 • . 2661005258 
1q • • 19q201113822 
15 • • 1295002698 
16 . . 0789501619 
17 • • 0q39800882 
18 • . 0223900,.61 
19. . 010q200220 
2111 • . 00,.,.320092 

years 

error bounds on X 
values of X 

5.000 
years 

Units for X 
Source Robert D. Bentley • 

7.11J00 

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. &c Alan Jamel Baldwin BDtered on 13-JAN-81 
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Width of a Thrust Fault Zone 
Density Curve 86. 
Submodel(s) : 

Undetected Features 
Deformation 

Judgement and Data 
Log transform on X 

-Q.00000810 to 2.00000Q05 
-3. 00000619 to 1. 00000202 
Normal Curve 
Density Points : 

0. .00Qq320092 
1. .010Q200220 
2. .0223900Q61 
3. .0ij39800882 
ij. .0789501619 
5. .1295002698 
6. . 19ij2003822 
7. .2661005258 
8. .3332006931 
9. . 381ij007759 
10. . 3989008235 
11. .381ij007759 
12. • 3332006931 
13. . 2661005258 
1Q. .19ij2003822 
15 .. 1295002698 
16. .0789501619 
17 •. 0ij39800882 
18. .0223900ij61 
19 .. 010ij200220 
20. .00Qll320092 

Units for X meters 

error bounds on X 
values of X 

-3.000 
meters 

Source Robert D. Bentley • 

1.000 

The width (m) of the typical thrust fault zone in the Pasco 
Basin. 

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

Preparecl by l ..... 1.. Ie .Ala lame. Balcl'tt'in Interecl Oil 13-lAN-II 
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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 7.00001Q30 
Q.00000810 to 6.00001239 
Normal Curve 
Density Points : 

Ill. .1Il1ll""3211l1ll92 
1. .1Il111l"211l1ll2211l 
2. .1Il223911l1ll"61 
3. .1Il"39811l1ll882 
Il. .1Il789511l1619 
5. • 129511l1ll2698 
6. • 1911211l1ll3822 
7. • 266111l1ll5258 
8. .333211l1ll6931 
9. • 381 1l1ll1ll7759 
1 Ill. .398911l1ll8235 
11. • 381 "1Il1ll7759 
12. • 333211l1ll6931 
13. .266111l1ll5258 
lit. .191l2011l3822 
15. • 129511l1ll2698 
16. .0789501619 
17. • 1Il1l39811l0882 
18. .1Il223911l1ll1l61 
19 •• 1Il111l1l200220 
20 •• 011l1llt3211l092 

years 

error bounds on X 
values of X 

1l.1Il011l 
years 

Units for X 
Source Robert D. Bentley • 

6.111111111 

Time (yr) between thrust fault earthquakes in the Pasco 
Basin. 

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

Proparod by I.W.L. Ie AI ..... lame. Baldwin Intered Oil 13-IAN-al 
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Width of New Faults in SW Fault System 
Density Curve 88 . 
Submodel(s) : 

Undetected Features 

Judgement and Data 
Log transform on X 

0.00000000 to 2.00000~05 

.~8000097 to 1.~8000302 

Normal Curve 

error bounds on X 
values of X 

Density Points : 
0. .00Qq320092 
1. . 01 1/1 Q2 III 11122 III 
2. .1II2239111111q61 
3. .IIIQ396111111662 
4. .11176951111619 
5. • 1295002696 
6. • 19Q21111/13622 
7. .26611111115256 
6. .33321111116931 
9. .381QIllIll7759 
10. .39691111118235 
11. • 361 Qlll1ll7759 
12. .333201116931 
13 •• 266101115256 
1 Q. • 19Q21111113622 
15 •• 12951111112696 
16. .11176951111619 
17. .IIIQ396111111662 
18. .1II2239111111Q61 
19. .1II1111Q211111122111 
2111 •• IIII11QQ3211111192 .Q6111 

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 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. 

Propared b1 1.Y.I... Alan lam .. BalchriD latered on 13-UN-81 
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Width of New Faults in NE Fault System 
Density Curve 89. 
Submodel( s) : 

Undetected Features 

Data From Expert Judgement 
Log transform on X 

- • 2201lH1I0q5 to 3. 00000619 
• 77000155 to 2. 78000569 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 00qq320092 
1. • 010q21110220 
2. .111223900q61 
3. .0q39800882 
q. .0789501619 
5. .1295002698 
6. • 19q211103822 
7. .266101115258 
8. .333201116931 
9. • 381q007759 
10. • 398901118235 
11. • 381 q007759 
12. .33~2006931 

13. .2661005258 
Iii. .19li2003822 
15. .1295002698 
16. .111789501619 
17 .• 0QS9800882 
18. .111223900Q61 
19. .010Q200220 
20. .00QQ320092 

Units for X 
Source 

meters 
Robert D. Bentley * 

Width {m} of newly created fault zone in the northeast fault 
system. The northeast fault system is the area northeast of 
the 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 I.Y.L. ac MaD lames Baldwin Entered on 13-IAN-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 

ij.00000810 to 8.00001621 
5.00001001 to 7.00001~30 

Normal Curve 

error bounds on X 
values of X 

Density Points : 
0. .11111144320092 
1. .0104200220 
2. .0223900461 
3. .0439800882 
4. .0789501619 
5. . 1295002698 
6. • 1942003822 
7. • 2661005258 
8. .3332006931 
9. • 3814007759 
10. • 3989008235 
11. . 381 41/107759 
12. .3332006931 
13. • 2661005258 
14. .1942003822 
15. .12951/102698 
16. .0789501619 
17. • 0439800882 
18. . 0223900461 
19. .0104200220 
20 •• 001l1l320092 

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. 

Prepared by ,l.1r.L.".ll&ll I .... BaldwlA htered on IS-IAN-II 

A. 1 00 



Time Between NE Faulting Events 
Density Curve 91 . 
Submodel(s) : 

Undetected Features 
Deformation 

Judgement and Data 
Log transform on X 

ij.00000810 to 8.00001621 
5.00001001 to 7.00001ij30 
Normal Curve 
Density Points : 

0. .001111320092 
1. .0101120220 
2. .02239001161 
3. .0"39800882 
11. .0789501619 
5. .129501112698 
6. .1911201113822 
7. . 2661005258 
8. .3332006931 
9. .3811101/17759 
11/1. .3989008235 
11 • . 38111007759 
12 •. 3332006931 
13 •. 266101115258 
111. .19112003822 
15. .1295002698 
16. .111789501619 
17. • 11111398111111882 
18. .111223911101161 
19 •. 010ij20111220 
21/1 .. 01/11111321/11/192 

years 

error bounds on X 
values of X 

5.000 
years 

Units for X 
Source Robert D. Bentley • 

7.000 

Time (yr) between earthquakes in the northeast fault systcm. 

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

PropU'ed by J.1I'.L." Alan Jame. Baldwin Intored on 13-JAN-Il 
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Distance of Discharge Arc to Discharge Point 
Density Curve 92. 
Submodel(s) : 

Undetccted Features 

Judgement and Data 
No transform on X 

Ill. III III III III III III III III to 181ll. 1ll01ll36621 

51ll.1ll1ll1ll11ll299 to 110.00022125 

Point by Point 
Density Points 

Ill. • III III III III III 1 III III III 0 
1. . III III III III III 1311l1ll0 
2. .011l1ll1ll016000 
3. .1Il1ll0001911l1ll0 
q. . 1Il1ll1ll1ll022011l0 
5. .011l00025000 
6. • III III III 1Il1ll28000 
7. 30.611l011l633239 
8. 32.Q000663757 
9. 31.811l1ll06Q0869 
1 Ill. .1II11l111111111311111l00 
11. • 1II11l1ll1111112711111l0 
12. • 1II11111111l1112"1II00 
13. .1II01111111112111l00 
1". • 1II11111111111l181111110 
15. • III III III III III 1511111l1ll 
16. • 1Il1ll111011l1211l1ll1ll 
17. .1Il1ll1ll1ll1ll1ll911l1ll1ll 
18. • o III 0 III III III 6 III III 0 
19 •• 1Il1ll0011l1ll3000 

error bounds on X 
values of X 

211l. .1Il1ll1ll1ll1ll1ll211l1ll0 511l.1Il1ll0 
degrees 

Units for X 
Source 

degrees 
PNL -- Alan Baldwin" Gregg Petrie 

110.1Il00 

The unconfined aquifer discharges to the Columbia River and 
the discharJe arc are schematic representations of the 
Columbia River. Curve 92 is the fractional distance along 
the discharge point (starting at the northwest end and 
moving along the arc clockWise). 

Prepared by .Alan Jam .. BalchriD IDtered Oil 20-PE8-81 
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Northern Dip of New Anticline 
Density Curve 93. 
Submodel( s) : 

Fold Creation 

Judgement and Data 
No transform on X 

0.00000000 to 90.00018310 
0. 00000000 to 90. 00018310 
Point by Point 
Density Points : 

0. 0.0000000000 
1. 1l.000008UJ62 
2. 8.00001621211 
3. 12.00002117955 
II. 15.0000305175 
5. 20.0000~005113 

6. 211.0000~95910 

7. 29.0000591278 
8. 311.00006866115 
9. 112.0000839233 
10. 52.0001068115 
11. 62.0001258850 
12. 72.0001111195B~ 

13. 811. 00016781166 
Ill. 95.00019073118 
15. 100.0002059936 
16. 96.00019836112 
17. 80.0001602172 
18. 32.000061181198 
19. 12.00002117955 
20. 0.0000000000 

Units for X degrees 

error bounds on X 
values of X 

0.000 
degrees 

Source Robert D. Bentley • 

90.000 

l>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.Y.L. Ie .llua lam" Baldwin Int.erccl on 13-IAN-a! 
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Eastern Plunge of New Anticline 
Density Curve 94: . 
Suhmodel(s) : 

Fold Creation 

Judgement and Data 
No transform on X 

0.00000000 to Q5.00009155 
1 . 00000202 to 12. 00002479 
Normal Curve 
Density Points : 

0. • 001!1!320092 
1. .010/i20022111 
2. .0223900,.61 
3. .0,.3981110882 
,.. .0789501619 
5. .1295002698 
6. .19,.201113822 
7. . 2661005258 
8. .3332006931 
9. .3811!007759 
10. .3989008235 
11. .381,.1111117759 
12. .333201116931 
13 •• 2661005258 
Iii. .191!201113822 
15. . 1295002698 
16. ;111789501619 
17. .01!39800882 
18. .111223900li61 
19. • 010,.200220 
2111. .00/iij320092 

degrees 

error bounds on X 
values of X 

1.000 
degrees 

Units for X 
Source Robert D. Bentley * 

12.000 

Eastern 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 ;ur.L".ll&l1 JUD •• Baldwb:l IIltored 011 13-UN-81 
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Southern Dip of New Anticline 
Density Curve 95 • 
Submodel(s) : 

Fold Creation 

Judgement and Data 
No transform on X 

0.00000000 to 90.00018310 
5.00001001 to 55.00011062 
Normal Curve 
Density Points : 

Ill. .1II1111,L1,L3211111192 
1. • III 1 1II1,L211111122111 
2. • 11122391111111,L61 
3. .1II1,L3980111882 
I,L. .11178951111619 
5. .12951111112698 
6. • 191,L211103822 
7. • 266101115258 
8. .333211106931 
9. .3811,L01117759 
1111. .398901118235 
"11. • 381 qllllll7759 
12. .3332006931 
13. .2661005258 
1 q. • 19q201113822 
15. • 1295002698 
16. .11178951111619 
17. • 1II1,L39800882 
18. .0223901111,L61 
19. .011111,L200220 
20. .001,L1,L320092 

degrees 

error bounds on X 
values of X 

Units for X 
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.1t'.L. ok Alan James BaldwiA Intorod 011 13-JAN-8! 
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Western Plunge of New Anticline 
Density Curve 96 . 
Submodel(s) : 

Fold Creation 

Judgement and Data 
No transform on X 

W.W0000000 to Q5.00009155 
1.00000202 to 12.00W02ij79 
Normal Curve 
Density Points : 

0. .00QQ320092 
1. • 01011200220 
2. .02239001l61 
3. • 111/139800662 
/I. .0769501619 
5. .1295002698 
6. .19/12003622 
7. .2661005258 
8. .3332006931 
9. • 381/1007759 
10. • 3989006235 
11. .381/1007759 
12. .3332006931 
13. .2661005258 
1/1 •• 19"2003822 
15. • 1295002698 
16. .0789501619 
17. • 0"3981110682 
1 6. • 111223900/161 
19. .11110/1200220 
20. .00QQ320092 

degrees 

error bounds on X 
values of X 

1.000 
degrees 

Units for X 
Source Robert D. Bentley • 

12.000 

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 J.".L" Alan Jam .. Balchrb:l btor'od on 13-UN-ll 
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Angle Between New Fold and Local Fault Trend 
Density Curve 97 . 
Submodel(s) : 

Fold Creation 

Judgement and Data 
No transform on X 

0.00000000 to 90.00018310 
0.00000000 to 90.00018310 
Point by Point 
Density Points 

Ill. 5.1111111111111111111135 
1. ". 81111111111119727" 
2. ". 1111111111111118111162 
3. 2.81111111111115722111 
II. 1.711111111111135285 
5. l.1II1111111111112111265 
6. .611111111111112397 
7. ."1111111110111811116 
B. .31111111111111116198 
9. .21111111110111"053 
1111. :21111111111ll1ll"1II53 
11. • 2111001ll1ll"1ll53 
12. . 31111111111111116198 
13. .51ll1ll1111ll11111ll13 
1". • 711111111101 "305 
15. 1.1ll1ll1ll1ll1ll21ll265 
16. 2.2111111111111"5776 
17. 5.1ll1ll1ll1ll11ll0135 
lB. 7.61ll11111115163" 
19. 8.51ll1ll1ll171661 
21ll. 9.1II1111111ll181198 

degrees 

error bounds on X 
values of X 

Ill. III III 0 
degrees 

Units for X 
Source Robert D. BenUey • 

91ll.1ll1ll0 

Angle (degrees) (in the horizontal plane) between the local 
fault trend (determined by density curvc 81) and a newly 
created anticline. This logic assumes there is a tectonic 
relationship between the taults and folds of the Pasco Basin 

• Unpublished consultant's report to PNL from Robert D. 
BenUey of Central Washington. University on Sep. 1980. 

Preparod by J.Y.I.. Ie AI .. Jamos Bald"IriD btored OD. 13-J.\N-81 
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Fraction of FOLDMX For Fold Position Vector 
Density Curve 98. 
Submodel(s) : 

Fold Creation 

Data From Expert Judgement 
No transform on X 

Ill. Illlllllllllllllllllllll to 1 • III III IZHIHll2 III 2 
Ill. III III III III III III III III to 1 . III III III III III 2 III 2 
Position Vector 
Density Points : 

0. 0.0000000000 
1. 1.0000020265 
2. 2. 00000q0531 
3. 3.0000061988 
q. q.0000081062 
5. 5.0000100135 
6. 6.0000123977 
7. 7.00001 q3051 
8. 8. 000016212q 
9. 9.0000181198 
10. 10.0000200271 
11. 11. 00002193q5 
12. 12.00002q7955 
13. 13.0000267028 
1 q. lQ.00002861912 
15. 15.0000305175 
16. 16.000032ij2ij9 
17. 17.00003Q3322 
18. 18.0000362396 
19. 19.0000381Q69 
20. 20.0000Q005ij3 

uniUess 

error bounds on X 
values of X 

Units for X 
Source PNL -- Gregg Petrie 

1.000 

The length of the "fold position vector". The length of the 
vector is a fraction of tile scalar variable FOLDMX (which is 
the maximum distance from the repository site for anew fold 
). The vector starts at the repository site and ends at 
the fold center. 

Prepared by I.W.Lo".&laa lam .. Balchrin IDtered OIl 13-UN-81 
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Angle From North For Fold Position Vector 
Density Curve 99. 
Submodel(s) : 

Fold Creation 

Data From Expert Judgement 
No transform on X 

1lJ. 1lJ1lJ1lJ1lJ1lJ1lJ1lJ1lJ to 361lJ. 1lJIlJ1lJ732Li2 error bounds on X 
1lJ.1lJ1lJ1lJ1lJ1lJ1lJ1lJ1lJ to 361lJ.1lJ1lJ1lJ732Li2 values of X 
Uniform Curve 
Density Points :' 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
ij. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1. 00111011120265 
8. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1. 0000020265 
12. 1.0000020265 
13. 1.0000020265 
1ij. 1.0000020265 
15. 1.0000020265 

. 16. 1. 0000020265 
17. 1. 11111100020265 
18. 1.00001112111265 
19. 1.0000020265 
20. 1.0000020265 

degrees 

0.000 
degrees 

Units for X 
Source PNL - - Gregg Petrie 

360.1111110 

The angle (degrees) from the north in the horizontal plane 
for the trend of the "fold position vector". The vector 
starts at the repository site and ends at the new fold 
center. 

Preparod by J.".1.. Ie Alan Jam .. Baldwin Bntered Oil 13-JAN-81 
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Fraction of FMAXD For Fault Position Vector 
Density Curve 1 rIJ rIJ • 
Submodel(s) : 

Fault Creation 

Data From Expert Judgement 
No transform on X 

(lJ. (lJ(lJ(lJ(lJ(lJ(lJ(lJ(lJ to 1 • (lJ(lJ(lJ(lJ(lJ2(lJ2 

(lJ. (lJ(lJ(lJ(lJ(lJ(lJ(lJ(lJ to 1 . (lJ(l)(l)(l)(l)2(l)2 

Position Vector 
Density Points : . 

0. 0.0000000000 
1. 1. 0000020265 
2. 2. 00000ij0531 
3. 3.0000061988 
ij. ij.0000081062 
5. 5.0000100135 
6. 6.0000123977 
7. 7.00001 ij3051 
8. 8.000016212ij 
9. 9.000111181198 
10. 10.00002111111271 
11. 11. 00002193ij5 
12. 12.00002ij7955 
13. 13.0000267028 
1ij. 1ij.0000286102 
15. 15.011100305175 
16. 16.000032ij2ij9 
17. 17.00003ij3322 
18. 18.0000362396 
19. 19.0000381ij69 
20. 20.0000ij005ij3 

unitless 

error bounds on X 
values of X 

0.000 
unitless 

Units for X 
Source PNL -- Gregg Petrie 

1.000 

The length of the "sub-basalt basement fault position vector 
". The length of the vector is a fraction of tlie values of 
scalar variaDle FMAXD (which is the maximum distance from 
the repository site). It ends at the sub-basalt basement 
fault and is .perpendicular to the sub-basalt basement fault 
trend. 

Preparecl by .ur.L. Ie .Alan JUD •• Balchrin IIlterecl Oil 13-JAN-81 
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Angle From North For Fault Position Vector 
Density Curvc UlJ 1 • 
Submodel(s) : 

Fault Creation 

D~ta From Expert J~dgement 
No transform on X 

0. 00000000 to 360. 000732ij2 error bounds on X 
0.00000000 to 360.000732ij2 values of X 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 000111020265 
2. 1.011100020265 
3. 1.0000020265 
11. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.000002111265 
8. 1.1111110002111265 
9. 1.00001112111265 
10. 1.000002111265 
11. 1. 00011111120265 
12. 1.011100020265 
13. 1.11111101111112111265 
111. 1.1110111011120265 
15. 1.1110111011120265 
16. 1.111000020265 
17. 1.11101110020265 
18. 1.11111111101112111265 
19. 1.111111111002111265 
2111. 1.111111111111020265 

degrees 

0.000 
degrees 

Units for X 
Source PNL -- Gregg Petrie 

360.11l1ll111 

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 rellository site. ends at 
the sub-basalt fault. and is perpendicular to the sub-basalt 
basement fault trend. 

Propared by l.lI'.L. Ie Alan l .... Baldwin bterod OD. l3-lAN-8l 
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Time Between Sub-Basalt Faulting Events 
Density Curve 1 (lJ 2 . 
Submodel(s) : 

Sub-Basalt Faulting 
Fault Creation 

Data From Transformation 
No transform on X 

0.00000000 to 400.00082397 
.01~45402 to 12.00002479 
Exponential Form 
Density Points : 

0. .0144540286 
1. .0116080236 
2. .0093221187 
3. .007118611153 
4. .0060122122 
5. .0048283095 
6. .0038776078 
7. . 00311110062 
8. • 00250080119 
9. .1802180811037 
10 •• 18016129033 
11. • 0012953026 
12. .00101,L02021 
13. .00083511018 
Iii. .018067091812 
15. .0005387911 
16 •• 001811326909 
17. .00034711906 
18. .00027918605 
19. .IDIDID224110/t 

error bounds on X 
values of X 

2111. .111111111179981113 • VIl ij 
years 

Units for X 
Source 

years 
Lawrence H. Wight • 

318.61119 

T~me (~) ·between sub-basalt basement earthquakes. 
(Assuming earthquake acceleration threshold of 5.5 Richter 
Magnitude.) 

• See Wight, L. H.. Appendix B. . 

Preparecl b, £laD .Jame. Balclwin ht.orecl on 22-IUY-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 
q. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1.0000020265 
12. 1.0000020265 
13. 1.0000020265 
1Q. 1. 0000020265 
15. 1. 0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
lB. 1.0000020265 
19. 1. 0000020265 
20. 1.0000020265 

uniUess 

error bounds on X 
values of X 

0.000 
uniUess 

Units for X 
Source PNL -- Gregg Petrie 

Variance or error for polynomial number 15. 

0.000 

Prepared by Alan James Baldwill BlLtered OD OI-MAY-81 
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Magnitude of Sub-Basalt Faulting Event 
Density Curve 1 III ij . 
Submodel(s) : 

Sub-Basalt Faulting 

Data From Transformation 
No transform on X 

2. 00flHllflJlU1l5 to 9. 00001811 
5.50001096 to 8.00001621 
Point by Point 
Density Points : 

III. • 2995005893 
1. .21210111ij3ij3 
2. • 12ij7111111261111 
3. .1111181111112152 
ij. .111778781557 
5. .0557951116 
6. • 032812068ij 
7. .11126766111570 
8. .02111721 0ij21 
9. .lIIlij6760296 
10. .1II111863111117ij 
11. • 007 III ijlll 11 ij8 
12. • 1111II5ij51110117 
13. .003861110082 
lij. .1110227111111111ij7 
15. .0018517039 
16. .11101 ij335029 
17. .1111111015311121 
18. .111005970613 
19. .111001788303 
2111. .000001111111111111 

error bounds on X 
values of X 

~.51111lJ 
Richter Magnitude 

Units for X 
Source 

Richter Magnitude 
Lawrence H. Wight • 

8.1lJ1II1II 

Richter magnitude of sub-basalt basement earthquake. 

• See Wight, L. H., Appendix B. 

Pr.p .... d by Alan .James Baldwin Entered 011 13-FI8-81 
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Variance of Function CHBCFT 
Density Curve 105. 
Submodel( s) : 

Sub-Basalt Faulting 

Variance - For Future Use 
No transform on X 

1 • 000002Ql2 to 1. 0Ql0Ql0202 
1. 00Ql002Ql2 to 1. 00000202 
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 
1~. 1.0000020265 
15. 1. 0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1. 0000020265 
20. 1.0000020265 

Units for X meters / day 

error bounds on X 
values of X 

1.000 
meters / day 

Source PNL --- Gregg Petrie and Mike Foley 

Variance or error (m/day) of Function CHBFCT. 

1.000 

Prepared by Alaa lames Baldwin BIltered Oil 01-JlAY-8 
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Subsidence Rate of The Pasco Basin 
Density Curve 106. 
Submodel(s) : 

Deformation 

Data From The Literature 
Log transform on X 

-8.00001621 to -3.00000619 
-7.00001Q30 to -Q.00000810 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

Ill. • 1ll01l1l320092 
1. . 010q200220 
2. • 0223900q61 
3. .0q39800882 
q. .0789501619 
5. .1295002698 
6. • 19q2003822 
7. . 2661005258 
8. • 3332006931 
9. • 38111007759 
10. .3989008235 
11. • 381 q007759 
12. .33321111116931 
13. .26611111115258 
lq. .19q2003822 
15. • 1295002698 
16 •• 11178951111619 
17. • 0q39800882 
18. • 0223900q61 
19 •• 010Q200220 
20 •• 00QQ320092 -7.000 

meters / year 

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

~ubsidence rate (m/yrl of the Pasco Basin. 
(Note: This is the aDso ute 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 Intend on 02-1UR-81 
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Uplift Rate of Rattlesnake Ridge 
Density Curve 107 . 
Submodel(s) : 

Deformation 

Judgement and Data 
Log transform on X 

-8.00001621 to -3.00000619 
-7.00001Q30 to -Q.00000810 
Normal Curve 
Density P oin ts : 

0. .00""320092 
1. .010"200220 
2. .0223900"61 
3. .0"39800882 
". • 0789501619 
5. • 1295002698 
6. . 19"2003822 
7 . • 2661005258 
8. • 3332006931 
9. .381"11107759 
1111. .398901118235 
11. • 381 "007759 
12. . 333211106931 
13 •. 266101115258 
1". . 19"21111113822 
15 •• 129511102698 
16 •• 11178951111619 
1 7 • , 111"3980111882 
18 •• 1Il223911l1ll"61 
19. . 1II1111"211l11122111 
211l. .1II1Il""32111092 

error bounds on X 
values of X 

-7.000 
meters / year 

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

-".1Il1ll0 

Uplift 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 Ala James BaldwiD btered on 02-1IAR-81 
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Uplift Rate For Saddle Mountains Structure 
Density Curve 108 . 
Submodel( s} : 

Deformation 

Judgement and Data 
Log transform on X 

-8.00001621 to -3.00000619 
-7.00001Q30 to -3.00000619 
Normal Curve 
Density Points : 

0. . 001!1.1320092 
1. . 010"200220 
2. .0223900"61 
3. .1111139800882 
". .0789501619 
5. .1295002698 
6. .19"2003822 
7. . 2661005258 
8. . 3332006931 
9. .381"007759 
10. • 3989008235 
11. • 381 "007759 
12. . 3332006931 
13. . 2661005258 
1" .. 19"2003822 
15. . 1295002698 
16. .111789501619 
17 •• 0"39800882 
18. .111223900"61 
19. .01011200220 
20. .00""320092 

error bounds on X 
values of X 

/ year 

Units for X 
Source 

meters / year 
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 Jame. Balchrin IIltered on 05-1LU-81 
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Uplift Rate For Gable Mountain Structure 
Density Curve 109. 
Submodel(s) : 

Deformation 

Judgement and Data 
Log transform on X 

-8.00001621 to -3.00000619 
-7. 00001q30 to -Q.00000810 

error bounds on X 
values of X 

Normal Curve 
Density Points: 

0. .001111320092 
1. • 010112111022111 
2. .1112239001161 
3. .1II1l398111111882 
Il. .11178951111619 
5. .129501112698 
6. .191121111113822 
7. • 266101115258 
8. • 33321111116931 
9. • 381 11007759 
10. • 398901118235 
11. • 381 111111117759 
12. .3332006931 
13 •• 2661005258 
11l. .191121111113822 
15. .129511102698 
16. .0789501619 
17. • 0113981110882 
18. .1112239001l61 
19. .01011200220 
20. .001111320092 -7.000 

meters / year 

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 MUl James BaldwU:a. btered on 05-1UR-81 
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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 
-7. 00001ij30 to -ij.00000810 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

0. • 001111320092 
1. .1111111112111111220 
2. .11122391111111161 
3. .11111398111111882 
11. .11178951111619 
5. .12951111112698 
6. .191121111113822 
7. .266101115258 
8. .333211106931 
9. .38111007759 
10. .3989008235 
11. • 381 /1007759 
12. • 3332006931 
13. .2661005258 
1/1. .19/12003822 
15 •• 1295002698 
16. .078951111619 
17. • 11111398111111882 
18. • 11122391111111161 
19 •• 1111111112111022111 
20. .01111111320092 -7.111111111 

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. 

Preparecl by Alan Jamel Balclwin Interecl on 05-MAR-al 
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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 
Ll. 1. 0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1. 0000020265 
11. 1. 0000020265 
12. 1.0000020265 
13. 1.0000020265 
III. 1.0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1.0000020265 
1 B. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

unitless 

error bounds on X 
values of X 

-.11110 
unitIess 

Units for X 
Source James W. Crosby • 

.. 001 

Increase in hydraulic conductivity (fraction of starting 
value) of Pasco Basin Basalts due to earthquakes in the 
Saddle Mountains structure. 

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

Prepared by Alan lame. BaldwiD. Entered 011 12-FES-81 
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H.C. Increase From Gable Mountain Activity 
Density Curve 112. 
Submodel(s) : 

Deformation 

Judgement and Data 
No transform on X 

-10.00002002 to 1.00000202 
-.03000006 to -.00100000 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 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 
1Q. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1. 0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

unitless 

error bounds on X 
values of X 

-.030 
unitless 

Units for X 
Source James W. Crosby • 

-.001 

Increase in hydraulic conductivity (fraction of starting 
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 III of Washington State University on Aug. 1980. 

Prepared by Alan James Balchrin IDtered on 12-J'lB-81 
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H.C. Increase From Rattlesnake Mtn. Activity 
Density Curve 113 . 
Submodel(s) : 

Deformation 

Judgement an~ Data 
No transform on X 

-10.00002002 to 1.00000202 
- • 0200000Li to - . 01000002 
Uniform Curve 
Density Points : 

0. 1. 000002111265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
fl. 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 
Ill. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

-.020 
meters / day 

Units for X 
Source 

meters / day 
James W. Crosby • 

-.010 

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 lames Baldwin. Entered on 12-FES-81 
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H.C. Change Due to Local Faulting Event 
Density Curve 11 ij. 
Submodel(s) : 

Deformation 

Judgement and Data 
No transform on X 

-1.00000202 to .00100000 
-.09070W18 to -.022WW00~ 

Point by Point 
Density Points : 

0. 70. 0001qq958q 
1. 66. 38013U5825 
2. 62. 96012U969q 
3. 5S.71012115Q7 
Q. 56.6201133728 
5. 53.7001113891 
6. 50.9301033020 
7. q8.300098q191 
8. Q5.810092S260 
S. U3.QQ008636Q7 
10. Ql.20008Q6862 
11. 39.070079803Q 
12. 37.0600776672 
13. 35.1Q00718688 
1U. 33.330070Q956 
15. 31. 6100651&602 
16. 29.9800605773 
17. 28.U300575256 
18. 26.96005Q3975 
19. 25.5700511£132 
20. 2Q.2500Q95910 

error bounds OD X 
values of X 

-.090 
meters / day 

Units for X 
Source 

meters / day 
James W. Crosby • 

-.022 

Hydraulic conductivity change (ml day) of Pasco Basin Basalts 
due to local earthqu8.kes in the Pasco Basin. 

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

Prepared by .&lan Jame. Baldwia btered oa 12-FlB-81 
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H.C. Change Due to Thrust Faulting 
Density Curve 115 • 
Submodel(s) : 

Deformation 

Test Data 
No transform on X 

- • III III 1 III III III III III to. III III 1 III III III III III 
-.Illlllllllllllllllllll to .Illlllllllllllllllllll 

error bounds on X 
values of X 

Normal Curve 
Density Points : 

Ill. • III111qqJ211111192 
1. .111101120022111 
2. .02239001161 
3. .01139800882 
11. .0789501619 
5. • 129511102698 
6. .19112003822 
7. . 2661005258 
8. .3332006931 
9. .3811101117759-
1111. .39891111118235 
11. .3811111107759 
12. .333201116931 
13. .266101115258 
Ill. • 19q21111113822 
IS. .129501112698 
16. .0789501619 
17 •• 011398111111882 
18. .02239001161 
19 •. 0101120022111 
2111. .001111320092 

Units for X 
Source 

-.000 
meters / day 

meters / day 
James W. Crosby • 

Change of hydraulic conductivity (m/ day) of Pasco Basin 
Basalts due to thrust fault earthquakes in the Pasco Basin. 

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

Prepared by J.W.I..".u~ Jame. BaldlriD Batered 01& 13-JAN-81 
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Displacement Per Thrusting Event 
Density Curve 116 . 
Submodel(s) : 

Deformation 

Jud&ement and Data 
Log transform on X 

-1.5flJflJflJflJ3flJ9 to 2. 48flJflJ0502 
-.52000107 to 1 . 1!8flJ00302 
Normal Curve 
Density Points : 

0. • 01111!1!320092 
1. . 11I111l1!200220 
2. .1IJ2239001!61 
3. .01!39800882 
ij. .0789501619 
5. • 129501112698 
6. .19ij2003822 
7. • 2661011J5258 
8. .333211106931 
9. • 381ij007759 
10. • 3989008235 
11. .3811!1IJ07759 
12. • 3332006931 
13. .266111J05258 
11!. .191!201113822 
15 •. 1295002698 
16. .0789501619 
17. • 01!39800882 
18. • 0223900ij61 
19. .010ij200220 
20. .00ij1!3211J092 

meters 

error bounds on X 
values of X 

-.520 
meters 

Units for X 
Source Robert D. Bentley • 

Fault displacement during a thrusting event. 

1.ij80 

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

IDtere4 oa 13-JAN-81 
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Fold Uplift Rate 
Density Curve 11 7 . 
Submodel(s) : 

Deformation 

Data From Expert Judgement 
No transform on X 

-1.53000307 to 2.ijS000502 
0. 00000000 to. 00013ij00 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1 . 0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 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 
lQ. 1. 0000020265 
15. 1. 0000020265 
16. 1. 0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

error bounds on X 
values of X 

111.0111111 
meters /year 

meters /year 

.111111111 

Units for X 
Source PNL -- M. Foley, G. Petrie &. R. Bentley * 

Anticline uplift rate (m/yr). This rate is for existing 
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 lames BaldlriD Intered on 2S-rlB-81 
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H.C. Increase During Fold Growth 
Density Curve 118. 
SubD1odel{s) : 

DeforD1ation 

Data FroD1 Relative Frequency 
Log transforD1 on X 

-20.0000Q005 to -1.00000202 
-19.02003860 to -7.50601530 
Point by Point 
Density Points : 

0. • 0050S5510q 
1. .0197q5111389 
2. .1II3Ll39511172Ll 
3. • 0QS0q51 1111112 
Q. .1II6369Ll12Q2 
5. .1II76Q331579 
6. .089172182111 
7. .111119111111211179 
8. • 11Q601112292 
9. .0987262058 
10 •• 0828031826 
11 •• 066879129Q 
12. .1II511195510Q8 
13. .IIIQ1Q1ll1111858 
1 Ll. • 0318Ll70621 
15. • 022292111qQ1 
16 •• 012739111265 
17. • 011 Ll650237 
18. .0101910209 
19. .0089172182 

error bounds on X 
values of X 

20. .0076Ll33153 -19.020 
D1eters / day / year 

Units for X D1eters / day / year 
Source JaD1es W. Crosby 

The annual increase of hydraulic conductivity (D1/day/yr) 
during active fold growth. 

Prepe.rri by AlIUl lam •• Ba14wiD IDtered Oil 09-R8-81 
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HC Change In NE Fault With Each Fault Event 
Density Curve 119 • 
Submodel(s) : 

Deformation 

Data From Expert Judgement 
No transform on X 

- . 251ll1ll1ll1ll51ll to 1 . 251ll1ll1ll251ll error bounds on X 
- • 25 III III III III 5 III to 1. 251ll1ll1ll251ll values of X 
Normal Curve 
Density Points : 

0. .180""3218092 
1. • 1810"20812218 
2. . 0223900ij61 
3. .0"39800882 
q. .07895181619 
5. . 1295002698 
6. . 19q2003822 
7. . 2661005258 
8. . 3332006931 
9. .381 q007759 
10. .3989008235 
11. • 381 q0IB1159 
12. .33320186931 
13. .26610185258 
1q. .19q20183822 
15 •• 1295002698 
16. .0189501619 
11. .0Q39800882 
18. .0223900Q61 
19 .. 010Q200220 
20. .00ijQ320092 ·.250 1. 250 

meters / day 

Units for X 
Source 

meters / day 
James W. Crosby • 

Chance in the hydraulic conductivity (mf 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 rault. 

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

Prepared by Alm James BaldwiD hur.d OD 03-J'lB-81 
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HC Change In SW Fault With Each Fault Event 
Density Curve 120. 
Submodel(s) : 

Deformation 

Data From Expert Judgement 
No transform on X 

-1. 7501lH1l357 to 1. 751D00357 error bounds on X 
. 25001D1D50 to 1. 751D00357 values of X 
Normal Curve 
Density Points : 

0. • 00qq320092 
1. • 010q200220 
2. .02239001161 
3. .0113980111882 
q. .078951111619 
5. .1295002698 
6. • 1911201113822 
7. .2661005258 
8. .33321111116931 
9. • 381q0111n59 
10. .398901118235 
1I. • 381q0111n59 
12. .333201116931 
13. .2661005258 
11L • 19q2003822 
15 • .1295002698 
16 • • 0789501619 
17 • • 0q39800882 
18. • 022390111q61 
19. • 010q2111111220 
2111. .0011113211111192 

Units for X 
Source 

.250 
meters / day 

meters / day 
James W. Crosby • 

Chance in the hydraulic conductivity lmlday) 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 m of Washington State University on Aug. 1980. 

Prepareel by Ala Jame. Balel'W'ill Interecl Oil 03-1'IB-81 
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Variance of Polynomial Number 20 
Density Curve 121 . 
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 : 

fII. l.fIIfII00020265 
1. 1.0000020265 
2. 1. 000002f11265 
3. 1. 00f110020265 
ij. 1. f110f11002f11265 
5. 1. 00f11f1102f11265 
6. 1. 000002f11265 
7. 1. f11fIIfIIfIIfII2f11265 
B. l.fIIfIIfIIfIIfII2f11265 
9. 1. 000002f11265 
If11. 1.000f1102f11265 
11. 1.000f11020265 
12. 1.0000020265 
13. 1.000f11020265 
1ij, 1. 0000020265 
15. 1.00f11f11020265 
16. 1.00f110020265 
17. 1. 0f110f11f1120265 
lB. 1.000f11f112f11265 
19. 1.00f11f1102f11265 
20. l.fIIfII0f11f112f11265 

error bounds on X 
values of X 

fll. fIIfIIfII 
centimeters / year 

Units for X 
Source 

centimeters / year 
PNL -- Grell Petrie 

Variance or error (cm/yr) of polynomial 20. 

0.000 

Prepared by !laD lames Baldwin II1tered 011 01-KAY-81 
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Variance of Polynomials 21 to 24 
Density Curve 1 22 . 
Submodel(s) 

Hydrology 

Variance - For Future Use 
No transform on X 

m.mmmmmmmm to m.mmwmmmmm 
m.mmmmmmmm to m.mmmmmmmm 
Uniform Curve 
Density Points: 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1.0000020265 
12. 1.0000020265 
13. 1.0000020265 
1Q. 1.0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
lB. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

meters 

error bounds on X 
values of X 

0.000 
meters 

Units for X 
Source James W. Crosby 

0.000 

Variation or error (m) for polynomial numbers 21 throuch 24. 

Prepared by AlaD James Balchria btered Oil 01-MAY-8! 
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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 
0.00000000 to 0.00000000 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1.0000020265 
20 1.0000020265 
3. 1.0000020265 
It. 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 
lQ. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1 • 0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

meters 

error bounds on X 
values of X 

0.000 
meters 

Units for X 
Source James W. Crosby 

0.000 

Variation or error (m) for polynomial number 25 through 28. 

Prepared by Alm .James Baldwin btered Oil 01-MAY-81 
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Speed of Unconfined Ground Water. Climate 1 
Density Curvc 12 L! • 
Submodel(s) 

Hydrology 

See Text For Explanation 
No transform on X 

-1.1. (ZHZHDIlJ1lJ811lJ to 11lJ1lJ1lJ1lJ.1lJ21lJ51lJ781 error bounds on X 
15!ll.1lJ!ll!ll3!ll517 to 3!ll!ll.!ll!ll!ll611lJ35 values of X 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1. 0000020265 
3. 1.0000020265 
ij. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1. 0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1.0000020265 
12. 1.0000020265 
13. 1.0000020265 
1ij. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

meters / day 

150.000 
meters / day 

300.000 

Units for X 
Source PNL -- Andy Reisenaur & Alan Baldwin 

Velocity (m/day) of ,"round 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 b1 Al. lame. Balctwia latered Oil 21-MAY-81 
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Speed of Unconfined Ground Water, Climate 2 
Density Curve 125. 
Submodel( s) 

Hydrology 

See Text For Explanation 
No transform on X 

-ij. rllrllrllrllrll81rll to 1rllrllrllrll. rll2rll5rll781 error bounds on X 
15rll. rllrllrll3rll517 to 3rllrll. rllrllrll61rll35 values of X 
Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1. 0000020265 
2. 1.0000020265 
3. 1.0000020265 
ij. 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 
lij. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1.0000020265 
18. 1.0000020265 
19. 1.0000020265 
20. 1. 0000020265 

meters / day 

150.000 
meters / day 

300.000 

Units for X 
Source PNL -- Andy Reisenaur & Alan Baldwin 

Velocity (m/day) of ~round 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. depending where the 
rep_ository is sited. This curve represents the 'worst case' 
estimate only. . 

Prepared by Alu James Bald1riD. latereel Oil a1-KAy-a1 
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Speed of Unconfined Ground Water, Climate 3 
Density Curve 126. 
Submodel(s) 

Hydrology 

See Text For Explanation 
No transform on X 

-L!. flHll000810 to 10000.02050781 error bounds on X 
150. 00030517 to 300. 01lH1l61035 values of X 
Uniform Curve 
Density Points : 

0. 1. 0000020265 
1. 1. 0000020265 
2. 1. 0000020265 
3. 1.0000020265 
I!. 1.0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1.0000020265 
B. 1.0000020265 
9. 1.0000020265 
10. 1.0000020265 
11. 1. 0000020265 
12. 1.0000020265 
13. 1.0000020265 
II!. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1. 0000020265 
lB. 1.0000020265 
19. 1.0000020265 
20. 1.0000020265 

meters / day 

150.000 
meters / day 

300.000 

Units for X 
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 
rep.ository is sited. This curve represents the 'worst case' 
estimate only. 

Prepared by Ala James BallttriD bterect on 21-IUY-81 
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Speed of Unconfined Ground Water, Climate 4 
Density Curve 127. 
Submodel(s) 

Hydrology 

See Text For Explanation 
No transform on X 

-i.!.1lJ1lJ0!lJ1lJ811lJ to 11lJ!lJ1lJ!lJ. !lJ2!lJ5!lJ781 error bounds on X 
15!lJ. !lJ0!lJ3!lJ517 to 3!lJ1lJ. !lJ!lJ!lJ61!lJ35 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 
1~. 1. 0000020265 
15. 1.0000020265 
16. 1.0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1. 0000020265 

meters I day 

150.000 
meters I day 

300.000 

Units for X 
Source PNL -- Andy Reisenaur & Alan Baldwin 

Velocity (m/day) of ground water in the unconfined aquifer 
durin, a stadial climate state. 
Note: According to Andy Reisenaur. the velocities through 
the unconfined aquifer can vary widely, dej)ending where the 
rep_ository is sited. This curve represents tlie 'worst case' 
estimate only. 

Prepared by Alall Jam •• Baldlria latereel O~ 21-IUY-81 
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Variance of Polynomial Number 31 
Density Curve 128. 
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 : 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 1. 0000020265 
5. 1.0000020265 
6. 1.0000020265 
7. 1. 000111020265 
B. 1. 000111020265 
9. 1. 000111020265 
10. 1.0001ll020265 
11. 1.0001ll020265 
12. 1.0001ll020265 
13. 1.0001ll021ll265 
1Q. 1.01ll00020265 
15. 1.0000020265 
16. 1.0001ll021ll265 
17. 1.0000020265 
lB. 1.0000021ll265 
19. 1.0001ll020265 
20. 1.1ll1ll01ll020265 

unitIess 

error bounds on X 
values of X 

0.000 
unitIess 

Units for X 
Source James W. Crosby 

Variation or error of polynomial number 29. 

0.001ll 

Prepared by Alu .lame. Baldwin btered Oil 01-IUY-81 
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Geochemical Gradient 
Density Curve 129. 
Submodel( s) 

Hydrology 

Judgement and Data 
No transform on X 

0.00000000 to q9.00009918 
. 00126000 to. 0015q000 
Normal Curve 
Density Points : 

0. .001l1l319090 
1. .0101l210221 
2. • 022395111"57 
3. .1II1l3981l111888 
Il. .11178951111619 
5. .12951111112698 
6. .191l21111113822 
7. .2661005258 
8. .333211106931 
9. • 3811101117759 
1111. .3989008235 
11. • 38111007759 
12. .3332006931 
13. .266U105258 
Ill. • 19112003822 
15. • 129501112698 
16. .0789501619 
17. • 0"398"0888 
18. .022395111"57 
19. • 010"210221 
20. .001l1l31911190 

ppm / meter 

error bounds on X 
values of X 

.001 
ppm / meter 

.001 

Units for X 
Source PNL -- Bill Deutch Be 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 G99-33-56 and DB!. The 
value from these two wells came out to be approximately 
1.4 ppm/km.. This curve is plus or minus 10 percent of this 
value. 

Prepared by Alan James Baldwin Intered on 22-KAY-81 
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Variance of Polynomial Number 19 
Density Curve 130. 
Submodel(s) 

Hydrology 

Variance - For Future Use 
No transform on X 

-1 • 00001lJ21lJ2 to 1 • 01lJ1lJ1lJ1lJ21lJ2 

1lJ.1lJ1lJ01lJ1lJ1lJ1lJ1lJ to 1lJ.1lJ1lJ1lJ1lJ1lJ1lJ1lJ1lJ 

Uniform Curve 
Density Points : 

0. 1.0000020265 
1. 1.0000020265 
2. 1.0000020265 
3. 1.0000020265 
q. 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 
lQ. 1. 0000020265 
15. 1.0000020265 
16. 1. 0000020265 
17. 1.0000020265 
18. 1. 0000020265 
19. 1.0000020265 
20. 1.0000020265 

Unitiess 

error bounds on X 
values of X 

0 .. 000 
Unitiess 

Units for X 
Source PNL -- Charles Cole and Grell Petrie 

0.000 

Variance term for polynomial 32. Polynomial 32 uses B.C. to 
get effective porosity. 

Prepared by .llu Jame. Belcl1riA BDtered 011 OI-KAy-al 
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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 

rlJ.I2HllrlJllJllJllJ1lJ0 to 1. IlJrlJrlJ0021lJ2 error bounds on X 
• rlJ1001lJ1lJ1lJ2 to. 1lJ31lJ001lJ1lJ6 values of X 
Normal Curve 
Density Points : 

Ill. .00Qq319090 
1. .1II10li210221 
2. • 0223950li57 
3. .0Q398li0888 
Ii. .0789501619 
5. .1295002698 
6. . 19q2003822 
7. .2661005258 
8. • 3332006931 
9. . 381q007759 
1111. .3989008235 
11 • • 381 q007759 
12. .3332006931 
13 .• 266111105258 
1 Ii. . 19Q2003822 
15. . 1295002698 
16. .078951111619 
17. • 011398q0888 
18. .02239501157 
19. .1II10Q210221 
20. .00Qll319090 .010 .030 

uniUess 

Units for X 
Source 

uniUess 
Steve Malone 

Fractional change of hydraulic conductivity when an 
earthquake swarm intersects the repository. 

• Unpublished personal communication between Gregg Petrie of 
PNL and Steve Malone of the University of Washington on 
May 1981. 
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APPENDIX B 

ACLIN 

The Astronomical Climate Index (ACLIN) (Figures B.l 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 ale 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.l. Astronomical Climate Index (ACLIN) for 0 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.3. GSM Climate Index for 0 to 20,000 yrs A.P. 
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FIGURE 8.4. GSM Climate Index 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 1,000,00.0 yrs A.P. 
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FIGURE B.7. Obliquity for 0 to 20,000 yrs A.P. 
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FIGURE B.B. Obliquity for 0 to 1,000,000 yrs A.P. 
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FIGURE B.9. Eccentricity for 0 to 20,000 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 lost 

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 

log N = a - bM 

where N is the cumulative annual numb~r 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 + 0.491 

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 overall 

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. 
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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 a is given by 

a 

and therefore a must behave like T-1f2 if, as we have assumed, A is constant. 

Plotting the subinterval values of a allows one to readily determine over what 

interval a begins to behave like T-If2• 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. 

2-2 

TERA CORPORATION 



TABLE 2-1 

EARTHQUAKE PARAMETERS FOR EACH SOURCE ZONE 

Seismic Coefficient of 
Zone ~=a- bM Determination 

Site ID 2 (Fig 4-2) Descriptor a b r 

Puget Sound 4.30 1.05 0.99 

2 S. Cascades 3.50 0.93 0.92 

3 N. Cascades 3.50 0.93 0.92 

4 Milton-Freewater 3.31 1.00 0.87 

5 Site Source Zone 4.54 1.16 0.99 

2-3 

~ 
TERA CORPORATION 



TABLE 2-2 

RESUL TS OF EARTHQUAKE STATISTICS ANALYSIS FOR 
ZONE 5 <SITE SOURCE ZONE) 

Magnitude Time 
Interval Interval 

M Dotes 

3.5-4.0 1945-1969 

4.0-4.5 1910-1969 

4.5-5.0 1890-1969 

2-4 

Duration 

25 

60 

100 

Annual 
Rate 

0.508 

0.204 

0.092 
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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, 

log N = a - bM 

is obtained by the values a = 4.54 and b = 1.16. 
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3.0 FAu.. T 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-Bernoull i 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 1/4 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: 

(I) Assuming that earthquake occurrences form a Poisson 

process with mean rate of occurrence independent of 
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magnitude, a distribution is obtained on the number of 

occurrences for the time period considered. 

(2) 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 probabilit~ thOt the event that has occurred is of 

magnitude M .. Thus, the probability of failure, qM = I -
I . 

PM.' at each trial is the probability that the event I is not 

of rhagnitude M.. The probability of having r events of 
I 

magnitude M., given that a total of n events have 
I 

occurred, can therefore be obtained using the binomial 

distribution. 

(3) 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 ModeJ) 

It 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: 

I. Earthquakes are spatially independent 

2. Earthquakes are temporally independent 

3. The probability that two seismic events will take place at 
the same time and at the same location approaches zero. 
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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 are 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, more 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 

, t 0 n integer 0, 

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 

(3-1) 

Thus, if the mean rate of occurrence A is known, the probability distribution 

function can be defined completely. 

The parameter A 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 A 

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 A , the 

mean rate of occurrence (Equation 3-1). Therefore, A is'treated as a random 

variable. The probabilistic information on A can be obtained through historical 

data or from the subjective knowledge of the analyst. The subjective probability 

distribution on >.. is called the IIprior 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 A' and 1". 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 Boyes' theorem. 

Let f' A (A) be the prior probability distribution function for A , and L( A) be the 

sample likelihood function for A (given by the Poisson law for n observations), 

then the posterior distribution filA ( A) is obtained as 

(3-2) 

where N I is a normalizing constant. The posterior distribution of A is also 

gamma type with parameters A II and I' ". 

In Equation 3-1, the conditional probability on the number of events n is based on 

A. 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 A'S. Thus, 

():J 

PN(n) = f PN(n/ A )f"( A)d A (3-3) 

o 
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which leads to 

= r(n + v") (3-4) 
n! (1/ II) 

for n integer ~ 0, II " > 0, ~ " ;> 0, t > 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 

M Q' in time period t. 

Distribution of Magnitudes (Bernoulli Model) 

I 

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 trial. If the seismic event that has 

occurred is of the M. under consideration, then the outcome of the Bernoulli trial 
I 

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 M. 
. I 
I 

and qM. = I - PM. 
I I 

= probability of failure at each trial, 

then using the binomial law, 

(3-5) 

for an integer> 0, rM. integer; 0 s rM. :::=; n, and 0 :s PM. <: I. 
I I I 
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where P R(r M/n, PM.) is read as the probability that r M. events of magnitude Mi 

will occur oui of a tbtal of n events, given that the pro~ability of occurrence of 

Mj is PM. at each trial, and 
I 

r M. 
C I = n! 

n -r-M-. ...,.!(.,...n....:..-~r M---''>'''''''! -
I I 

A different probability PM is obtained for each M. considered in the model. A 
. I 

similar equation is thus bbtained for each of the other magnitudes. The 

probabilities PM. are mutually exclusive within the range of selected magnitudes, 

hence, I 

As an example, for M. = 6 and n = 5, 
I 

P (0 events of M = 6 given 5 earthquakes) 

P (I events of M = 6 given 5 earthquakes) 

P (5 events of M = 6 given 5 earthquakes) 

It should be noted that 

n 

= 

= 

= 

'E p(r/n) = 1.0. 
r = 0 

(I - P6) 
5 

5 x P6 x (I - p) 
4 

P65 

To be consistent with the Gutenberg-Richter earthquake recurrence relationship 

the probability PM. should be consistent with an exponential distribution of 

magnitudes. Corne~1 (1971) has proposed such a distribution which incorporates 

both lower and upper bound limits on magnitude: 
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where, 

P(M s m) = K {I -Exp [ - ~ (m - M )]} 

P(M s m) = probability of M:s m l 
K = t I - Exp -~ (Mu - M ) 1 f -I 
~ = 2.3b 

M = upper bound magnitude u 
M 2 = lower bound magnitude 

(3-6) 

The probability that an earthquake has a magnitude within the range m i ± m/2, 

equivalent to the Bernoulli parameter PM.' then becomes 
I 

PM. = P(Ms m i + !':.m/2) - P(M -:s m i - ~m/2) (3-7) 
I 

Equation 3-5 represents the generating process for the number of events M .• 
I 

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.' flp (PM'>' is assumed to be beta type 

with parameters T/' and ~ '. Since the Inormaliz~d beta distribution is bounded 

between 0 and I, 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, rM were of M.. This information is used in the 
. I 

construction of the sample likeli~ood function. The sample likelihood function 

on PM.' L(PM./n,rM.), may be obtained from the generating process 

(Equati6n 3-5). I I 

The posterior distribution f"p(PM.) is given by 
I 

fll (p ) = P M. 
I 
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where NI is a normalizing constant. The posterior distribution on PM. is also 

beta type with parameters '1" and ~ ". 1 

In Equation 3-5, the conditional probability on the number of successes, rM.' is 

based on PM. and n. The condition on PM. can be removed using Equation 13-8 

and integratihg over all the values of PM. a~ follows: 
1 

(3-9) 

[ 

II 

rM. r( TlM/ 
= c 1 --------------~-------------

n (~") (1IT1_ ~1I4 
M. M. M. 

1 1 1 

for n integer:> 0, r M. integer; 0 ~ r M. 5. n, 
1 1 

and f' 
M. = 

, 
~M.+rM. 

1 1 1 

Ti" = 171 +n M. M. 
1 I 

" 
rM. + ~M. = aM. 

I 1 I . 
11" 

n + M. = ~M. 
1 I 

The above expression is the distribution on the number of earthquakes of 

magnitude M. given that n earthquakes have occurred. There is a similar 
I 

distribution for each M. considered. 
I 

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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00 

PR(rM.) = L: I n=O 

= ~ 

PR(rM.!n)PN(n) 
I 

rM . 
r(1/" ) 

M. 
I 

en r( ~II ) r( 17 II 

M. 
I 

M. 
I 

I 

- ~" ) 
M. 

I 

" (n + 1/ M.) 
I 

" "v 
+ v II 

(3-10) 

This distribution describes totally the seismicity of the source considered in 

terms of the two parameters magnitude (M.) and number of occurrences (n). 
I 

The Bernoulli model has the advantage that the probability of occurrence of an 

earthquake of any given magnitude (PM'> can be established and updated 

independ~ntly of other magnitudes. It also bffers 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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TABLE 3-1 

SUMMARY OF REGRESSION ANALYSES FOR FAULT LENGTH, 
FAULT DISPLACEMENT AND SOURCE RADIUS 

Parameter 

Fault Length, L(km) 

F Gult Displacement, D(cm) 

Source Radius, R(km) 

Ln Y = Ay + By M 

Coefficients 
Ay By 

-4.670 

-3.797 

-3.391 

1.185 

1.273 

0.843 

Standard 
Error 

0.83 

0.84 

0.63 

Correlation 
Coefficient 

0.76 

0.76 

0.73 

N 

73 

73 

163 



TABLE 3-2 

TABULA TED VALUES OF F AUL T LENGTH, 
FAULT DISPLACEMENT, AND SOURCE RADIUS 

Magnitude Fault Length Source Radius Fault Displacement 
(ML) L(km) R(km) D(cm) 

3.5 0.6 0.6 1.9 

4.0 I . I 1.0 3.7 

4.5 2.0 1.5 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 s. M :S. 8.7 in Slemmons (1977), the log-linear 

relationship between Land M was found to be 

Ln L(M) = -4.67 + I. 19 M (3-11) 

for fault length in kilometers. 

Fault Displacement (D) 

A similar analysis was run for maximum fault displacement. Again using the 

Slemmons (/977) data for all fault types, the log-linear relationship between D 

and M was determined as 

Ln D(M) = -3.80 + 1.27 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 Brune's (1970) dislocation model, source radius may be computed from the 

relati onsh ip 

R 2.34 
= 2 11' f 

o 
(3-13) 

where {3 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 s ML ~ 6.8. Using these data, the following log-linear 

relationship between R (in kilometers) and M was established: 

Ln R(M) = -3.39 + 0.84 M 0-14) 

3.3 F AUL T 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, xi' is comprised of a joint probability of three events. The first is the 

probability that surface rupture occurs, which we will designate as "event E ." s 
The second is the probability that surface rupture extends at least as far as the 

point of interest (designated as "event E Q II). The last is the probability that the 

displacement exceeds the specified value (designated as "event El). 
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Mathematically, this joint probability may be expressed as 

P(D>d I M., x.) = peEd (lEn (IE ) 
J I x S 

where M. is the magnitude under consideration and x. is the distance along the 
J I 

fault from segment i (the location of the earthquake) to the point in question 

(Figure 3-1). 

Simplifying, by means of conditional probability theory, 

(3-15) 

with all events being contingent upon the occurrence of a given earthquake. 

After developing models for the above probabil ities and unconditionalizing with 

respect to Mi and xi' Equation 3-15 may then represent the hazard from all 

possible earthquakes on the fault. 

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. 

F or a given magnitude M., we may compute source radius from Equation (3-14) 
J 

(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 Rj 

and a standard deviation (JR (on Ln R) equal to the standard error of estimate, 
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Table 3-1. Then, the probability that Rj is greater than wi (the event Es) is 

given by 

= I - P(Rj :s: w.) 
I 

= I - --.....;....--

= I - cJ> 

-00 

(3-17) 

where cJ> (*) represents the standard-normal cumulative distribution function. 

Given that a surface rupture occurs, let it be assumed that its length is equally 

distributed in both directions along the fault 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, xi. Therefore, rupture occurs at the site if L/2 :> Xi' where Lj is the 

surface rupture length associated with a magnitude Mj event. 

L. is computed from the data in Table 3-2, thus 
J 

(3-18) 

To account for uncertainty in the regression, L. may be considered lognormally 
J 

distributed, with median Ln Lj and standard deviation (on Ln L) of cr L. 
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The probability of the event E i occurring (given Er), becomes 

P(EQ I Er} = P(L/2:::> xi) 

= P(L.:::> 2x.} 
J I 

= - peL. ~ 2x.) 
J I 

( Ln L. - 2x. ~ _ ~ J I 
CTL 

= 
(3-19) 

Given that surface rupture occurs and that it proceeds at least as far as the site, 

the surface displacement associated with the earthquake M. may be estimated 
J 

from Equation 3-12 as follows: 

(3-20) 

Accounting for uncertainty in this estimate, D. is considered lognormally 
J 

distributed, with median Ln Dj and standard deviation (on Ln D) of a D' The 

probability that the displacement exceeds some specified value d then becomes 

Displacement Hazard 

= I - P(D.<d) J-

(3-2 J) 

The surface displacement hazard for a point on a fault associated with an 

earthquake on segment i of magnitude M. is obtained by substituting 
J 

Equations 3-17, 3-19 and 3-21 into Equation 3-15. 
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P(D>d M., x.) = 
1 I 

• 

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 d. of all events M. 
I J 

occurring on the same segment is computed as: 

where 

P(D:> d.) 
I 

P(kM.) 
J 

p 

P(D:> d.) = pP(M.) + [I - (I _ p)2] P(2M.) + ••• 
I J J 

= 

= 

= 

+ [I - (I - p)1 P(nMj ) 

probability of obtaining displacement greater 

than or equal to di at least once 

probability of k occurrences of event M. with 
J 

k= 1,2 ••• n 

P(D ::: d/M j ), probability of obtaining a dis­

placement greater or equal to a. given an 
I 

event M .• 
J 
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Setting q = I - p, the above expression can be rewritten: 

n 

P(O s di} = P(no Mj } + 2: qk P(kMj > 

k=1 

k with n chosen so that q P(nMj } can be neglected. 

(3-23) 

The above discussion assumes independence among events. Hence, the contribu­

tion of all possible events can be combined as follows: 

P(O > d.)i = I 
.- lone segment 

- n 
all 
M. 

J 

(3-24) 

The whole range of magnitudes is included, from the largest one down to the 

smallest one that generates a noticeable effect at the site (Mj ~ -Mmin as a 

function of distance). This eliminates the consideration of a large number of 

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. 

= , - n [, - P(O .~ di> I ] 
all one 
segments segment 

(3-25) 

one source 

When several sources are considered, the same principle is applied for each 

source. Thus, 

P(D> d.) = , - n 
I 

(3-25) 

all 
sources source 
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This expression gives the probability that, at least once during the period of 

interest, d. will be exceeded. 
I 
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4.0 DEVELOPMENT OF A POLYNOMIAL TO CALCULATE CHANGE 
IN HYDRAULIC CONDUCTIVITY OF BASALT 

FOR BASAL T 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: I) Increase 

of matrix permeability by creation and extension of microcracks, 2) Extens!on 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 supported by theoretical considerations given 
o..re,. 

herein. No reliable field data@ 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 dynamic 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 available and on theoretical considerations, are 
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reasonable estimates of hydraulic conductivity in basalt after occurrence of a 

nearby earthquake: 

[ { 
9 1.3 A - 0.086d - 17.3} ] 

K = Ki I + .10 g 82.7 ' 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, K. the initial 
- -I 

permeability, A peak acceleration in units of 0, and d the depth of the 
-g - -

repository. Hydraulic-conductivity change at depths shallower than 950 meters 

is given by equation (I A9) after substituting 0 for the coefficient I 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. It 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 

hydraulic 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 = K I A (I) 

where K is hydraulic conductivity,1. 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 (966) define hydraulic conductivity as 

(2) 

where 'Y is the weight of the fluid, IJ. its dynamic viscosity, £ a characteristic 

length, and C a dimensionless constant which takes into account the physical 

characteristics of the material. The intrinsic permeability is defined as 

(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 ~ 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, howevE';r, 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 time-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 ~-direction only. The displacement, ~, is related 

to stresses in the ~-direction by the equation of motion. 

. where P is densi ty. 

aCT 
xx 

ax + 
aCT 
.. xy + 
a y 

(4) 

Since the ~-direction is normal to a principal plane, the shear stresses are zero 

and (4) reduces to 

aCT xy 
ay (5) 

From the isotropic stress-strain equations of linear elasticity, it can be shown 

that for these conditions 
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where A and IJ. are Lame's constants of the material. Substituting (6) in (5) 

gives 

(7) 

Solving for ~, differentiating ~ with respect to ~ and 1" and equating the to 

derivatives leads to the following expression for the normal stress (Kolsky, 1963, 

pp.42-43). 

= pC au at (8) 

where C = V ( }. + 2 u )/ 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 0yx components are the maximum shear stresses, the 

normal stress components 0xx and G" yy vanish. Furthermore, we are assuming 

plane propagation so that all derivatives with respect to the ~-direction vanish. 

Equation (4) becomes 

(9) 

From the isotropic stress-strain equations we get 

( au av) 
0xy = 'fzp. ay + ax (10) 
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but for conditions for pure shear ~~ = g~, so that we can write 

the same procedures used to derive (8) from (7) gives the shear stress as 

u xy 
O au = p at 

(II) 

(12) 

where C' is now the shear wave velocity in the medium, C' =v (J.L / p). From a 

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 p' are greater than S-wave velocities, V s' the 

greatest induced stress changes are I ikely to be those associated with passage of 

the pressure wave through the rock. Using V p = 5.62 km/sec and the maximum 

measured particle velocity in Table 4-1 yields a magnitude for the stress pulse of 

uxx = (2.9 g/cm3) (5.62 x 105 cm/sec) (34 cm/sec) 

= 5.54 x 107 dynes/cm2 

= 5.54 x 106 N/m2 

= 55.4 bars 

= 803 psi 
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Figure 1. (a) Mohr1s circle for pure shear, Oxy = Oyx on planes 
normal to x- and y- directions. No normal stresses 
act on these planes, as can be seen from the Mohr1s 
circle for 2e = 900 and 2e = 2700 . Also, the shear 
stresses Oxy and qyx' and the principal stresses 01 
and 03 are allot-equal magnitude. 

(b) Stresses on the faces of a small cubic element under 
the stress state in (a). 

nDrM~ 
sir~~s 
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Density 

Wave velocity 
P-wave. 
S-wave 

Particle velocities 
horizontal motion 

horizontal or 
vertical motion 

TABLE 4-1 

DENSITY AND VELOCITY DATA 

2.9 g/cm3 

5.62 km/sec 
3.04 km/sec 

26.0 cm/sec' 

34 cm/sec 

30 cm/sec 

greater than 
100 cm/sec 

125 cm/sec 
90 cm/sec 

Source 

Stacey (1977, p. 333), typical density 
given for basalt. 

Averages of values for basalts by 
Press (J 966, Table 9-1). 

Peak velocity given by Ambraseys 
(1978) in tabulation of European 
strong-motion data. 

Peak velocity on rock at 15 km from 
source for earthquakes of about mag­
nitude 6.5 (Seed et al., 1976) 

Greatest recorded velocity reported 
by Boore et al. (980). Value 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). 

Ratio of horizontal 79 cm/sec/g Seed et al., (1976), average value on 
rock for earthquakes of about magni­
tude 6.5. 

particle velocity to 
horizontal acceleration 

32 

56 

4-9 

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). 
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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 105 em/sec) (125 cm/sec) 

= 2.04 x 108 dynes/cm2 

= 2.04 x 107 N/m2 

= 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 01. (1976) for measurements on rock, 79 

cm/sec/g, therefore corresponds to maximum theoretical particle velocity of 158 

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 15km 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 -end V as before, the maximum instantaneous 

normal stress value is 2.5 x 107 N/m2 ~ 258 bars = 3734 psi. 

The transi ent stress component of 258 bars, calculated above, should be 

considered as the absolute upper Iimt 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 ampl ification can occur. 

According to Brune (\976, p. 170), topographic amplifications of about 2 are 

possible. If 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 possibi Iity 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 

CI1d 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 

Iithostatic loading. At depths greater than about 300 meters the greatest 

compression is typically in the vertical direction and is given by the equation 

a = p g d v 
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where is density, .9 is gravitational acceleration, and ~ is depth. For a typical 

overburden density of 2.6 g/cm3, the vertical stress increase with depth is 

!:l0v = 0.26 bar/meter 

According to the hydrogeologic column of Atlantic Richfield (J 976), 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, significantly 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 

(Cij - O""j), 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, fa, loading Young's modulus, E, and Poisson's 
ratio, :t, for a number of rocks. 

Co 
Rock (kpsj) 

Granite, Westerly 33.2 

Quartzite, Cheshire 66.7 

Diabase, Frederick 70.6 

Marble, Tennessee 22.1 

Granite, Charcoal 25. I 

Shale, Witwatersrand 24.9 

Granite Aplite (Chert) 85.2 

Quartzite, Witwatersrand 29.0 

Dolerite, Karroo 48.0 

Marble, Wombeyan 11.2 

Sandstone, Gosford 5.36 

Limestone, Solenhofen 32.5 

Source: Jaeger and Cook (1969, p. 139) 
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E 
(106 psi) 

8. 1 

11.4 

14.4 

6.9 

6.4 

9.8 

12.0 

11.3 

12.1 

9.4 

1.4 

7.7 

v 

0.11 

0.23 

0.20 
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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 

compressi on is 

cr h= V~"'tI d 7 
1_ v " 

(14) 

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 0= 0.26 bar/meter as given earlier, 

we can easily compute the depth "above which tensile dilatational waves will 

yield a net tensi Ie stress in the rock. Using the relatively extreme value of 100 

bars for the magnitude of the tensile pulse, this depth is 

= I 154m. 

Thus, below about 1150 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 
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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 II bar-meter~ (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). 

(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 (IS). 

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 II 

bar-meterV2 • 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 = ( 1r /2) (II bar-meterV2 )/( I meterV2):- 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 probobly 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 Iithostatic in situ 

compression cannot exceed 82.7 bars for there to be net tension of 17.3 bars. 

This value of net tension occurs oat the depth: 

(I - v ) (82.7 bars) 
d = v{O.26 bar/meter> = 954 m. 

Thus, earthquake-induced extension of some isolated fractures with radii greater 

than I meter is theoretically possible at depths less than about 950 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 eXP.losions. 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 (\970) 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 poi nt 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 116m 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

a I, tensi ona I, or shear stress components in excess of 100 ba rs in basa I ts 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: I) 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. Sti II, 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 ~ 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: 

~ K = 0, when d > 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 hydraulic-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 A;: o.-re­

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 

values 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- I 3) 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 

is: 

where Ki is the initial hydraulic conductivity in meters/day, p basalt density in 

g/cm3, c wave velocity in cm/sec, A peak particle acceleration expressed in 
- -9 

units of g, /I Poisson's rati~ ~CT v the gradient of vertical Jithostatic stress J( 
with depth .5!, KIC the fracture toughness of the basalt, and ~ 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 
. \ 

[ { 91.3 Ag - 0.086 d - 17.3 J ] 
K = Ki I + • I 0 82.7 (18) 

If the term in the inner brackets is negative, we assume no change and equation 

(18) becomes K = Kr 

* ~ is taken as I meter, KIC as II bar-meter Y2 , and II as 0.25. 
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APPENDIX D 

AS-RUN GSM CODE 



APPENDIX 0 

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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._----... __ ............ -....•.•••...•••. 
00001 C 
00002 e 
00003 C 
00004 C 
00005 C 
00006 C 
00007 C 
ooooe C 
00009 C 
00010 C 
00011 C 
00012 t 
00013 C 
00014 C 
00015 C 
00016 C 
00017 C 
OOOlll C 
00019 C 
00020 t 
00021 C 
00022 C 
00023 C 
00024 C 
0002'5 C 
01)02& C 
00027 C 
00028 C 
00029 C 
00030 C 
00031 C 
OOO!? C 
OOOH C 
0003t! C 
00035 C 
0003t, C 
00037 C 
00038 C 
00039 C 
0001.10 C 
0001.11 C 
0001.12 C 
00043 C 
0001.11.1 C 
00045 C 
00046 C 
00007 C 
00048 C 
00049 C 
00050 C 
00051 C 
00052 C 
00053 C 

******************** AEGIS MAIN ROUTINE ************************ 

PROGRAM DESCRIPTION • 
THIS IS THE ~ONTE CARLO SIMULATION OF LONG-TERM GEOLOGIC 

FAR.FIELD PROCESSES ON THE STORAGE OF NUCLEAR WAITE I~ THE 
PASCO BASIN. 

AUTHORS • 
GREGG M. PETRIE BATTELLE PACIFIC NORTHWEIT LABS 
ALAN J. 8ALDWIN ~ATTELL! PACIFIC NORTHWEST LABS 

HOST COMPUTER. PDP 11/~5 

LOGICAL UNIT ASSIGNMENTS • 
LU"'I",P-I IINPIIT OATA FILES 
LUNHIS-Z IHISTORY DATA FILES 
LUNOUT-3 'OUTPUT FILES 
LUNSUH." 'SUMMARY FILE 
LUNYS _5 IVS &0 SCOPE (IF UIED) 
LU"'TTY.& IUSER TERHINAL 
LUNCLM.7 'CLIMATE FILE 

~EYICE ASSIGNMENTS. 
0111 ••••• ALL INPUT 
OIZI .> ••• HISTORY OUTPUT 
0121 ••••• M.C.8. nUTPUT 
013. » ••• SUMMARY FILe I~~ORMATtON 

T~E SENSE SWITCH MEANINGS AREI 
BENSE SWITCH 0 • OU~P OUT CLIMATE INFORMATION TO T!R~rNAL 
SENSE SWITCH 1 • OU~P LEVEL '_I HIITORY "ESIA;EI 
SE~SE SWITCH 2 • OU~P LEVEL '.' HISTORY "ESSAGES 
SENSE SWITCH 3 • DUMP RUN • COMPLETED, ETC. TO TERMINAL 
SENSE S~ITCH 4 • ~.LT HODEL AT THE END 0' A RUN, WRIT! DUMP 
SENSE SwITCH 5 • RESTART MODEL 'ROH WHERE IT WAS HALTED 
SENSE S_ITCH 6 • START HODEL wITH A RANDOM aEED 

(NOTEt SWITCHES a ."'0 5 ALLOW THE MODEL TO RESTART EVEN IF THE 
SYSTEM CRASHES BECAUSE THE MODEL CONSTANTLY IAYES THE 
PRESENT STATE AND THE PRESENT RANDOM ~U~8!R SEED.) 

PRESE"'T SU8HODELS • 
U~DETECTEO FEATURES (UNF£AT) 

• THIS SU~"ODEL ALLOWS FOR FEATURES SUCH AI FOLDS. FAULTS, 
DJKES, ETc. THAT MAY HAY! BEEN MISSED IN THE ORIGINAL 
S!.JRVEY. 

CLIMATE (CLIM) 
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00054 C 
00055 C 
00056 C 
00057 C 
00058 C 
00059 C 
00060 C 
00061 C 
00062 C 
00061 C 
00064 C 
000&5 C 
00066 C 
00067 C 
001)08 C 
00069 C 
00070 C 
00071 C 
00012 C 
00073 C 
00074 C 
00075· C 
OOOH C 
00071 C 
00078 C 
00019 C 
00080 C 
000~1 C 
000112 
00083 
1)0084 
0008'1 C 
00086 
000e7 C 
00088 
OOO~q C 
00090 
00091 
00092 
OOOH C 
00094 C 
00095 C 
00(l9b C 
00097 C 

10,14133 PAG! 00002 

• THIS SUBHQOE~ qEAO. THE eLI"ATE 'ILE, THEN ALLONS 'OR 
CERTAIN qANDO~ EVENT' TO A"ECT THE CLIMAT! ITATE. 

SEA LEVfL FLUCTUATIONS (8LEVEL) 
• THI~ SUB~ODEL 'INOS THE CURRINT alA LEVEL AND AaSOCIATED 

EFHCTS. 
MAGMATIC EVENTS (HAGMAT) 

• THIS aU8MOOEL CALCULATES THE PROBABILITY AHD E"ECTI 0' 
A MAGMATIC EVENT tN THE PASCO BAUN. 

DEFORMATION (DEFORM) 
- THIS SUAHOD!L ALLOWS 'OA CHANGES 

DUE TI) FOLD'''' OR '.lUl TINa. 
GL.lCIAl EVENTS (Gl.lCER) 

• THIS SUBHODEL UPDATES THI GLACIER POSITION AND ALLOW' 
FOR THE ~"ECTa 0' GLACIATION ON TH! G!OsyaT!~. 

GEOMOAPM IC EVEN TS (Gf.OMOA) 
- THIS SUGMqDEL ACCOUNTS 'OR CHANGE' IN THE PAlH LENGTH 

OF THE UNCONFINED GROUND WATER SYSTEM AHO EROIIO~(OR aEPO'ITION 
SU88ASALT 'AULTING (SUSFlT) 

- THIS SU8MOO!L .lCCOUNTS 'OR TH! E"lers 0' sua SAULT 
,AUL TING, 

METEORITE l~PACl ("ETRIT) 
- THIS 8U8HOOEL ACCOUNTS 'OR THE E"ECTS 0, A 

METEORITE I~PAC' IN THE PA,CO BASIN. 
HYDROLOGY (MYOROJ 

- THIS SUS~UOEL ACCOUNT. 'OR THI aTAT! 0' THE HYOROLOIIC 
SYSTEM. 

INTEGER r&o( 15) 
LOGICAL LOUMP,LMORE 
COMMON IMO~OMPI LDUM' , L"OR! 

COMMON IIJRANI lRAN,JAAN 

INCLUDE 'DI1.(22b,22bJCOHMON.FL~' 

OPEN.FILES.REAO-IN-OATA-INITALIZE-CHECK-FOA-REITART 
RUN-SIMULATION 
CLOSE-nLES 

.**.**.****.*******.******************** •• *** •••••• **.********* • 
....•....••.•.......•...••.•.....••••.•• 

00098 
00099 C 
00100 C • ontot • CALL READS 
00102 C 
00103 C • 
00104 ••• Ft .. 
00105 C 
OOIOb C 
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00101 

00108 
00109 
00110 
00111 
00112 
00113 
001111 
00115 
0011& 
00111 
0011~ 
00119 
(lOllO 
00121 
OOUl 
00123 
001211 
00125 
0012& 
00127 
00128 
00129 
00130 
OOUI 
00132 
00133 
OOUII 
00135 
0013& 
00137 
(lOI]S 
0013Q 
00140 
00141 
001'12 
00143 
001'l/1 
001115 
001 'J b 
001111 
001a8 
00111Q 
00150 
00151 
001132 

00153 
00151.1 
001135 
0015b 

C ******************.*********.*******.**********************--*-* 
....•••.•..•...••...•.••..••.•...•••..•• 

·C 
C 
C 

c 
C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 
C 

TO RUN-SIMULATION 
****RU~ SIMULATION******************-*--*-**-**-**-**-*******-** 

too • 
1 • 

• 

• 
• 

• 

• 

• 

00 CIRUN _ ISTRTN , NRUNS) 

• 

• 

~RITE (b,100)IRUN,ISTPTN,NRUN8 
FORMAT(II,IX,7('**********'"II,TZ5",TART 0' T!M! IT!' ',1" 
II,T10,'STA~T ',I4,TSO,'END',I4,II,lX,7('-*********'"II) 

WHEN (IRUN .GT. 0) IRUN1_IRUN 
ELSE tRUN1-l 
CALL OPINT(lRUN1) IOPEN OUTPUT FILES 
CALL UNFEAT IUNDETECT!O FEATURrl IUIMODEL 

HOHTE CARLO RUN I 
UNTIL (LEII/OC7) 

• 

• 

*****.********START OF A TIME STEP **.*****.**_**.*_******_* 
CALL ClIM ICLIMAT! 
CAll MIX(lGO) ISELECT IUBMODEL ORDERING 
DO ClSUa - 1,7) 

SELECT (IGO(I8Ue» 
(1) CALL 8LEVEL 
(2) CALL "AGlil" 
(]) CALL DEFORM 
(4) CALL GLlCE!! 
(5) CALL GEOMOR 
(b) CALL eUBl"lT 

• • (7) CALL MfTRIT 
• • •• FIN 
••• FIN 

IS!A LlYEL 
IMAGMATIC EVENTS 
IOEf'ORHATION 
,CONT. GLACt!R 
IGEOMORPHIC EVENT 
IIUa-8ASALT FAULTING 
'"tTEORITE !HP.CT 

CALL ~YDRO IHYDROLOGY IU8MOOEL 
CALL OUTALl(IRUN1) IOUTPUT TO H,C.S, SCALAR FILE ANO CHECK' 'WITCH' 
*******************!~O OF A TIM! ITEP •••• *************_****** . 

••• 'IN 
• CALL ClOUT(IRUN1) IWRITES TO SUMMARY ~ILE,CL08[S FILES AND REMIND' eLIH 

• ••• FIIij 
••• FIN 

************************.***************** ••• **********-******** 

........ -......••. ~ ... -.--.-.--.--.-.... 
c 
C 

TO CLOSE-FILES 
****CLOSE FILES-._ •• ****.*********._*.**_**********_***.******** 

CAll CLOSIT ICLOSE THE lAST OF THE fILES 
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00157 C 

10114833 PAGE 00004 

J.E. THE SUMMARY AND 
CI.It04.n: FIlU 00158 C 

00159 C 
00160 
00161 C 
OOtbi! C 
001&3 C 
001&iI 

• ••• FIN 

.***.*************.**.**.******* ••• *************************.*** 
END 

•••••••••••••••••••••••••••••••••••••••• 

PROCEOURE CROSS-REFERENCE TA9LE 

00098 OPEN.'IL£S.R£AO.IN.OAT •• INITA~I%!.CH!CK.'OR.R!ST.RT 
00090 

00153 CLOSE·FILES 
OOO~Z 

00108 RUN.SIMULATION 
00091 
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..•.....••............••........•..•.••. 
00105 C 
001b& C 
OOtH C 
001&8 C 
001 &9 C 
00170 C 
00111 C 
00172 C 
00173 C 
00174 C 
0017'; C 
OOlh C 
00117 C 
OOtH C 
00179 C 
00180 C 
001'!1 C 
00182 C 
00183 C 
001ell C 
00185 C 
0018& C 
001e7 r. 
00188 C 
00189 C 
00190 C 
OOUt c 
GOUZ C 
00193 C 

• *.********************** aueTINE.I'LX **.*********************** 
ROOT NA~E.SU8TINE.FLX 

THIS SU8~OUT1HE PAC~AGE HOLDS T~E FOLLOWING SUBROUTINES, 

SHAFT 
LTEST 
LTUTIil 
GLSEAR 
GETI'Ll) 
SETF!. r 
POLY 
'I'4G!HN 
PRoe 
RANDOM 
INUMI3R 
RNUM8R 
~jOTE 

CHANGX 
POISON 
HISTXX 

ROUTINE TO SHAFT THE SEAL 
LOGICAL FUNCTION FOR 81~O"IAL TIST WITH TtHE 
LOGICAL FUNCTION jl'OR IUNO.UAl. TEST 
ROUTINE TO 00 SOMETHING 
ROUTINE TO GET FOLD CHARACTERISTICS 
ROUTINE TO SET UP A 'AULT IN THE SUBBASALT BASEMENT 
~OU'IN! TO EVALUATE A POLYNOM!AL 
FUNCTION TO FINO SMALLEST ANGLE IN THE LINEAMENT 
FUNCTInN TO CHECK PROBABILITY CURVE 
FUNCTION TO GIVE A RANOOH NUMBER 
ROUTINE TO COMPARE THE VALUES OF AN INTEGER NUMBER 
ROUTINE TO TYPE l ~EAL NUMBER 
ROUTINE TO TYPE A NOTE 
ROfl'lNE TO CHANG! A LAYER 
ROUTINE FOR POlS!ON DISTRIBUTION 
ROUTINf FOR HISTORY MESSAGES 

**************************. SHAFT.FLX *************.**********.* 

ACCOUNT8 FOR CH.Nr.es IN THE HYORAULOQIC CONDUCTIVITY IN THE SHAjI'T 
SEAL IN THF. FOLLOWING wAYa 
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00194 C 
00195 
0019& C 
00t97 
OOlq~ C 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
0020b 
00207 C 
OOlOS C 
00209 C 
00210 C 
00211 
00212 

SU8ROUTI~f SH4FT(ACeElT,TIMEIN) 

INCLUOE 'OIl (22&,2lblCOMHON,FLX' 

CALL NDTE(12,"ENTER SHA'T" 
IF (ACCElT .GE. AClCAT) 

PSHAFTaPOLY(5,TIMEIN) 
IF(L TESTepSHAFT) , 

CSHAFTeC8HAFT+PROB(27) 'DRAW FOR CHANGE I" HYDRAULIC CONDUCTIYITY 
• • CALL RNUHBR(12,'SITE SHAFTED',CSHAFT) 
• , •• FIlli 
••• FIN 

THIS 9URROUTtlllE MAV WELL CHANGE WHEN THE rXACT NATURE OF THI 
REPOSITORV IS WELL DEF1NEO 

~ETURN 
[NO 
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.-_ ..........•........•...........•..••. 
(10213 C 
00114 C 
00215 C 
0021& C 
00211 C 
00218 C 
OU1'f 
00220 C 
OUiH 
00222 C 
00223 
00224 C 
00225 
0022& 
00227 
00228 
0022Q 
00130 C 
00231 
00232 
00233 C 
OOl34 
00235 

*** ••• *.*************** LTEST ********************************** 
PROGRAM OESCRIPTION 

6INOHIAL TEST WHERE PROBABILITV IS INFLUENCED BY TIME 

LOGICAL FUNCTION LTEST(PROeIN) 

INCLUDE 'DI'[22&,Z2&JCO~MON.'LX' 

COMMON IIJRANI IRAN,JRAN 

WHEN(DTIM!.EQ.100.0) PROBePR08IN 
ElSE 

NT·OTIME/l00.0+0.5 
• PRoe.l.0-(1.0-PQ08IN)**NT 
••• FIN 

WHEN(AANOOM(IRAN,JAAN).LE.PROB)LTESTa.TRUE. 
ELSE LrEBr •• FALSE. 

RETURN 
ENO 

(FlECS VERSION 22.40) 

0023& 
00237 
00238 
002H 

...............•..............•......... 
c 
C 
C 
C 

****************.*.******. LTESTW .*********.******************* 
PROGRAM OESCRIPTION 

8INOMUl TEST 
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00240 
00241 
002112 
00143 
002 4 4 
002u5 
00246 
00141 
002116 
00249 

e 
C 

e 
C 

LOGICAL 'UNCTION LTEITW(PR08) 

,wHENCRANOOMC!PAN,JRANl.LE. PROB)LTEBTK.,TRUl. 
ELSE LTE8TW_.FAL8E. 
RETURN 
END 
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.... _-....••.•••. -... -.•......•...••••.• 
00250 C 
00251 C 
00252 e 
00253 C 
001511 C 
OOlSS C 
00256 
OOZ51 
0025[1 C 
00259 e 
002bO C 
002U 
00262 
002U 
00264 
00265 

************************** GLSEAR ****************************** 
PROGRAM DE8CRJPT!ON I 
TO FIND THE RATIO BETWEEN THE CALCULATED IC! VOLUMl AT ITS 'URTHlST 
EXTENT, AND THE 'CORRECT' VALUE 

SUBROUTINE GLSEAR(SOURCE,RATIO) 
PAO-AaS(80URcr-41.5) 
DISTANCE BETWEEN THE CURRENT SOURCE AR!A AND 
THE HAXI~UM EXTENT OF THE GLACIER (HERE A PRELIMINARY VALUE 0' 
41.5 OEGREES LATITUDE IS U8EO) 
8TEPZ·RAO*RAO*8QRT(RAD) 
RATIO-31.88/STE P2 IRATIO BETWEEN CALCULATED AND 'RIAL' VALUI 
CALL ~NUHB~(t4,"SEA·ICE ~ATIO',RATIO) 
RETU~N 
ENO 

(FLEeS VERSION 22.46) 

00266 
00267 
00268 
0026Q 
00210 
00211 
00212 
00273 
002711 
00275 
00276 
00271 
00218 
00279 
00280 
00281 
00282 
00283 
00284 
00185 

.-_ .•..........•...•......••••..•••.•••• 
C 
e 
C 
C 
C 

C 

C 
C 
C 

C 

e 
C 
C 
e 
c 

**_****_****************** GETFLO ****************************** 
P~OGRAM DESCRIPTION I 
DEFINE T~E CHARACTERISTICS OF A NEW FOLD 

SUBROUTINE GETFLD 

INCLUDE 'UII [226,Z2&JCOMMON.FLX' 

REAL FANGLE(4) IREMOVE THIS LATER 
* 12 
00(1-1,4) 

******************* DENSITY CURVE ******************* 
• FANGLE(I).90.0-PQ08(92+I),CURVl8 93 • 96 

***************************************************** 
ANGLE 1 • NORTHEQN ANGLE 
ANGEL 2. ~4STERN ANGLE 
ANGLE l. snUTHfPN ANGLE 
ANGLE 4_ WESTERN ANGLE 
CALL RNUI'4AH(t2, 'UNGLE VALUE' ,FANGL£U» 
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002R6 
00287 
OOZM 
00289 
002eJO 
00291 
002Q2 
00293 
00294 
002Q! 
0029& 
002'H 
0029£1 
00299 
00300 
00301 
00302 
00303 
on04 

c 

c 

• ~ANGlE(I).FANGlE(I)/'7.2q58 
••• FIN 
POShO.O 

*****.*-****.* •• **. DENSITY CURYE •••• ****.*.** •• ***. 
AXISlNaMTRENO+PR08(91)ITREND AWAY FROM TMI LOCAL 'AULTINI SYSTEM 
DISTFD.PR08(98).FOLOMXIRADIAL DISTANCI 
FOLDAN.PROB(9Q) IANGLE ~ROM NORT~ 

.****** •• *****.***-***--***** •• **-**-****** •• *******. 
IF(AXISA~.GE.180)AXt8AN.1RO.O.AXISAN II.!. A LINEAMENT,NOT A YECTOR 
AVAXIS.90.0.lNGBTN(AXIS4N,FOLDAN) 
CALL RNU~BR(15,'AN BT" YEC-AXIS',AYAXIS) 
lVAXISaAVAX1S/51.ZQ58 
COSANz.cnS(AVAXIS) 
SINANatIN(AVAX!!) 
CALL RNU~8R(15,I~OLD AXIS TRENO',AXISAH) 
CALL ~NUM8R(15,'RAOIAL OISTAHCE',DIITFO, 
CALL RNUMBR(19, 'FIILO POSITION ANGLE' ,'aLDAN) 
RETURN 
ENO 
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••...•..•.. -•.........•......•••••..•••• 
0030e; C 
00]0& C 
00307 C 
00108 C 
00309 C 
00310 
00311 C 
00312 C 
00313 C 
00314 
00315 C 
OOlll! C 
00317 
0031S 
0031Q C 
00320 
00121 
00322 
00H3 C 
00324 
00325 
00326 
00327 
00328 C 
0032'1 C 
OOHO C 
00331 C 
00332 
00331 
003H 
0033'5 
00336 

PROGRAM DESCRJPTION I 
ROUTIN~ TO SET UP A ~AULT IN THI SUa8ASALT 8AIE"!NT 

9U~ROUTINE SETFLT 

REAL RADIST(l,\),OElX(l,t) IREMOVE THIS LATER 

INClUOE 'OII[22~,22oJCOMMO~.FLX' 

• 11 
CALL NOT! C17,'SUR9ASEMENT 'AULT') 
LF"Asea. TRlI!:, IFAlll T IN SUB-US!IiIENT 
•••••••••• DENSITY CUPVE •••••••••• 
~DtsTaPR08(lOO)*FI1UOIORUFOR THE rUDIAL OISTANC! 
F.HGaPROe(lOl) IDRAW FOR 'AULT ANGLE 
TSUBFTaPRnB(10Z) 'ORA~ FOR T~E TI~E OF THE ~!XT FAULT 
•••••••••• • ••••••••• CALL RNUMHR(14,'ANGL! 0' ,AULT','ANG) 
CALL RNU~~R(17,'DISTAN~E TO FAULT',FOIST) 
CALL ~NU~eR(17,'NEXT '.UlT ACTIYE',TSUeFT) 
~OFTDT.S~RT«OEP8AS/1000.0)**2+FOIST.*2) IGET RADIAL DISTANCE 

FINO THE ANGLE OF THE FAULT POSITION VECTOR RELATIV! 
TO THE CROSS SECTION 
F AND Ca~NG8T~(FANG,ANCROS) 
ANGlEaFANOC/S1.2QSB 
CALL RNU~~R(19,'F~ULT AND CROSS AN.',FANOC) 
XF.FDIST_C03(&Hr.LE) 
YF.FOlST*SIN(ANGLE) 
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00337 C 
oons c 
0033Q 
001110 
00341 
00342 
00311) C 
00344 
003115 
00311& 
00347 
00)4~ 

003IJQ 
00350 
00351 
00.552 
00353 C 
00354 C 
00355 C 
0035& 
00357 
003'58 
0035Q 
003&0 
003td 
003b2 
00l~3 
003&11 
003&5 
OOlb& 
003&7 C 
00lh8 C 
003&Q C 
00370 C 
00371 
00312 
OOH! 
Ol/HI! C 
00315 
0037& C 
00377 C 
00118 C 
0037'J C 
00380 
003~l 
00H2 
00163 
003S4 
00385 
0038& 
00387 
OOldA 
003M 

FINO THE Z COO~OINATE FOR TH[ LAYER ON THE 80TTOM 
DOCISYST"'·l,3) 
• RADIST(NLAYER,ISYSTM)aDBA8E+OELX(HLAYIR,IIYITM)/2.0 
••• FI"l 
N80T0"4.NLAYE~-1 

FI~D THE Z COORDINATE FOR EACH LAYE~ OF EACH SUBSYSTEM 
DOUSYSTHat,3) 
• OO(LAYER.NijOTO~,1,-1) 

CAI.L INIJM8R(1, '-LAYER.',LAVER) 
CALI. INUMBR(8,"SVST!M.',rSYSTM) 
EXTRAaOEI.X(!.AYER+l,I8Y8TM)/2.0+D!LXCLAYER,lSYSTM)/2.0 
R.DIST(L.y!~,ISYSTM)aAADIST(I.AY!R+l,ISYIT~)+EXTRA 

• CALI. RHUM8R(ll,"Z DIITANCE',RADIITCLAYER,IIYITM») 
• ... FIIII 
••• FIN 

FIND THE OI8TANCE FOR EACH LAY!A(IN EACH 8UaIVST£M) AND 
THE FAULT 
VVaVF*VF 
OO(LAYER.l,NL~YER) 

• 

OO(UVSTH.l,3) 
CALL INUM8H(7,"LAVER.',LAV[R) 
CALL INUM6R(e,"SYSTEMa',18VITH, 

• ZZ.(RADIST(LAYER,ISVSTM)/IOOO.O,.*Z I IN KM 
XX.(REPDST(LAVER,I8YSTH,-XF).*l 
RADIST(LAYER,lSYSTM'.'QRT(ZZ+X~+YY) 

• • CALL RNUMBR(15,'.TOTAI. OIITANCEf,RADIST(LAVIR,lSY8TM»' KM 
• ••• FIN 
... FIN 

FIND THE ANGLE 8[T~EEN THE CROSI '!CTIO~ AND THE ,.ULT LIN! 
ANGLEa~o.o. F _NO C 
CALL RNUH6RC19,',AULT I.INE AND '[CT',ANGLE) 
ANGLEaANGI.E/51.l958 
"""""DENSITy CURVE'"""", 
ANFACTaPOLY(15,ANGLE)+PA08(tO)!FIND TM! CORRECTION 'OR THE ANGL! .......... . ........ , 
FINO THE OISTANCE FROH THE SURFACE TO EACH COMPONENT 
DO(ISYST M8 l,3) QEPTHZ(l,ISYST~).OELX(l,ISYSTM)/Z.O 
OO(LAYE~.2,NLAYER) 
• DOC ISYSTM., ,3) _ 
• OEPTHlCLAYER,I8YSTM).OEPTHZ(LAYER-l,ISVST",+DELX(LAVER-"IIYSTH) 

+. 12.0 + OELX(LAYEA,ISYITM)/2.0 
• CALL RNU~9R(5,IPEPTHZ',D!PTHZCLAY!R,I'YSTH» 

• ••• Fl~ 
... FIN 
RETURN 
END 

(FLEeS VERSION 22.40) 
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OOHO 
00391 
00392 
OOH3 
00394 
00]95 
00H6 
OOH7 
00398 
00399 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00401 
001108 
00409 
004tO 
00411 
00412 
00413 
0041'1 
00415 
00416 
001111 
00418 
0011 t9 
00420 
00421 
00422 
00423 
00424 
0042'S 
00426 
00421 
OUl8 
00429 
001130 
00431 
00432 
004.33 
001134 
01)430; 
00436 
00431 
OOIUB 
004]9 
00440 
00l1li1 
00442 
00411] 

.............•....•.......•..•..••..••.. 
c 
c 
c 
c 
c 
C 
C 
C 

C 

C 

c 
c 

.* •• ********************* POLY *t**** •••• ******* •••••••• * ••• * ••• 

PROGRAM Of SCRIPTION , 
EVALUATE A POLYNOMIAL 

FUNCTIO~ POLY(IO,XIN) 

INCLUDE 'DII [i!26,226JCOMMON.'LX' 

LUNTTY a #) I LOGICAL UNIT 0' USIR TERMINAL 
xaXIN 
NaIOROER(ID) ,SET T~! ORDER OF THE POLY. 
CALL INU~AR(~,"POLY IN.',ID) 
CALL RNUM8R(#),"X IN.',XIN) 

SfLECT(LOGTRX(ID» 
(I) 

IF (X ,LE. 0,0) WR1TE (LUNTTY,lOO) 'X',X,ID 
100, , FOR"AT(/,' &,,&,&&& ERROR IN ',AI,;20,.,1 &&1&&&&&&&& POLY. ',14, 

, XaLOG(ASSeXIN» 

• 

.,.FIN 
(2) 

• IF ex .LE. O.~) WRITE(LUNTTY,100' 'X.,l,I~ 
• XwLoGl0CAeICXIN» 
, •• FIN 
(]) X.ElIP(l(lN) 

• (4) Xal0,0**XlN 
••• FIN 

PaO.O 
NP1.N+! 
~M!N(LOGTR)«IO).EQ.5) 

P.COEF~ (t tID) 
• OOCI W2,N,2)P.P+COE'FCI,IO'*EXP(COfFF(I+1,IOl.X) 
••• FIN 
ELSE 

OO(J 8 1,NP1) 
IaN-J+ 1 

• P.P*X+COEF'(I+l.IO) 
• ••• 'IN 
••• FIN 
HORNE RaP 
SELECTCLOGTRY[IO)) 

(1) 
IF (P .LE. 0.0) ~RIT! CLUNTTY,100) 'Y',P,IO 

• HO~NERaLOGCA8S(P]) 
••• FIN 
(;!) 

IF CP .LE. 0.0) WRITE (LUNTTY,100) 'Y',P,ID 
• HORNERWLOG10(AAS(P,) 
.,.FIN 
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004114 
00445 
00446 
00l.1li7 
000/18 
0044~ 
001150 
00451 
004S2 
001153 

C 
C 
C 

(])HORNERaEXP(p) 
• (II)HORNERal0.0**P 
••• FIN 
CALL HNU~8RC7,'.Y OUT.',HO~NER) 
POLYaHORNER 

RETURN 
END 
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.............•...•..............•.•••••. 
004S4 C 
001155 C 
00456 C 
001157 C 
0045~ C 
00459 C 
004M 
00461 C 
00462 C 
00463 C 
00064 C 
00065 C 
00466 
0041,7 
001l1)!! 
OOIl6~ 

00470 
004'71 
00412 
00473 
004711 
00475 
00476 
00077 
00078 
001179 
001180 

********************** AN08TN **********************.** •• ***.**. 
PROGRAM O!SCRIPTION , 
FINO T~E SHALLEST ANGLE BETWEEN THE CRoas SECTION AND A 
LIN~AMENT 

FUNCTION ANGBTN(ANGLNA,ANCROS) 
FINO TH! SMALLEST ANGLE BETWEEN THE CRO •• SECTION AND THE 
lINEAMENT 
ANGLNAJ ANGLE (FROM NORTH) OF THE LINEAMENT 
ANCROS ANGLE(FROM NORTH) OF THE MaDEL CRO •• SECTION 

CALL RNUMAR(16,'8lINEAHENT ANGLEi,ANOLNA) 
ANGLE·ANGLNA.,NCR08 
IF(ANGlE.lT.O.O) ANGLE.lbO.O+ANGLE 
ANGIH.ANGLE 
Ir(ANGLE.GT.90.0.ANO. ANGL[ .Ll.lao.O) ANGBT.1IO.O-ANILE 
IF(ANGLE.GE.180.0.A NO.ANGLE .LE. 270.) AN9ST8ANGLE-SeO,O 
I~(ANGLE.GT.2TO,O) ANQBT a 3bO.O-ANGLE 
CALL ~NUMBR(11,"ANGLE OUT.',ANG!T) 
IF(ANGBT,GT.QO.O ,OR. ANGBT .LE. 0.0 ) 

CALL NOTE (tl,'ANGLE [RRDRt> 
• ANGBT.Q5.0 
••• FIN 
ANG~TN.ANGBT 
RETURN 
END 
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00111\1 
00462 
00481 
004'-'4 
001185 
00486 
001187 
OOOel' 
001l8Q 

.........................••.....•....... 
c 
C 
C 
C 
C 

C 

C 

• ***-.*** •• ***.******** •• *. PROS ** •• *.** ••• ***** ••••••• * •••• *.* 
PROGRAM DESC~IPTIDN I 
SAMPLE FROM DENSITY CURVES 

FUNCTION PROe (10) 

COMMON ItJRANI IRAN , JRlN 

D.12 



0044/l 
00491 
00492 
00491 
001194 
00495 
0049~ 
00447 
00498 
00499 
00500 
00501 
OOSU 
OOSO] 
0050 'I 
00505 
0050& 
00"507 
OOS08 
00509 
001510 
00511 
00512 
00513 
00514 
00515 
00516 
00517 
00518 
00519 
00520 
00521 
00522 
00523 
00524 
00525 
0052& 
00521 
0052S 
00529 
005]0 
00531 
00532 
00531 
OQ53Q 
00S35 
00536 
00531 
00'538 
005H 
00540 
00541 
00542 
00543 
00544 
00545 

c 
c 
c 

c 

c 

C 

c 

604 

10114.11 PAGE 0001t 

INCLUDE '011 r22~,226JCOMMON.'LX' 

CALL lNU~8R(15,'.OENSITY CURYE.',IO, 

WHEN(IO.LT.l.0R.IO.GT.NorN) 
• TYPE b04 ,IOIWRITE OUT ERROR MESSAsr RIGHT Now,r 

FO~~ATCI9, 'ERROR IN DENSITY 'UNCTION') 
• PROS80.0 lDUMMY YALUE BACK 
••• FIN 
ELSE 
• PRoax81,E20 ITO MARK' P08SIBLE ERRQR CONDITION 

TESTS.~'NOOMCIRAN,JR'N) 
WHlN(IOPTO~(10).LT.0.AND. DTIMI.8T.100.0' 

SO.OTIMEItOo.O 
, SO.{XHIGHCIO).XLOWCIO»/IOlN!N RANG! 

AYE8(XHIGH(IO)+_LOW(ID»/2.0 
XLOWS8AYE-SO/2.0 

• XHIGHS.'YE+SO/2.0 
... FIN 
EI.SE 

,(LO~S8XI.O\ll(II)' 
, • XHIGHS.XHIGH(ID) 
• ••• FIN 

SEI.ECT(ABS(IOPTONCIO») 
(ll 

• 

• 

• 
• 

UNIFORH 
• PR08~.T!STS*(X~IGHS·.LOW').XLOW' 
... FIN 
(2) 

NOR"'I. 
T[ST2.~A~OOM(IR'N,JRAN) 
CALL ~~UMBR(11,I*ZNO RANOOHI,T!ST!) 
SO.SQRTC-Z.O*LOGCT!8TS,)*COS(6.28118S1*T!ST2) 
4YE8CXHIGMStXLOWS)/2.0 
S008(XHIG~S-XLOW8)/6.0 
PRoeX.AY!+8DO*SO 
IF(PR08X.LT.XLOWS) PR08X.XLOWS 

• IF(PRO~X.RT.XHIGHS) 'RoaX8XHIGHS 
... FIN 
(3) 

EMPIRICAL 
OXs(XHIGH8-XI.OWS)/20,0 
PROEluXHIGH! 

• • OOCI8Q,19) 
• IFCTEBTS,GE,CURY!(lD,I).AND,Tt,TI.LT.CURVI(ID,rtlJ , 

WHEN CABS (CII~YE (10, l)-eURYE (to, Ht" ,1lT, 0, 00000 
R4TIOS.CTE8T8.CURVE(ID,I)'/(CURVI(ID,I.I'.C~RVICID,I" 

• PR08X8RATI08*OXtOX*'LOATCI)+X~OW8 . 
•• ,FIN 

• ELSE PRoexsOX*'LOAT(I)+DX/2.0+ XLOW8 
• • • • •• F Pl 
• , ... F IN 

.. ,FIN 
( Q ) 

R4DIUS OF • POSITION VECTOR OF UNIT L!N;TH 
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0054b 
005117 
0051.111 
0054Q 
0050;0 
00551 
00552 
00553 
0055'1 
00555 
00556 
00557 
00558 
00559 
005&0 
005bl 
00562 
005"3 
00561.1 
00565 
005&b 
00567 

005&8 
005b9 
00570 
00571 
00572 
00573 
00514 
0057'5 
OOSh 
00577 

00578 
00579 
005~O 
00581 
00582 
005~3 
005114 
0051J5 
00511b 
00587 
005M 
0051'9 
00590 
OOscH 

C 
C 

C 
C 

100 

• PROB~.8QRT(TE8TS) 

••• FIIli 
(5) 

E)(PO~IENTIAL 
LANO. IS BORTED IN XLOW 

• PR08X··LOG(TE8T8)/XLOMCIO) 
• • •• FIN 
••• FIN 

IFCPROBX.EQ.l.OE20) 
TYPE 100, ID,PRoax,Dx,TEITI IWRITE DUT ERROR MIISAG! RIGHT NOW 
FO~~AT (I DRAW ERROR. I,I.,iX,lG20.4) 

, PRU8X.(XLOW(ID)+XHIGH(ID»)/2.0 
• ••• FIN 
• WHENCLOGTR(IO).EQ.O)PROS.PROBXINO TRANSFORM 
• ELSE P~09.10.0**PR08X 
... FIN 
CALL RNUMijRCll,'MVALUE OUT.',PROS) 
CALL RNUM~RCI5,I.RANOOM NUMBER.',TISTS) 
RETURN 
END 

(FLECS VERSION 22.46) 

......................•.........•••.•.•• 
C 
C 
C 
C 
C 
C 

********-***************** RANDOM ****************************** 
PROGRAM DESCRIPTION I 

THIS FUNCTION GIV!S A RANDOM NUM8ER. LATIR, WI MAY WANT TO 
CHANGE TO A DIFFERfNT PSEUDO.RANOOM NUMBER GENERATOR. 

FUNCTION RANDOMCIRAN,JRAN) 
RANDOM.RAN(IR'N,JRAN) 
RETURN 
END 

(FLECS VERSION 22.46) 

........•.....••........•.......•....... 
C 
C 
C 
C 
C 

C 

C 

C 

C 

******** •• ***************_* rNUMBR *_A*.**A**A*** ___ *.**A***_ •• * 
PRO~RAM OESCRIPTIO~ I 
FORMATS • HleTO~Y HE8SAGE 

SU8ROUTI~E JNUMBR(NUM,T!XT1,IVALUE) 

SYTE TElCTlOJUI1) 

LOGICAL L"ORE,LDUMP 
COMMON IHOROMPI LHORE,LDUHP 

[). '4 
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00'92 
00591 
00'5q4 
00'590; 
OO'5q~ 

00597 
00598 

C 
IF(.NOT.LMORE.ANO. TEXT1Cll.!Q."') ~[TURN 
IF(.~OT.LOUMP.ANO. TEXT1(1).EQ."') RETURN 
VAI.UE-IVALUE 
CALL RNUM8R(NUM,TEXT1,VAI.UI) 
IInURN 
ENI) 

(FLECS VERSION 22.4~) 

.--.......•..•.•......••......•.•••.•.•• 
00599 C 
OO~OO e 
0060 t C 
00602 C 
00603 C 
0060 I~ 
00605 C 
00&06 
00607 
00608 C 
00&09 
00610 
00&11 
00612 C 
00613 
OO&1I~ C 
00615 C 
00616 
00611 
00018 C 
00~19 C 
00620 
00621 
00&22 
00U3 
00b24 
00b2e; c 
00b26 C 
00621 C 
00,,2e 
0062Q 

.*** •••••• ** •• *.**********_ RNUMSR •• ****** •• **.* •••• _********** 
PROGHAM OESCRIPTION 1 
FORMATS .. ~ESSAGE, AND A CORRESPOND INa VALUI, TO THE HISTORY '11.£ 

SU8ROUTINE RNUMSR(NUM,TEXT1,VALU!) 

LOGICAL LMORE,LOUHP 
COMMON I~OROHPI LMORE,LOUMP 

8YTE TEXT1(NU~),NOr~8(20] 
OIMENSION RNOTES(" 
EQUIVALENCE (R~OTES(1),NOTE8Cl]' 

INCLUOE 'OIl [226,226JCOMMON.'LX' 

IF(.NOT.LHORE.ANO. TEXT1Cl,.EQ.'.,) RETURN 
IF(.NOT.LOUMP •• ",O. TUTt(t).EQ.'*t) R!TURN 

NOrES(1) - I I 
00 (1-1,20) 

WHEN (I.LE. NUM] NOTESel). T[XTSC!) 
• ELSE NOTES(I) • , , 
••• fI'l'I 
CALL rlISTXX(RNOTES,rIM!H,VALUE) 

RETURN 
ElliO 
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00630 
00631 
00"32 
001,33 
006311 
00615 
0063b 
00b37 

•........ -.. --.... _-... _ .....••••..•.... 
c 
c 
C 
C 
C 

C 

*********.**** •• ********_* NOTE ************_***.*************** 
PROGRAM DESCRIPTION , 
FOR~_TS 4 HESSAGE FOR THE HISTORY FIL! 

Sl/SRQUTtN[ NOTE(NUI~, TEHU 

LOGICAL LMORE,LDUHP 

lJ.15 
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00636 
00639 
006110 
OO~lIl 
00(»42 
00643 
006111~ 

006115 
006116 
006111 
006118 
00b09 
00050 
00651 
001,152 
OObS} 
00b54 
00b55 
0065b 
00b57 
00658 
00bS9 
00660 
00661 

C 

C 

c 
C 

C 
C 
C 

C 
C 
C 

COMMON I~OROMPI L~O~E , LDUMP 

r~CLuoE 'OIl [22b,Z26JCOMMON.FLX' 

BYTE TEXTl(NU~),NOTES(20) 
DIMENSION RNOTES(S) 
EQUIV~LENCE (R~OTES(l)JNOT!S(l» 

IF(.NOT.LHORE.AND. TEXT1(1).!Q."t, RETURN 
IFC.NOT.LOUMP.ANO. TEXT1(1).EQ."I) RETURN 
Donal,20) 

WHEN(t.LE.NUM)NOT!8(I)aTEXT1(I) 
• ELSE NOTESCI)a' , 
••• FIN 

ADO NEW NOTE TO LIST 
CALL HISTXX(RNOTES,TIMEH,TIMEH) 

RETURN 
END 
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.-.....•....••.....••..••••••.•.•.•••..• 
006&2 C 
00bb3 C 
006bll C 
006be; c 
00b"6 C 
00661 
00bb8 C 
00669 C 
00b10 
OOb71 C 
00672 
00611 
00614 
00b15 
00b76 
OOb71 
00618 
00b79 
00680 C 
001,81 
00 .... "2 
00683 
006~4 
00b~5 
00686 C 
00687 C 
00b88 

************************** CHlNUX ••••• * •• *** •••••• *****.*.***** 
PROGRAM DESCRIPTION 1 
UPOATES THE PASCO 8ASIN FOR EROSION(OR DEPOSITION) 0' THE RIYER 
CHANNEL 
SU8ROUTINE CHANGXCDI"IN) 

INCLUDE 'Dllt126,226lCOM"O~.FLX' 

DIFFaOIFFIN 
CALL qNUM~RC7,I.CHANGfl,DIFFIN) 
CALL qNU~8R(12"'START RfPO."RDfPT~) 
~D!PTHaRDEPTH+OIFF IO[PTH TO T~E REPOSITORY 
SELEvaSELEV+DIFF lSITE !LfVlTIO~ 
HEAO~SaHE~D8S+DIFF lHfAO VALUE IN THI BAlIN 
ESENTeESENT+DIFF ISENTINEL GAP ELEVATIO~ 
E~ALLaE.ALL+DIFF IVILLUIA GAP ELEVATION 

DO(LAYER.ITOP,NLAYER) 
DO (ISYSTl4a' ,l) 
• DEPTHZCLAYER,ISYIT")aO!PTHZ(LAY!R,IIY8TH)+DI~' 

• • •• FIN 
••• FIN 

IF(RDEPTH.LE. o.n .AND. ,NOT. L8RECH) 
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ooon 
00&90 
00691 
00&92 
OOfttn 
00&94 C 
00&95 C 
00&9& 
00&91 C 
00698 C 
00&99 
00701) 
00701 
onu 
00103 
00704 
00705 
0070& 
00707 
0070@! C 
00709 
00710 
00711 
00712 
00113 
00714 
00710; 
0071& 
00717 C 
00118 
00719 
00120 
00721 
00722 
00723 
0072'~ 
00125 C 
0072& 
00727 

10114133 PAGE 0001! 

CALL ~OT!(11,'!ROSION TO REPOS.') 
• KEUZ 

LB~EC"'·,TRUE. 
, 8T!MEaTIH!1oI 
."FI~ 

WHEN(Dl', .GT. 0.0) 
FIRST CHECK ~OR SEDIMENTATION 

• IF(11YPE(ITOP),NE.l .ANO. ITOP,GT.t, 
nOP.ITOP-! 

• • CALL INUH8R(9,'NEN LAYER',ITOP) 
D!LX(ITOP,Z).O,O • 

• nVPECITOP)·l 
".'IN 

, DELXCITOP,2)·OELX(ITOP,Z,+OI'" 
... FI~ 
EI.SE 

NOW CHECK FOR EROSION 
NHILE(A8S(Ol"'.GT.DELX(ITOP,2).AND,AS8(01"),GT.l!-tt) 

CALL INUM9R(10,'LAYER gONEI,ITO') 
• • CALL RHUM8R(ll,'LAST EROSION.',OI", 

DIF'.OIFF+OELX(ITOP,2) ,NOTE 01" c 0,0 
ITOP. ITOP+! 
IF (ITOP,GT.NLAYER) 

CALL NOTE(,,'NO M.C.S.') 
• ITOP.NLAYER ,RUN "~UI.O NORMALLY STOP HERI BUT 
• KE!P GOING TO SAVE OUTPUT 'ILE 

• , 0ILX(ITOP,2).1000000.0 
• • •• 'IN 
... 'IN 

• IF(ABS(DI",.LE.l.0E-ll)O%F'.O.Q ,CONSIDER THI8 ROUND 0" 
DELX(ITOP,2).O!LX(ITOP,2)+OlFF 

• CALL RNUMA~(15,'.ENO REP081TROY',AOEPTH) 
••• FIN 

RF.TURN 
END 
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00728 
00729 
001]0 
00731 
00732 
00n3 
00134 
00135 
0073& 
00737 
007]8 
00739 

......•••.• -..•.................•.•..... 
c 
c 
c 
c 

C 

**************************** POISON **************************** 
PROGRAM DEICRIPTION I GENERATES POISSOH RANDOM DEY lATE 

FUNCTION POIIONeAVE) 
INCLUOE IOI1.tZZb,Z2&lCO~MON.'L~' 
COMMON 11J~ANI IRAN,JRAN 

CALL RNUM8R(16,'.AVE POISSON INt',AVE) 
W~EN(DTIME.EQ,lOO.O)AVER.AVE 
ELSE 

AVER.AVE*(DTIHF./100.O) 
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00740 
00741 
00742 
00143 
007411 
00745 
007116 
007117 
00711~ 
00749 
00750 
00751 
00752 
00753 
00754 
00755 
0075~ 
00757 
00758 
00759 
OOhO 
OOht 
OOhl 
007&3 
007b4 

(101t>5 
007&6 
001&1 
00701' 
00169 
00770 
00711 
00712 
007H 
00774 
00775 
00716 
00117 
00778 
00779 
007~O 

0071.11 
00762 
00783 
007811 
00785 
00786 
00767 
007~8 
00181:1 

C 
C 

C 

C 

C 

• CALL RNUMBA(16,'*AV[ POIsaON tN2',AV!R) 
••• FIN 

WHEN(AVER.GT.50) 
USE A NORMAL APPORX. 

• SO. S~RT(.2.0 * LOGCRANDO~(IRAN,JRAN)') 
1. *C08Cb.2831851*RANOOMCIRAN,JRAN), 

• SO-SIiIRT C-Z. hLOG(UNOOH (IRAN, JRAN) , )*COU'.2UlIn*UNDoMC tRAN,JRAN» 
• N_AVER+SD*SQRT(AV!R)+O.S 
••• "IN 
ELSE 

EAVE-EXFtC-AVER) 
• 104.-1 

S.l.O 
REPEAT UNTIL(S.LT.EAV!) 
• S.S*RANnO~CIRAN,JR4N) 
• "'-N+t 

• ••• FIN 
•• ,FIN 

POISON-N 
CALL INUM8RCll,'.POIISON OUT_',N) 
RETURN 
END 

(FLEeS VERSION 22.4&) 

......................••.....•....••..•. 
C ***************** ••• ** ••• * ~ISTXX **************.**********_***_ 
C 
C PROGRAM DESCRIPTION I 
C THIS SUBRUUTINE POSTS MEaSAGEI TO THE HISTORY 'IL! ANDIOR 
C THE USER TERMINAL. 
C 

c 
c 

c 
c 
C 

SUBROUTINE HISTXX(PNOTIN,TIM£JN,VALUE) 
REAL RNOTIN(5),RNOTE 
BYTE 8NOTIN(4),SNOTE 
EQUIVALENCE CRNOTE.BNOTINrl»,(BNOTE,BNOTI~(l» 

WRIlE(2) RNOTIN,TIMEIN,V4lUE 
R~OTE • R~OTINrl) 
caLL SSWTCH(7,I8W7) 
IF(.N~T.(18W7.E~.1.0R.8NOTE.EQ.'.'» 

WHENCTIMEIN.NE,V4LUE) WQIT!(6,lOO) RNOTIN,TI"!lN,VALUE 
• ELSE WRITE(b,100) RNOTI~,TI"EIN 
••• FIN 

100 FOR~AT (tX,5A4,F'.O,2X.GlO.4, 

RETURN 
ENO 
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•••••••••••••••••••••••••••••••••••••••• 
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c **************************************************************** 
C FILE NAME • CO""ON,FLX 
C 
C 

C 
C 

C 
C 

LOGTCAL LASHFL,L8EORK,LARECH,LCASTR,LEXPDI,LFIASE,L'8AI",L'DACT, 
1 LFLOOD,LFOLD,LFTINT,LICEON,LHAGRV,LNEWCL,LNWaIF,LRIYON,LRoeTR, 
2 LRVCHG,LRVFXD,L8EACH,LSLIDE,L8SFIN,LTHRIT,LXIC!W 

COMMON IAEGISI ACCEL,ACFTMN,ACELCT,ACLCRT,ACPAVE,ACPMAX,ACRPD8, 
1 ANCROS,ANCRUN,ANFACT,AWISAN,ARCRAD,ATM,AYE'LD,AYEQA8, -
2 AVEMAG,AVENAS,AYERAT,AVESAD,AYE8WM,AV!TPP,AYQABF,AYHCN!,AYMCIW, 
3 AYLAND,AVNEHC,AVRAT,AVRATF,AV8ADF,AYIWHC,AXIIAN,IMULTF, 
q RTIHE,CASELV,CGL8TR,C;LSTT,CHCSNE,CHCSSW, 
5 CHRKNE,CHR~8",CONV~,CO~VS,CORBED,COIAN, 
6 COS8NE,C08~8W,COSNE,CO!'W,CAP"FS,C8HAFT,CUN!AC,CU'WRc, 
T "~ASE,DCOR8S,DCORNE,DcnRSW,OEADZ,DEP,DEP"IN, 
8 OEP8A8,OEPTNE,DEPTSW,DISUO,DPNTNE,DPIiIUW,OSI1TI1X, 
~ DTIME,DURFT,DV8RCH,DVRPNE,OYRPO.,DYRPIW,!DOENE, 
+ EDr.ESW,EGAS,ERATTL,ESENT,EWALL,EXTRNE,EXTRSW,FANG, 
1 ,AP!.,FDIST,FLHCNE,FLUWNE,FLUXIW,FLHCIW,FLTNE,FLT8.,'LWONl, 
2 FLWD9W,FHAXD,FOLOAN,FOLDHC,FOLOMX,~~!'NE,'R!'I~,'REQ'T,FRII'T, 
3 FNESTA,FRINT,FTHCS8,GLATNE,QLTNEL,GMLNNI,GRIWLN, 
1 G~MIN,GLM4X,GLACIN; 
4 ~~ROFC,HCNEGR,HCS"GR,HCIiIEWS,HCSWWS,HONEGR,HD'~QR, 
5 HD~Ew8,H08WWS,HEAD8S,HIP4TH,HMN!GR,H"N!Wa,"MSWGR,HMIWWI, 
S ~RIYER,HAVDIS,H', 
6 PASHFL,PCA8UP,PFAULT,PFLAT,PFL4TF,PFOLD,P'TNEW, 
T PGLCH,PMAGS,PHETRT,PMISFT,PNE[XF,PNW'D,PNWFOF, 
8 PNwFT,PNWFTF,PNWTR,PNWTAF,POST,PRKUP,PRV"AG,PIEAE~, 
q PSSEXF,PSSFT8,paWEXF,PTR!XF,PUNTHS,O,QDAM,RAD,RADCRT, 
+ P4INNE,RAINSW,AATIO,HCANE,RCARNE,RCARI~,RCHNE,RC~.~,RDIPTH, 
I ~DFTOT,AEDU,RESETT,REIFNE,RES'IW,RESCON,RE'PN"R!IPNZ, 
« HlvCAP,R~M8IT,RLAT,ALATHI,RLATLW,RHID,ROCKIL, 
3 RPGLME,RPGOST,RPnSHc,RPOSTH,RPIAYE,RTRENO, 
u ~EA,SEACUR,SEA"AK,S[PAGE(3),SELEy,SIC!LT,'IC!N!,IITISO,' 
S SITL.T,SITRAD,SLOPE,SLOPliI,8LOPLw,SNLAaT,IOURCE, 
~ SPEOUN,8TATNE,STFLT, TOTLK,TIMEXX,TOTHCC5,3), 
T STGA8T,8TRAOT,STS,Ol,SUMFTN,SURWAT,TENO,T'LER,THA80Y, 
8 THICKG,THICNE,THRCH,THRWO,TTIME,TIMIH, 
q TL~TNE,TM8ULA,TOTRHC,TRMOYE,TRSTHC,TRSTRT,TRUSTT, 
+ TSU8FT,TTTIME,WGL4T,W8NELN,WSSWLN,XHORNI,XHORIw,XITART,vaTART, 
\ CHHC(2,4,3),CHRSC3),COEFF(11,32),OATA1(200),D!LX(4,3),D!PTHZC4,J) 
2 ,FANGlE(4),FAULT(200),FDR(200),'WIDTH(200),G48HCC4),FRAC(SO), 
3 HYOCN(4,3),SSFTHC(200),SSFTT(200), . 
4 ICURYE (32), IFS! T (50), I OPTON (US), IORDER (2), IPOLV (3"2" 
S ICLIH,ICLIHG,IFORCE,IRLAVR,ISTATN,ITOP,TH08F, 
~ NC.SE,NDEN,NEXTFT,~LAYER,NPOLy,NRUNS,NSaFT,YHRCOR, 
7 LlS"'FL,LAYRGR,LAYRIII.,LBEI)R~,L8RECH,LCUTR,LCLII4,LUPOS, 
8 LF8'SE,LF~'8H,LFO~CT,L~LOOD,LFOLO,LFTINT,LICEO~,L"AGRY, 
q LNEwCL,LNW88G,LRIYON,L~OCTR,LRVCHG,LRYFXD,LSEACH,LSLIOE, 
+ lSSFIN,LTHRST,LTRU8T,LXJCEw 
1 ,CU~VE(13S,OI20), 
2 ITYPE(8),HYOCN1(4,3),PATHLN(]),AVAXI8,SINAN,EFOLDE,COSA~Z, 
3 RADMC(4),RAOIST(4,3),REPDST(4,3},REIET(lOO),~~14(3),R~"L(J), 
3 SlP"IC(4), 
4 TT~ES(3),UNPATH(3),YEL(]),XHI;H(1]5),XLOW(13S), 
5 LO~TR(13S),LnGTNX(lZ),LOGTRY(32),OELX1(.,J),ITVPE1(8' 

C **************************************************************** 
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ACELCT _ OATAte t) 
CALL RNUM8R(q,'.ACELCT 
'CFTH~ • OATAIC Z) 
CALL ~NUMBR(q,'*ACFT~N 
ACLCRT • OATAle ]) 
CALL RNUMRR(9,'.ACLCRT 
ANeROS • OATAIe 4) 
CALL RNU MRR(9,"ANCROS 
AHeRUN • OATAI( 5) 
CALL RNUMBRC9,'.ANCRUN 
AAC~AO • OATAle ~) 
CALL RNUMBRC9,"ARCRAD 
AVfFLP _ DATAte 1) 
CALL ANUMBR(q,I'AYEFLD 
AV~GAB _ DATAI( 5) 
CALL RNUMHReq,"AYEGAB 
AVEMAG • OATAt( 9) 
CALL ANUMBRC.,'.AY!MAG 
AVENAS • DATAtC 10) 
CALL NNUHBR(9,"AVENAa 
AVESWH • OATAle 11) 
CALL RNUHB AC9,',AVEaWM 
AVGASF • OATAI( 12) 
CALL RNUM8R(9,"AVGABF 
AVLANO • DATAle 13) 
CALL ANUMRRC9".AVLAND 
BHULTF • OATAI( 14) 
CALL RNUHBAC9,'.aMULTF 
Cr.LSTR • OATAle 15) 
CALL RNUMBR(9,"CGLSTA 
CGLSTT • DATA1C 1~) 
CALL ANUHBA(9,"CGLSTT 
CUNVN • OATAle 11) 
CALL RNUM8Ae9,"CONVN 
CONva • OATAle 18) 
CALL RNUMH AC9,"CONVS 
eORBED • OATAI( 19' 
CALL RNUH8Ae9"'COR~ED 
COSSNE _ DATAle 20) 
CALL ANUMBR(9,"COS8N! 
COBBSW • OATAIe 21) 
CAll ~NUHBR(q,'.C08esw 
CRPMFS • DATAIe 22) 
CALL ~NUH~AC9"'CRPMFS 
CU~EPC • OATAIt 21) 
CALL RNUM8P(Q,'.CUNERC 
CUSWRC • OATAle i4) 
CALL RNUMBR(9,'.CUSWRC 
084SE • OATAt( 25) 
CALL RNUMBR(9,'*O~A9E 
OCOR~S • DATAI( Zb) 
CALL RNUMBR(9,'*OCOR9S 
~CORNE • OATAl( 27) 
CALL HNUMBReq,"OCORNE 
OCOR8W • DATAI( 28) 
CALL RNUM8R(9,'.OCORSW 
I)EAOl .' DATAl( 2") 
CALL ANUMBk(9,"OEAOl 
OEPBAS • OATAl( 30) 
CALL RNUMBR(9,'*OEPBAS 
OEP~lN • DATAl( 11) 
CALL RNUMBq(9,'*OEPMtN 
DEPTH! • OATAI( 32) 
CALL RNU~8NC~,t.OEPTNE 
DEPTS. • DATAle 13) 
CAll RNUMRR(~.'*O'PT~w 

I Sub-e.,.lt Quake C~tttoal A.elll~.tfoft 
',OHAl( tn 

I Sub-A.,elt QUlke C~1ttc.1 Accele~,'10n 
',DAUt( l» 

, C~fttc.1 'ocele~.tfon Fo~ '~.f' 'e.' 
',DATAte 3)) . 

I 'nQI, F~om No~th of Mod.1 C~o •• SeO,fOfteMC8J 
',DATAte 4]) I C~fttc.1 An;l. Fop F.u1t, ~.~.lllt To ".C.'. 
',DATAt( '5)) 

I Redtu. of Unconftnld Aquif.~ Dt •• h'~G' A~e 
',DATAle 6». . 

, Avep,ql Numbep of Mf.,oull Flood. P.~ 100 y~ . 
',DATAt( .,,) 

, Ave~'Qe Ho '_bl1 M," IVlft'l (9TG&8T)/I00 y~, 
',nATAl ( 8)) 

I Av. No M.g !vln'1/100 Y~I In Th. P.,eo a •• 'n 
',DATAle 9» 

I Aftep,hoek. 'IP Sub-b.I,1t E'Pth.u.kl 
',OAU1 ( 10») 

, Av.~.ge No. of 'V'~M IVlft', 1ft RI~o.fto~y 
',DATAte 11» 

I Av. No G,ble Mtn EVlnt. 'FAULT Ind STGABT) 
',DAUl( 12)) 

1 Ave~.ae NumblP Of ~end.ltd •• p.~ 100 V.I~I 
',DATAl( 13)] 

, 8~eech Multtplic.tion '.eto~ 
',DATAl e u) 

I R.dfel St~." Fo~ Aoo_ '~.otu~'nQ 
',DATue 15)] 

, T'"OlnCf.1 StPI" 'O~ Roc~ '~letu~tnQ 
',DATAiC 1ft)) 

I Conv.~,ion '.oto~ Fop Old Fp.otu~1 HI.llnG 
',O"TAl( t1) 

I Conv.~.fon F,eto~ 'O~ Mlv '~,ctu~. H.,'inG 
',DAUl e 18)) 

I AfvIP 91001 CO~Plet'o" 'oP aldpoek 
',OATAIe 19)) 

I "ngll F~om R,po.tto~y To Gplnde Ronde ~.E. 
',OATAI( 20') , 

I AnQt. '~om Repo.'to~y To Qp.ndl Rondl S.H, 
',DATAl( 21)) 

I Cpittcil Oi,t.nce To Gl,ct.~ 'op Pe~m.f~o.t 
',DATAl ( 22)) 

I Cu~~.nt St.~tlnq Northe.'t Rlchapo. 
',nATAl( 23» 

, CU~~'"t StlPtinq Sout~we't R.ch.~OI 
',CATUe 24») 

, B,.ement To Q~.nde Rond, 'm Thlekn,., 
I,"AUt( 25») 

, '~ult W'dth OeDth Cor~lctfon Fo~ 'IICO AI,'n 
',DATAl< 2ft) 

I FAult wtdth D.pth Co,~.ctfon Fo~ The N,!. 
',,,AUl ( 27)' 

I Fault Wfdth DIPth Co~rlctton Fop The S.w, 
',flATAtc 2e)) 

I Minimum Se. Oepth Fop 'Idt.,n' Dep •• ftfon 
',DATAl ( 29» 

I V'Ptteet Ofltlnel Of Rtoo.ttoPy To e •• ement 
',nATAl( 30» 

I Sub-a ••• lt Minimum Depth Fop H.C. Ch.noe 
',DATAt( 31» 

I H.,. w.n-Sld T~tekfte'l .t N,!. e.,tn !dQI 
',DAUl( 32» 

, Hltf WIn-Sed Thfckn_,. et I.W. e •• fn Edo. 
'.nATAI( ]'Hl 
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D~PTNE • O~TA1( 32) I Hilf WI~-8Id Thick" ••• It N,E. 8 •• tn [dQ' 
CALL RNlIMIUH'I, "OEPTNE ',DAHI( 32» 
OEPTS~ • OATAI( 33) I Half W.~·8.d Thtek~"1 it I,W. 8 •• t~ Edae 
C~LL RNUHBR(~,'.DEPTSW ',DATAlC 13» 
DS~TMX • OATA1( 34) I HI •• Ald'u. ~~o~ 8f'e 'o~ H.t •• ~t,. ImplO' 
CALL ~NUM8R(9,'.DSHTMX ',OATA1C 34) 
EOGENE • OATAI( 35) & D.I'lnCI '~om at'l To 81.'n,ldOI N.!. 
CALL RNUHSR(9,'.[OGENE ',DATA1( ]5» 
EOGESW • OATAI( 30) & Df.t.~c, F~om 8,t. To al.'n Id'i S.N. 
CALL RNUM6Re9,'*EDGESW ',OATA1( ]6» 
EGA8 • DATAIC 31) I El.vltto~ Of a.blt Mount.'n 
CALL RNUMBR(9,'·.EGA8 ',DAHle 17» 
ERATTL • OATAI( 38) I El.vlt'on of ~.ttl •• nlkt MOU",.'" 
CALL RNU~BRe~,'.eAATTL ',OATAI( 38» 
[SENT • OATAI( 39) 'El.y.t'on Of a.nt'n.' G." At Old Rf •• ~ L ••• , 
CALL RNUMBR(9,'NESENT ',DATA1( 39» 
EIliALl I DATAl (110) 'EleVition ""lul. hit At Olel "ty". Lewe1 
C~LL RNUMBR(9,'.EwiLL ',OATAI( '0» 
tFOLDE • DATAle ql) I E~o.'on , •• to~ ,.~ Fold. Out To M,.,oul. 'td 
CALL RNUM8R(9,'*EFOLDE ',OATA1( 41') 
EXTRNf I DATAlC 42) 'O"tl"e. '~om .tt. T. N.!. R.oh~ro. 'otnt 
CALL RNUM8R(q"'EXTR~E ',OATAle 42» 
EXTRSW • DATAle 4]) ,D,.t.nc. No~th Of •• t. to 8W R.oh.ro, Po.nt 
CALL RNUMARCQ,"E_fRSW ',OATA1( 41» 
FMA~D • DATA1( 44) 'P~L 
tALL RNUM8R(9,'.FMAXD ',OATA1( 44» 
FOLDMX I DATA1C 45) 'Ha •• O,.t.noe F~o~ stt. Fo~ N.~ Fold 
tALL RNUM8R(q,'.FOLOHX ',OATAt( 45» 
FRAC(I) I OATAIC 40) 'R'tto Sh.ft A~ •• To RtPo'ttory Ar •• 
CALL RNUM8R(q,"FAACtl) ',OATA1( 46» 
FREFNE • DATAle 47) I Ttm. R ••• t ~~.etton 'o~ N.!. F.utt av.t.~ 
tALL RNUM8R(Q,"FREFNE ',DATAle 47» 
FREFS~ • DATA1( 48) 'T'm. R •• ,t '~'et'on 'o~ S.W. ,.u1t 8V.t.~ 
CALL RNUM8R(9,"FREFSW ',DATAt( 4S)' 
FRESFT • DATAle 09) I T'm. R ••• t '~'otfon Fo~ LOCI' ',u't, 
CALL RNUH8R(9".FRESFT ',OATAl( '9» 
FRF.STR • DATA1C 50) 'Tim. R •• t. Fr.etton Fo~ Th~u.t F.ult. 
CALL RNUM8R(9,"FRESTR ',DATAle 50» 
FTHC8S I DATAle 51) 'H.C. Chano. '.oto~ Wh.n Loe.1 F.ult II New 
CALL RNUHBRC9,"FTHCS8 ',OATAl( 51)' 
GLATNE • OATAI( 52) I U~p.~ L.tftud. Of N.!. R.ch.~,. A~ •• 
CALL RNUMSRCq,"GlATNE ',DATAl( 52» 
GLTNEL • OATAlt 53) 'Lo~.~ Lat'tud. Of N.E. R.ch.~o. Ar •• 
CALL RNUM8R(9,'*GLTNEL ',DATAt( 51» 
GRLNNE • OATAlt 54) I S'te To NE R.ch.~O' Ar •• ot,t.nc. In 0 Rondt 
CALL RNUHBRC9,'.GALNNE ',OATAlC 54» 
GRswLN • OATAt( 55) I Site To SN R.ch.rOI Ar •• O,.t,"o. In G Rond. 
C4LL ~NUM8R(9,"GQSWLN ',DATAI( '5» 
HAROFC • CATA1C 5b) I E~o.ton M.t. '~.ot'Dn 'O~ B.d~ook 'n M "ood 
CALL HNUMBR(q,'*HARDFt ',OATAle 56), 
HD~EGR • OATA1( 57) ,AyO. H.ld El.Ylt'on 'o~ N.r. G~lnd. Rond. F~ 
CALL ~NUM8R(q,"HDNEGR ',OATA1(ST» 
HONEW8 • DATAI( 58) I Avo. HI.d E1.va,.o" Fo~ N.E. W.n-a.d ," 
CALL RNUM8RC',',HONEw8 I,OATA1( 58» 
HDSWGR • DATAI( 59) I AvO. H •• d [l.vltton Fo~ '.W. G~and. Rond. ," 
CALL RNUMBReq".HD8wGR ',OATA1(5'» 
Hnswws • OATAI( 60) I Avo. H •• d El.yat'on For a,w. ~.n.'.d 'H8 
CALL RNUM8R(q,'.HOSWWS ',OATAI( bO» 
HEAD8S • OATAlt ~l) 1 Aya. Ht.d [l.y. 'o~ 8"'n Unoonf'ned Aquit., 
CALL P~UM8R(9"'HEAD~S ',DATAI( 01» 
HJPATH • DATAIC 62) I M,.'.um U~oonffn.d AQu'fe~ P.t~ L.noth 
CALL RNUMAR(',"HIPATH ',DATA1( 62» 
H~NEGR • OATAI( &3) I H •• '~um H •• d of N.E. G~.nd. Rond. 
C.LL RNUH~R(q,"HMNEGR ',DATAIC 63» 
H~~Ew8 • OATAI( b4) I ~.w'mum H •• d of N.E. W.nn.~u. a.ddf. Mtn. 
CALL RNUHHR(q,"H~N~wB ',OATAte 64» 
HMSWGR • OATAI( b5) I M •• imum H •• d of 8~W. G~.nda ~ondl 
CALL RNUMBR(9,'.HMSWGR ',OATAl( 65) 
H~awW' • DATA1( .&) 'M •• 'mym H •• d ~f •••• N'~ri.~u.~'~ddl. Mtn~ 
CALL RNU~8Rr~."HM8ww8 '.nATAl! &b), 
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HMSWGR • DArAI( b5) 
CALL RNU~B~(9,'.H~SWGR 
HMS~WS • DATAI( ~6J 
CALL RNUH8R(9,'.HM8WW8 
LAVRGR • OATAI( b1) 
CALL RNUMRR(9,"LAVRGR 
LAVRWS • OATlle b8) 
CALL RNU~8R(9,'.LAYRWS 
NLAYER • OATAI( 69) 
CALL ~NUM8Re9,'.NLAYER 
PASHFL • DATAI( 70) 
CALI. RNUMI!Re9,'"Pl5HFL 
PCASUP • DATAle 71) 
CALL RNUM8A(9,'.PCASUP 
PFAULT • DATAI( 72) 
CALL RNUH8A(9,"P'~ULT 
PFLAT • DA,A!e 731 
CALL ~NUM8R(9,"P'LAT 
PFLATF • OArAle 74) 
CALL RNUMBR(9,"P'LA'F 
PFOLP • DATAU 75) 
CALL RNUMBR(q,"PFOLD 
PFTNEW • OATlle 76) 
CALL RNUM8RC9,"PFTNEW 
pr.LCH • DATAle 77) 
CALL RNUM8R(Q,"PGLCH 
PMAGST • OA'Ale 78) 
CALL RNUMaR(9,"PMAGST 
PHETRT • OATAI( 79) 
CALL RNUM8R(9,'.PMETRT 
PHISFT • DATA1( 80) 
tALL RNUMBR(9,"P"ISFT 
PNEEXF • DATAU 61) 
CALL RNUMBR(9,'.PNEEXF 
PHwFD • DATAle 82) 
CALL R~UH8R(q,"PNWFO 
P~~FDF • DATll( 8]) 
CALL RNUM8R(9,',PNWFOF 
PNwFT • OATAle 84) 
CALL RNUM8R(9,',PNWFT 
PNWFTF • DATAle 85) 
CALL RNUM8R(Q,"PNWFTF 
PNwTR • OATAI( 8~) 
CALL RNUM~R(q,"PNWTR 
p~wrRF • OATAI( A1) 
CALL RNUMBR(9,'.PNWTRF 
PPKUP • DATAle 88) 
CALL RNUMRR{9,"PRKUP 
pqVMAG • DATAle 89) 
CALL RNUMBR(?,"PAV~AG 
PSEAEX • DATAI( 90) 
CALL ANUM8R(9,'MPSEAEX 
PSSEXF • OATlle 91) 
C~LL RNUM8R(9,"PSSEXF 
PSSFT9 • DATAI( 92) 
CALL RNUM9R(9,'.PSSFT8 
P'~EXF • OATA1( Q3) 
CALL ANUM~R(9,'.PSWEXF 
PTRExF • OATAI( 94) 
CALL RNUM~R(q,'MPTHEX' 
PU~THS • OATAI( 95) 
CALL ~NUM8RCQ,'.PUNTHS 
QDA~ • OATAIC Q6) 
CALL RNUMBM(9"'O"A~ 
RADCRT • OAfA'( q7) 
CALL RNU~9RCq,'.~AOCRT 
RCARWE • DATAle q8) 
CALL R~UM8R(Q,'*RCARNE 
RCAQSW • OArAI( 99) 
C"L RNUMAR(~.'.ReAR~W 

, M •• tmum He,d of S.N. G~.nd. ~ond. 
',DAUl( U)) 

I Ma.tmum Heed of S.N. NI"".puj·'~ddli "tn_ 
',DATAl ( 66» 

I G~.nde Ronde FM LIYI~ Hu~b.~ 
',DAUI ( n,) 

I W.nloum-Slddle FHS Leye~ NUMbl~ 
t ,DATAt( u» 

, Number of LlYlr. in the Mod., 
',DATAl( fJII" 

, P~ob. of Llrge A.hflll ChlnGinG ettMlt. 
',OAUlC 10» 

, Probe of CeeCldl HOUn'I'n. U~'tft 
',OAUl( 11) 

, Prob of Sub-bl.elt 'eult Ext,t •• t Run S'I" 
',DATAt( 12)) 

, Probe of Fold Qrowth Ntthout FlulttnG 
, , D.A U 1 ( 13» 

, Probe of Fold Qrowth With Feu'ttnG 
',DATAl( 74» 

" Prob. of Undltlctld Fold fn Pe.co a •• tn 
',DAUH 75» 

, Prob. For New Sub-be.elt F.u't 
',IlATAU 76» 

, Probe of Reehlrol When Glacilrl Cov,~ N.E. 
',OAUlC 11) 

, Probe of ~eo. !v. on Sfte When On' 'n a •• t~ 
',DATAlC 78» 

, P,ob. of Met,ortt. I.olottnG 8it. 
',"AUl( 19» 

, Probe of Undetecttd ~.ult fn RtPo.tto~y Ho.t 
',DATAl( 80» 

I Prob of Renl.ld N! FIU.I t'n9 wtth M.Jo~ F,ult 
',OAUIC Ill)) 

, Probe of N.w ~old G~owt~ Without 'tultfno 
',OAUt( 8Z» 

, Probe of New 'old Growth With Flutt'nG 
',DATAl( 11]» 

, P,oe. of New '.ult Without ~eJor 'lu't'nG 
',DUAt( 84)) 

" Pr~b of ~ew a',IIt Flult With Hllo~ 'lult'"G 
',DATAl< 85» 

, Probe of ~.w Thru.t ~1t"out M.JO~ FlultinG 
',DAUl( 86» 

I Probe of ~ew Thrult Wtth MeJo~ 'lultfnG 
',DAUI t S1~) 

, P,ob. of [ Uoltft Afflctf"O ClfM.tt 1100 v,. 
',DAUI ( 88» 

I Probe of "10. [vlnt Afflcttn; Rtver G~ldi.ftt 
',DAUl( n)) 

, Prob, of See Ltvel R"I 'n e'f.lt. 1 
',DATAl ( .,0)' 

I Prob of Ren.wed Looll FeulttnG Wtth 58 F.ult 
',OAU1( 91» 

, P~ob. of LOCI' Feu't IYlteM tn PIIOO 8 •• fn , , "A TA 1( 92») 
, Prob of Renewld IW 'Iultfn; W4th M.Jo~ 'Iult 
',DAUlt "3» 

I P,oh. of Renewed Thrult'no W'th M.'o~ Flult 
',DHAl( 94» 

I Probe of Undetected Thru.t tn Reool, Ho.t 
',QAUl( 95» 

I Min. Flow For Hvd~lulfc DI. It Wellull GIO 
',DATAlC 96» 

1 Snhere Red'ul leo.~.t •• Bfq & Lttt'e Creterl 
',OUAI ( q7» 

1 Stlrtfnq .r .. of "I.!. Rlcheroe Are. 
',aAUlt "~)J 

, St.,tf"Q .r •• of S,", R.ah.~o. Are. 
t ,04TAt ( ~q)) 
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RC6R~~ • O&TAte qe, 
C~LL RIotllI4B RCq,'IIRCARN! 
RCA~SW • DATAI( ,q) 
CALL RNUI48RC9,'.RCARSW 
ROEPTH • OATA1(100) 
CALL RNUMBR(9,'.RDEPTH 
RESCON • 06rAl(101) 
CALL RNUMBR(9,"RfSCON 
RESP N I • 0'TA1(102) 
C'LL RNUHBR(9,'.RESPNl 
~ESPN2 • 0&'Al(103) 
CALL RNU~BR(q, '.RESPN2 
RIVCAP • OATA1(104) 
C&LL RNUMBH(q,'IIRIVCAP 
R~HNf. • OATA1(105) 
CALL ~NUMBR(9,'IIRKHNE 
RL.THI • DATAt(10b) 
CALL RNUMBR(9,"RLATHI 
RL&TLW • OATA1(107) 
CALL RNUMBR(q,'.RLATLW 
RNELF • OATA1(108) 
CALL RNUHBR(9".RNELF 
RNEREO • 0'TA1(109) 
CALL RNU"8R(q,I.RNERED 
UPGLNE • OATA1Cl10) 
C'LL RNUMRR(q,IIIRPGlNE 
RPOSHC • OATA1(111) 
CALL RHUMHR(9,I'RPOSHC 
RPOSTH • 0&TA1(112) 
CALL RNU M8R(9,'.RP08TH 
SEA"AX • OATA1(113) 
CALL PNUH8Re',"IEAH4X 
SELEV • DATA1(114) 
CALL RNUMBRC9,"SELEV 
SITL" • OATA1(115) 
C'LL RNUHBR(9,1'8ITLAT 
SITRAD • OATA1Cl\b) 
C'LL RNUM8R(9,'IIIITRAO 
SLOPHI • OATA1(117) 
CALL RNUHRR(9,'IISLOPHI 
~LOPLw • DATA1(11~) 
CALL RNUMBR(','.SLOPLW 
SOURCE • D'TA1(11') 
CALL RNUM8R(""80URCE 
STFLI • DATA1(120) 
C4LL RNUMBR(9,'.STFlT 
ST~'8T • OAT'ICI21) 
CALL RNU~SR(9"'8TGA8T 
THA80V • OATA1Cli2) 
CALL RNUM8R(','tTHA8DV 
TRST~T • OATA1CI23) 
CALL kNUM8RC9,"TR8TRT 
VHQCOR • DATAIC1Z4) 
CALL RNUMRR(.,'.YHRCOR 
~GL'T • OATA1(125) 
CALL RNUM8R(','.WGLAT 
wS~ElN • OATA1(12b) 
CALL kNUMBR(9,'~WSNELN 
WSSWLN • DATA1(127) 
CALL RNUH8R(9,'.WSSWLN 
XS1A~T • OAT'1(128) 
CALL RNUH8R(Q"'~9TART 
VSTAHT • DATAI(ll9) 
CALL RNUMRR(9,'.Y8TART 

1 Stlrt'nG Arll of N.!. R.eh,rat ApI' 
',OATAlt 9tH) 

I St,rt'no Arll of I,W, R.oh,ra' APII 
',OAUI ( qq) 

I D.~th To Tht R'~Olttorv From Ground lupfl.' 
I,OATU(100» 

I Rt'Don,e Con,t.nt fop Clf •• t. Ch,nal 
I,OATA1(101) 

I O',t,n" R.,~on'. Con,tlnt FOP 1'.e'" Ad., I, DlTAl (102» 
I Time Rt,DOn', ton,tlnt FO, GII.flr Adv.nc. 

',0'T41(103» . 
1M, •• Rldlu, From Sit. For Rlv.r C.~tuP' 

',CATAIC1G4) 
I DI,t,n', N of .ftl For All N.!. Ar" Covered 

',D&TA1(10S» 
I UP",I' L,t. of G1Iof'r For M"lOuh 'lood.", 

',OATA1(106) ) 
I Lo~'r L't, of ;1.0'.1' 'or "",oul, 'iood'nG 

',OA!AlelOT); 
I Amount of Ntl, r.chlr'l .r .• • t," cov"ed 
',OAU1(08») 

I FrIction of 'lduDt40n In N.!, eO"r/flood 
',DATAl On), 

I AV'r'O' N.E. GII,'.r RI.hlrOI 'ot"t 
',OAU1(110» 

I H.C. o. R.~o.'torv Ho.t-Roek 
',OHAlClll» 

I R,po.ttorv Th'ckn, •• 
',DATA1(lU» 

, H •• , EI,v't'on of '1.' L.YII RI •• 
',OATA1(l13» 

I Sft. Ellvlt'on It Ground Surf.c. 
I,DATU(lI4) 

I Sfu Latitud. 
',DAUl (l15») 

1 R,dfu. of Ih' 
',0'141(116) 

, Hiqh"t Po •• fbl, Rtvlr Grldi.nt 
',04"lCl17» 

I Lowe.t Po,.'ble Rfv.1' Gradl,nt 
, , DAU 1 (118) ) 

I Latltud, of Gl.oler'. Sourc. 
',DATUell"») 

I 'fr't F.ult w •• t of e •• f" A •• PO., on MCI 
I,DAUl(120» 

I UDlfft Rat' on g,bl, ~tn (For Chaek ~C) 
',DATA1(121») 

, Gr,ndl Rond, Thfekn,., Above R,po.itorv 
',DATAtCUZ)' 

I Co"v,r.fon F.etor Fol' N,w ThpUlt'"O MC 
',DlTAI (123» 

, Horflont.1 to Vertt.,1 H.C. Retlo 
',DAUt(124)) 

1 Letftudl of "Illul. Gtp 
',DATAt(U5») 

, Wllneou"'.S,ddl. Path Lenoth Fol' Th, N.!. 
',O'HH12lt» 

I Wln,ou",-S.ddll P,th Llnath '01' Th, 8.101, 
',OATAI(127» 

1 )( Coordinat. of Dhch.,.o. Arc CI""I' 
',nATA1Cll"') 

1 , Coordin.t. o. DI.eh'''OI ApC Clnt,,. 
',0'TA1(129) 
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FILF. NA~E • LOGICALs.nAT 

ANFACT. n.o IANGLE FACTOR 
AT~ • 0,0 lFRACTIO~AL ~ASTE TO THE AIR 
A~AXIS. 0.0 IANGLE BETwEEN FOLD AND NORMAL TO POSITrON VECTOR 
AXISAN. 0.0 IANGLE OF FOLD LINE 
~TIME • 0,0 lTIM! OF 8REACH 
CASELV. 0.0 lCHANGE IN TH~ CASCADES ELEVATION (M!TERS) 

~.ss~C~HC(). 0,0 lCHANGES IN ",C. FOR EACH LAYER(Ty~!,LAY!R,'Y'TE") 
DO 111 113 a 1,3 
DO 111 Ill. 1,4 
00 III III • 1,2 . 

ltl CHHCCIII,Ill,II3) • 0.0 
~._.»e~R9(). 0,0 ICHANGES IN H.e. FOR REPOSITORY CTYP!) 

~o 222,111 • 1,3 
222 eH~S(Ill) _0.0 

COSAN - 0,0 
CSH4FT_ 0,0 
ClEf' • 0,0 
fHSTFO. 0.0 
OTt"'E • 100.0 
FANG • 0,0 

».ss»FANGLEC).O.O 

SCOS(AVAXIS) 
ICHANGE IN SHAFT SEAL H,C, . 
IAMOUNT OF SEDIHENT OEPOS1T!D (METERS) 
lLENGTH OF POSITION VECTOR 
SLEN~TH 0' TI~E INTERYALS IN YEARS 
IANGLE OF aUe-8ASALT postTION YECTOR 
IANGLE OF EACH FOLO 'LIMB' 

o IJ 33 3, I Ual , .. 
333 F4NGLE(II1) • 0,0 

»» •• >FDH() s 0,0 ILOCAL 'AULT DIRECTION 
on Q44,Itt-l,aoo 

444 FO~(II1)aO,0 
FLHCNE- 0.0 
FLHCSW. 0.0 
FLTN[ • t.OE7 
FLlSw • 1.0E7 
FOLOANa 0.0 
FIJLOHCa 0,0 
FPIHNTa 0.0 

>>>aa~GA8HCC).0.0 
1)1) 555,II1.1,1I 

555 GARHC(II1) • o.n 

SCHANGE IN H.C. FOR TH! N.E, FAULT aYSTEH 
SCHANGE IN H.C. FOR THE S.W, FAULT SYSTEM 
I TIME FOR THE NEXT N.E. SUB-SYSTEM FAUl.TING 
ITIME FOR THE NEXT S.~. SUB-SYSTE~ ~AULTING 
lANGlE OF POSITION YECTOR 
ICHA~GE IN H.C, ~OR FOLD 
IFRACTIO~ OF ~EPOSITORV INTERSECTED 
,CHANGE IN H.C. WITH AN ACTIVE GABBLE MT. 

EVI!NT 
EV!NT 

HT • 0.0 IFRACTION OF WASTE REMAINING IN THI GROUND 
ICLIM • 1 lSTARTING CLIMAT! 
ICLIHG. 1 ISTARTING CLIMATE FOR GLACIAL SU8MOD!L 

IRLAYRsll IREPOSITORY LAYER NUH8ER 
ITOPsll SURFACE LAYER NU~RE~ AT T~E START OF THe RU~ 

KEY a 5 IBHEACH KEY 
LCLI~ a·1 'LAST CLIMATE INDEX 
LASHFL- .FALSE. 'LOGIC FLAG SET TRYE IF 
L8F.n~Ka .FALSE. 'LOGIC FLAG SET TPUE IF 
L8RECHa ,FALSE. 'LOGIC FLAG SET TRUE IF 
LCASfA •• FALSE. 'LOGIC FLAg SET TRUE IF 
LEXPOS_ .FALSE. 'LOGIC FLAG SET TRUE IF 
LF~'SE •• FALSE. 'LOGIC FLAG SET TRUE IF 
LFRAS~ •• FALSE. 'LOGIC 'LAG SET TRUE IF 
LFDACT •• FALSE. lLOGIC FLAG SET TRUE IF 
LFLOOO- .FAL9~. 'LOGIC FLAG 8ET TRUE l' 
LFOLO a .FAL~E. 'LOGIC FLAG SeT TRU! IF 
LFTINT •• FALSE. ILOGIC FLAG SET TRUE IF 
LICEONa ,FAL~E. lLOGIC FLAG SET TRUE IF 
LMAGHVa .FAL!E. lLOGIC FLAG SET TRUE IF 
LNE~CLs .FALSE. ILOGIC FLAG SET TRUE IF 
LNWSSF •• FALSE. 'LOGIC 'LAG SET TRUE IF 
LRIVON_ .F4LSE. lLOGIC FLAG SET TRUE IF 
LROCTAs .FALSE. 'LOGIC FLAG SET TRUE IF 
LAVCHG •• FALSE. lLOGIC FLAG SET TRUE IF 
LHVF~O •• FALSE. ,LOGIC FLAG SET TRUE IF 
LSEAt~ •• FALSE. 'LOGIC FLAG SET TRUE IF 
I.RLI"': •• ' AL!lI':. ILOIH~ Fl.t.r. !1FT TRill; IF 

ASH~AlL EFFeCT IS ACTIVE 
RIVER IS IN BEDROCK 
6R!:ACH 
CASCADES A~FECT CLIMAT! 8Y UPLIFT 
A ~OLD IS EXPOSEO 
SUB-BASALT FAULT 
A '~AJOR' sua-BASALT 'AULT 
THE NEW ~OLD IS ACTIvl! 
THE SITE IS FLOODI!D 
A FOLD IS 'FOV~O' 
FOL~ INTERSECTS THE SITE 
THE SITE IS COYEREO BY ICE 
POSSIBLE CHANGE FROM MAG, EVENT 
SYSTEM EHTERS NEW CLIMATE STAT! 
NEW LOCAL FAULT ~AS CREATEn 
THE RI~IR IS ON THE SITE 
EASTERN UPLl,rT 
POSSIBLE CHANGE FROM A GLACIER 
RIVER IS FIXEO O~ THE SITE 
POSSI8lE RIVER COURS!(SEA RETREAT) 
posstAL! CHANG! 'AOM SLID! 
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L~VCHG •• f.L8E. SLOGle FLAG 8ET TRUE IF POSSIBLE CHANG! rRUM • gLACJIR 
L~VfXO •• FALSE. SLOGIC FLAG 8ET TRUE I' RIVER IS 'IXEO ON THE IrT! 
LSEAtHa .FALSE. ILOGIC FLAG SET"TRUE IF POSSIBLE RIY!R COURS!CI!' RETREAT' 
LSLIOE •• FALSE. SLOGIC FLAG 8ET TRUE IF POSSIBLE CHANG! 'ROM SLID! 
LssrINa .FALSE. 'LOGIC FLAG SET TRUE IF LOCAL 'AULTI AR! POSSIBLE 
LTHRSTa .FALSE. SLOGIC FLAG SET TRUE IF A THRUST 'AULT II ',OUHD' 

LXICEW&.FAL8E. IGLACIER ICE H.I NOT VET REACHED WALLU. gAP 
NeASE a 2 ,NUMBER OF EVENTS THAT CAN CAUSE PERVASIVE CHANI! TO H.C. 
POSt a 0.0 ,ELEVATlnN OF A NEW FOLO 

••••• RAOHC().O.O 'CHANGE IN ",C. DUE TO MOVEMENT ON RATTLESNAK! 
RAOaO,OlOISTANCE OF GLACtER FROM SOURCE AREA 

on &&0,111-1,4 
66& RAOHCCIII)a 0.0 

ROFTOTa 0,0 IDISTANCE 'ROH REPOSITORY TO THE SUB-BASALT 'AULT 
REOU • 0.0 IREDUCTION IN GROUND ~AT!R 

R~HL(I)&lOOO.O 
RKML(2)aSOOO.O 
RK~L(1).1000.0 

~OCKELa 0,0 ICHANGE I~ ROC~V "TN. ELEVATION ~ROM TIME 0 
~PGOST&100.0 IVARIABLE TO STORE TOTAL CKANG! AT THE REPOSITORY DUE TO HEA~IN8 

SEA • 0.0 ISEA LEVEL WITHOUT A~Y IC! TAK!UP " 
SICELTa 0.0 lICE THICKNESS FRO" THE LAST TIM! STEP 
SICENE. 0.0 lLAST ICE THICKNESS 0' THE N~E. lIT! 
~ITISO. 0.0 ICURRENT IaOSTATIC ADJUSTMENT 
SLn~E • O.OOO)Q01SLOPE OF T~E RIVER IN TH! SASIN 

SNLASral.0El ITIME OF LAST IlOSTATIC EFFECTS 
eTATNEa 0.0 IIIOSTATIC EFFECT 'OR THE N.!. AREA 

SU8FTNaO.0 lCUMLATIVE NUMHER of 'AULTS 
8UHFTNaO.O lCUMLATIVE NUM8ER OF LOCAL FAULTING EVEHTS 

SUR~AT. 0,0 'FRACTION OF WASTE GOING INTO THE GROUND MATER 
TFLER • 0.0 ITOTAL -~OUNT OF FOLD EROSION 
T~ICKGD 0.0 lICE T~ICKNESS ON THE SITE 
THICNE- 0.0 lICE THICKNESS ON THE N.!. RECHARGE POINT 
THRC~ • 0.0 ITHRUST FAULT H.t. 
THQHC • 0.0 ITHRUST PAULT ~.C. 
THRwO • 0.0 ,THRUST FAULT WIDTH 
TTHEM • 0.0 ITI~E 
TLSTNEa t.OEl ITIME OF LAST N.E. ISOSTATIC E"ECT 
TMSUlAa 0.0 ITOTAL AMOUNT OF MISSOULA ~LOOO 'LOW 
TnTnHC. 0.0 ITorAL REP08ITORY H,C. 
TRHOVEa 0.0 ITOTAL THRUST MOVEMENT 
TTl~E - 0,0 ST1~E 
TTTIME. 0,0 lTIME 

THOSFaO,O .TOTAL FLOOD EROSION/DEPOSITION 
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(FLEeS V~RSION 22.4~) 10115104 PAGE 00001 

............•.•• -.•...•.......•.•.••.... 
00001 C 
00002 C 
00003 C 
00004 C 
0(01)5 e 
oooo~ c 
00007 C 
00008 C 
00009 C 
00010 C 
00011 C 
00012 C 
00013 C 
0001 q C 
00015 e 
0001& C 
00017 C 
00018 e 
00019 C 
00020 e 
00021 C 
00022 C 
00023 C 
00024 C 
00025 C 
0002& C 
00027 C 
00028 C 
0002Q C 
00030 e 
00031 C 
00032 C 
00053 
000.54 C 
00035 
0003& e 
000.57 
00038 C 
OOOH C 
00040 
0001.11 
0001.12 
0004,5 
0001.11.1 
000lJ5 
0004& 
00"117 
00048 
00049 
00050 
00051 
0000;2 e 
00053 C 

THIS SURHOO!L PROVIDES FOR I 
THE CLl~ATIC STATE 

NET PRECIPITATION 
RECHARGE 
-ASH FALL- TRI&GERING 
UPLIFT O~ THE CA8CAOESANO CORRESPONDING OROGRAPHIC E'FECTI 
UPLIFT 0; THE MOU~TAINS TO THE fAIT AND CORRESPONDJNG OROGRAPHIC 

E"ECTS -

IN THE FOLLOW1NG WAYI 
THE CLIMATE INPUT FILE HAS BE!N READ IN TO PROVIDE FaRt 

CLIMATE INDEX(INTERGLACI!R TO STADIAL) 
THE nST!'" TIt04E 
A CO~TAOL VARIABLE USED TO .FORC!- EV!NTI DURING A 
MODEL RUN 

ALLOw FOR ASH 'ALL EFFECTING THE CLIMAT! 

ORAw FOR NET PRECIPITATION AT BOTH THE NORTH EAIT AND 
SOUTH WEST RECHARGE AREAl 

ALLOW FOR NET UPLIFT OF MOUNTA!NS TO BOTH THI EAIT AND WElT 0' 
TIi! BASIN 

DRAW FOR RECHARGE AT BOTH THE NORTH !AST AND SHOTH WElT RECHARG! 
POINTS 

ALLOW FO~ OROGRAPHIC EFFICTS 

SUBROUTINE eLI'" 

I~CLUOE 'OIl [22~,l2eJCOMMON.'LX' 

CALL NOTEtB,'_CLIMATE') 

WHEN (LCLlH .NE. ICL!H) 
LNEwCL·.TRUE. 
SELECHICLlH) 

• 
• 

(1) CALL NOTt(ll,'INTER GLACIAL') 
(2) CALL NOTE(ll,'T!MP!RAT! CL." 

• (1) CALL NOTEC12,'INTERSTAOIAL') 
• (4) CALL NOTE(7 ,'STAOtAL') 
••• FIN 

• lASliFL •• FALSE. 
• LCLIM.!CLI'l 
••• FIN 
ELSE LNEWCL •• FALSE. 
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(FLEeS VEqSION 22.46) 

000511 C 

1011StO' PAlE 00002 

00055 e 
ooos~ e 
00057 e 
00058 C 
0005Q C 
OOObO C 
0001>1 CC 
00062 C 
00061 C 
00064 C 
000&'5 C 
00066 C 
000'.17 e 
OQObe c 
00069 e 
001170 C 
00071 C 
OOOT? C 
00073 C 
0007" C 
00075 C 
OOOH C 
00077 e 
00078 C 
00079 C 
0001)0 C 
00081 e 
00082 C 
00083 e 
000811 C 
00085 C 
000&& 
00087 
00088 C 
0008Q C 
000911 C 
00n1 C 
00092 C 
00091 C 
0009" C 
000'15 C 
oooqtl 
00097 C 
OOOq" 
00099 
ootoo 
00101 
00102 
00103 
00t04 C 
00105 
OOlOb C 
00107 
0011}~ 
00109 C 

ALLOW FOR T~IGGER EFFECT HER! 
IF(.NOT.LA8H'L) 
I'(LTE8T(PASHFL» 
CALL NOTE(S,'ASH FALL') IWRITE TO HIITORY FILE 
IF ASH LOAD .GT. CRITICAL AMOUNT 
IF(ICLIM .EQ. 3) 
CALL NOTEC1.,'FORCEO STAOIAL') 
CALL NOTE(iq,tFORCED GLAC. eRO.'M') 
LASIofFL a .TAUE. 
LNf:WCL •• TRUE. 
FIN 
IFCICLIH .LT. 3) 
ICLIHaICLIH+l IFOR THII ST!P ONLY 
CALL NOTE(t6,'CLIN1TE INCREAI!') 
'111 
FIN 
FIN 

IF (LASHFL) JClIHa" 
THE ABOVE WILL BE RESET WHEN A N[W(NOT J) CLIMATIC COO! 18 TAK!N 
!'AOM FILE II T 

-... ---..........•.. DEN8JTy·-~···.···.··.·-•• ·. 
AAINNE.PAOB(ICLIM) IORAW 'OA TOTAL NET PRECIPITATION FOR THE N.E. 
RAINSWaPA08CICLIM+4) IORAW FOR TOTAL NET PR!CI~. FO~ THE I.W. 

•• _--••••••••••••••• D!NIITV •••••••••••••••••••• 

S.D. FOR GREATER RAINFALL AT ~AN~ORO BECAUS! 
THE" CASeAOES ARE UPLIFTED 
IFC.NOT. LCAS1A) 

IF THE CASCADES HAVE NOT ALREADY B!!N UPLIFTED 
IF(LTE8TCPCA8UP).OR.I'O~CE.!Q.4) 

CALL NOTEC1.,'CASCAOE UPLIFT') 
• LCASTR •• T~UE. 

• • •• Ffl'! 
••• FIN 
WHENCt.CASTR) 

•••• •• ••• ••••••• • ••• DEN8ITY.···.· •• • •• • •• •• •• •• 
• tASELV.CASELV+PR08(9).DTIME ICAICAO! UPLIFT 

--· ••• •• •• ----•• • ••• OE·N81 T V.· •••• _-••••• • ••• · •• 
••• FIN 
ELSE 

••••••••• •••••• •• ••• OEN8 I TV •••••••••••••••••••• 
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00110 
00111 C 
00112 
00113 e 
00114 
00115 
0011& C 
00117 C 
OOt18 C 
0011 q C 
00120 e 
00121 C 
00122 
00123 
00U4 C 
0012'S C 
00126 
00117 
ooue 
001211 
00130 
00131 
00132 C 
00133 
00134 C 
00135 
0013& 
00131 C 
00131.' 
OOll' C 
00140 
OOlill C 
001112 C 
00143 C 
00144 C 
ootilS 
OOlub 
00141 C 
001 118 C 
001411 C 
00150 C 
00151 C 
00152 C 
00153 C 
00154 C 
00155 
0015& 
00157 
00158 
0015Q C 
001&0 C 
001&1 C 
001&2 
00101 
001&4 
001&5 C 

10'1'.00 PAG! 00003 

• CASELV-CASELV-PROB(10)*OTI"!IER08ION 
•••• ~ ••••••••• --•••• OE~SITV.·.·.····· ••• ••••••• 

••• FIN 
•••••••••••••••••••• D!N8ITY •• •• ••••••• ••••••••• 

CHCSNE-POLY(1,CA.ELV)+PR08(11)ICHANQ!(NI' DUl TO CASCAO! UPLI'T/'U •• tDE 
CHCSSW.POLYC2,CA8ELV)+PR08(t2)ICHANGI(8W) DUE TO CASCADE UPLl'T/lua8tD! 

•••••••••••••••••••• OEN8ITY ••••••••••••• • ••••• • 

TEST FOR INCREASED RAIN FALL AT HAN'ORO B!CAUIE OF 
U.LIFt TO TM! EAST 

IFC.NOT. LRoeTR' 
IF TH! MOUNTAINS TO THE EAST HAVE NOT ALREADY 8EtN UPLI,TID ENOUI" 
TO EFFECT THE CLIMATE AT THE lIT! -
IFtL TEST(PRKUP) .OR. IFORC!.IQ.S) 

• • CALL NOTEC14,'EAI1EAN UPLI'T" 
• • I.ROCTl~.. TRU!., 
• ••• FIN 
... FIN 
WHEN(LROCTR) ...•.....••••..•.•.. OEN8ITY.·.···.··.·········· 
• ROCKEL8AOCK!L+PR08(ll'*OTI~E lEAITERN UPLIFT ....•....... --...... O!N81TY.·.·.·.·····.··.···· 
••• FIN 
ELS! 

•••••••••••••••••••• O!NSITY.··· ••• • •••••• ••• •• • 
• ROCKEL-ROCKEL.PQ08(14)*OTIM! IEASTERN EROSION 

•••••• • ••••••••••••• OENS!TY ••••••••••••• • •• •••• 
••• FIN 

NEXT ALLOM FOM OROGRAPHIC EFFECTS,'ROM [AlTERN UPLI'T,IN THE Ht !, ANO 
S.W. 

•••••• •• •••••••••••• O[NI!TY.·.· •• •••••• ••••• • •• 
CHRKNE8POLY(l,ROCKEL)+PR08(1" 
CHRKSW-POLYC4,ROCKEL)+PR08(1~) 

•••••• • ••••••••••••• O!NSITY ••• • •••••••••••••••• 

AOD IN ANY ELEVATION CORRECTIONS 
RAINNE-RAINNE+(RAINNE*CHCSH[)+CRAIHN!*CHRKNE) 
IF(RAIH HE .LT. 0.0 ) 

CALL ~NUH9R(11,'ZERO RAIN(N[)',RAINN[) 
AAlNNE 8 t.OE-S 
THIS SHOULO ~O' HAPPEN, BUT TO AYOIO ~ArAL COMPUTATION ERRORS 

• THIS elT OF CODE wlLL SET THE RESULT TO 1.OE-5 AND WARN TM! UIER 
• OF A POSSI9LE ERROR 
... FIN 
R'I~~W.RAINsw+(RAINsw*CHCSSW)+(RAINSW*CHR~SW) 
IFCRAtN SW .LT. 0.0) 

THIS S~OULD ~OT HAPPEN, BUT TO AVOID 'ATAL COMPUTATIONAL ERRORS 
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001t1e c 
001"7 C 
001b8 
001&9 
00110 
001'71 C 
00172 C 
00173 C 
00111.1 C 
00175 C 
0017t> C 
00177 C 
00lT8 C 
001H C 
ooteo c 
00181 C 
00182 C 
0018l C 
001114 C 
001"5 C 
0018& 
00187 
00188 C 
001119 C 
001CJO C 
00191 C 
00192 C 
001«13 C 
001«14 C 
0019-; 
0019& 

28-0CT-el 1011S,01.l 'AGE 00004 

THIS BIT OF CODE WILL SET ATHE ~!IULT TO l.OE-' AND WARN T"E UIER 
OF A POSSleLE ER~OR 
CALL QNUMBH(13,'ZERO RAIN(8W)',RAINIW) 

• Ill!NSW·l.OE-5 
••• FIN 

GET THE DRAW FOR THE FRACTION OF NET RAIN'ALL THAT GOEI JNTO RECHARGE 
•••••••••• •••••• ·.·.DENSITY •••••••••••••••••••• 

RCHNE.RAINNE*PROB(ICLIM+16) 
RCHsw.RArNlw*PROBCICLIH+20) 

•••••••••••••••••••• DINIJTY ••••••••••• ••• •••••• 

RETURN 
END 

(FLEtS VERSION 22.4&) 

...............•..•.•.........•..••••.•. 
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10115112 ~AG! 00001 

...........•..•.....•...........•....•.. 
00001 C 
00002 C 
00003 C 
00004 C 
OOOO~ C 
00000 C 
00007 C 
00008 C 
OOOtlOJ 
00010 C 
00011 C 
00012 
00013 C 
00014 
OOOt'5 C 
0001& 
00017 
000t8 
OOOlfJ 
00020 
00021 
00022 
0002] 
00024 
00025 
0002& C 
00027 C 
00028 C 

******* ••• ***.****.**** OEFORM.'LX •• **** ••• ***.*****.** •• ** •• *** 
D!FnR"ATION 8U8MOOE~ ACCOUHTS FOR 

FOLOING 
CIUNGES IN H.C. 

LOCAL FAULTING IN T~! MIC.S. 

SU9ROUTIN[ OEFORM 

INCLUOE 'OIlr22~,22&JCO""ON.'LX' 

CALL NOT!(lZ".OEFORMATION') 

SU-PROBA8IlITY 
ALLO~-FOR·UPLIFT-SU8.IDENC!-AND.a!IaMIC.!V!NT. 
CREATE-A.HEW.FAULT 
tHECt<·'OR-ANY-ACTIVE·LOCAL-'AULTI 
CHECK-FOR.THRUSr-'AUt..TS 
CHECK-FOR·'OLO.ACTIVITV 
CHECK-FOR_NE-'AULTIHG 
CH!CK-FOR-SW-'AULTING 
CHEC~·FOR·EXPLICT-8WARH8.Ar-THE·SIT! 
RETURN 

•• ****.**.*************.*.************* ••• ** ••• * •••• *********.* • 
•••••••••••••••••••••••••••••••••••••••• 

00029 
00030 c 
00031 C 
00032 C 
00015 C 
00034 
00015 
0003& 
001)37 
00038 
OOO]OJ 
00040 
00041 
00042 
00043 C 
00044 
0004'5 C 
0004& 
00047 
0004A C 
00049 
00050 

TO SET-PROBABILITY 
.. ***SEt-PROBABILITV.*****.* ••• **.*.**.* •• * ••• *.*****.******* •••• 

• 
• 
• 
• 

IF A SU8BASEMENT FAULT OCCURED CHANG! THE "ROI. NUMBER I 
IOHEN(L FlUSH) 

PNEWn8PNWFT' ICHANC! 0' 'CRUTING' A NEW 'AULT 
• PNEwFD8PNWFDF ICHANCE 01' 'CRUTING' A NEW I'OLD 

F'NEwTR8PNWTRF ICHUIC! 01' 'CREATING' A NEW THRUST 
• PF'ChPFL4TF ,CHANCE OF FOLD GRowTH THIS TIME STEP 
• PSS!)(.P~SEXF lCHANC! OF AN '!XTqA' LOCAL !VENT 

PTqEhPTRI!:XF ICHANCE OF AN 'EXTRA' THRUST FAULT EYENT 
PN[ EUPNE EXF ICHANCE OF AN 'EXTRA' N.!. I'AULT EYENT 
PSWEhPswEXF 'CH4NC~ OF AN 'EXTqA' Sow. FAULT EVENT 
AYIUTdVRHF 'AYEP'SE NUMBER 0' EVENT. ON RATTLESNAKE 
AVGASdVG'8F lAVERAGE' ~UMB!R OF !YENTS ON GA8L! MT. 

• 4VSAO.4VSAOF I'VE~AG! NUMBER OF [VENTS ON SADOL! "T. 
••• FIN 
ELSE 

ELSE USE ST'NOARDEO VALUES 
• Pt.lEWFT. ""'101FT 'CHANCE OF 'C~EATING' A NEW 'AUl.T 

PN€\IIF[l.PN\OOFD ICHANCE OF 'CREATING' A NEW FOLD 
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00051 
00052 
00053 
000511 
00055 
0005f1 
00057 
00058 
0005Q 
000(,0 
00061 
000b2 
OOO&! 
0000'1 

00065 
OOOflb 
00067 
0001,(1 
OOObQ 
00070 
00071 
0007i? 
00073 
0007/1 
oon7S 
oon16 
00077 
000711 
OOOH 
OOORO 
00081 
OOO~2 
00083 
00084 
000115 
00086 
00087 
ooo~a 
OOOllq 
OOOIJO 
OOOQl 
000q2 
000q3 
OOOQIl 
000"5 
OOOQ& 
000Q7 
000"8 
OOOQq 
00100 
00101 
00102 
DOlO! 

C 

C 

C 
C 
C 

• 
PNEWTRePNWTR 
PFACT.PFLAT 
PSSEX.O.O 
PTREXeO,O 
PNE EXeO,O 
pswn eO.O 
AVRATaAVERAT 
AVGASeAVEIIAB 

• AVSAO.AVESAD 
• ••• FIN 
••• FIN 

,CHANCE OF 'CREATING' A NIW THRUIT 
'CHANCE OF FOLD GROWTH THIS TIME 8TEP 
'CHANCE OF AN 'EKTRA' LOCAL EYENT 
'CHANCE OF AN 'EXTRA' THRUIT ~AULT [VENT 
,CHANCE OF AN 'EXTRA' N.!. FAULT (VENT 
,CHANCE OF AN 'EXTRA' I,W. 'AULT EVENt 
IAVERAGE HUMIER OF [VENTI ON RATTLESNAKE 
'AVERAGE NU~8[R OF EVENTI ON aABL! MT, 
IAVERAGE NUMBER OF EVENTS ON SADOLI MT, 

.*********.******* •• ****.*********************.**.************** 

.---..• ---.•••....•...• -.•.............• 

C 
C 

·C 
C 
C 
C 
C 

C 
C 

C 
C 

C 

C 

C 

c 
C 

C 

C 
C 

C 

C 
C 

TO ALLOW.FOR.UPLIFT-SUBSIDENCE-AND-SEIIMIC-EV!NTS 
***.**** ••• **.ALLOW.FOA.UPLI'T-SUBSIDENCE·ANO-SEIS~IC.EVENTS.********* 
* •••• LLOW FOR UPLIFT AND SUBSIDENCE*.***.**.******.*.* •• **.**.** 

ORAW FOR 8U~SIDENCE IN THE BASIN 
• RELATIVE TO THE THE N,E, AREA(l.E.'Z!RD' VERTICAL MOVI~ENT 

.*.*.**.*******.**. DENSITY eURVt *** •••• *****._****. 

• 
CH8A8.-PRO~C10~).DTIME ISU8IIDENCE(OR UPLI'T) IN TH! BAlIN 
NOTE THAT THE AeOVE HAS A MINUS SIGN 

** •••• ***** •• **** ••• ******.**.*.**.****.*** •• **.***** 
SELEv.9ELE~+CHRAS 
HEA088.HEAD88+CH8A8 

• THEN DRAW FOR THE RELATIVE CHANG!I AT THE FOLLDWING AREAai 
*.****.****.***.* •• DE"SITY CURVE *** ••• ***.* •• *.*.** 

, STHAT.PRUS(I07) ,STRAIN ~ATE FOR RATTLESNAKE 
* •• *.**.** ••• ********.***.**.**.****._** •• _*-**.***** 

H08W~seHDswWS+STRAT*DTIME 
HOSWGR.HOSWG~+STRA'.OTJME 

• ERATTL-ERATTL+8TRAT*OTIHEIRATTLEINAKE ELEVATION CHANG!S 
* •• ,.** ••• ,,***,.*. DENSITY CURVE ****.*.*.**.******* 

, ITSAD.PRonCIOe) ISTRAIN RATE FOR SADDLE HT. 
.,,*., ••• *-.**.,*.*** ••• *.,*.*.* ••• *.********.**,**** 

• ESENTeE8ENT+STSAD*DTIMEISENTINEL G,P(8ADOLE MT) 
.,*.*,*****.******. DENSITY CURVE ._****.**.*.**.***. 

, STGAS.PROA(IOQ) ISTRAIN RATE FOR GABL! MT, 
., •• ,** •••••• ,.*.*****.* ••••• *** •••• *.***.* ••• ******. 

, EGA8eE~A8+8TGAB.OTIHE'G4BLE MT. 
•• * •• ** •••• ***.**** DENSITY CURVE *.*.*******.*.**.** 

, EWALL.EwALL+PR08(110)*~TIMEIWALLULA GAP (HORIE HEAVEN HILLS) 
•• ,.*********** •• ** ••• ** •• -****.** •• ,**.** •• ****** •• * 
•• ******.* •• ***** •••• ****.* •• , ••• **.*****.** •• *.****. 

IF(BTGAB,GE. SlGAS T) 
NEVENTe~OIS~"(AVGAB) 
SUH'TN.SU~FTN.NEVENT 
IF(NEVENT.GT.O) 

fJOO_l,t.lEVENT) 
LUER-LAYRHS 
TOTAL-UP-HC 

0.32 
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00101& C 
00105 
0010~ C 
00107 C 
00108 
00t09 C 
00110 
00111 
00112 
00113 
00114 
001t5 C 
00116 CC 
00117 CC 
00118 CC 
00119 CC 
00120 ec 
00121 CC 
00122 CC 
OOlll CC 
00124 CC 
00125 CC 
OOt2~ CC 
00127 CC 
00128 CC 
00129 CC 
00130 CC 
00131 CC 
00132 CC 
00133 CC 
001H CC 
00135 CC 
0013& CC 
00137 CC 
001313 CC 
00139 CC 
00140 CC 
00141 CC 
00142 CC 
OOt'43 CC 
OOIIHl CC 
00145 CC 
001a& CC 
001111 CC 
0014" CC 
001Q9 CC 
00150 CC 
00151 CC 
00152 CC 
00153 CC 
001514 CC 
00155 CC 
0015& CC 
00157 CC 
00158 CC 
00159 CC 

***t*************** DENSITV CURVE ******************* 
• • GA8HCCLAYRWS)aGA8HCCLAYRWI)+PROB(11Z)*HYOCN1CLAYRMa,Z) 

• • LAYER.I..AYRGR 

• • • • 
TOTAL-UP-HC 
Gl8HC(LAYRGR).QABHCCI.AYRGR).PR08(11Z)*HYDCN1CLAyNQR,I) 

***************************************************** 
• •• CALL NOTE (17,'&A881.! MT, ACTIVit) 
• •• •• F IN 
• • • •• I"!N 
• ••• F-IN 
••• FIN 

IF(STSAO.GE.STSAO T) 
N[VENT.POISON(AYSlD)IGET THE NUMBER EYENTS THII TIME· 'TEP 
IF CNEVE.NT.IiT. 0) 
SUMFTN.1UHFTN+NEVENT 
00 (1.,1, NEVENT) 
CALL NOTE (ll,'.SADOLE MT. ACTIVE"INOTE CHANGI IN DOC. 
LAYER·LAYRNS 
TOTAL-UP-HC 

******************* DENSITY CURVE ******************* 
SADHCCL4YRW8).8ADHC(LAYRWS'.P~OB(11')*TOTAL 
LA1!RaLAYRGR 
TOTAL·UP· ... C 
SAOHC(LAYRGR).SAOHCCLAYRGR)+PROB(111,*TOTAL 

",.",****.*****************.",.*****.* •• ****.* •• *-* •• * •• 
FIN 
FIlii 
FIlii 
I'(STRAT.w!. STRAO T) 
NEVENT.POiSONCAVRAT) 
IF(NEVEIIIT.GT.O) 
SUMFTN.~UM'TN+NEVENT 
DO nal, IIIEVENT) 
LAYEAaLAYRW! 
TOUL-UPeHC 

-************-***** DENSITV CURVE *.**.*.*_*.******** 
RAOHCCLAYRWS).RAOHCCLAYRWS)+PROBCllJ).TOTAL 
LAYEAaLlYRGR 
TOTAL-U".HC 
IlAOHCCLAYRGR)aRAOHCCI.AYRGR)+PR08CSU)*TQUL 

ACTIVITY ON RATTLESNAKE RIDGE 
*****************'***.***********'*****-********.'****** 

CALL NOTE (lQ,'eRATTLESNAKE ACTIVE')INOTE CHANGE IN DOC 
FIN 
FIN 
FIN 

TO TOUL-uP-HC 
TOTALaSADHCCLAYER)+RlOHCCLAV!R)+QASHC(LAY!R'+HVDCN(LAYER,I) 

I tCHHCC1,LAYER,2'+CHHC(2,LAYER,Z) 
IF(TOTAI. .LE.O,G) 
THIS SHOULD NOT HAPPEN, aUT JUST IN CASE CHECK HERE 
CALL ~NUM~RC12,'H,C. TOO LOW',TOTAl)ICHANGE DOC 
CALL RNUM8R(11,'FIAST VALUE',HYDCNCLAYER,Z»&CHANaE DOC 
TOUL-l.E-IO 
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OOlbO 
001&1 
001ts2 
OOlfl] 
OOIM 
001&5 
OOtfl& 

CC 
CC 
C 
C 
C 
C 
C 

FIN 
'1'" 

**************************************************************** 
.•..••..••..•..•..••......•.•...•••..••. 

001&7 
OOlM C 
00109 C 
.(JOt10 C 
00111 C 
00172 
00 t13 
001711 
00175 
00170 
00171 
00178 
00119 C 
00160 
001!!1 
00162 C 
00163 C 
00lRQ 
00185 C 
0018b C 
00187 C 
001118 C 
00169 C 
00190 C 
OOl'H C 
00192 C 
00193 C 
00194 C 
0019C; 
0019!! 
00191 
00196 
00199 C 
OO?OI) 
00201 
00202 
00103 
00204 
00205 
00i!0~ 
00201 C 
002011 
00209 
00210 
00211 
00212 

TO CREATE-A-NEW-FAULT 
****CREATE A NE~ FAULT-*********.* __ ****************** ___ *****_** 

• 
• 

• 

• 
• 

• 
• 

SEE .BOUT 'CREATING' A NEW LOCAL F.ULT 
IF(IFORCE.EQ.8.ANO •• NOT. LSSF!N) 

CALL NOTE(19,''''0 ~Ew FAULT FORCED') 
• IFORCEaO 
••• F!N 
IF(IFURCE.EQ.8.ANO. LNWaSF) 

• 

CALL NOTEClb,'NEW ,AULT FORCED') 
LNWSSFa.FAL8E. ISET FALSE TO ALLOW TH! UIER 

MORE TH .... ONE NEW LOCAL 'AULT 
TO !fORCE 

••• FIN 
IF(.NOT.LN~SSF.ANO.LSSFIN) 

• 

IF • NEW LOCAL F'ULT HAS NOT .LREADY BEEN CREATED AND 
LOCAL FAULTS .RE ALLOWED THIS RUN THENI 
IF( L TEST CPNEWFT).OR. IFORCE.!Q.8) 

• 

IF A 8.0. IS TRUE FOR CR!ATING A NEW LOCAL ,AULT TH!NI 
WRITE' TO THE HISTO~Y FILE 
rrNO THE HAXIMUN DISTANC! BETWEEN FAULTS AND ~LAC! TH! 
NEW FAULT TIofERE 
THEN ORAIoj FORI 

JJl0TH 
OIRECTION 
AND STARTING "YORAULIC CONDUCTIVITY 
8ET THE STA~TING TIME FOR THE 'NEXT' EVENT TO THE CURRENT TIM! 
AND INCREASE THE NUMBER OF LOCAL 'AULT' BY 1 

CALL NOTEC1S,'NEW LOCAL 'AULT') 
LNWSSF •• TRUE. ,"ARK THAT A NEW !fAULT HAl FORMID 
018,.,A)(8-1. DUll 
JHUal 

• FJND T"E ~.X. DISTANCE BETWEEN FAULTS 
• OOtl-t,NSSFT-l) 

DI8CURaFAULT(l+1)-'AULTCI) 
I'corSCUR.GT.DlSMAX, 

DI81'.UaOISCUR • 
• 

• 114.1181 
• • •• FIN 
... FIN 
NOw I~SERT THE NEW FAULT 
IF(NSSFT.EQ,200) 

C'LL NnTE C15,'LOST LAST 
, NSSFTasqq 
... 'IN 
DO(tKa~SS'T+l,IHAX+l,·l) 

0.34 
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OOZll 

10.15.12 'A&I 00005 

• SSFTT(IK).ssFTT(IK-l)ITIM! 
00214 
002t'; 
ooat" 
OOl17 
00218 
00211) 
01)220 
00221 
00222 C 
00221 
00224 
00l1'5 
Ooa2~ 
00227 C 
00226 
0022CJ 
00210 
OOllt 
OGa12 
o Gall 
00234 
0021' 
00236 
00237 
00238 
0023CJ 
00240 
002Ql 
002IJ2 
00243 C 
00244 C 
00245 
00246 C 
00247 
002Q6 
002,~q 

00250 
00251 
00252 
00253 
00254 C 
00255 C 
00251, C 

• • 'OR(IK).'UACIK-l)IDIAECTION 
• • 8S'THC(IK).SS'THCC!K-l)lH,C, 

• RESET(IK).R!SET(IK-l) ,RES!T TIM! 
, FAULT(IK'.'AU~T(IK-l)'DIITANC! 

• ". ,FIN 
• NS'FT.NS$FT+t .. 
, ,U,TTCIHAlq aTTIHElUT THe: ,AULT TO IE, ACTIV! THII TI14' en, 
• • • ~ESET(IHAX).O.O 

*********.*******.* DENIITV CURVE * •••••••••••••••••• 
• • • 'WIDTH(I~AX).PROB(831/COSAN 

, FOA(IMAX)aRTRENO+PR08(84) 
• • SSFTHC(IHAX,.PR08(114).'THCIS II!T ITARTING H.C~ 

, • • SUHFTNaSUHFTN+l.0 
* ••• ** •••• *.* •• --****-_ ••••••• -._ ••• -•••••• *_ •• -*--.* 

• FAULT(IHAX)a'AULT(IHAX).OIIMAX/J.O ISET NtM OrlTANCE 
• OOUal,N85F1), 

• • CA~L ~NUM8R(10""AULT NIW',FAULT(I» 
• • , IF(I.EO,IHAX)CALL RNUHBR(18,'N!N PAULT DIITANCI','AULTltMAX), 
• • " •. 'IN 

• • IF(A88CFAULHII1AlC»,LE •. SlTAAO) 
• • • CAL~ NOTECt2,'SITE 'AULTED" 
• • • • N!XT'T.NEXT'T+l ' 
• • • , I,(NEXTFT.GT,'O) 
• • 

• 
• 

• 
• 

• , 
• • 
• 

CALL ~OT[(lS,'LOST FAULT IN RIPS') 
• NUTn.50 

• .. ,I"IN 
IFSIT(NEXTFT)-l"AX 

• 

ANGaANGBTNC'DReJMAX"ANCRO') 
R.A6SCFAULTCII1AXl-SrN(ANG/5'.Z'.",I.I. GrT THI 

NORMAL DISTANC! 
TO TH! ,AULT 

, RLENGHaSQRT(SITRAD*SITRAO-R*R'*i 'LENGtH O"lULT lITE 
• INTERstCTJON 

APEA_RLENGH_Cl"WIOTH(lMAX)/1000.0)-COSAN 
F~ACeNEXTFT).~REA/(SITRAD_SITRAO*1.1415" 

• C4LL ~~UMBR(17,'FRACTION OF INTER','AAC(IMAX), 
• ... FIN 

• ••• "IN 
• ••• FIN 
••• FIN 

***---*******-***-**._---*--***-*-*-******-***.** ••••••• *****_ •• 
................•.............•........ -

00257 
OOlSS C 
002SQ C 
002bO C 
002bl 
002b2 C 
00i63 C 
002&4 
002/)5 

TO CHECK-FOA-4NV-ACTIVE-LOCAL-FAULTS 
***_C~ECK FO~ ANV ACTIVE ~OC'L FAULTS-**----_.*_**_.*_* ••• *.* •• * 

• 
• 
• 

IFeNssn .GT. 2] 
~EHEH8Eq TH~T T~E 1ST ANO LAST 'AULT ARE OUTSIDE THE BASIN 
FIRST C~ECK FOR ANV EXTRA EV!HTS CAUSED 8Y SUBBASALT FAULTING 

• DO(K.1,N'SFT-l) 
• IF(LTESTW(PSSEX] ) 

0.35 
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OOl&i, 
00&1&7 
OOi!&fi 
00269 
00270 
00271 
00272 
00273 
002711 
00275 
0027b 
00217 
OOlH 
002H 
002110 
00281 
00282 
002&3 
002134 
00285 
0028& 
001117 
002811 
00269 
00290 
002'H 
00292 
00293 
002911 
00295 
00290 
00297 
0029~ 
00299 
00300 
0031)1 
00302 
00303 
003(14 
00305 
00306 
00307 
0031)8 
00309 
00310 

00311 
00312 
00313 
003111 
00315 
00316 
00317 
DOlle 

C 
C 
C 
C 

c 

c 

C 
C 

c 
C 

c 
C 
t 

c 

C 
C 
C 

• WHEN(RESET(Kl.LT.TIM!H) 
• IF A LOCAL 'AULT IS TRIGGERED AHEAD 0' TIM[ TH[N. 

WRITE TO THE HISTORY 'ILE 
• _. RESET THE TI~E 'OR THIS LOCAL ,AULT TO BE ACTIvE TO 

• THE CURRENT TIM[ 
• CALL INUMBR(16,'[~TRA ADJUSTHENT',K) 

• • S8'TT(K).TTIHEIRESET TIME TO EVENT TO OCCURE RIGHT NOW 
• ... FIN 

• EL.SE 
• •••• CALL. INUHBR(14,'EXTRA [VENT ON',K) 

******************* DENSITY CURVE ******************* 
• 68FTHC(K).SIFTHC(K).PROB(114) IG!T CHANG! IN H,C, 

• •• • SUMFTN8SUHFTN+l.0 
***************************************************** 

• ••• FIN 

• 

• ••• FIN 
• ... FIN 

• 

REPEAT UNTILCTHIN.G!.TEND) 
THIN81.0E20 
DO (1<.2, "'SSH-l) 

IF(SSFTT(K).LT.TEND) 
, IF THIS LOCAL. FAULT II ACTIVE THEN, 

WRITE TO THE HISTORY 'ILE 
• CALL. INU~8R(12,'FAULT ACTIV!',K) 

DRAW FOR HYDRAULIC CONDUCTIVITY 
• • • •• O~AW FOR THE TIMf UNTIL THE NEXT EVENT 

******************* OENSITY CURVE *************.***** 
• TINC.P~08(85) aGET INCREMENT IN TIME 

• • • • • 88FTHC(~)8PROB(114)tS8'THC (K) I ADD TO CHANGEI 
****************************.************************ 

8UMFTN8SUHFTN+l.O 

• 

RESET(K)8SSFTTCK)+TINC*FRE,FT 
• 88FTT(K).SSFTT(K)+TINC 
••• FIN 

• T~tN8~lNtSS'TT(K),THIN) 
••• FIN 

• tALL. RNUH8R(lZ,"MIN. EV!NT8',TMIN) 
, ••• FIN 

• ••• 'IN 
•• ,FIN 

**************************************************************** 

IN I( 

.-..... ---...... _ .•.....•..••...••••.... 

c 
c 
c 
c 
C 

c 

TO CHECK-FOR-THRU8T-'AULT8 
****C~EC~ FOR THRUST FAULTS************************************* 

CHECK FOR & THRU'T 'AULT IN THE R!POSITORY 

IF(.NOT. L TRUST) 
IF THERE IS NOT 1 THRUST FAULT THEN TRY TO tREAT! ONE 
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00319 

1011'112 PAGE 00001 

IFC L TEST(PNEWTQ) .OR, IFORC!.!Q.') 
00320 C 
00321 C 
00322 C 
00323 C 
OOla. C 
00325 C 
0032" C 
00321 C 
00328 
00329 
00330 C 
00331, 
00332 C 
00333 
00334 
003.55 
0033& 
00331 
00338 
00339 
00340 
00341 
003112 
003.3 C 
00344 C 
00345 C 
003a" C 
00341 
00348 
003119 C 
00350 
00351 C 
00352 
00353 
00354 
00355 
0035" C 
003'51 C 
00358 
00359 C 
003&0 
003&1 
00362 
00363 C 
003"4 
003&5 
0031,& 
003&7 C 
003&8 C 
OOHCl C 
00310 
00371 C 
00l7e! 
00173 
003111 

• I' THE S.D. IS TRU! 'OR A THAUST ,AULT IN THE REPOIITORY TH!N, 
• DRAW FOR 1 

• • THICKNfSS 
• HYDRAULIC CONDUCTIVITY 

• , AND SET THE TIME TO THE 'NEXT', THRUSTING JCT1YITY TO CURRINT TIM! 
• SET LOGIC 'LAG 

, •• WR1TE TO THE HISTORY 'IL! 
.* •• *.* •••••••••••• CENSITY ~RVE **********.***.**** 

• • • THRwD_PRoe (8&) I G£1"" THRUST WIDTH 
• • • THRHC.PR08(115)*TRSTRT aG!T STARTINg H,e, 

•• *******.***** •••••• ********.*.*.* ••• * •• ******* ••••• 
, • • IF(THRWD,GI,RPOSTH) 

• 
• 

• • • IF THIS MESIAG! OCCURS THIN THIRI IS AN ERROR IN CURYI 115 

, • • CALL RNUM8R(lS,'THRUI' TOO MIOI1,THRWD) 
• THRWD8RPOSTH/2.0 
, , ,,1"11" 

• TRUSTT-TTIME,S!T THRUST TO 8E ACTIVE THII TIME STEP 
• • • RESET T.O,O 
• TRMOVUO,O 

• LTRU818,TRU!. 
• , CALL NOTE(16,'N!W THRUIT 'AULT') 
• • ,.,trlN 
• ••• FIN 
• 
• 
• I'CL TRusn 

IF(LT!8TW(PTREX)' 
• • "THRUSt EVENT T1MINQ E"ECTED BY • lua-aA.ALT '~U~TINQ EVENT 

, WH!~(RE8ET T.LE.TIMEH) 

• 
• , 

• T~! TIM!ING 0' THE SCHEDULED EVENT II REI!T 
CllL NOT!(l'5,'THRUIT AOJUSTED') 

• TRUST T-TTIMEIIET TIM! TO ALLaM FOR TH! EVENT TO OCCUR THII ITI~ 
••• 'IN 
ElSl 

., AN EXTRA FAULTING EVENT OCCUR I WHICH DOES NOT E"ECT THE TIMING 
• ,. 0' THE CURRENTLY SCHEDULED EVENT 
, • • • CALL NOTE(18,'EXTRA THRUIT fVENT', 

** ••• *.****** •••••• DENSITY CURVE *_***.***.*** •• _ ••• 
, THRHC_THRHC+PRO~(115) IG£T CHANGE IN H.C, 

, T~MOVE.TM~OVE+PROa(116) IGET CHANGE IN TOTAL ~OV!MENT 
• • , • SUMFTN8SUMI'TN+l,O 

* ••• *.***.*****.*.***.* •• ***.************************ 
, • • •• 'IN 
, ••• F IN 

WHILE (TPUST T .LT, TENO) 
• IF THE THRUST 'AULT IS ACTIVE THIS TIHE STIP THEN 

ORA~ FOR A CHANGE IN HYDRAULIC CONDUCTIVITY 
• ANO DRAW FOR THE TIHE UNTIL THE NEXT EVENT 

• • • CALL NUTEC13,'THRUST ACTIVE') 
***** •••••• * •••• * •• D!NSITY CURVE ••••••• *.* •••••••• * 

• THRHCalHRHC+PR08(115) IlOD TO CHANGE IN H,C. 

• 
TQ~OVE8TPHOVE+PROe(11') IAOO TO TOTAL MOVEMENT 
TINCaPR08(87) I INCREMENT IN TIME UNTIL THE NnT EVENT 
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00375 
0037& 
00377 
00378 
00379 
001(1) 
00181 
00382 
0038] 
00]84 
00365 

0038& 
00381 
0036e 
003M 
00390 
003'H 
OOH2 
00]91 
003911 
00395 
0039& 
00397 
0039~ 
0039Q 
00400 
OouOl 
00402 
00403 
OOIlOq 
001105 
00406 
00407 
001108 
00409 
001110 
00411 
001112 
001113 
ooall.1 
001115 
00111& 
00417 
001118 
001119 
001120 
001121 
001122 

001123 
00424 

c 

c 
c 
c 
c 

***************************************************** 
8UM~TN·SU~FTN+l.0 
RESET T*TRUST T+TINC*FRESTR 

• TRUST T_TRUST T+TINC 
• ... FIN 

• ••• FIN 
... FJN 

**************************************************************** 
..............................•••....•.• 

c 
C 
C 

c 
c 
c 
c 
C 
C 
C 

c 

c 
C 
t 

c 

t 
C 
C 

TO C~ECK.FOR.FOLD.ACTIVITY 
****CHEC~ FOR FOLD ACTIVITY************************************* 

• 

IF( .NOT. L FOLD) 
IF THERE IS NO FO~D PRESENT IE! ABOUT CREATING ONE 
IF(~ TE8TCPNEWFO) .OR. IFORCE,EQ,2) 
• IF A NEW FOLD IS CREATED THENCWITH A CALL TO GT'O~O) 

DRAW FOR A STARTINQ K VALUE 
ORA. FOR A LOCATION (RELATIVE TO THE REGIONAL TREND)"I! ~J~ 1,1 
DRAW FOR THE ANGLEICSE! FIG 1,7) 
8ET THE ITARTING ELEVATION TO ZERO 
WRITE TO THE HISTORY FILE . 

tALL NDTEClb,'NEw FOLD CREATED') 
tALL GETFlD 

• FOlOHC_O.O 
• ••• FIN 
... Fll11 

• ·LFOACT-.FAlSE. 
IFCL FOLO) 

IF(L TEST(PFACT) .DR. IFORCE .[Q.2) 
IF TME FOLD 18 ACTIV[ ~OR THE REST OF THE TIME 'TEP THENi 

• • • DRA~ FOR A~ INCREAS! IN H[IGHT 
******************* DENSITY CURVE ******************* 

• RNUM*PR08(117)*OTIH[ ,FOLD 8~O"TH 
• • • ~OLD~C.FOLDHC+PROB(tll'*OTI~E IAVERAGE INCREASE IN H,C, IN THE 'OLD 

*****.*********************************************** 
CALL RNUHBR(11,'FOLO GROWTH',RNUH) 
POShP08T+~NlJ'" 

• LFDACT •• TRUE. 
• ••• 'IN 

• ••• FIN 
••• FIN 

**.***********_ ••• *************.*.*-*************-************** 
......•...•.... -....................... . 

TO CMECK-'OR-NE-FAULTING 
c ****CHECK FOR NE FAULTING** •• ***********************.*********** 
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004Z5 
OOIZe 
00121 
00428 
001129 
001130 
001131 
00432 
001133 
0011311 
00435 
OOQU 
0011]7 
00138 
00439 
00440 
004111 
0044i! 
0011113 
00444 
00445 
0011110 
001l'H 
004ll~ 
OOIl4CJ 
00450 
00451 
0045i! 
00453 
00454 
00115'5 
OOIlSe 
001151 
0011'38 

001159 
OOIiM 
004"1 
0011"2 
00463 
OOl1ell 
0011"5 
OOlice 
0011"7 
0011&8 
0011&9 
001170 
0047\ 
00472 
OOHl 
OOIiH 
COHO; 
00111& 
001177 

c 
C 
C 

C 

C 

C 

C 

c 
C 
C 

C 

c 

c 
C 
C 
C 

10115112 PAGE 0000. 

CHEC~ TO BEE IF NIE. FAULTING IS ACTIVE 
• IF(LTESTH(PN!£X" 

'EXTRA' 'AULTING EYENT OCCURED DUE TO Iua-BASALT 'AULTING (VINT 
• • H~EN(R!SFN!.LE,TIHEH) 
•• CALL NOT!(13,'N,E. ADJUSTED" 
• • • 'LTNEeTTtHE 

••• 'IN 
• ELSE 
• •• CALL NOTE(11,'N,E. EXTRA ACTIVE') 

******************. DENSITY CURVE * ••••••• * •••••••••• 
• • • FLHCN!.FLHCN!tPR08(119) aCHANIE IN H.C. 

* •• ****.**.* •• ***.**.**** ••••••••••••••••••••••• * •••• 
• • ~ •• FJN . 

••• FIN 
NO" DO 'NORHAL' N.E, 'AULTINa 

• WHILE(fLTNE.LT,TEND) 
IF tHERE 18 A '~ULTING EYINT THII TIMI IT!P THEN. 

DRAW 'OR CHANG! IN HYORAULIC CONDUCTIVITY 
DRAW 'OR THE TIM! UNTIL TH! N!XT tIMI: ITIP 

• • CALL NOTE(17,'N,E,'AULT ACTIYI') 
• • 

••••• ******.**.* •• * DENSITY CURYE ***** ••••• * •••••• *. 
• • 'LHCN[.FLHCH!+PR08(11') 1CHANG! IN ",C. 
• • TINe.PR08('1) lINCREMENT 0' TIH! UNTIL THI NIXT IYINT 

.****************.**.*************.**.***.*****.**.** 
RESFNE.FLTNftTINC*'RfFNE 

• 'LTNE.FLTNEtTINC 
• ••• FIN 
••• '11'1 

.**********************.*.*.********.****** ••••••••• ***** •• *.* •• 

•••••••••••••••••••••••••••••••••••••••• 

C 
C 
C 
C 

C 

C 

C 

C 

C 

Tn C~ECK.FOR.~W.FAULTINQ 
****CHECK FOR. SW FAULTING**** ••• *** ••• * ••••••••••••• ** ••••••••• * 

NO~ LOOK AT THE S.W. 'AULT ZONE 
• IFCLTESTW(PSWEX») 

'EXTRA! EVENT IN THE S.W. 'AULT ZONI DUE TO sua-SAsALT 'AULTING 
WHEN(RESFsw.LE.TIMEH] 

• SCHE~ULfO EVENT AES!T TO CURRENT TIME STIP 
CALL NOTE (13,'S.W. ADJU8TED') 

• • FLTsw.TTIME 
• • • •• FIN 
• • ELSE 

'EXTRA' EVENT i4lTHOUT EprFECTING THE SCHEDULED IEVENT 
• •• CALL NnTE(11,'S,W. EXTRA ACTIVE" 

*****************.* O!NSITY CURVE .***.************** 
• • • 'LHCSW.FLHCSwtPIl08( 120) ICHANG! IN H.C. 

*********************************.*****.************. 
••• FIN 

0.39 



(F~ECS VERSION 22.(6) 10115112 PAGE 00010 

00117/\ 
0047</ 
ooaflO 
00481 
00482 
00483 
ooa"," 
0041.!5 
0048& 
00487 
001J88 
OOIiM 
00a90 
001191 
004Q2 

00493 
OOlJq/j 
00495 
OOQq~ 

00497 
00498 
00499 
00500 
00501 
00502 
00503 
005011 
00505 
0050~ 
00507 
00508 
00509 
0"511\ 
00511 
0(1512 
00513 
000;111 
00515 

C 

C 
C 
C 

C 

C 

••• FIN 
NOW DO THE 'NOHMA~' CASE 
WHILE(FLT8w.~T.TEND) 

IF THERE 18 A FAULTINQ EVENT THIS TIM[ STEP THEN, 
DR'" FOR THE CHANGE IN HYORAU~JC CO~DUCTIVITY 
DRAW FOR T~E Tl~E UNTIL THE NEXT TIM!-ST!P 

• • C4~L NOTE(17,'S.~. FAULT ACTIVf') 
******************* DENSITY CURVE ••••• * •••••• * •••••• 

F~HCSWeF~HCSw+PR08(1'O' seHANG! IN H.C, 
• TINC.PR08(90) 'INCREMENT IN TIM! UNTIL THE NEXT [VINT 

**.*** •• * ••••••• ** ••••••••••••• * ••••••••••••••••••••• 
AE8FSw.F~T8~+TINC.FAEFSW 

• FLTSW.FLTsw+TINC 
• ••• FIN 
••• FIN 

................................•.•••••. 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

TO CHECK-FOR-EXPLICT.SWARMI.AT-THE-SIT[ 
•• **** CHECK-FOR-EXPLICT-SWARMS-AT-THE-SITE* ••• ** 
• 

• 

AVESW~. AVERAGE NUMBER OF IWARM EVENTI/l00 I D YEARSCI) 
NS~ARM a NUMBER OF SWARM EVENTS(T) 
CHRS(l). TOT_L CHANG! IN H,e. DUE TO SWARM EVENTICA) 
TEMP a TEMP. VARIABLE (T) 

NSWAq~aPOISON(AV£SWM) 
IF(NSOlUI1.GT .11) 

DO (h 1, N8I1iARM) 
I TEMPaPRD8(131)*APOSHC 

CALL ~NUM~R(ll,I.NEW CHANG!',T!MP) 
• CHRS(l)aTEMP+CHRS(]) 

• • I •• FIN 
• ••• FIN 
••• FIN 

END 

......•...•.•..••.•.••..•.....•.••••.••• 
PROCEDURE CRDSS.REFERENCE TABL! 

OOllt CHECK·FOR·THRU8T.F~ULT8 
00021) 

on02Q SET -PR08AttlLIT Y 
0001" 

00386 CHECK-FOR-FOLD-_CTIVITY 
00021 

001159 CHECK.FOR·S~-FAULTING 
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0002] 

00167 CREATE-4-HE_-'AULT 
00018 

00423 CHECK-FOR-NI-'AULTINQ 
00022 

10.11'12 PAGE 00011 

00251 CHECK.FOA-ANY-ACTIVI-LOCAL-'AULTS 
OOOlQ 

000~5 ALlOw-FOR_UPLIFT-SU8S10ENCI-AND-.IISMIC-EV!NTI 
00011 

0049) CHECK-'OR-!XPLICT-SH'R~S-AT-TH!.'IT! 
00024 

(FLECS VERSION 2l.4b) 

•••••••••••••••••••••••••••••••••••••••• 
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.. ---...••.••..•.••.•.•.•...•........•.. 
00001 C 
00002 C 
00003 C 
OOOO~ C 
00005 C 
0000l> C 
00007 C 
OOOO~ C 
00009 C 
00010 C 
00011 C 
00012 C 
00013 C 
000111 C 
000t5 C 
00016 C 
00017 
00018 C 
OOOlCl C 
00020 C 
00021 
00022 C 
00023 
0002Q C 
00025 C 
00021> 
onoZ1 
0002~ 
00029 
00030 
00031 
00032 
00033 C 
000311 

********************** GEO~OR,FLX ****************************** 

THIS SUBMODEL ACCOUNTS FOR I 
CHANG~S IN PATH L!NGHT OF THE UNCON~INED AQUr'ERCBY RIVER 
MOVEMENT) CASED OR PREVENTED IYI 

GL_CIER ICE 
FLOODING 8Y THE SEA 
MAGMATIC EVENT 
L4NOSILOECS) 

CHANGES IN RIVER SLOPE(ALSO EFFECTED BY A NUHBER OF EVENTI) 
RIVER EROSION OR DEPOSITION 
CATASTROPHIC(MI880UL4) 'LOODING 

SUBROUTINE GEOHOR 

INCLUDE '011 [226,226lCOHMON.'LX' 

CALL NOTEC10".GEHORPHIC') 

WHEN(.NOT. LICEON ,AND •• NOT, LFLOOO) 
, CHEC~-FOR-FnLD.8ITE·INTERSECTtON 

ALLOW-FOR-RIVER-HOVEHENT 
GET-OISCHARGE-SLOPE-ANO-EROSION 

• CHECK-FOR-H1880UL4.FLDOOS 
... FI~ 
ELSE CALL NOTE(13,'.SITE COVERED') 

RETURN 

.............................•........•• 
00035 
0003& C 
00037 C 
00038 C 
OOOH 
000110 
00041 C 
0001l1? C 
000113 C 
OOOAlA C 
00045 
000116 C 
00047 
0001l~ 
00049 
00050 

TO CHECK-FOR-FOLD-SITE-INTERSECTION 
****CHECK FOR FOLD 8ITE INTERSECTION*****************.********** 

, 
• 
, 
• 

LEXPosa.FALSE. 
LFTlNTa,FALSE, 

FOLD NOT EXPOSED AT TH! SURFACE 
FOLO DOE8 NOT INTEREST THE SIT! 

CHECK FOR A NEw FOLD 
IF (LFULO) 

IF A FOLD IS PRESENT THEN SEE IF IT IS EXPOSED 
FOREF.P08T-fFLER 
CALL ~NU~8R(t2,'.FOLD RELIE",FOREF) 
IF(F~PEF.GT.Q.O) 

CALL RNUHBR(12,'FOLO E.'DI!D',FDR!F) 
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00051 
00052 
00053 
00054 C 
00055 C 
0005& C 
00057 C 
00058 C 
00059 
00060 
0006\ 
000b2 
0001,3 
00064 
00065 
00066 
00067 
000&8 C 
00069 C 
00070 
ooon 
00012 
ooon 
00014 
00075 C 
00076 C 
00011 
00078 
ooon 
00080 
00081 C 
00082 C 
0008} C 

• 
• 
• 

• 

• • L!XPOS •• TRUE. 
• ... FtN 
••• FIN 

FINDS IF AN INTERSECTION OCCUU ANO HOIII MUCH 
WH!N(UNPA,H(2'.L!,8ITRAD) 

IFC.NOT.LRIVON)CALL HOTE(8f'RIVER ONI, 
, • LRlVON-.TRUE. 
• ••• FIN 
• EI.S! 
• IF(LRIVON)CALL NOT!(9,'RIVER O~'I) 
• • LRIYON-,FALSE. 
• ... I"IN 
• IF(LEXPOS .AND •• HOT. LRVFXO) 
• THE FOLD IS EXPOSED AT THE SUR' ACE AND THE R1VER II NOT ALREADY 

FIXED IN PLACE THEN CHECK TO SE! t~ IT II NOM CAPTURED 8' TH~ RIVER 
• FWAS Te •• l. 0 I sn 'I.A, TO CHECK I' THE '01.0 IS CLOSE ItY 

• • LRYFXOaUNTER (RlYeA", 'ANGLE,POST ,COIAN2,SlNAN, AVAXU,DU"D +.. , FililSTE) -

• 

••• FIN 
IF (1.1"0 ACT) 

IF THE FOLD IS .CTIVE SEE l' IT INTERsrCTS THE, REPa'ITOR' AND 
IF SO THE FRACTIONAL AMOUNT THAT IT INTERSECTS 

• LFTINT 8 
+. • LINT!RCSITRAD,FANGI.E,POST,COSAN2,8INAN,AVAXII,DJ8T'D,'RACCa» 

• ••• FIN 
•• ,'IN 

•••••••••••••••••••• * •••••••••••••••• * •••••••••••••••••••••••••• 
---... __ ......•...........•...••••...•.. 

00084 
00085 C 
0008& C 
00081 C 
000l\8 C 
00089 
00090 C 
00091 
00092 C 
00093 C 
00094 C 
00095 C 
0009& 
00097 
0009~ 
00099 
00100 
ootOl 
OOlU 
00t03 C 

TO AlLOW.'OR.~IVER.MOVEME~T 
* •• *ALLOW 'OR RIVER MOVEI4ENT**.*.* •••••• *.* •• ** ••• * •••••••••• **. 
• 

• 

• 
• 
• 

• 

·····OEN8ITY ••••• 
CH.PR08(46)*UTIME ......•.......... 
CHANGE-SLOP! 

C"ECK FOU LANDSLIDES 
N8LIDE~POI80W(.VLAND' I GET THE NUMBER OF I.ANOILIDIS 
IF(NSLIOE.EQ.O .A~D.IFORCE.EQ,3' 
• CALL NOTEC12,'FORCEO SLIDE" 
• N8lIDE8' 
••• 'IN 
IF(NSLIDE.GT.O)L8LIDEa.TRUE. 
IF(I.~VCIiG) 

IF A MAJUR CHANGE IN RIVER SLOPE DUE TO GLACIER ACTIVITY 
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00104 
00105 
0010t-
00107 
0010ll 
00109 
00110 
00111 
00112 
001U 
00114 
00115 
0011& 
00117 
001U 
00119 
0012(1 
00121 
001i!2 
00123 
00124 
00125 
0012& 
00127 
00128 
00129 
OOUO 
00131 
00132 
00133 
00134 
00135 
OOllb 
00137 
oOln 
00119 
00140 
00141 
00102 
001113 
00144 
00145 
00111& 
00147 
OOUS 
00111Q 
00150 
00151 
00152 
00153 
001511 
00155 
0015b 
00151 
00158 
00159 

c 
c 

c 
C 

C 

c 
C 

C 

c 
c 

C 

c 
c 
C 

c 

C 

C 

C 
C 

c 
c 
C 

C 
C 

• 

• 

• 

• 

••• •• DENSITY •• ••• 
CH.PROS(47) 'C~ANQE IN SLOP! DU! TO GLACIERS 
••••••••••••••••• 
CHANGE·SLOPE 

• CALL RNUMBR(18,'SLOPE ~ROM 
••• FIN 

GLACIER' ,CH) 

IHLSEACtO 
IF 4 MAJOR CHANGE IN RIV!R SLOPE DUE TO 'LOODING BY THE I!A 
·····OENSITv ••••• 
CH.PR08(48) ICHANGE IN SLOPE DUE TO FLOODING ..........•...... 
CALL RNUH8RCI9,'SLOPE FROM FLOOD!NG',CH) 

• CHANGE-SLOPE 
••• FIN 
IFCLMAGRY) 

• 

MAJOR CHANGE IN RIVER ILDP! DUE TO MAGNA TIC !"rCTI 
··.·.nENSITY ••• •• 
CH.PROB(09)ICHANGE WITH HAG. EVENTS .......•......... 
CALL RNUH8RC1T,'.SLOP! 'ROM HAGMA',CH)ICHANG! DOC 

• CHANGE. SLOPE 
... FIN 
IF(LSLIDE) 

OOCIal,N8LIDE) 
CHANGE IN RIVER SLOPE aU! TO LANDSLIDING 
~ •••• DENSITv ••••• 
CH.PROBC50) ICHANG! IN RIVER ILOP! DU! TO LANDSLIDING .......•... --..•. 
CALL RNUMBRC17,'.SLOPE FROM SLIDE',CH)ICHANG! DOC 

• CHANGE·SLOPE 
• ••• 'IN 
••• FIN 

IFt.NOT. LBEDRK) 
IF THE RIVER IS NOT IN SEDROCK 
IF(.NOT. LRYFXD) 

• 
• 

• 

• 

• 

IF T~E RIVER IS NOT FIXED ON THE lITE BY A 'OLD 
OOUPATH.l,3) 

• 

• 

•• ···DENSITY •• • •• 
CH.PRO~(Sl).DTI~E INORHAL CHANGE IN THE UNCONFINED GROUND WATER ...........•...•. 

PATH LENGTH 
CHANGE.PATH·LENGTH 
IF(LRYCHG) 

• 

HAJPR CHANGE 'ROM A GLACIER 
•• ··.OENSITY ••••• 
CM.PROS(S!) ICHANGE IN UNCDN,lNED 'ATH LENGTH DUE TO A GLACIER ••.........•.•... 
CALL RNUM8RC17,'CH. PATHCGLACIER)',CH) 

• CHlNGE.PATH·LEHGTH 
••• FIN 
IF(LSEACH) 

MAJOR CHlNGE FROM THE SEA NO LONGER FLOODING THE SIT! 
·····DENSITY· •••• 
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001&0 
001611 
00lb2 
001&3 
001/)4 
001&5 
001&6 
00U7 
001"8 
4)0109 
oono 
00171 
00172 
00173 
00174 
00t7, 
0017& 
00117 
00178 
00119 
001~0 
0018t 
00182 
001&3 
00184 
00185 
00186 
00161 
001813 
00\89 
00190 
00191 
00192 
00193 
00194 
00195 
0019& 
00191 
0019'3 
00199 
00200 
(021)1 
00202 
0020l 
00204 
00205 
00206 
00201 
00208 

00209 
0021" 
00211 
00212 

c 

c 
c 
C 

C 
C 

c 

c 
C 
C 

r: 
C 
C 

c 
C 
C 

• • 
• 

• • 
• • • 

• ••••••••••••••••• 
• CHANGE-PATH-LENGTH 
• CALL RNU~eR(ll,'CH. PATH(S£4)',CH) 
••• 11'1"1 
IF (LHAGRYJ , 
• MAJOR CHANGE IN PATH L!NGTH PU! TO A MA,MATIC IVINT • 

• 
•• • 
• 

• 
• 
• 
• 
• 
• 

• 
• 

• 
• 

• 
• 
• 
• 

• 
• 

• 
• 

• .····DENSITY ••••• 
• CM_PROB('.) ICHANGI OU! TO 4 MAGMATIC EVINT 
• ••••••••••••••••• 
• CALL RNUH8R(1.,',eH. PATH(MAQMATIC).,C"' 
• CH4NGE·PATH·LENGTH 
, •• 11'11'1 
IF(LSI.IDE) 
• OOeI-l,NSLIDE) 
• MAJOR tHANGE IN PATH LENGTH DUE' TO A ~ANDI~!DI 

••••• oE~SITY •••• • -
CHePROa(55) IUNCON~INID PATH LINtTM CHANOE DUE • 

• ••••••••••••••••• 
TO ,,'LANDSLIOl 

• 
• • 
• • • 
• • • 

• • SELECTCIP'TH) 
• • (1) CALL NOTE (13,','OR 

• (2) CALL NOTE (14,"'O~ 
• • el) CALL NOTE (tJ,l"OA 

... "11'1 

TH! a.w,i)fCHANIE DOe 
THE ~IPO't"CHANOI DOC 
TMI ~.I.')'CHAN'! DOC 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 

• 
• CALL RNUM8Aczo,l,eH. PATHCLANOILJDI)',CH' 

• • CHANQ!.PATH.~!NGTH 

• • ... FIN 
• ••• '11'1 

• ••• FIN 
• ••• I'IN 
••• FIN 

IFCITYPECITOP).GT.2 .ANO •• NOT. LI!OAM) 
CAI.L NOTE (l~,'RIVfR ENT~ENCH!D') 

• LBfDRK •• T~UE • 
... 'IN 

• LSLIOE·.,ALSE. 
• LRVCHq-.,ALSE. 
• LSEACH •• 'ALSE. 
• LMl;RV •• ,ALSE. 
... "IN 

.* •• * •••• ***** ••• _*_ ••• *** •• ** •• *.*** ••• *.-••••• *** •• ---*_ •• -._ • 
......•.•.....................•.......•• 

c 
c 
c 

TO CHAHGE-SLOP! 
•••• c~.~a£ SLOPE ••••••••••••••••••••••••••••••••• ___ ••••••••• __ • 
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00113 
00211! 
00215 
0021~ 
00211 
00218 
00219 
00120 
00221 
00222 
00223 
002211 
00225 
0022& 
00227 
0022e 
00229 

00210 
00231 
00232 
00233 
002311 
00235 
002313 
00237 
00238 
002H 
002110 
002111 
002a2 
002 /1! 
00244 
002115 
00211& 
00241 
OOllie 
002119 
00250 
00251 

00252 
00253 
002511 
00255 
002513 
00257 
00lS8 
00259 
002bO 
00261 
002&2 

C 
C 
C 

• 

IFtLBEDRI() 
C .. aCH*CORSEO 

• CALL RNUH9R(20,"BI8ROCK CORRECTION.',CH) 
... FIN 
SLOPEaSLOPE+CH 
IFCSLOPE.LT,SLOPLW) 

CALL RNUMBR(20,"R!VER aLO'E RI.IT.~',ILOP!) 
• • SLOPEaSLOPLW 

••• FIN 
IF(SLOPE,9E.8LOPHI) 

CALL RNUM8R(20, •• RIVER ILOPE REIET-H',aLO'!) 
• SLOPE.sLOPHI 

• ••• FIN 
••• FIN 

**************************************************************** 
....................•..............•..•. 

C 
C 
C 

C 
C 
C 

TO CHANGE-PATH.LENGTH 
****CHANGE PATH LENGTH*******_*** __ ***_****_****_*****_*****_*** 

• 

UNPAT~(IPATH).ABSCUNPATH(IPATH)tCH' 
IF(UNPATHCIPATH).GT, HIPATH) 

CALL INUM8RC18,"RESET PATH L!NGTHI,IPATH)ICHANGE DOC 
CALL RNUM8R(12, "OLD LENGTHe',UNPATH(lPATH" JCHANG! DOC 

• UNPATH(IPATH).HIPATH 
.,.FIN 
IFCITYPECITOP).EQ.l) 

IF(UNPATH(IPATH).LE.O!LX(ITOP,2)/l000,0 ) 
• CALL INUHBR(lS,"REIET PATH L!NITH',JPATH)JCHANQ! DOC 

CALL RNUMRR(12,'.O~D LENGTHe',UN'ATH(IPATH), rCHAN;! DOC. 
UNP4T~(IP4TH).D[LXCITOP,2)/1000,O 

• C4LL RNUM8RClt, •• N!W VALUE e',UNP.TH(I'ATH»ICHANGE DOC~ 
• ••• FIN 

• ••• FIN 
... FIN 

.*************************************************.*********.*** 
-----_ ..................•.......•.•.••.. 

TO G[T·DISCHA~GE.8LOPE.4NO.!RO.ION 
t ****GET DISCHARGE SLOPE 4NO ERO.ION*****_********_.*.*********** 
C • C 
C • 
C ·····DEHSITY ••••• 

Q.PR08(51S+ICLIM) ID.RU FO~ OJSCHA,.U 
t ... _-..•...•••... 
C • 
C 
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00261 C 
00264 
002&5 
00266 
002b1 
0026e C 
00269 
00210 
1)0211 
00212 C 
00273 C 
00214 C 

• 

10115134 ~AG! 00006 

•• • •• OENSITY.··.· 
TEI'1Pall.O~E"I.' 
RATEaPOLV(13,T~MP)+PROB(S'+ICLIM) 
CALL ~NUM8R(6,'.PAT!a',AATE) 
CALL RNUM8R(&,'.SLOP[',SLOP!) 
••••••••••••••••• 

~ IF(ITVP!CITOP).NE.t .AND. AATE.LT.O.O)AATE.RATE*HAROFC 
• CALL CHANGX(RATE*OTIME) 
••• FIN 

**.*** •• ** •• *.*****.******* •• ** •• ****.****-*-_ ••••• ** •• ********* 

•••••••••••••••••••••••••••••••••••••••• 

00275 
00276 
00211 
00218 
0027'1 
00280 
00181 
00282 
00283 
00284 
00285 
0028b 
00287 
OOZ88 
002e9 
00290 
OUIJI 
00292 
002'13 
002'14 
Dons 
o OlCH, 
OOZ97 
00298 
002'9 
00100 
00301 
00302 
00301 
003011 
00305 
0030b 
00107 
00108 
001n 
00110 
00111 
00312 
OOln 
003141 
003tS 

c 
c 
C 

C 

C 

C 

C 

c 

c 
C 

c 
C 
C 

C 
C 
C 
C 
C 

C 

TO CH!CK.FOR.HISSOULA.FLOODS 
****CH€CK FOR MISSOULA FLOOOS***************************-******* 

• 
• 

• 

• 
• 

IF(GLACIN.GT.O.O) 
FIRST CORRECT FOR TIME IT!P 

• NFLOO.PQISON(AVEFLO) lORAN FOR THE NUMB!R OF 'MISSOULA' FLOODS 
IF(NFLOO.GT. 0) 

• • OO(IFLODat,NFLOO) 
• 
• 
• 

, 

, 

• 

• 

• 
• 

• ••••• OENSITy ••••• 

• 

QFLOOU.PR08(64) IGET THE AMOUNT OF FLOODING ...............•. 
THSULhTMSULA.l.0 IAOD TO THE COUNTER FOR TOUL FLOOD VOLUMI 
POWER.QFLOOD*SLOPE I STREAM 'PONIR' 
••• ·.OE~SITV •• ••• 
EROSaPOlY(14,POW!R).PR08(65'ITOTAL AMOUNT 0' FLOOD EROIION ................• 
CALL ~NUMBA(ll,I'LOOD WATER',QFLOOD) 
CALL RNUMBRC12,"LOOD !ROSIN',EROS) 
EROSB-EROS 
IF(L8E~RK'EROS8.IROS*HAROFC ICORRECT EROSION I' THI RIVER IS 
CALL CHlNQX(EROSB)1 UPDATE THE IVITEM 'OR THE FLOOD EROIION 
THOSF.TMDSF+EROSB 

• • 
• 
• 
• 

• • 

• 

• 

• • 

• • 
• 

• 
• 

UPOATE THE EFFECTIVE N,E, RECHARGE AREA 
TEMPaRNEREO*RNELF 
RNELFaRNELF-TEHP 
RCARNE.RCARNE+TEMP 

••••• nENSITy ••••• 
CHaPR~~(6&) IDRAW FOR CHANG! IN RIVER SLOPE ...........•..... 
CALL ~NUM8R(lb,ISLOPE FROM 'LDOO',CH) 
CHAIIIGE.SLOP! 
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0031b • 

101151]4 ~4GE 00001 

IF(.NOT.LRV'XD.AND. ,NOT. LBEORK) 
DoctPAn~-l,]) 00317 

00318 
0031Q 
00320 
00321 
00322 
00323 
00324 
00325 
00320 
00J21 
00328 
0032Q 
OOHO 
00131 
00332 
0033'3 
00H4 
00335 
00'336 
00331 
0033e 
OOHq 
00340 
00341 
003112 
00]43 
00]44 

003115 
00311b 
00341 
00348 
00l4Q 
00350 
00351 
00352 
00153 
0035'1 
00155 
0015& 
00157 
00358 
00359 
OOHO 
00101 
00162 
003b] 
00364 
00305 
003"6 
00301 
00368 

C 

c 

c 
c 
C 
C 
C 

C 

c 

c 
c 

c 

• 
• 
• 

• 
• 
• 

• • 
• • 

• • 

• ••••• DENStTY·· •• • 
C~aPR08(.T) ICHANGE IN PATH LENGTH 
••••••••••••••••• 

• CALL RNUHBR(lS,'PAT~ 
• CHANGf·PATH·LfNGTH 

• ••• FIN 
... FIN 

CH.CI'LODO)',CH) 

IF(QFLOOD.GT, DDAH.AND •• NDT.LXICE~) 
• ••• ·DENSITY ••••• 
ozaPROB(.8) aGET DEPOSITION 

• T"os,aT"OI'+OI 
••••••••••••••••• 
CALL CHANGXCDZ) 

• CALL RHUHBRtt&"'LODD DEPOIITIDNI,DZ) 
... FIN 

• •• ,FIN 
... FIN 

• 
• ••• FIN 
••• FIN 

--_ .•..•.•.••..•. -•.•...........•.•••... 

C 

C 
C 

C 

C 

C 

C 

c 

TO CHECK.FOR-EROSION.ON ••• FOLO 

• 

• 

• 

• 

IFCI.E)(POS) 

• 

• 
• 

EROSaEROS*EFOI.DE IALLO. 'OR EXTRA EROIION DUE TO TOPO. ''''EeTI 
IF tHE FOLD 16 EXPOIED 
OTHER.P[lST.TFLERIDIF'ERENC! 8ETWEEN THEO~!TIC'L HEIGHT AND TOTA~ 

[ROil ON TO DATE 
(I,!. CURR!NT ,OLO HEIGHT) 

WHEN(ITVPE(ITOP).LE. 2) 
I.E. 80FT ROCk 

• RLEFTaOELXC2,lTOP).TFLERI AMOUNT OF EXP08EO 80'T ROCK LEFT 
ON THE FOLD 

• 

• 

WHEN(RL!FT.~T.O.O) 
WHEN NO SOFT ROCK IS LEFT 
ERFOLD_EROS*HARDFC ICORAECT 'OR HARD ROCK 

• ERFOLD_"IN(!RFOLO,OTHfR) ICANNOT ERODE "OAE OF THE 'OLD THAN 18 LE" 
••• FIN 
ELSE 

AT LEA8T SO HE 80FT ROCK LEFT 
E~FOLI)aERI)S 
E~'OLD."IN(OTHER,ERFOLD) IDD NOT EROD! A~AY MORE THAN THE 'OLD 
IF(~LEFT.LT.EAFOLO) 

WIPE OUT THE LA8T OF THE SO'T AOCK 
TFLER_TFLEA+RLEFT · .. EAFOLD-CEROS-RLEFT)*HARO'CITHE REIT OF THE EROIION OCCURI IN HARI ROCK 
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00369 

10115.34 PAGE 00008 

• ••• 1' I~ 
0031~ C • • • • ELSE IT WILL WIPE OUT ONLY 80,T ROCK ON TH! ,OLO 
00371 
00372 

• • 
• 

• ••• FIN 
••• I"IN 
ELSE 

ONLY HARD ROCK LEFT 
00373 
001711 C 
00175 
003H 
00117 
0037e 
00119 C 

• 
• 

• ERFOLO.£ROS*HAROFC 
• ERFOLOaHINtO'HER,ER,OLD) ICAN NOT IROD! MOR! '01.0 THAN ,* THIR! 
••• '1"1 

• T'I.ER.T'LER+!R'OLD ,HAVING CAI.CUI.ATED TOTAL IRon ON ADD TO THI TOTA.,. 

003~0 C • 
• 
• 

• • 

I'(TFLER.LE.POST) 
LEXPOSa.FALSE. 
TFLER.POST 

00381 C 
00382 C 
oun c 
00384 
003e5 
00386 
00381 
0038& 
00389 
00390 
OOHI 

• • CALL NOTI(I.,"OLO ERODED AWAY') 

00 HZ 
001Q3 C 
0039C1 
00395 
00396 

• • I'(LQVFXO) 
• • • CALL HOTE(IO,'RIVER 
• • • I.RV'XOa.FALSE. 
• • • ••• 1'1"1 

• • ... FIN 
• 

• ••• 'IN 
... FIN 
END 

'Rllf) 

•••••••••••••••••••••••••••••••••••••••• 

PROCEDURE CROSS-REFERENCE TABLE 

00084 AI.LOW-FOR-RIVER-HnvEMENT 
00028 

00209 CHANGE-SLOPE 
00091 00107 00116 00120 0013] 00]1' 

00210 CHANGE-PATH-LENGTH 
00148 0015' 00162 00171 0018! 00J22 

00252 GET.OISCHARr.!-SLOPE-ANO-EROSION 
00029 

00035 CHECK-FOR-,oLn.SITE-INT!RSECTION 
00021 

00345 CH!CK-FOR-EROSION-ON-A-'OlD 
00100 

00275 CHfCK-FOR-MISSOULA-FLOODS 
00030 

(FLECS VERSION 22.46) 
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............ --........................•. 
003C17 
OOly~ 

003QQ 
00400 
00401 C 
00402 C 
00403 C 
OOIlO{l' C 
00405 C 
OOIlOb 
00407 
00408 
0040q 
00410 
00411 
00412 
00413 
001114 
00415 
0041f> C 
00417 
0041'1 
004lC1 
001120 
00421 
001122 
00423 
004211 t 
00425 
0042b 
OOCl27 
0042A 
00429 
00430 t 
00431 
00432 t 
OOIiH 
004311 
001135 
001l3b C 
00437 C 
0041~ t 
OOll3CJ C 
001140 C 
001101 C 
004112 C 
00llCl3 C 
OOIlIlQ t 
004115 
001l4f> 
0044'7 C 
004118 C 
OOUq C 

LOGICAL ~UNCTION LINTER(RAO,FANGLE,PQST,COSAN2,8JNAN,AVAXII, 
+ OIST'O,F~AC) 

DIMENSION FANGLE(4),RLEG(4),LEGIOC4) 
DATA LEGID/Z,1,4,31 

FU~CTION FINDS THE AMOUNT O~ INTERSECTION BETWEEN A ~OLD AND A 
CIRCLE 

RAD!USaRAO*lOOO.O ,CHAN;! TO ~[T!RI 
YFOLoaDISTFD*lOOO.O 
00 Oa1, 4) 

RL!GCI)aPOST*TAN(FANQLE(!» 
CALL RNUH9R(15,"LENGTH OF LOGa',RL!G(I» 
IFCRLEGCI).LT.O.O) 

CALL RNUM6R(14,'[RAOA IN ANGL[I,RL!GCI)' 
• RLEGCI)aO.qqqqq 

• ••• FIN 
••• FIN 

ANGLEaAVAXIS 
ICOUNTao 
OOOa1,4) 

YaSIN(ANGLE)*RLEGCLEGIO(I» +YFOLO 
• IF(V.LT. PAOIU8)ICOUNTaICOUNT+l 
• ANGLEaANGLE+l.57ot ,ADD '0 DEGR!ES 
••• FIN 

I'CICOUNT.EQ.O) 
Flacu .0 

• LINTERa.FALSE. 
• RETUROJ 
••• FIN 

IFCFRAt.LT.O.O) 
• I.E. FLAG TO BE 8ET TRUE IF THERE II EVEN' POIIIBLI INTERSICTION 

LINTERa.TRUE. 
• ~ETURJ<j 
••• FIN 

FINO THE AMOUNT O~ INTERSECTION BV DIVIDING UP THE 'OLD INTO 
UNIT SQUARES AND THEN COUNTING UP THE NUMBER OF aaUARE, WHoa! 
CENTER FALLS wI1HIN THE CIRCLE. TO HAKE T~E DIVIDING UP THE 'OLO 
THE FOLD INTO UNIT SQUARES EA~Y TRANSFORM THE CooROINaTE SYST!M 
SO THAT THE x AXIS 18 PARALLEL TO THE FOLD 

XCENaYFOLO.-U NAN 
YCENaYFOLO*COAAN2 
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00450 C 

10'1'~3. PACE 00010 

004'51 C 
00452 C 
00453 
00051$ C 
00455 
00456 C 
00457 
00458 
00459 C 
00460 
004~1 
00462 
00463 
00464 
00465 
004~~ 
00467 C 
00408 
004n 
00470 
001111 
00472 C 
00473 
00474 
01)4 75 
0047& 
00417 
00478 
00479 
004~0 C 
00481 
00482 C 
0()4B3 
00118/1 
00485 C 
00486 
00467 
00118" 
004M 
004'11) 
01)49t 
004<)2 
004Q3 C 
OOlno 
OOIlQ'5 
004'1(, 
00497 
00498 C 
004Q9 
00500 
00501 
00502 
00'501 
00504 
00505 

AMOUNT.O.O 
N!XT DIVIDE TH! 'TOP' HALF INTO UN!T (HETIR--') leUARE. 
IF(RLEG(1).GE.l.0) 
• IGNORE ANYTHING LEaa THAN 1 HITER 
• TANLF.RLEG(4)/RLEG(1) 
• TAN~T.RLEG(2)/RLEG(t) , 
I 

• 
• , 

N.RLEG(l)+0.5 
YCUR-.5 lDISTANC! FROM TH! 'TOP' 
DOn-l,N) 
• X8YCUUTANV 

XMIOI8(X+YCUR*TANRT) 
X.·X 

I IF(XWIDE.GI.I,O) 
, • IONORE BOX LESS THAN 1.0 HITIR NIDI 

• 
• JN8xwIOE+O.5 

Y.(RL£G(l).YCUR) +YCIN 
DO(J.l,JN) 

• • • , DIST8SQRT«lC+lCCIN)-.2 + y-y) lGIT TO ~ROM TH! CINTER 0' THI CIRCLE· 
• • • TO THI CINTER 0' THt (INn ,IU'''I' .. .. 
• • • IF (DIST .LI.fUOIUSUHOUNTeAMOUNT+l.O " 

, uX+l.O 
• • • ••• FIN 

, ... ,rIN 
• YCOR.YCUR+1.0 

• ••• FIN 
,.,FIN 
NOW CHEC~ THE BUTTOH 
IF(RLEG(3),GE.l.0) 

IGNORE ANY THING LESS THAN 1 M!TER 
TANLF.RLEG(4)/ALEG(31 
TANRT.RLEG(Z)/ALEG(l) 

N.RLEGCl)+0.5 
YCU R8 .S I~IaTANCE 'ROM THI 'IOTTOM' 
OOCl.l, N) 
• X.YCUlhUNL' 

X~IOE_(r+YCUR*TANHT) 
, X •• x 

I'(X~IOE.GE.l.0) 
IGNOQE BO)( LESS THAN 1.0 METEA wIOE 
.IN.)(1'I10£+0.5 

• Y8YCEN.(ALE~(3).YCUA) 
DO(J.l,JN) 

OIST8SQRT«(XtXC£N)**2 + Y*,) IGET TO FROM THI CINTIR 0' THE CIRCL! 
• TO THE CENTER 0' THE UNIT SQUARE 

IF(OISl.~E.RAOIUS)A~OUNT.A"OUNT+l.O 

• • X-Xtl.0 
• • ..,FIN 
• ... '1'" 
• • YCUR.YCURtl.o 
• ••• FIN 
, •• FPI 
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00506 
00507 
00508 
OOSO~ 
00510 
00511 
00512 
0(1513 
0051£1 
00515 
tl0516 
00517 
0051~ 
00519 
001520 
00521 

C 
~HENCAMOUNT.GT.O.O) 

F~AC.l~OUNT/C3.1016*qAOIU'*RAOIU8) 
IF(FRAC.GT.l.O) 
• CALL RNUMBR(19,'ERROR IN ~OLD COUNT',AMOUNT) 
• FRAt.l.O 
••• FIN 
CALL ~NUM8R(17,1.'RACTI0N OF 'OLD',~RAC) 

• LINTER.,TRUE. 
••• 'IN 
ELSE 

FRACaO.O 
• LINTER •• ~AL8E. 
•• ,FIN 
RETURN 
END 

(FLEeS VE~SION 22.06) 

.....••.•.•.••....•.......•••.•.••••••.• 
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............•.....................•..... 
00001 C 
00002 C 
00003 C 
000011 C 
000l''5 C 
00006 C 
00007 C 
ooon C 
0000. C 
00010 C 
0001 t c 
00012 C 
00011 C 
000111 C 
00015 C 
0001& 
00017 C 
0001'.1 
0001. C 
OOOlO 
(01)21 C 
00022 
00023 C 
00024 C 
00025 
00026 
00021 
00028 
00029 C 
00030 C 
00031 C 

• *****.****.*******.****** GLACER.'LX *********.***************. 

PROGRAM DESCRIPTION a 
THIS ROUTINE MOO!LS THE EFFECTS OF CONTINENTAL GLACIATION 

ON THE REPOSITORV. 
THE EVENTI ACCOUNTED 'OR ARE , 

• GLACIAL AOVANCE AND RETREAT 
- ISOSTATIC ADJUSTMENTS 
- DISPLACEMENT OF TH! SEA 
- wLACIAL EROSION AND DEPOSITION 
_ CONOITIONS FOR A POSSIBLE RIVER COURIE CHANGE 
• IiiLACIER-INDUCED FRACTIJRING 0' THE UtAL" 

SUBROUTINE GLACF.R 

LOGICAL LTEMPG(3) 

INCLUDE IDI.lZZ6,226JCOMMON.'LX' 

CALL NOT!(14".GLACIER START') 

FINO-GLACIEP-EDGE-POSITION 
SEE-1F-THE-GLACIER-IS-ON-THE-SITE 
TRV-Td-GLACIALL'·'RACTU~E-THE·SVSTEM 
RETURN 

*********************************************-***.*****-**-*.*** 
.... --........................•.•.•.•... 

00032 
oooH C 
(10 OJ II C 
00035 C 
00036 C 
00031 C 
00038 C 
0003. C 
000110 C 
00041 
000112 
00043 
00044 
00045 
000/16 
00047 C 
0004" C 
OOOq'J C 

TO FINO-GLACIER-EDGE-PQSITION 
****FINO GLACIER EDGE POSITION*******.**_ •• *._***._**** __ ****_** 

• 
• 

GIVE CURRENT POSITION 0' THE GLACIE~ Eoal IN 
RAO I OEGR!ES FROM SOURCE POINT 
RLAT I L'TITIJOE 
RKHSITI KILO~!T!R8 TO SITE 

RLATaRKMSIT/l11.0+SITLAT 
",UaSQUAe [-':/1. A T 

• RKM(1).RkMSIT+EXTA5W 
AKr1(2).JU(MSIT 

• RKM(l)aRKMSIT+EXTRNE 
••• 'IN 

**************************************************************** 
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(FLECS V!~SION 22.4~) lGllSr!. P4gE 00002 

00050 
00051 
00052 
00053 
00054 
00055 
0005" 
00057 
00058 
00059 
OOO#)O 
000#11 
000b2 
000b3 
00064 
OUO~5 
OOOM" 
000&7 
OOObe 
00Ob9 
00010 
00071 
00012 
00013 
000111 
00075 
00076 
00011 
OOOH 
00079 
00080 
000t'1 
00062 
00083 
000114 
00065 
00011& 
00061 
0001:16 
OOOM 
00090 
00091 
00092 
OOOIJ) 
000911 
00095 
0009~ 

00091 
OOoq~ 

00099 

00100 

•••••••••••••••••••••••••••••••••••••••• 

C 
C 
C 

C 

C 

c 
C 

C 
C 

c 
c 

c 

c 

C 
C 

C 
C 
C 

TO SEE-IF-THE-GLACIEA-IS-ON-TH!-SITE 
***.8EE IF THE GLACIER IS ON THE IITE*.**.*****_.**.*.********.* 
• 

• WHEN(RKMSIT .LE. 0.0) 
IF(.NOT. LICEON) 

I,E. FIRST TIM! ON THE lITE 
IF(LFLOOD) 

T~IS SHOULD NOT HAPPEN SINCE THI GLACIER gRONTH REDUCE I IIA LEVEL 
• 

, 

• 

• C~LL NOTE(S,'S!A GONE') 
• LfLOODa.FALSE. 
••• FIN 
LICEON •• T~UE. 

• CALL NOTE(20,'CON. GLACIER ON lITE') 
••• FIN 
I.E. GLACIER ON SITE 

THICKG.~HIGHT(RKMSIT) ,gLACIER THICKNEIS ON TH! lIT! 
• 

• • •••••••••••••••••••• OEN8 I TV •••••••••••••••••••• 
CALL CHANQX(PR08CQ1)*DTIME) lICE EROSION OR DEPOSITION 

• 
• 

• 
• 
• 

CHECK FOR THE GALCIER A NALLUA GAP 
IF (.NOT .LlCICE"') 

IFCRLlT.LE.WQLAT) 
• CALL NOTECI4,'NO HYDRO. DAMS') 

• LXICEW_.TRUE. 
• ••• FIN 
••• FIN 

•••••••••••••••••••••••••••••••••••••••••••••• 

• 

• 

• 

••• FIIli 
[L8E 

IF(LICEON) 
GLACIER JUST LEFT lITE 

• • LICEO~ •• FALS!. 
• THICKG _0.0 

LRYt~G •• TAUE, IPOSSl8LE MAJOR CHA~GE IN THE 
• CALL N6TE(19,'~L.CIER LEAYE. tITE') 
• CALL ANUH8~(11,"SU881DENCEI,IITISO)ICH'NGE 

• ••• FIN 
•• ,FIN 

• ALSO CHECK ON THE N.E. ARIA 

RIY!R COURIE 

OOC 

-H!N(RKMIIT.LT. RKHNE) THICNI.RHIGHT(RPGLNE-RKMIIT) 
• ELAE THleNE.O.O 
••• FIN 

**.*** •• *.*** •••••• _* •• ***.**-***_ •• ** ••••••••••• * ••••• * •• **.** • 

...........•... --...... ---...... _ .. ---.. 
TO TRY-TO-GLACIALLY-'RACTURE-THE-8Y8TEH 
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00101 C 
00102 C 
00103 
00101.1 
00105 
01)106 
00101 C 
00108 
00109 
00110 
00111 
00112 C 
00113 
00114 
00115 
00116 
00111 
OOll~ 
00119 
00120 
00121 
00122 
00123 
00124 
00125 C 
00126 
00121 C 
001lA 
00129 
00130 C 
00131 
00132 
00131 C 
00134 C 
00135 C 
OOtl& 
1)0 In 
00lle 
00139 
00140 
00141 
00142 
/)1)1'13 
00144 C 
00145 C 
00146 
00147 
00148 
00149 C 
01)150 
oot51 

_**_TRY TO GLACIALLY FRACTURE THE IVSTIM* ••• *.** •• *************. 

• 
+. 

D0(1SYSTM.,,3) 
LTEMPG(IIYSTH).(RKMCISYITM).QT.O.O,AHO.RKM(IIVITM).L!.JOO.O) 

• .OA.(RKMLCIIVSTM).GT.200,0.ANO.RKMCIIVaTM).L!,0,0) 
••• FIN 

00 U SYSTM.t, 3' 

• 

TOP.O.O 
I'(LTEMPGCIBYSTMl ) 

DO(LAY!R.rTOP,NLAV!R) 
• • 
• 
• 

• 

• +. 

• 

• 
• 

• 
• 

• 

• 

• 

OEPTHarop +OILX(LAVER,ISVITM)/J,O 
1,(ITYPECLAYIR),QT.2) 
• CALL GSTREI(RKMCISVITM),OIPTH,RAOITR,TANaTR) 

CALL RNUMBR(14,'tlIUOlAL URUI',RADITR) 
, CALL PNUM8RCI3,'.,AH8. ITREII',TANITR) 

P'R.PR082(RAOITR,TANITR,CGLST R,CGLaT TJ 
• IFCL TEIT_CPFR) .ANO. CH"C(2,LAVER~IS'STM'.LI.0,0 
, CALL INUM8R(18,'ICE FRACTURES ROCK',LAVER) 
• • CALL IHUMBRC,.,',Y.TIM 'RACTURfO',II'I,M) 

CALL PERMCRAOITR,TANSTR,DEPTH,HYDCNCLAYER,IS'ITM), 
• • CHHCC2,LAVER,ISVSTM),CGLSTR,COLITT' 

... 'IN 
• 

• • • ... FIN 

• 

• 

• • ToPaTOP+OELXCLAVER,ISvSTM) 
... 'IN 

• ... 'IN 
... 'IN 

NOW CHECK ON THE REPOSITORV 
I'(LTEMPG(ii!) , 

CALL GSTRE8(RKMSIT,ROEPTH,RAOITR,TAHSTR) 
P'RaPPO~2CPAOSTR,TAN8TR,CGLaTR,CGLSTT) 
IF(LTESTW(PFR),ANO, CHA8(1),LE,0.O) 
• CALL PEAHCRADSTR,TA~8TR,RDEPTH,RPDSHC,CHRa(2),CGLITR,CgLITT' 
• CALL RHUMBR(20,'REPQSITORV HIT BV GL',CHRICI» 

• ••• II'IN 
... FIN 

00(1SY8TM.l,3) 
• R~HL(ISYSTM'.RKM(ISYSTH) 
••• FIN 

... FIN 
END 

.-....•.•....•..•.....•.••...•.•..••.... 
PROCEDURE CROSS-REFERENC! TABLE 
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(FLEtS VERSION 22.46) 101151S. PAGE 0000. 

00050 SEE-IF-THE-gLACIER-IS-ON-THE-SIT[ 
0002t> 

00032 FIND-GLACIE~-EDQE-POSITION 
00025 

nOl00 TRY-TO-GLACIALLY.FPACTURE-THE-SYST!M 
00027 

(FLECa VERSION 22.46) 

........•...............•...•.......•... 
00152 
00153 C 
00154 C 
00155 
00156 
00157 C 
00158 
00159 . 

FUNCTION RHIGHT(RKHIXT) 
FINO THICKNESS OF THE CONT, aLACI!R RKH KH. BACK 'u" TH! 
GLACIER 
OeABS(RKMIIT*lOOO.O )ICHANG! TO METERI 
RHIGHTe4,T*SQRTlD) 
FROM ANDREW8(19TS) 
RETURN 
END 

(FLECS VERSION 22.4&) 

•••••••••••••••••••••••••••••••••••••••• 

OOlbO 
OOHI C 
00162 C 
001&3 
001&4 
001&5 
001ftt> 
00107 
001613 
001&9 
00170 
00171 C 
00172 C 
00 t 73 C 
00174 C 
00175 C 
00176 
00177 

SU8ROUTI~! GSTRES(RK~SIT,RMtD,RADaTR,TAN.TR) 

WHEN (Rk~atT.LE.200.0 ,AND. RKMStT.GE.O,O) 
• TANSTRePOLY(9,RKHIIT) 
• RAOSTRePOLY(lO,RKMSIT) 
... FIN 
ELSE 

TlNSTReO.O 
• RAOITRaO,O 
."FIN 

IGNORE DEPTH ~FFECTS FOR NOW 
fI£TURN 
EHD 

(FL~C8 vERSION 22.4&) 

00178 
00179 
OOUO 
001~1 
00182 
00183 

--..............................•.•.•.•. 

c 

c 

SUBROUTINE PERM(RADSTR,TANSTR,D[PTH,STARTK,HC,CGLITR,CQLITT) 
1',AB8(RADSTR).GE,CGLSTR)HCePOLY(lS,AII(RADITR,,+HC 
I'(A~8'TANSTR).GE.CGL8TT)HCePOLY(t2,A8S(TANaTR»)+HC 

•••••• - ••••••••••••• O!NSITV •••• • ••••••••••••••• 
IF(Ht.;T,O,O) HCeHC+PROB(45) 

• ••• • •• •••• ••••• ·.·.DEN8JT1-·.·· •• •• •• • ••••••• • 
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00184 
00185 
0018~ 

00 lI.!1 
00188 
0018. 
00190 
001'1 
00192 
00193 
00U4 

1011SlS6 PAGE OOOO! 

C4LL RNUM8RCQ,'GL. H.c._',Me) 
RETURN 
END 

(FLfCS VERSION ZZ.46) 

•••••••••••••••••••••••••••••••••••••••• 

C 
FUNCTION PROB2(RAOSTR,TANSTR,CGLSTR,CGLST T) 
CH.NC~ O'FRACTUR! DUE TO CONT, IC! 
LOGICAL LTEMP 
LTEMP.ASS(RAOSTR).GT.CGLITR ,OR •• "CTANITR).GT,CGL'T T 
W~EN(LTE~P) PR08Zel.0 
ELU PROaz.O. 0 
RETURN 
END 

(FLEeS VERSION 22.46) 

•••••••••••••••••••••••••••••••••••••••• 
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(FLECS VERSION 22.06) 10116106 PAaE 00001 

..............•.............•...••.••.•. 
00001 C 
00002 C 
ooon C 
00004 C 
00005 C 
OOOOb C 
00007 C 
00008 C 
00009 C 
00010 C 
00011 C 
OOOll C 
00013 C 
00014 C 
000t5 C 
001l1., C 
00017 C 
00018 C 
00019 
00020 C 
00021 C 
00022 C 
00023 C 
00024 C 
00025 
0002& 
00027 C 
0002~ 
00029 C 
00030 
011031 C 
00032 C 
00033 C 
ooo]a C 
00015 
0003t-
00037 
00038 
00019 
00040 
00041 
00042 
00043 
00004 
00045 
00046 C 
000a7 C 
00008 C 
0004~ 

00050 
00051 
00052 
00053 

********************** HYD~O.FLX ***_*_*************.********* •• 

PROGRAM ~E8CRI~TION • 
THJS ROUTINE HOOELS THE DEEP GROUND MATER FLOW AROUND TH! 

REPOSITORY 
IT ACCOUNTS FOR • 

• MODIFICAT10N O~ PATH LENGTH8 
• MODIFICATION IN NORTHEAST RECHARgE AREA 
• ~RESSURIZED RECHARaE ey A CONTINENTAL GLACIER 
• MODIFICAT10N OF HEAO VALUES DUE TO CLIMAT! 
• CALCULATION OF OARCY VELOCITIES 
• CALCULATION OF TRAVEL TI"E 
• CHECKING FOR A BREACH CONDITION 
• PERMAFROST EFFECTS 

SU8ROUTI~E HYDRO 
NOTE THAT 80HE O~ THE DEBUG CHECKS HAVE BEEN LEFT IN TH! COD! 
HOWEVER, THEY WILL BE REMOVED AND ARE THUI NOT CALLED OUT IN THE 
OOCUMENUTION 

REAL TUSE WO(lZ),TUBEHC(12),W£IGHTCJ),HCC'O) 
• ,FTEMP(61),OISTC~,3),YELCCO,3) 

INCLUDE '011 [2Z.,226)COHMON,FLX' 

CALL NOTECS,'*HYRO') 

CALCULATE THE DISTANCE '~OM SITI/LAYERS INTER'ACI TO RIVER 

OO(IPATH.l,3)PATHLN(IPATH)-UNPATH(IPATH)*lOOO.0 
I'CLICEON) . . 
• CALL NOTE(18,'-CHECK HY. FOR ICE') 

PATHT.A88(RKM(2»*1000,0 
• DO(IPATH.1,3) 

• IF(PATHT,GT. PATHLN(IPATH» 
• CALL INUHBR(S.,'_rCE DRIVEN PATH',IPATH)ICHANQ! DOC 

• , PATHLN(IPATH).PATHT 
• ••• FIN 

• •• ,"11'1 
••• FIN 

CALCULATE FLOOD EFFECTI 

IF(L"LOOD) 
WHEN(ITYPE(ITOP).EQ.l) 
• OO(I-l,J)PATHLN(1).D!Lk(ITOP,2) 
.,.FI'" 

• fLSE 
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('LECS VERSION 22.a., 10116.06 ~AGE 00002 

00054 
00055 
00056 
00057 C 
00058 C 
00059 C 
00000 C 
000'" C 
00062 C 
00063 
00064 
000"5 C 
00060 C 
00001 C 
000"8 C 
00009 C 
00070 C 
00071 C 
00012 
00073 C 
00014 
00015 
00010 C 
00071 
00018 C 
00019 
00080 
00031 
00082 
ooon 
00084 
00085 
00080 C 
00081 C 
00088 C 
000"9 C 
00090 
00091 
00092 
00093 
00094 
00095 
00090 
00091 
00098 
00099 
00100 
00101 
00102 C 
00103 C 
00104 
00105 
00106 
00101 
00108 C 
00109 

• DO(I.l,3)PATHLN(I) •• 0001 IASIUME YIAY THIN LAYIR 
• .,.'IN 
••• FIN 

****************************** 

CALCULATE N.!. REC~ARGE AAEA ********************** 

REDUCTION 0' RECHARGE AREA 8ECAUSE 0' ICE COYEA 
RCANE·RCARNE 
I'CRLAl.LT.GLATNE.AND.RLAT,GT.GLTNEL)ACANEaRCANE*,6LYClD,RLAT) 

************************************** . 

CALCULAlE E"ECT FOA TOTAL COYEAA;! 0' N.!~ RECHARGE ~REA 8Y GLACIER 
ICE 

IF(THICNE.GT. 0.0) 
• I.E. QLACIER ICE ON THE N.E. RECHARGE AAeA 
• WH!N(LT[ST(PGLCH)] 
• CALL NOTE(20,'FAR GLACIER AECHARG!') 
• •• •••••••• OENSITY CURVE •••••••••• 

• RCHNE.POLY(20,THICNE)+PR08(121) 
• ................................. ' 
• CALL RNUMRA(14,'GLACIER E"ECTI,RCHNEl 
••• 'IN 
ELSE 

CALL NOTE (19, I.NO FAR GL RECHARGE I) 
• RCANE.I.E.OS IREDUCE THE E"ECTIYE RE~HARGE TO NEAR ZERO 

• ••• 'IN 
••• FIN 

*********************************************** 

CALCULATE HEAO VALUES AT THE FAR RECHARGE AAEAS******* 
•••••••••• OENStTy CURVE •••••••••• 
TEMP.POLY[20+1CLIM,RCHSW)+PR08(122) 
IF(TE~p.Gt.HH8W~S) 

C_lL ~NUM8P(lq,"M.X N.E. G.R, HEAD',RCHSW) 
• TEMP.IHISW\liS 
••• FIN 
HCSWWS.HDswwS+TEHP+8IT1S0 
TEMP.POl'(2o+ICLIH,RCHSW)+PRO~(122) 
IF(TEMP.GT. HMSwGR) 

CALL QNUH8RC1Q".MAX S.W. G.R. HEADI,RCH8W) 
• TEHP.HM8wGA 
••• FIN 
HCSwGR.1EHP+HOSWGR+STATNE ....••..••.••..••..•..•.•.•.•.•.• 
ALSO CALCULATE THE HEAD VALUE IN THE BASIN 
WH[N(LFLOOD) HRIVE~.SE'CUR 
ELSE HAIVER.H!A08S 
HRIVER.HRIVER+SITISO IAOD IN ANY ISOSTATIC EFFECTS 
WHEN(ACHNE.GT.O.O) 

•• ••••• ••• OEN8ITY CURVE ••• • ••• ••• 
TEHP.PULYC24+ICLIH,RCHNE)+PROO(123) 
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00110 
00111 
00112 
OOIU 
00114 
OOItS 
OOllfl 
00117 
00118 
00119 
00120 
00121 
OOUl 
00123 
00124 
00125 
0012b 
00111 
0012!! 
00129 
OOllO 
00131 
OOlle? 
00113 
0011'1 
00135 
OOllfl 
00137 
00138 
DotH 
00140 
001'11 
00142 
00143 
001/14 
001115 
OOllle 
00147 
001/1/\ 
00149 
00150 
00151 
001'52 
00153 
00t5'1 
00155 
00156 
00157 
00158 
00159 
00160 
OOhl 
0011,2 
00163 
001f1Q 
00165 

C 

C 
C 

C 
C 
C 

C 

c 
C 
C 
t 

130 

• 

I'CTEMP.GT.HMNEWS) 
CALL RNU M8R(18,'eMAX H.!. w.S. HlAD',RCHNt) 

• TEMPaHMN!"1 
••• IfIN 
HCN!WSaTEMP+HDNEW8tIITIIO 
TEMPaPOLV(24+1CLtM,RCHN[).PROB(123) 
IF(TEMP.GT,HMNEGR) 

CALL RNUMBP(lq,'."'AX N,!. G.R. H1ADI,RCHN!) 
• TEMPaHMNEGR 
.,.F1N 
HCNEGRsTEMP+HDN!GR+STATNE · ......••.•......•......•.......•. 

... FIN 
ELIE 

HCHEWSaliRIYER 
HCNEGRaHR!YER 

• CALL RNUH8R( 14,'H.!, FLOw ITOP',RCHN!) 
... FIN 

********************************************* 
DO(LAVlRsl,NLAVER) 
• DO(ISYST"'s1,l] TOTHCCLAVER,ISVITM).O.O 
••• 'IN 

ADO UP ANY CHANGES TO CONDUCTIVITY ********* •• ******* 
CALL SSWTCHCII,!IW11) 
DOCLAYERalTOP,NLAYER] 

• 
t. 

1)0 (l SVSTHs1, l) 
.WHEN(ITyPE(LAVER),GT.2) 
• • WHEN('LAVER.EQ.LAVRWB.OR.LAVER.EQ,LAYRGR).AND,lIVITM,£;.2) 

• • A~DHC.GA8HC(LAVER) 

• • • •• FIN 

• 

EL8E AOOHCsO.O 
TOTHCCLAYER,IIYITM).HVDCHCLAYER,IIVITM)+ADDHC 
DO(!CASE-t,NCAS!) 

TOTHC(LAV[~,1'VITM).TDTHC(LAY[R,18VITM). 
• CH HC(ICASE,LAVER,tSV8TM) 

• • • .. FIN 
••• FIN 
ELSE TOTHC(LAV[~,ISYSTM).HVDCN(LAYER,lSVITM' 

• IF(ISwtl.EQ.I) WRITE(b,lJO) LAVER,1IVSTM,TOT~C(LAVER,18V8TM) 
FOM"ATC' TOTHCS',12,IZ,'ZO.8) 

• IFCTOTHC'LAVER,lSV8TM).LE,O,O) 
SHOULD NOT HAP'!N BUT 'OR O.A. INCLUDE THII INTERNAL CHEcK 

• tALL INUHBRC11,'TOTHC LAVER',LAVER) 
• tALL INUMRR(lZ,ITOTHC SVSTEM',IIV8TM) 
• , CALL RNUM8R(10,'H.C. YALUE',TDTHC(LAVER,18V8TM» 
• • tOTHCCLAVER,ISY8TM)al.0E-ZO 

• • • •• FIN 
• ••• '1101 
••• FIN 

********************************************* 

CALCULATE SPEED IN LAVER 1************** 
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OOU. C 
00167 
00168 
001&9 C 
00170 
00171 
00172 
00173 C 
oot14 
00175 C 
00116 
00117 
00t18 
00119 
00180 
00181 
00182 
00163 
00t~4 C 
00185 C 
00 lIS 6 C 
00187 C 
00l1J1I e 
ootn 
00190 
00191 C 
00192 
00193 
00194 
00195 e 
0019. C 
00191 C 
00198 C 
00199 C 
00200 e 
00201 
00202 
00203 
00204 C 
00205 
0'020ft 
00207 
OOZ08 
002n 
00210 
011211 
00212 
OUll 
00214 
OOlIS 
002h 
00217 C 
00218 
00219 
00220 
0022t 

10.16.0' PAGE oooot 

•••••••••• OENSITY CURVE· ••• •••••• 
SPEOIIN.P~08(lU+ICLIH) &SPIED IN THE UNCONnN!D LAYU 
R!DU.I,O 
••••••••••••••••••••••••••••••••• 
IF(~K"C2).LT. eMPM'I) 
• TEMP •• saeRK"(Z» 

IF(AKM(2),LT,O.0) TEMP.O.O 
• •••••••••• OENIITY CU~VE· •• ••••••• 
• A£DU.POLYC29~TEMP)+PAD8(121) 

• ••••••••••••••••••••••••••••••••• 
IF(REDU.LE,O.O,OR, REDU ,IT,I.0' 

, CALL RNUHBR(IS,'BAD PERHA REDUC'.R!DU, 
, WHEN(REDU,LE.O.OO)REDU.l,OI·'· 
• • ELSE AEDU.l,O 
, .. ,'IN 
, CALL R~UMBA(18"'PER"A'ROIT RIOUCI',RIDU, 
• SPEOUN.IPEDUN*REDU . 
.,,'IN 

***************************************************** 

'INO THE AVERAGE VALUE 0' TH! RI'OIITORY**************** 
TOTRHC.APnIHC+CHRSel)+CHRI(2)+CHRICJ) 
IF(TOTAHC,LT.O.O) 
• INTERNAL Q,A, CHECK 

CALL NOTE(12.'H,C. TOO LON') 
, TOTRHC.l,OE·10 
, •• 'PI 

1 I SHAn SUL 
2 i FOLD 
3.S0 STARTING LOCAL 'AULTI 

******************** FIND THE 'RACTION 0' ANY FOLD/,AULT INT,AI!CTION 
lfHENeVTlNT) 
• HC(2).FOLOHC+APOSHC 

IFCHCCZ'.LT,O,OJ 
• • INTERNAL Q ••• CHECK 
• CALL ANUH8RC11,"OLO H,C. TOO LON',HCCI) , 
• , HC(2).1.0[-10 
• .,.fI'IN 
, •• FIN 
ELSE 
• fl'RAC(2).O,O 
• HCCZhO,O 
.,.'IN 
IF(N!l(TFT.GT.2) 
• DOILel,NEXT'T) 
• • HCCL).eSFTHC(IfI'SITCL»+R'08HC 
• • Ifl'(HCCL).LT.O.O) 
• • • INTERNAL Q.A. CHECK 
• , • CALL INUM8ACI4,',AULT H,C. LOW',L) 
• • • Hcellel.OE-10 

• • •• FIN 
• ••• FI~ 
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002ZZ 
00223 
00224 
00225 C 
00226 
00227 
0022~ C 
00129 C 
(10231) C 
00231 C 
00232 C 
00233 
00234 
00235 
00230 
00231 
0023e 
00239 
00240 C 
00241 C 
00242 C 
00241 
0021J4 
00245 
002110 
00247 
00248 
00&,49 
00250 
00251 C 
00252 C 
002'53 C 
0011H C 
00255 C 
00250 
00257 
002513 
0025Q 
OUoO 
00201 
00202 
002&3 
OUbCl 
0021)5 
002bo 
00267 t 
002"8 
002b9 
00270 
00271 
0027&' 
00273 
00274 
00275 
00270 
00277 

••• FIN 
TFRAC-O.O 
DO(~.2,NEXTFT)TFRAC-TFRAC+'RAC(~)IADO UP TOTAL FRACTION 0' 

INTUIECTION 
WHEN(T'RAC.GT.ll 

CALL RNUMBR(20,'-TOT. REPOI '_ACTIDN',T'~AC' 

SINCE THE TOTAL FRACTION MAY IE 8REATER THAN 1 DU, TO 10H' 
INTERSECTION 

• OF EVENTS 

• OOtl-l,NEXTFT) FTEMP(l).'RACC!)/T'RAC 
••• FIN 
ELSE 
• DO(I-l,NEXTFT) FTEMPCI).'RACCI) 
••• FIN 
FAINTao.o ,SET TOTAL AMOUNT 0' REPO'ITO_V INTER'ECTION 
ooCt.Z,NEWT'T)FRINTaFRlNTt'TEMPC!)'NOTE THE IHAFT lEAL II I'NOR~D HERE 

***********************************.********-*******-**** 

RP.AVE-(l.O.,RINT)*TOTRHC INEXT ,INO TH! REPOIITORY AVERAGE 
OOClaZ,NEXTFT) RPSAVE.RPIAV!tHCCr).'TEMPCl) 
CALL RNUMSR(17,'.REPOSITORY H.C.a',RPIAVE) 
I'CL TRUST .ANO. TRaTHC.GT, 0.0 ) 

"L-q"08TH-TH~WO 
RPSAVEaRPOSTH/(AL/RPSAV!tTHRWD/TR8THC) 

• CALL RNUMBRClb,'.RE POS AVE RES!TI,APSAVE) 
••• 'IN 

*********.*******.***.***._-** ••••• *.** 

FIND THE AVERAGE H.C. ABOVE TH! REPOIITORY****.* •• **. 
HC(1)aC8HA'T+HYOCN1CZ,Z)ICURRENT H.C. VALUE 0' IH"T IIAL 
lSYSTMaZ 
TF~Ac·aO.O 
OOClal,NEXT'T)TFRACaT'RAC+'AAC(l) 
WHEN(tFRAC,GT.l.O) 
• OO(lal;NEXT'T)FTEHP(I).~AAC(I)/T'RAC 
••• FIN 
ELSE 
• Oo(!al,NEXT'T) FT!HP(I).'RAC(I) 
••• 'IN 
FTEMP(NEXTFT+l)al.0-T'RAC 

nOP1·IRLAYAeI 
WHILE(ITOP1.NE.ITOP-1.AND.ITYPE(ITOP1),N!.1) 

TU8EHCCITOP1)aTOTHCCITOP1,Z) 
• TueEwO(IToPt).OELx (ITOP1,2) 
• ITOPlanOPJ-l 
••• FIN 
ITOPl a nOP1+1 
TU6EHC(!RLAYR).TOTHC(IRLAVR,ISVSTM) 
TU6EWO(IR~AVR)aTH'BnV ,THICKNESS ABOV! TH! REPOSITORY 
TU8EHC(IMLAVR+l).RPS AVE lREPOSITORY H.C, 
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00218 
00219 
00280 
00281 
00282 
00263 
00284 
00285 
00286 
00287 
002A" 
00289 
00290 
00291 
00292 
00291 
0029/4 
00295 
00296 
00297 
00296 
00299 
00300 
0031)1 
00302 
0030] 
00304 
00105 
00306 
00301 
00306 
00309 
00310 
00311 
00112 
00113 
00314 
00315 
0031(1) 
00311 
00118 
00:519 
00320 
003i!1 
00322 
00313 
00114 
00125 
00126 
00321 
00 HIJ 
00329 
00330 
00311 
00332 
00333 

c 

C 
C 
C 
C 
C 
C 

131 

132 

13b 

TUAEWO(IRLAYR+l)aRPOSTH lREPOSITORY THICKNEIICHITERI) 

In lSwU .U.l) 
DOCLAYERaITOP1,IRLAVR+l) 
• WRIfE(6,1]l) LAYEA,TU8IHCCLAVIR),TU8IWOCLAYIR) 
• 'ORHAT(IX,12,ZG20.1) 

• ••• 'IN 
•• ,FIN 
TOfLaO,O 
TOTLKaO,O 
OO(LAYERaITOPt,IRLAVR+l) 
, IFCITYPECLAVER).GT,2,AND,LAYER,NI.IALAYR+1) 

• ·HC(NEXT~r+l)alU8EHCCLAY!R) 
• AVETOr-OIO 

• • HC(1)aCSHA'TtHYDCNtCLAYER,2) 
HC (I) .'OLDHCtHYOCNl (LAYER, 2) 
I~ (NEXTn .ra ,2) 

• 

• 

• DO(Kal,NEXTFT)HC(K).SI'THCCK)+HYDCN1CLAYIA,Z' 
I .. ~IN 
OO(Jal,NEXT'T+l1AVETOTaAVITOT+HCeJ)*'T!MPCJl 
l~ (I8Wl1.EQ 11) 

• I DO(Jat,NEXT'T+l) WRITE("ll,) J,LAYIR,HCCJ),~TIM'(J) 
, FORMATC' FRACa',IZ,I2,IGIO.I, 

• ,,"~IN 
I TU8EHC(LAYER).AVETOT 

I .,.lfIN 
• WHEN(TUBEHC(LAYER).GT,O,O) 

TOTL.TorL+TUBEWOCLAYER) 
TOTLKaTOTLK+TU8EWOCLAY!R)/TU8EHC(LAY!R) 
I' C UW11 I EQ.l) 

• 
• 
• • • WRIT£(b,116) LAY!R,TUeEWO(LAYE~"TU'!HC(~AYI~',TOTL,TOTLK 

• • 'ORM~T(lX,12,4G20.e) 
• ••• FIN 

• ... lfIN 
, ELSE CALL INUM9R(15,'LOIT H.C. LAY!~',LAY!R) 
... FIN 

*********.***************************************** 

WORK IN VALUES If ROM TH! G.~, ***************** 

TOT80.0 
AVETPP*TOTL/TOTLK IAVEAGE H.C. ABOVE THE REPOSITORY 
WHEN(ACHSW.GT.O.O) 

TOTLSWaTOTL 
TLK 8W.TOTLK 
AOO-IN"THI!:-SW 
DVRPSWaAVHCSW*«HCS",GR-HRIVER)/TOTLI"" 

• TOT.AVHCSW 
".FIN 
ELSE DVRPSW.O.O 'DARCY VELOCITY aO,O 
WHEN(RCHNE.GT.O.O) 

TOTL,Ne;·TOTL 
• TLKNE*roTLI< 

AOO·!N-THE-NI!: 
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003311 
00335 
00336 
00337 
00338 
0033Q 
00340 
00341 
00342 
003113 
00344 
00345 
00346 
00341 
00348 
0014CJ 
00350 
00351 
00352 
00153 
00354 
00355 
0035& 
00357 
0035e 
003SQ 
003&0 
003&1 
0031>2 
003&3 
0031>4 
0031>5 
003b& 
00367 
00368 
OOUQ 
00310 
00371 
00372 
00313 
00374 
00315 
0037& 
00317 
00378 
00379 
003110 
00381 
003112 
00383 
OOH4 
00385 
00386 
00387 
003t1~ 

003eQ 

c 
C 
C 
C 
C 
C 
C 

OVRPNE.Av~eNE*CCHeNEGR.HRJVER'/TOTLN[' 
~~EN (TOT.EQ.O,G) TOT.4VHCH[ 

• EL8E TUT.CTOT+AVHC~E)/Z.O 
••• FIN 
ELSE OYRPNE.O.O 'DARCY VELOCITY .0,0 

OVRPOS.OVRPNEtDVRPSW 
IF(OVPPOS.LE.O.O)CALL RNUHBR(','N!G. V!L.',OVRPO')ltHA~;! DOC. 
WHEN(DVRP08.EQ.O.0) lE"A;EC~!).1.OE.2e IE,FECnVELY ZERO 
ELSE SEP4G[(Z).OVRPOS/CPDlY(1',TOT).PR08(lJO» 'I!!PA;! VEL. 

t **************************************** 
C 
C 
C 
C 
C 
e CALCULATE THE TRAVEL TJM! I.W. 

FINO.THE.4Ve-HC·FOA.WAN.SAO.IW 
c NOTE TH4T SOME OF THE DEBUG CHECKS HAVE BEEN LEFT IN 

WHEN (TOTlSW .NE. 0,0) 
VEL(1).AV8WHC*(HCSWWI.HRIVER)/TOTLIW) 

, SEPAGE(1).VEL(1)/(POLYC1.,AVSWHC).PRU8(lJO» "EEPAI! VEL, 
••• FIN . 
ELSE 

WRITE (6,100) 1,'T','D','T','L','I','W' 
100. FORMAT(II,' **** ERROR IN HYO~O AT ',IZ,' • 'LOATING POINT~ 

1. 'DIVIDE BY ZERO WITH " •• ,,11) 
VEL(I) • 1.OE.28 

• SEPAG!(1)~1.0!-2e 
•• ,FIN 
WHENC~EL(1).LT.0.O' 

CALL RHUM8R(11,'S.W, SAO.WAN LE O',VEL(1» 
D CALL RHUM9RC12,' •••• AV8WHC',AYSW"C) 
o CALL R~UM8R(12,' •••• HC8WWS',HeSwWI' 
D CALL RNUMBRC12,' •••• HRIVEA',HRIVER) 
D CALL RNUMBR(12,' •••• TOTLSW',TOTLIW) 

• Tl MES (l ).0.0 
•• ,FIN 
ELIE 
• TIMEI(1).TOTL/SEPAG[Cl)+PATHLN(1)/8P!OUN 
••• FIN 

C CALCULATE TRAVEL TIME FOR THE N.!. 
'I~D.THE.'VE·HC·FOR.W'N·SAD.N! 
WHEN (TOTLNE .NE. 0.0) 

VEL(3)aAYNEHC*«(HCNEwS.HRIVER)/TOTLNE) 
• SEPAGE(1).YEL(1)/(PULY(1',AVNIHC)+'ROS(110» 
, •• FIN 
ELSE 

WRlTE (6,100) ~,'T','O"'T,,'L','N','!' 
VEL(}) • 1.0E-28 
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00390 
OOHI 
00392 
00393 
00394 
00]95 
00396 
00397 
0039" 
00399 
00400 
00401 
00402 
00403 
00404 
00405 
00406· 
00407 
00408 
00409 
OOlll/) 
OOtU t 
004\2 
0041l 
0041~ 
00415 
00416 
001111 
0041" 
001119 
00420 
00421 
001122 
00423 
00424 
00425 
0042~ 
00427 
00428 
00429 
00430 
00431 
00432 
00433 
001134 
00435 
00436 
00431 
004]!! 
00439 
001lCl0 
0044\ 
00442 
00443 
00444 
00445 

• SEPAGEC])al,OE-28 
••• FIN 
WHEN(VEL(3).LT.O.0) 

CALL ~NUM8RClef'vfL N,!, G.R, L! O',VEL(])' 
o CALL RNUMB~(12,' •••• AVN!HC',AVNEHC) 
o • CALL RNUHBR(12,' •••• HCNEWS',HCNEWI) 
o CALL RNUM8A(12,' •••• HRIV!R',HR1V!R) 
o CALL RNUM8R(12,' •••• TOTLNE',TOTLNI) 

• TI"'UU"O,O 
• •. ,FIN 
ELIE 
• WHEN(SEPAGE(]).NE.O,O) 

C • I.E. THE N.E. FLOW PATH MAY BE ITOPED IV A GLACIER AT THE RrCHARGI ~Ol 
, TIHES(1).TOTl/I!PAGE(J)+PATHLN(3)/IP!DUN 
... FIN 

• ELSE TIMES(]).QQ99.0 ,alT TO AN ARIZTARY NUMBER 
••• 'IN 

C COMBINE THE TWO 
IF(Iswtl.EQ.l) WRITEC6,160) AVHCIW,AVHCNE,AVlwHC,AVNIHC 

160 FORMAT(IX,4G20.8) . 
WEIGHT(l).RCHsw*RCARSW&,OTAl S.w, 'LUX 
wEIGHT(l).ACHNE*RCANEITOTAL N.E. 'LUX 
'LUXNE.WE!GHT(]) 
FLUXsw.wEIGHT(l) 
TOT.wEIGHTel)+W!IGHT(]) 
VEL(2J.DVRPOS 
1'(101.GT .0.0) 

C • 'SSUM! THAT THE WANAPUM SADDLE ~T. DOMINATIS THE 'LOW 

C 

• S[PAGE(2).SEPAGECIJ.wEIGHT(1)/TOT+WEIGHTC3)/TOT.IEPAO!(3) 
• VEL (2).VELe 1 ).wEIGHT( llITOT+VEL(3) *"I1GHT(3)1'OT 
••• FIN 

C NOW 'IND THE TOTAL WEIGHTED TRAV!L TIM! 
TRIME·O,O 
IFCSEPAGE(2),GT.0.0) 
• TRI~!.(VHRCOR*RuEPTH/aE'AGE(2'+'ATHLN(2)/SPEDUN)/].5.25 IYEARI 
... 'IN 
CALL RNUMBR(12,"TRAVEL TIMEI,TRIM!) 
TIM!8(l).TRI"'E 
TIMES(1).TI~ES(I)/]bS.25 ICHANGE TO YEARS 
TIMES(1).TIH[S(1)/3bS.25 aCHANGE TO YEARS 

C ***************************** 
C 
C CHECK FOR BREACH CONDITION 

C 
C 

c 

c 

IF('BS(OVRPO~).r.T,OV8ACH.AHD •• HOT.L8RECH) 
I.('RECH·.TRUE. 
'<Eval 
8T1ME_UMEH 

• CALI. RHUMBR C14,'BREACH ay FLUX',OVRPOS) 
••• FI'" 

GET-THE·GEOCHEH-e'FECTS 

RETURN 
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0044b 
00447 

ooua 
00U9 
001150 
00451 
00452 
00453 
004$4 
00455 
0045b 
00457 
001158 
00459 
004&0 
004bl 
004&2 
004&3 
00404 
0011&5 
000&1:1 
0041:11 
00408 
0011&9 
00470 
00471 
0n472 
00473 
001l7Q 
00475 
0047& 
00477 
00476 
00419 
004130 
00461 
00482 
001183 
00484 
001l~5 
00118& 
00081 
00486 
00489 
00490 
001191 
00092 
00493 
001194 
004115 
00119& 
00491 
Dona 

C 
C *********************************************** •• *************** 

........•..•..•...•.......•...•••.•••••• 

c 

c 
C 
C 
C 
C 

TO GET.THE.GEOCHEM.EF~ECTS 
****GET T~E GEOCHEM EFFECTS************-****.*****_********_**** 

• DIST(2,l, •• SSWLN*1000.0 lM[T!RS 
OIST(3,1)aCWSSHLN+GRSWLW)/2.0*lOOO.O 'H[TER' 
OIST(II,t).G~swLN*lOOO.O '"ETERS 
OIST(Z,2,.QELXC2,2) 

• DI8TC],1).OELXC],2) 
OI8T(4,2)·OELX(II,2) 
DISTC2,3).WSHELN* 1000,0 
OlST(3,]).C WSNELN+GRLNW£J/2,O* 1000,0 

• OIST(II,]).GRLNNE* 1000.0 
YELC(2,1)·vEL(1) 
YELC(3,t)aCVEL(1'+DY~PSW)/Z.O 
VELC(II,1).DVRP8W 
VELC(2,2).VEL(Z) 
VELCC],2).CVEL(2J+OVRPOS)/Z o O 
YELC(II,c)·nVRPOS 
VELC(2,3).VELC]) 

o VELCC],1).cvELC3)+DVRPNE)/2.0 
YELCCII,3).DVRPN! 

• 
+. 

• 
+0 

• 
+. 

• 

• 
+. 

0 

+0 

• 
+. 
• +. 
0 

+. 

TOP/unop 
IF(ITOP.LT.2) TOPN.c 
DOC IIYBTMa1, 3) 

DOCLAYER_TOPN,NLAY[Rl 

• 
CALL QEOCHSCHYDCNCLAY[R,IIYSTH"DlSTCLAY(R,IIYSTH" 
V!LCCL~YER,ISYITM),DTIME,CONVN) 

DoneAU.I,Z) 
• CALL GfOCHSCCHHCCICASI,LAYER,J8YITM),DlSTCLAYIR,IIYITH" 

• YELCCLAYER,ISYSTM),OTIMI,CONV8, . 
• • • IFCIIYST~.EQ.2.AND. LAYER.EQ.IRLAYR) 

• CALL G[OCHS(CHR8(ICA8!),OIIT(LAY[R,IIVITM), 
• • VELCCLAY!R,lSV8TM),OTIMt,CONV8) 
• ... "IN 

• • .. FIN 
• o •• FIN 
••• FIN 

THE REST 
CALL GEOCH8CGA8HCCLAYRW.),DIITCLAYAWS,Z),VELCCLAYRWS,2l, 

OTIME ,COil/VI) 
CALL GEOCHS(CHRS(]),DISTCLAYRQR,Z),V!LCCLAYRGR,I), 

DTlM! ,CONY!) 
CALL GEOCH8(RPQSHC,DIITfLAYRGR,l),VELCCLAYRGR,Z), 

OTIME ,CONY'H 
CALL QEOCHS(~PGOST,D1ST(LAYAGR,Z),V!LC(LAYRG~,Z), 

DUME ,CONVIII) 
CALL GEOCHS(r.~BHC(LAYRr.R),OI8TCLAYRGR,2),VELCCLAY~GR,2), 

OTJME ,CONVS) 
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004QQ 
00500 C 
00501 C 
00'50l C 

2e·oeT.al 10116.06 PAgE 00010 

**************************************************************** 

•••••••••••••••••••••••••••••••••••••••• 

00503 
00504 C 
00505 C 
00506 C 
00507 
0050e 
0050Q 
00510 
00511 
00512 
00513 
00514 
00515 
00516 
00517 
00518 0 
0051<1 I) 

00510 
00521 
00522 
00523 
0052a 
00525 
0052& 
00527 
0052~ 
0052Q 
00530 
00531 
00532 
005H 
00534 
00535 
(1)530 
00537 
00'53" 
005lQ 
00540 
00541 
00542 
0051.13 
005144 
005145 
00511& 
0051.17 
0051.1" C 
0054Q e 
00550 C 

TO Aoo-tN-THE.aw 
****ADU IN THE 8W*********************************************** 
~ . 
• 

RFT~.FLWD8W*OCOR8W 
W~EN('LHcaW.NE.O.O) 

IS.W. 'AULT WIDTH +CORAICTION FOR DEPTH 

• • TOTL8wsTOTLSW+A"L 
• • TE~P.FLHC8w+HYDCN(4,1) IH.C. OF I.W. GENERAL FAULT 
•.• I'(TE~p.L!.O.~) TE~P.l.O!.10 
• • TL~Sw.TLK8w.RFTL/T!MP 

• AFTL.GR8wLN*lOOO.O.A'TL 
• ••• 1' IN 
• ELSE: RFTL.GR8wLN*lOOO.O II.W. ORANOE RONDI LENaTH 
• IF(RFTL.LT.O.O) 

• ~eALL ANUM8A(lT,'ERROR 
• CALL RNUM8RC12,' •••• 

• • CALL RNUM8R(12,' •••• 

IN S,N, LIN',RFTL) 
QA8"LN',gRIWLN) 
IfLHC8W',FLHCIW) 

• • RFlLaoto 
• .,.'IN 

IF(TOTHC(4,l),GT.0.0) 

• 
• 

• 

• TOTL8waTOTLSW+RFTL 
• TLKSWsTLKSW+RFTL/TOTHC(4,1) 
••• FIN 
Id 
TOTaAB8(EDGESW)*tOOO,O/COIBSW 
IFCNSSFT.GT.ll 

• 

• 

WHII.E~(FAUL.T(l),LT.O.O .AHD, I .LT. ~8Sn) 
• I'(S8'THC(ll.N!.O,O J 

• 

RLENQHsFWIDTH(I)*nCORBI/COlelw 
• TOTLlw_TOTLIW+RLINGH 
• TEMP-SSFTHC(I)tHYDCN(4,2) 

IFCT!MP.L!.O,J)TEMP.l,O!-10 
TlKSWeTLKSW+RI.!NGH/T!HP 

• TnT·ToT.RLENGH 
•• ,FIN 

• 1-1+1 
... FIN 

• • IFeTOT.LE.O.O) TOTaO,Ol8HOULO NOT HAPP!N(I.!. ALL 'AULT8) 
• ... FHI 

IFCTOTHC(4,2>.GT.O.O) 
• • TOTLswaTOTLsw+rOT 

• TLKSWaTI"KSW+TOT/TOTHC(4,2l 
• ••• FIN 
• AYHCS~.TOTLSW/TLKSw IAV!RAG! VALUE ALONG THE I,W. RIVER PATH 
... FIN 

**************************************************************** 
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00551 
00552 
00553 
0055Q 
00555 
0055& 
00557 
00558 
005S9 
005&0 
005&1 
0051,,2 
005U 
005&Q 
005&5 
005~'" 
005U 
005&8 
005&9 
00510 
00511 
00572 
00573 
00574 
00515 
0057", 
00577 
00578 
005H 
00580 
00581 
00582 
00583 
005811 
00585 
005811 
00587 
00588 
00589 
00590 
00591 
00592 
00593 
00594 
00595 
OOr;q~ 

DOSCH 
00598 
00599 
OO~OO 
00601 
00602 
OObOl 
00604 

...........•..............•.•.•.•.•.••.• 

c 
c 
c 

C 
C 
C 

c 
c 

TO ADD.I~·THE.NE 
.***ADO IN THE NE.**.**.* ••••••••••••••••••••••••• _____ ••••••••• 

• 

• 

• 

• 
• 

RFTLaFLwDNE*DCORNE ,N.!. FAULT MIDTH +DlPTH CORRECTION 
WHEN(~LHCNE.NE.O,O) 

TOTLNEaTOTLNE+RFTL 
TEM~aFLHCNE+HYDCN(4,J) 
IF(T!MP,LE.O~O' TEMPal.OE-lO 
TLK~EaTLKNE+RFTL/CT!MP , 

, RFTLaGRLNNE*1000,0-R'TL 
",FIN 
ELSE RFTLaGRLNNE*lOOO,O aGRANDE ROND! LENGTH Nil, 
IF(RII'TL.LT,O.O) 

CALL RNUM8RC17,'[RROR IN N.l. LEN',RrTL) 
• RFTLao.o 
... FIN 
IF(TOTHC(4,3).GT.O,O) 

TOTLNEaTOTLNE+RFTL 
• TLK~E.TLKN!+RFTL/TOTHC(4,J) 
".FIN 
TOTaAeS(EDGENE)*lOOO,O/COaSNE 
IF (NSSFT .GT. 200) 

CALL RNUM8R(19,'!RROR LAST NI '4ULT',NSSrT) 
• Nssn. 200 
.,.FIN 
laNSSFT-l 'LAST FAULT 
IF (1 .GT. 1 .AND, I ,LT, ZOO) 

• 

• 

WHILE (1 .GT. 0 .ANO, 'AULTCI) ,GT, 0.0) 

WHILE(FAULT(I),GT.O.O) 
• IF(SSFTHC(I).GT.O.O) 

RLENGHaFWIDTHClt.DCORBI/COIBNE 
• TOTLNEaTOTLNE+RL!NOH 

• • TEMPaSSFTHC(I).HYOCN(4,2) 
IF(T!MP.LE.O.O) TEMP.I.orwIG 
TLKNE·TL~N!+RL!N;~/(T!MP ) 

• TOTaTOT-RLENGH 
... FIN 
!aI·l 

• • IF (1 .LT. 1) GO TO 11 
• ••• 'IN 
... FIN 

11. CONTINUE 
IF(TOT.LE.O,O)TOT.O.OITOTAL COVERAG! 8V 'AULTS,SHOULD NOT HAPPEN) 
IF(TOTMC(Q,Z),GT.O.O) 
• TOTLNEaTOTLNE+TOT 

• • TLKNE.TLK~E+TOT/TOT~C(4,2) 
••• FIN 

• lVHCNEaTOTLNE/TLKNE 'AVERAGE V.~UE ALONG T~E N.!, RIVER PATH 
.. "IN 
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00605 c **************************************************************** 

........................ -.............. . 
00606 
00601 C 
0060~ C 
0060q C 
006tn 
00611 
OObU 
00.13 
006'14 
OObl'5 
00616 
00.11 
00U4 
00 • .., 
00620 
/lOUI 
00U2 
00623 0 
00624 0 
0062'5 
OOU6 
00621 
00628 
0062Q 
00630 
00631 
00632 
00631 
00634 
00635 
00636 
00637 
00638 
00U9 
00640 
00641 
00642 
011643 
00641.1 
00645 
00646 
00647 
00.48 
00649 
0065(1 
00651 
1106'2 
0065] 
001:154 
00&55 
o OftSt, 
00b57 C 

TO FINO-TH£-AVE.HC.FOR.WAN.SAD.IW 
•• **'INO THE AVE HC FOR WAN SAD IN******************_**_******** 
• 
• TOlLaw.o.o 
• H,KSW.O.O 

RFTL.'lwDSW II.W. 'AULTING LENITH 
• WHfN(FLHC8w.NE.0.0) 

TOTlSwaTOTlSW+RFTL 
• TEMP.FLHCSW+HYOCH(2.1) 

• • I'CTEMP.LE.O,O) TEMP.l.0E.l0 
• • TLKSW.TLKIIII+AI'TLI (TEMP ) 

, RFTL.w8SWLN*1000.O-R'TL 
••• FIN 

• EL.E R'TleWSSWLN*lOOO.O IWANA'UM.SADD~I I,w. LINaTH 

• 

• 

IF(RFTL.LT,O.O) 
CALL RNUH8R(ll.'ERROR IN S.N.W LEN',R'TL) 
CALL RNUHBRel2,' ••••• WS8WLN',WIIWLN) 
CALL RNUH~R(t2,' ••••• 'LHCIW',FLHCIW) 

• • "'TLao. 0 
, •. 'I~ 

• IF(TOT~C(2,1).GT.0.0) 

• TOTL8weTOTLSW+R'TL 
, TLKSWaTLKSW+"'TL/TOTHC(2,1) 
••• ,IN 
TOTa)(HORSW 
Iaa 
WHILE('AULTCI).LT.DPNT.W .AND. I .LT, NI.'T) 

l'(SSFTHC(r).~E.O.O) 
RLENGH.FWIOTH(Il/COSIM 
TOTLSW8TOTLSW+RL!NGH 
'!~P.SS'THC(I)+HVDCN(2,2) 
IF(T!MP.L!.O.O) TEMP.I.Ol.to 
TLKS~8TLKSW.RLENGH/(TE"' , 

• TOTaTOT.RLENGH 
.,.FIN 

• I-ttl ... 'I~ 
IFtTOT.LE.O.O) TOTeO.O 

• IF(TOTHC(l,2'.GT.O.0) 
TOTLswaTOTLSW+TOT 

• • TLKSwaTLK8W+TOT/TOTHCCZ,l) 
•• ,FIN 
WHEN (TLKSW .Ni. 0,0) 
• AVSWHCaTOTLSW/TLKSW 
••• ,tN 
ELSE 

WRITE (b,lOO) ],'Tt,'L','K',tS','W',' , 
• AVS"'MCal.0 

• ••• FIN 
••• FIN 
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00658 
006S9 

006&0 
OObbl 
00b&2 
OOb6l 
00664 
000b5 
006b6 
00"b7 
006&8 
00669 
00670 
011671 
00672 
00613 
00b7a 
00675 
00676 
00&77 
OOb78 
00&79 
00680 
00b81 
00b82 
00b81 
OUIJa 
00b85 
0068b 
00687 
00688 
00be9 
00690 
00691 
0069i! 
00b9l 
00&9U 
00b95 
00b9b 
00697 
00&98 
00699 
00700 
00701 
0070? 
00703 
00104 
00105 
00106 
00707 
00708 
00709 
00710 

C 
C *********************************.********** •••••• *.*** ••• *.* ••• 
... -..........•.•.....•.. -....•.•....•.• 

C 
C 
C 

C 

TO FIND-THE-AVE-HC-FOR-WlN-8AD-NE 
****FINO THE AVE HC FOR WAN SAC NE*-**.* •••••••• **** ••• ********. 

TOTLNE-O,O 
• TLKNE_O,O 

• 
• 
• 

RFTL-FLwDNEIN,E. FAULT LENGTH 
WHEN(FLHCNE.NE.O.OJ 

TOTLNE_TOTLNE+RFTL 
TEMP-FLHCNE+HYDCN(Z,J) 
IF(TEMP,LE.O.O) TEMP.I.OE-IO 
TLKNE_TLKNE+R'TL/(T!"' ) 

• • RFTL-wSNELN*IOOO.O-R'TL 
, •• FIN 
ELSE RFTL.WSNELN*lOOO.O lWANAPUM.IADDLE N.E. LENGTH 
IF(RFTL.LT,O.O) 

C4LL RNUHBR(18,'ERROR IN N,E,W LEN',RFTL) 
, RFTL_O,O 
••• FIN 

• IFtTOTHC(2,J),GT.O,O) 
TOTLNE_TOTLNE+RFTL 

• TLKNE-TLKNE+RFTL/TOTHC(Z,J) 
••• 'IN 
TOT-)(HORN! 

• hi! • WHILECF4ULT(1).LT.DPHTNE) 

, 
• 
• 

• 

WHILE('AULT(t).LT.DPNTNE .AND. I ,LT, HIIFT) 

• 

IF(8SFTHCCX).NE,O,O) 
RLENGH.FWI0THCt)/COINE 
TOTLNE-TOTLNE+RLENGH 
TEHP-SSFTHC(J)+HYDCN(2,2) 
IF(TEHP.LE.O.O) TEMP.I.OE-to 
TLKNE.TLKNE+RL!NGH/CTEMP ) 

, • • TOT.TOT-RL!N;~ 

• 

• ... FIN 
• 181+1 
.,.FIN 
I'(TOT.LE,O,O) TOT-O,O 
IF(TOTMC(2,Z).GT~O,O' 

TOTLNE.rOTLNE+TOT 
• , TLKN!-TLKNEtTDT/TOTHC(i!,Z) 

, •• FIN 
w~EN (TLKNE .NE. 0,0) 
, _VNEHC-TOTLNE/TLKNE 

• ".FIN 
• ELSE 
• WRITE (b,IOO) 4,'T','L','KI,II','w',' , 

, AVNEHC.l,O 
• ••• FIN 
••• FJN 
END 
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00111 
00712 
00113 
00714 
00715 
0071& 
00117 
00118 
00719 
OOTaO 
00721 
00722 
00721 
00721.1 
00125 
00726 
00727 
00121.1 
oon9 

•••••••••••••••••••••••••••••••••••••••• 

PROCEDURE CROSS-REfERENC! TA8LE 

00503 AOO-IN-THE-SW 
00325 

00606 FINO-TH!-AVE-HC-FOA-WAN-,AO-IW 
00351· 

00{)60 FINO-THE-AVE-HC-FOR-WAN-IAO-NE 
00382 

00551 AOo-tN-THE-NE 
00333 

00448 GET-THE-GEOCHEH-E'FECTI 
00442 

.........•......•.•.............••.•.••• 
SUBROUTINE GEOCHS(HC OLD,OlST,VEL,DTIH!,CON) 

C CALCULATE REDUCTIUN IN HYORAULIC CONDUCTIVITY DUE TO DE'OIITION 
C 0' CHEMICAL PRECIPITATE 
C 
C 
C 

IF(VEL~NE.O,O.ANO, HC OLO.GT,1,OE-Z8) 
FR4C8PROB(ta',*VEL*36S.2S*OTIHI* CON 
CALL RNUH8R(8,'.HEALING',FRAC) 
IF(FRAC.GT.l.0) 

C SHOULD NOT HAPPEN BUT WILL DO AN INTERNAL Q.A. CHECK HERI 
WRITE(6,100) 'RAC,REST,OrST,VEL 

too • FORHAT(lX,4G20,5) 
• • •• FIN 
• HC OLoaHC OLD.FRAC*He OLO 
••• FIN 
IF(HC OLD.LT. O.O)HC OLD 81.E-Z9 lALLOW FOR ROUND 0" ERROR 
RETUHN 
END 

(FLECS VERSION 22.46) 
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._ ............•......•....••......•••.•• 
00001 C 
00002 C 
00003 C 
000011 C 
00005 C 
OOOOtt C 
00007 C 
0000(\ C 
00009 C 
00010 C 
00011 C 
00012 C 
00013 
000111 C 
00015 
00016 C 
00017 
00018 
0001Q C 
00020 C 
00021 C 
00022 
00023 
000211 
00025 
0002& 
00027 C 
00028 
00029 
00030 C 
00031 
0(1032 C 
00033 C 
00034 
00035 C 
00018 
00(137 
00038 
OOOH 
00040 
OOOGI 
000112 
OOOU C 
000114 
000115 C 
00011& 
OOOH C 
000118 
00049 
00050 C 
00051 
00052 
00053 

************************** MAGMAT.FLX ••••••••••••• *.**** •••• *** 

PROGRAM DESCRIPTION • 
T~IS ROUTINE ~OOELS THE EFFECTI OF MAGMATIC EVENTI THAT 

COULD DISRUPT A REPOSITORY. 
T~IS SUAMOOEL ACCOUNTS FOR I 

• DIRECT BREACHING ay MAGMATIC EVENTS 
• ESTABLISHING CONDITIONS FOR A POSIIBLE RIYER COURIE CHAN;E 

SUBROUTINE MAGMAT 

INCLUDE 'OJ. [22b,2l6lCOHMON.FLX' 

CALL NOTE (15,'.MAGMATIC STARTI) 
LMAGRV_ .FALSE. 1 MAGMATIC DOES NOT YET INTERSECT THE RIVER 

NMAG_POISONCAYEMAG) ,ORAW NUMBER OF EVENTI FROM A POIIION DISTRIBUTION 
IF(NHAG.EQ.O.AND. IFORCE.EQ.7) 
• CALL NOTE (17,IFORCED HAG. EVENT') 
• NMAG_, 
••• FIN 

IF (NMAG.IH .0) 
DO(JHAG_.,toIMAr;) 

• 

• 
• 

• 

• 

• 
• 
• 

• 
• 

I,!. MAGMATIC EYENT IN PASCO SAlIN 
CALL NOTEC15,I.MAGHATIC EVENT" 

~HENCLTESTW(PHAGST» 

• 

• 

MAG"A EYENT NOT ONLY IN THE BASIN BUT IN TME lIT! 
CALL NOTE(IS,'~AG. lYENT ON lIT!') 
WHEN(.NOT.L8RECH) 
• BTlME. TIM,. ... 

LBRECH •• TRUE. 
• I(EY-O 
... FIN 
ELSE CALL NOTE(17,'ALLREADY BREACHED') 

WH!N(L~LOOD.OR.LIC!ON.OR.LRIYON) 

• • • • 
I.E. 'WATER ON SITE CAUSING PHREATIC TRA~SPORT 
CALL NOT! (18,"MR(ATIC TRANSPORT') 

•••••••••••••••••••• OENSITY •••••••••••••••••••• 
• ATH • PROS(iS) I SELECT WASTE TO AJR 

• • • • SIII~WAT. PMOS cn) ,SELECt "RAcnON 0,. IiCUT[ TO UTER 
··-···········.··.·.D[~SITv .. -.--.. --..•.•. -••. 

• 

• CALL REMAINCHT,lTH,SURWAT) 
... FIN 
ELSE 
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000'4 
00055 
00056 
OOO~1 
00058 
OOOSq 
00000 
000"1 
00Ob2 
00061 
000114 
00061$ 
0006ft 
ooon 
OOOM 
ooon 
00070 
00011 
00012 
ooon 
00014 
00075 
00076 
00077 
00078 
00019 
OOO!JO 
00081 
00082 
001)8] 
0008~ 
00085 
00086 
00081 
OOO~6 
00089 
00090 
0009' 
000Q2 
00n3 
00094 
OOOCJ'5 
000911 
I)OO'H 
00098 

0009~ 
00100 
00101 
00102 
00103 
00104 

28-0CT-81 10a16.39 PAil 00002 

C • NORMAL TRANSPORT 
• • • • CALL NOTE (l6,'NORMAL TRAN"ORT') 

C •••••••••••••••••••• 0IN8ITY •••••••••••••••••• •• 
• • ATM • PROe 00' I AIR TIUNIPORT 

• • • • SURWAT • PRoa (31) I 'AACTION 0' WAITI 
C •••••••••••••••••••• OENIITy ••••••••••••••••••• • 

• • • CALL REMAIN(HT,ATM,aURWAT) 
• • ••• 'IN 

C • • 
• • • I'(RO!PT~ .LT. 500) 

C • • • • CAIE 2 8Y CROW! 
• • • ATM _ ATM*4.0 

• aURWAT.SURWAT*4.0 
• • • CALL RIMAIN(HT,ATM,SURMAT) 

• ••• FIN 
C • • • 

• • I'(LRIVON) 
• • • LfilAGRV •• TRU!. 
• • CALL NOTI(20,'N1G IV!NT HITI IUYU' ~ 

r'CLRY'XO.ANO •• NOT. LB!DRK' 
C • • • I.!. RIYER FIXED IN 'LACI IV A ,.OLD 

• • LRVFXO-."LS!. 
• • CALL NOT!(18,IRIY!R "RI! IY HAG,') 

• • • ••• FIN 
• • ... FIN 
• • CALL RNUMBR(lZ,'WA'T! TO ATM',ATH) 

• • CALL RNUM8R(14,'WAST! TO ItA T!R t , au"",, T) 
.. ,FtN 

• ELSf 
C • • fVENT OH 8ITE 
C • 
C • • 

• • I'(LTI8TW(PRVHAG) , 
• • CALL NOT! (20,'HAO EVENT HITI RIVIR') 

• • LM4GRYa.TRUE. 
• • ... FIN 

• ••• FIN 
C 
C • 

• ... I'IN 
••• FIN 

C 
C 

RI!:TURN 
ENO 

(FLEeS VERSION 22.46) 

•••••••••••••••••••••••••••••••••••••••• 

e 
e 

SU8ROUTINE RI!:MAIN(HT,ATM,SURWAT) 

TOTAL-ATM+SURWAT 
IF(TOTAL.GT.l.0) 

'OR 'U,,'ACI wATIR 

e THIS SHOULD NOT HAPPEN BUT JUST IN CASE ALLOW I'OR A CORRECTION H!R! 
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00105 
00106 
00101 
00108 
0010Q 
00110 
00111 

• CALL NOT!(q,'ROUND OFF') 
ATMUTHITOTAL 

• 8URWAT-SURWAT/TOTAL 
••• FIN 
HT.l.0-CATM+8URWAT) 
RETURN 
END 
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•••••••••••••••••••••••••••••••••••••••• 

00001 C 
00002 C 
0000] C 
00004 C 
00005 C 
00006 C 
00001' C 
00008 C 
0000., C 
00010 C 
00011 
00012 C 
00013 
00014 C 
00015 
00016 C 
00011 C 
00018 C 
00019 C 
00020 
00021 
00022 C 
00023 
00024 
00025 
00026 C 
00021 
00028 
00029 
00030 
00031 C 
00032 C 
00033 
00034 C 
00015 C 
00036 C 
000]7 
00036 
00039 
00040 C 
00041 
00042 
0004] C 
00044 C 
00045 C 
0004& C 
00047 C 
0004" 
00049 
00050 
00051 C 
00052 C 
00053 

*****************.****** METRtT.FLX **************************** 

THIS ROUTINE EaTIHAT!S THE E"ECTa 0' MET!ORIT! IMPACT IN TH! 
PASCO BASIN, IT 'CCOUNTS ,OR • 

• THE M~TEORITE INTERSECTING THE REPOSITORY. 
• THE SEISMIC AFFECT8 TD THE R!PD81TORY BY AN IMPACT. 

SUBROUTINE METRIT 

INCLUD! '01' t226,226JCOHMON.FLX' 

CALL NOTE (1,',HETRIT') 

IF( LTEST(PMETRT).OR. IFORCE.EQ.& ) 
CALL NOTEC12,'METERITE HIT') 

• 
• 

• 
• 

• 
• 
• 
• 

••••••••••••• O£NSITy •••••••••••••••••••• 
DI8TMTaPROBC121*OSMTMX aa!T DIITANC!(KM) 
ANGHTaPA08(33) IGET ANGLECO-J&O) 
CR81ZEaPAOB(l4)/2.0 ICRATER RAOIU$CKMl 
••••••••••••••••••••••••••••••••••••••••• 
C~LL ANUHB~(13,'H!TER1TE DI8T',018THT) 
CALL ANUM8R(12,'M!T(RIT! ANG',ANR"T) 
CAL~ RNUM8R(11,'CRATIA SIZE',CAIIZE) 
OTOTAL-SQRT( CROEPTH/laOO.0)**2tOISTMT**2) 

~HEN«RAOCRT+CRSIZ!).GT.DTOT.L) 

CLASS II • CRATER INTERSECTS REPOSITORY 
• • 
• 

• 
• 

• 

• 
• 
• 
• 
• 

• CALL HOTE(ll,'MAJOR EVENT') 
••• 'IN 
ELSE 

CLAS8 I • POSSIBLE SECONDARY !FFECTS ONLY 
SIESLGaCALOG10CCRSIZE*2.0't6.115)/O.288 ILOG Opr ENEAGYCS!! EQUATION 1) 

• PARTlalO.0**CO.28*(SIESLG/l.5» 

NOT! THAT THE ABOVE US!S LOG10(ENERGY)-•• 5*MAQNITUDI FROM 
• ~AN~"ORI,H AND O.~. 4ND!RSON,"THOR!TICAL IASII Opr SOME 

EMPIRICAL RELATION8 IN SEISMOLOGY· B88A,~5,t07l.10"6,1'15 

• ACCa C472.0*PART1)/(CDTOTALt25.0)**1.1),(IEE ~IGHT,.'7') 
• CALL SHA'T(ACC,TIMEH) 
... FIN 

••• FIN 
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00054 
00055 
00050 

e 
RETURN 
END 

(FLEeS VERSION 22.46) 

10116.45 PAGE 0000' 

............•...•.........•.•....•.••.•. 
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00001 
00002 
00003 
00004 
00000; 
OOOO~ 
00001 
00008 
OOOO~ 
00010 
OOOlt 
00012 
00013 
000111 
0001S 
OOOlb 
00011 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002'5 
0002& 
00021 
000211 
OOOlt 
000]0 
00031 
00032 
0003] 
000311 
00035 
0003~ 
00037 
0003& 
(00)9 
000110 
000111 
000112 
000113 
00044 
00045 
00011& 
00047 
00011" 
0004CJ 
0005n 
00051 
00052 
00053 

•••••••••••••••••••••••••••••••••••••••• 

c 
c 
C· 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 

c 

C 

e 
C 

*********************** OPINT * ••••••••••••••••• ***.** •••••••••• 

PROGRA~ DESCRIPTIONa 
THIS PROGRAM OPENS THE NEEDED 'ILES 'OR A HONT!' CARLO RUN 

OPEN A HE" HISTORY ~ILE (SEE APPEN~IX " 
OPEN A NE~ M.C,S 'ILE (SEE APPENDIX P, 
SAVE THE STARTING SEED VALUI 
REINITIALIZE ANY VARIABLES 

CREATED 8Y I GREGG M. PETRIE 
UPDAtED BY I ALAN J. 8ALDwIN 

SUBROUTINE OPINT(IRUN) 

8YTE BRUN(4),BNAHE(ZSJ 
REAL RNAM!(1) 
EQUIVALENCE (RNAHE(I),8NAHI(l') 

INCLUDE 'Dlll22&,226JCOHMON,'LX' 

DATA RNAME/'OI2.", (22b',' ,IU', 'I 

aNt AUG. ae, l'eo 
ONi I!P. 2, l'eo 

, , , 
C CHANGE IRUN Tn CHARACTER ,OR" 'OR 'ILE NAHEI 
C 

c 

IRUNM181A81(IRUN-1) 
DO (ITHP.1,4) BRUNCITHP) • , , 
ENCODE C4,IOO,8RUH,ERR.',,) IAUNH! 

100 FORHATCI4) 
GO TO 200 

qt' WRITE(~,55) I~UNHl 
55 FORHATC' OPENIT CONVERSION fRROR ~ •••• IRUN",I6) 

DO CIT~P.1,4) 8RUN(ITMP).'O' 
200 CONTINUE 

DO (lTMPll,4) 
• l' CBRUNCIT"P) .LT, '0' ,OR. 8RUN(ITM" ,GT. "~)BRUN(ITM".'O. 
••• 'IN 
00 (ITMP •• ,4) 8HAH!CITHP+15) • BRUN(ITMP) 

e OPEN UP HISTORY 'ILE 
C 

BNAMUI4) • 'H' 
SHAME(5) • 's' 
BNAfoIE(l) • '2' 

o WRITE (6,300) BN'~E 
300 FORMAT(' OPEN MISTORY 'IL! ·',lOA1,'.,') 

OPEN (UNIT.Z,NAMEleNAME,TYPf.'N!W','ORMe'UN,OR"ATTED',IAReJ,., 
C 
e OPEN UP HASTER OUTPUT 'ILE 
C 

3Q' BNAHECI4) • 'M' 
BNAHE(l5) • "'II 
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000511 
00055 
0005& 
00057 
OOO'S!! 
OOOSCJ 
001)&0 
00061 
OOOU 
00063 
000611 
00065 
0006& 
00067 
OOOM 
0006CJ 
00070 
00071 
00072 
00073 
00074 
001)15 
00076 
00077 
000711 
0007CJ 
000&0 
00081 
00082 
00083 
000114 
000e5 C 
0008& 
OOoa? 
00088 

0 

C 
c 

D 

C 
C 
C 

C 

C 

C 

400 

.n 

1101 

BNA!4E(3) _ '3' 
WRITE (6,400) 8~AHE 
FORM~T(' OPEN HASTER OUTPUT FILE ·',30Al,' •• ') 
OPEN (UNIT_3,NAME_SNAHE,TYPE_'NEW',FORM.'UN'ORMATTEOI,IRR •• 99) 
CO~TINUE 

fHIlAH!(l4)·'C' 
8NAMEtIS)·'L' 
SNAHEU)·'t l 

WQlTE(.,.OI' SNAME 
FORMAte' OPEN GLACI!R FILE.I,JOA1' 
OPEN(UNIT-T,NAHE_~NAHE,FORM.'UN'ORMATTID"RE'DONLY, 

+ TYPE- I 01.0' ) 

INITIALIZE DATA 

INCLUDE 'DIll226,226JINITDAT.DAT' 

CALL GLSEAR(SOURCE,RATIO) 

INCLUDE IDI. [226,22611.0GICAI.8.DAT' 
CHRS(l)-O.O 

00 (11.1,8) ITYPECII) • " 
OOCLAYER.t,NLAYER) 

ITYPEC!.AYER)-ITVPE1CLAYER) 
DOUSYSTM_I,l) 
• DELXC~AYER,ISYSTM)-OELX1(LAYER,laYaT") 

• • •• FIN . 
••• FIN 

TIHEXX.SECNDseo.O) IGET STARING TIME 
RETURN 
END 
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00001 
00002 
0000 , 
00004 
00005 
0000& 
00007 
00008 
00009 
00010 
0001 t 
00012 
ooon 
0001~ 
00015 
00016 
00017 
00018 
ooon 
00020 
00021 
00022 
00021 
00024 
00025 
0002& 
00027 
00028 
0002~ 
00030 
00031 
00032 
00033 
00034 

000 ~5 
0003& 
00037 
001)38 
0003~ 
00040 
001)41 
00011'2 
00041 
00044 
0004'S 
00046 
1)001.17 
0001.18 

.. -.... ~ ............................... . 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

c 

c 

C 

C 

C 

q~q 

"88 

OTHE~i!A.'LX 
**************** •• *.**** LEND •••••• * ••• * ••••••••••• * ••••••••••• 

P~OGRAM DESCRIPTION, 
READ THt CLIMATE FILE. ON AN END-O'.'lLI, I!T THI LOGIC FLAg 

LEND TO .TRUE. 

CREATED ay , GREGG M, PETRIE 
UPDATED BY I 4LAN J, BALD~IN 

LOGICAL 'UNCTION LEND(LUCLIM) 

LOGICAL LDUHP,LMORE 
COMMON IHOROMPI LOUMP , LMORI 

INCLUDE 'DII122.,22&lCOHMON.'LX' 

READ(LUCLIH,END.,q"TTIM[,OTIME,FCLIM,GLACIN,GLM,",GLMAX 
+ ,RKMSIT,8TA'NE,SITlSO 

ICLIH.'CLIH 
IFORC!.O 

TEND • TTIME +OTIM! ,aET TIM! AT TH! !ND 0' THI TIMI- ITIP 
TIHEH • TTIH! +OTIHEI2,O,aET TIlliE FOR TH! MIDDLE 0' TIM! n!p 
IF (IFORCE .GT. 0) CALL NOTE ( 18 ,'11 'O"CID !VINT 'I" 
I'CICLIM .LT.l.0R,lCLIM,GT,4) ITOP , *** lAD CLIMAT! INDEX **.' 
LEND - ,FALSE, 

GO TO 888 
COHTIfoIU[ 
LENO-. TRUE. 
CONTINUe: -
RETURN 
END 

(FLEtS VERSION Z2.4b) 

........•......••...............•..•.... 
C ************************* ~IX ****.*********.** •••••••• * ••• * •• ** 
c 
C ~qOGRAM OESC~IPTION' 

C 
C RANOO"'I.Y ORDER THE SUBMOOEI.S I"OR TH! MONT! CARl.O RUN. 
C 
C CRUTED BY I ALAN JAMES BALDWIN aNI AUG. 14, 1980 
C 

SUBROUTINE MIXrIGO) 
t 

DIMENSION IGO(IS),r.O(IS) 
LOGICAL LORl'EH 

C 
C 
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0004Cjl 
00050 
00051 
00052 
00053 
00054 
00055 
0005t! 
00057 
OOOSI' 
0005Cjl 
OOhO 
00061 
OOOU 
000"3 
00064 
000"5 
OOOM 
ooon 
00068 
0006Cjl 
00070 
00071 
00072 
0007.5 
00074 
00075 

OOOh 
00077 
00078 
0007'1 
00080 
00081 
00082 
00083 
0001\4 
000115 
000116 
00087 
00088 
OOOM 
000'10 
OOOQl 
000'12 
oooq] 
oono 
00095 
00n6 
00091 
00 nt' 
00099 

C 
C 

c 
c 
C 

COMMON IIJAAN/IRAN,JRAN 

NSUBMD • 7 I NUMBEA OF ACTIVE SU8MOO!L8 
DO (IOROER • I,NSUSMD) 

IGOCIORDER) • lOAnER 
• GO(IOADER). AANDOM(IRAN,JRAN) 
••• FIN 

BUBBLE BORT ISO ARRAY USING RANDOM NUMBERS 

REPEAT UNTIL (LOADER) 
LORDER •• TRUE, 

• 
• 
• 
• 

DO (IORDER • I,NSUBMO-I' 

• 
IF (GO(IORDER) .LT. 80(IORDER+l» 

LOADER •• FALS!. 
• GT!MP • GO(IORDER) 

lGTEMP • IGD(IORDER) 
GO (lOADER) • GO(IORDER+l) 

• • IGOCIORD!R) • IGO(IOADER+., 
• • GO (IORDER+l) _ GT!~P 

• • IGO(IOADER+l). IDT!"' 
• • • •• FIN 
• ••• FIN 
••• FIN 
RETURN 
END 

(FLECS VERSION Z2.46) 

................•.•.......•.....•.•••.•• 
c 
c 
C 
C 
C 
C 
C 
C 
C 

C 

c 

C 

C 
t 

*********************.*** DUTALL .* •••• * •• **.*** •• *.* ••• * •• ***.* 
PROGRAM DEBCRtPTI"N. 

THIS RQUTINE WRITE8 TH! M. C. I, OUTPUT DATA AND CHECKS TH! 
SEN8E 8WITCHES TO 8EE WHAT MESIAlrs TO DUMP AHD J' IT SHOULD 
HALT THE MODEL. 

CREATED BY I ALAN J. BALDWIN 

SUBROUTINE OUTALL(IRUN) 

LOGICAL LHORE,LDUHP 
COMHON IMOROMPI LMOR! , LOU"P 

INCLUDE 'Oll l226,226)COHMON.FLX' 

ON. AUG. 14, 1910 

CALL SSWTCH(I,I8Wl) ,DUMP 'I' GEOLOIIC MESSAGES 
WHEN (IS~l .E~. 1) LDU"P •• TRU!. 
E~BE LDUMP •• FALSE. 
CALL S8WTCH(2,I~W2) I ~UMP '.' HI8TORV HEIIAGES 
WHEN (ISW2 .EQ. 1) LHORE •• TAUE. 
ELSE LHORE •• FALSE. 

WRITE AN UUTPUT RECORD TO THE OUTPUT 'ILE 
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(FLECS VERSION 22.46) 10,t6.S! PAGI 00003 

00100 C 
00101 
00102 
00103 
00104 
00105 
0010& 
00101 
0010t' 
00109 
oottO 
oott I 
OOlli 
00113 
00114 
00115 
00116 
00117 
00118 
001l~ 
00120 
OU21 
00122 
00123 
00124 
00t2S 
00126 
00121 
00126 
0012Q 
00130 
oot 31 
00132 
001H 
00134 

FCLIM a ICLIH 
FCLIM.a ItLI"G 
FTOP a ITOP 
TUaTOTHC(1,2) 
T22 a TOTHC(2,Z) 
T3iafOTHCU,2) 
T4Z.TOTHC(4,2) 
T21aTOTHCCZ,1) 
T4taTOniC(4,ll 
T23.TOTHCCi,3) 
T4:hTOTHC(O,]) 
SGADNEaHCNEGR-HRIVER 
SRGoswaHCSWGA-HRIVER 
WH!N(8PEOUN.NE.0.0.AND.TIMES(a).~!.0) 
• EWALaCPATHLN(2)/8PfDUN)/lIHEI(2) 
... FIN 
[LSE OAl.aO.O· 
wRITE(3) 

1 TIHEH,AVHCNE,AVHC8W,AVNIHC,AVSWHC,CAI!Ly,C"C'NI,CHCSI~, 
3 CHRKNE, CHIU(8W,CHRS (1) ,CHRIU), CHlt8 eS) ,CIHA'T ,DlLXUTOp,a), 
4 DVRP08,OVRPNE,DVAP8W,!QA8,ERATTL~!S!NT,!WAL"LHCNE,'LHC8M, 
5 FLUXNE,FI.UXaw,FAINT,HCN[GR,HCIWQR, . 
~ HCNEWS,HC8WW8,HRIVEA,FCLIM, 
1 PATHLN(l),PATHLN(Z),PATHLN(l),POIT,Q, 
8 RAINN£,AAINSW,RCAHE,RCHNE,RCHIW,RDIPTH,R!DU, 
9 RKMSIT,ROCKEL,RPGOST,RPSAVE,SEACUR, 
+SELEV,IGlONE,SLOPE,SPEOUN,IRGD.w,aU"FTN,TFLIR,THICKG,THIeNI, 
1 THRCH,TTIME,TI~E~(t"TIM!a(2),T!M!I(1),TMIULA,THaIF, 
Z TOTRHC,TRHOYE,VELCI),VEL(l),S!PAG!Cl),I!PAG!(I),I!PAG!ell, 
z CHHC(1,2,1),CHHC(1,2,2),CHHCCt,2,1),eH~C(I",1),CHHC(1,4,2), 
2 CHHC(1,4,1),CHHC(2,Z,t),CHHC(Z,2,Z),CHHCC2,2,lJ,CHHCCZ,4,1', 
2 CHHC(Z,4,Z),CHHCC2,4,3),T1Z,TZ2,TJ2,T4Z,TZ1,T41,T2J,T43 

R£TURN 
END 

(FLECS VERSION ZZ.06) 

....................•..............•.... 
00135 C ************************ CLOUT ********************************* 
00136 C 
00117 C PROGRAM DESCRIPTION , 
00138 C THIS ROUTINE ACCOMPLISHES THE FOLI..OW!NG , 
OOlH C CLOSES THE CURRENT HI8TORY FILE CSEE APPENDIX " 
00140 C CLOSES THE CURRENT M.c.s. FILE caEE APPENDIX F) 
00141 C WRITES TO THE SUMMARY ~ILI 
00i4'2 C CLOSES THE CLIMATE FILE 
OO\H C 
001 jj4 C CREATED BY I GREGG M. PETRIE ON' AUG. 28, 1"0 
00145 C UPOAfED AY • ALAN JA~ES BALOWIN ON, SEP. tl, 19ao 
00146 c 
0011.17 SUBROUTINE CLOUT(lPUN) 
00148 C 
00\4fJ LOGICAL LSMEOF 
00150 C 
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(FLECS VERSION 22.46) iOll.,55 'A81 00004 

00151 
00152 
00153 
00154 
00155 
00156 
00157 
00156 
OOl,)q 
OOlbO 
001&1 
00162 
00163 
001611 
00165 
OOI"b 
00167 
001&8 
OOtf.q 
00170 
00171 
00172 
00173 
00174 
00175 
0017b 
00177 
001711 
001 H 
00180 
00161 
00182 
00181 
00184 
00185 
0018" 
00187 
OOIM 
OOu,q 
00190 
001ql 
001Q2 
00lQ3 
OOIQIl 
001CJ5 
00 l'96 
OOlcH 
OOlCJe 
001CJq 
00200 

00201 

C 
C 

c 
C 

100 
C 
C 
C 

D 

C 
C 
C 

300 
400 

'500 

REWINO(7) 
CLOSEtUNIh7} 
CLOSE (UNaa;!) 
CLOn: (UNIh3) 

I REWIND CLIMATE FILE 
'CLOSE GLACIIR AND eLMAT! FILl 
I CLoSE HIITORY FILE 
I CLOSE MASTEA OUT'UT 'ILE 

GIVE THE LENGTH OF THE RUN 
TIMEX XaSECND8(TIMEXX)/60,O 
WRITE(6,lOO) TIMEXX 
FORMAT(' LENGT~ OF RUNa','S,I) 

WRITE SUMMARY FILE 

OPEN (UNITa4,NAME8'DII18UHHARY'."',TY'I,'OLD', 
+ FORMa'UNFORHlTTED',ACCESSa'DIRECT',RICOADSIZI.'.,ERRaJ00) 

GO TO 400 
STOP , PROBLEMS OPENING SUMMARY TO WAITE OUTPUT RECORDi 
CONTlNUE 
WRITE (6,*) , WRITE SUMMARY RECORD (',IAUN,')' 
L"fI4EOF •• TRUE, 
WRITE(4'IRUN)IRUN,LSM!OF,IRAN,JRAN,KEY,DYBRCH,AXI8AN,'TIMI, 

I COSN£,COSSW,OISTFD,DPNTNE,DPNTSW,FANI,('ANGLE(ll),llal,4), 
2 FDISt,FL WONE,'LW09W,FOLDAN,HT,RO'TDT,RTR!NO,SURNAT,THRNO, 
3 HYDCN(l,l) ,«HY~CNCII,JJ) ,Ila2,."JJal,3), 
Q HYOCNI(1"),(HYDCN1CI2,J'),IZa"."J2at,3) 

LSMEOF •• FALSE. 
IF (IRUN.LT.NRUNS) NRITE(4'IRUH+l) IRUN+l,LIHED',O,O,O,O.,O" 

1 O.,O.,O.,O.,O.,O.,O"O.,O.,O.,O.,O.,O.,O.,O"O~,O.,O"0,,0., 
2 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0,,0.,0,,0,,0.,0.,0.,0.,0,,0. 
3 ,0. 

CLOSE (UN!T.4) 

CHECK SENSE SWITCHES 

CALL 88WTCHC],ISW]) 
IF (t8W] .EQ. 1) 

I NRITE OUT OEau; M[SIAGES TO TIRMINAL 

WRITE (6,500) IPUN,HRUNS 
• FORHATt' AEGIS FINISHED ',II,' OF ',IS,' RUNI,') 
••• FIN 
CALL S8NTCH(4,18W4) 
IF (18"14 .EQ. 1) 

I HALT THE HOD!L IF 81W • 18 UP 

• wRtTE (","00) IRUN,NRUN8 
~oo, fORHlTtll,' 1'1'1 HALTING AEGII '1"",1/, 

1. 'A!Gte eTOPP!D AFTER AUN ',IS,' OF ',II,' RUNS,',II) 
CALL CLOSIT ICLOSE SUHMARY AND CLIMATE FILEI 

• STOP' AEGIS HALT!O WITH SWITCH 4 (RESTART SWITCH. !" 
••• FIN 
RETURN 
END 

.--........ -.............••...•.•.•.... -
c **-***************-**** CLOSIT *.*****.*.*********.**.*********. 
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00202 C 
OOlo} C 
00204 C 
00205 C 
00206 
00207 C 
OOlO" 
0020CJ 
00210 
00211 
00212 

PROGRAM DESCRIPTION I 
THIS ROUTINE CLOSES THI SUMMARY ~IL! AND THI CLIMATE 'IL!. 

SU8ROUTINE CLoSIT 

CLOSE (UNU-ll 
CLOSE (UNlh4) 
nop I ,rtNUHEO 
RUURN 
END 

, CLO'! CLIMAT! ~IL! 
I CL08£ SUMMARY '11.1 

WITH 4EGU' 

•••••••••••••••••••••••••••••••••••••••• 
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(FLEeS VER8ION 22,a.) 10111103 ,A8E 00001 

•••••••••••••••••••••••••••••••••••••••• 

00001 e 
00002 e 
00003 e 
00004 C 
00005 e 
0000. e 
00001 
00008 C 
00009 
00010 C 
00011 
00012 C 
00013 e 
00014 C 
00015 
00016 C 
00011 C 
00018 C 
00019 C 
00020 
00021 C 
00022 e 
00023 
00(124 C 
00025 
00026 
00021 
0002" 
ooozq e 
00030 e 
00011 C 
00032 
00033 C 
OOUG C 
00035 C 
0003& 
00031 C 
00038 
OOOlq C 
000110 
000111 
000112 
00043 e 
000411 c 
000115 
OOOQ& C 
000111 
oOOGe C 
0004ff 
00050 C 
00051 C 
000152 
00051 e 

_* ____ ********_*********** SLEYEL.'LX ************************** 

THII SUBltUUTlt~E ACCOUNTS 'OR Run OR LOMERIN; 0' IU LEV!!. DUE 
TO CHANGES II GLACIER ICE VOLUME 

IUBROUTINE ILEYEL 

INCLUDE 'DII[22.,226JCO"MON.'LX' 

CALL NOTE(a,"SEA') 

IF ClCLIH.EQ, S) 
• DURING AN INTERGLACIER CHECK 'OR A lEA LEVEL RIlE' OMI"' 
• TO A PARTIAL OR TOTAL MELTING 0' ExtaTIN8 ICE IH!!'I 

NOTE THAT THERE II A MAX, AMOUNT OF SEALEVEL RIlE 
CORRESPOND8 TO A MAX, AMOUNT 0' ICE THAT CAN MELT 
IF(8EA,LT,SEAHAX.AND.L TE8TePI!AEX» 

HAYING 'GOT' A RIlE IN lEA LEYEL 'IND THE- AMOUNT 
, • • ••••••••• DENSITY CURYE •••••••••• 
, , SRlS!.PR09(2S) IDRAW 'OR THE AMOUNT OF lEA L!YEL RII!, · . ., ....... , ......... . 
• SEA-SEA+IR 18E 

• CALL RNUM8R(S.,'SEA L!YEL RIII',.RIIE' 
, ••• 'IN -
••• FIN 

FIND THE LOWERING OF lEA LEYEL TO THE GLACIER GRONTH (I' ANY) , 
8EACUA.8EA-S[ACH(AAO,RATI0) 

WHEN(8EACUR ,GT. (8ELEV+l.O).AND, ,NOT, LICEO~' 
I.E. THE SITES FLOODID IY THI lEA 

• 

IF(.NOT. LFLOOD) 
• AND ALSO FLOODED 'OR THE FIRIT TIMI THEN 

CALL NOTE(12,'IIT[ 'LOODED') 
• LFLOOOa .TRUE. 

• ••• FIN 
• 
• 
• 
• 
• 
• 
• 
• 
• 

DEPTH.SEACUR-SELEYIDEPTH 0' THE lEA ON THEIITI 
•••••••••• DEN8ITY CURY~ •••••••••• 
DEpaPR08CZ.)*DTIME IGIT AMOUNT OF IEDIM!NT DEPOSITED ....•.... , .... , ... ,. 
IF(OEPTH.LT,DEADZ)DEP.O.OOOI INEAR DEAD ZONE 

WHEN(SEACUR .LE.(SELEV+DIP)) 
• CURRENT ADOJTION OFS!DIMENT JUS, BRINGS lITE OUT OF THE lEA 
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(FLECS VERSIO~ 2Z,4~) lotiTIO} 'AGE 00002 

00054 
00055 
00056 
00057 
00058 
0005" 
OOOel) 
00061 C 
000&2 
OOOU 
000&4 
00065 
000b6 C 
00067 
00068 
00069 
00010 
00071 
00072 
ooon 
00074 C 
00075 C 
OOOH C 
00077 C 
00078 
0007<1 

• DIFf.AaSCSEACUP.8ELEV) 
• • CALL C~ANGX(OIFF' 

CALL NOTE(20,'SITE JUST OUT OF Sf A') 
LS!ACH •• TRUE, 'CHANG! RIVER CHANNEL 

• LFLOOO •• FALS!, 'NO LONGIR FLOODED 
... FIN 

, ELSE: 
NORMAL FLOOD ACTION 

• CALL CHANGX(OE" 
• •• ,FIN 
... FIN 
ELSE 

NO FLOODING BY THE SEA THIS TIM! ITfP 
• DEPaO.O 
• IFCLFLOOO) 
• • CALL NOT!(IS,"IT! OUT OF lEAl) 
• • LSEACH •• T~UE, 'CHANG! RIVER CHANNEL 

... FIN 
• LFLOOD.,FALSE, ,NOT FLOODED 
, •• 'IN 

RETURN 
END 

(FLECS VERSION 22,46) 

00080 
00081 
00082 
000"3 
00084 
00085 
00086 
00097 
000118 
00089 
oooql) 
on091 

..............••....•.•.•..•.•....••.•••. 

C 
C 
C 
C 

FUNCTION 8EACH(RAD,RATIO) 
GIVF.N THI ~18TANCE OF THI GLACIER IDGICIN OR!gl.l, FADM 
THE SOURCE LATITUDE THE FUNCTION RETURNS 
THE A"OUNT OF StA LEVEL DROP IN H!T!~S 

SEACHaO,OlFIRST ASSUME NO CHANGE IN SIA LEVEL 
IF (UD.GT.O.O) 

RICEaRATIO*RAO*AAO*SQRTCABS(RAO' 
• SEACH.RtC!*2.64 
.. ,FIN 
RETURN 
END 

(FLECS VERSION 22.46) 

.......................•.•...•......•... 
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(FL[CS VERSION 22.4&) 10,11101 PAGE 00001 

•••••••••••••••••••••••••••••••••••••••• 

00001 C 
110002 C 
00001 C 
0000£1 C 
000(15 C 
0000& C 
00007 C 
000011 C 
ooon C 
00010 C 
00011 C 
00012 C 
00013 C 
(10014 C 
00015 
0001& C 
00017 C 
00018 
onotq C 
00020 C 
00021 
00022 C 
OOOll C 
00024 C 
00025 
0002& C 
000,27 C 
00026 C 
0002q 
00030 
00031 
00032 
00033 
0003£1 
00035 
0003& C 
00037 C 
000311 C 
OOOH 
00040 
00041 
00042 
00043 C 
00044 
00045 
00046 C 
000117 
000118 
OOOIlCJ 
00050 
00051 C 
000152 
00053 C 

PROGRAM DESCRJPTION , 
THIS ROUTINE MODELS IUS-SAIALT BAIEMENT 'AULTING EVENTI. 

IT ACCOUNTS FOR THE FOLLOWING EYENTII . 
• CHANGES IN HYDRAULIC CONDUCTIVITY 
• TIM[ BETWEEN SUB-BASALT BAaEMENT EARTHQUAKES 
- FAULT AREA OF SUB-SASALT BAS!MENT EARTHQUAKES 
• FREQUENCY OF SUB-8ASALT BAIEMENT IARTHDUAK!I 
• DURATION OF A SUB-BAIALT BAIEM!NT EARTHQUAKE 
- ACCELERHION 
- POSSI8L~ CHANGES IN THE 'H'~T lEAL 

SUBROUTINE SUBFLT 

INITIALIZE 
LFRUHe.FALSE. 

IF(.NOT. LFBASE) 
• WHEN(LTE8T(PFTNEW) .OR. IFORCE.EQ.l) 

CALL .nFlT 
• TBUSHeTTIH! 
... FI'" 

• ELBE RETURN 
... FIN 

IFCIFORCE.EQ.ll 
• CALL NOTE(lS,'FORCED FAULTING" 
• TSU8FTeTTlME 
... FIN 

WHILECTSU8FT.LT. TEND) 
• CiLL RNUM8R(ZO,'_SUR SASALl FAULTING',TSUBFT) 

~~ •• ~ •• ~.+ •••• ~~ •• ~ .................................... ~. 
• T8UBFT-TSUBFT+PROB(10Z) I GET TIME UNTIL THE NEXT F~ULT 
• RJCHePROB(104) I GET THE RICHTER MAGN!TUDE 
• WHEN(DtIME.GT.100,O) TEHP.AVENA8*100.0/DTIM[ 

ELSE TEMPeAVENA! 
• THE A80VE 18 BECAUSE 

NU~FT.POI80N(TE~P)+1 • 
'U~CTION POISON IS TIME STEP ADJUSTED 

I 4FTER SHOCKS + STARTING EVENT ..... ~~ ..... ~ ........... ~.~.~ ........ ~ ............. ~ .... . 
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('LEeS VERSION 22.4&) 10111101 'AG! 0000' 

0005" 
00055 
0005& C 
000'51 C 
0005e c 
000'5~ C 
OOOIlO 
000&1 C 
00062 C 
OOOb) 
000&11 C 
00065 C 
0006& C 
00067 
000&" 
ooon 
01)010 
00011 
001l1i! C 
00013 
000111 e 
00075 C 
0007& C 

• 
• 
• 

• 

• 

RICHTR-RICH*AN'4CT , CORRECT fOR ANGL! 'ACTOR 
CALL INUM8A(II,'.HOVIH!NTI.',NU",t) 

,'(ACRPOS,GE. lCELtT) 
V8~S"'-.TRUe:. 

• CALL NOT!(11,',..AJOR '.ULT') 
• ••• 'IN 
••• 'IN 

RETURN 

*******************.******************************************** 

•••••••••••••••••••••••••••••••••••••••• 

00011 
0001" C 
00019 C 
000110 C 
OOOU 
oooel 
000"1 
0008" 
00085 
0008& 
00081 
0008" 
00089 
000'0 C 
000~1 
0009l C 
OOOqJ 
00094 
00015 
0009& 
00097 
0009" 
0009Q C 
00100 C 
00101 
00102 
00103 
00104 
00105 
0010& 

TO CALeULA1E-TH!-EF'!CTI.OF-TH!-'AULTING-ON-HC 
****CALCULATE THE EFFECTS OF THE FAULTING ON He* •• ***.* •• ******* 

• 

• 

• 
• 

4CRPOS.ACLER(RICHTR,ROFTOT) 
WHEN (ACRPOS .GE. 'C'TMN.A~O.RO!'TH.LT.OEPMIN) 

FARI •• POLYC16,RICHTR) ,'AULT AREA 
FREQFT_POLY07,RICHTR) I FREQUENCY 
OURFT -POLY(18,RICH1R) I DURATION 
CALL RNUI18R(9, "REQUENCY' , JrR£QFT) ICHANGE DOC 

• CALL RHU~eR(8,IOURATloNt,OUR'T)ICHANG! DOC 
• CALL ~NU"8R(10,IFAULT AREA',FAREl)ICHl"G! DOC 

DOCL_t,,..UH'T) • .............................•....•...••...•..•...... ~ ... 
• TEMP_CM IiC FHACRPOI,RDEPTH).PR08(10'5)*RPOSHC ICHANG! IN H,C. ..............................•••.....••.•....•••.•.. ~ ... 
• CALL RNUMR~Ct8,1.'~ACT!ONAL eHAHG!t,T!"P) IADD TO DOC 

• • CHRS(1)-'EHP+CHR8(1) 
• ••• Fttl 
• • CALL RNUH8R(18,'ACCEL.(REPOSITORY)',ACRPOS) 

... FI,.. 

• 

• 
• 
• 
• 

ELSE CALL NOTE(20,'-FAULT MINOR AT REP.I) 

OO(LAVEA_ITOP,NLAYER) 

• 
IF(ITYPE(LAVERJ.GT.2J 

• 
• 

OO(ISVSTH_t,3) 
ACER_ACLEH(RICHTR,R4DIST(LAVER,ISYSTH) ) 
IF CACER .GE. AC'THN.ANO. DEPTHZ(LAYER,IIVSTH).LE.DEPMIN) 

00 (1wl , NUI4FT) 
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00107 
001011 
00109 
00111) 
00111 
00112 
00113 
00114 
00115 
0011& 
00117 

00lt8 
00 119 
OOilo 
00121 
00122 
00t23 
001211 
0012r; 

OOU& 
00127 
0012A 
00129 
00130 
OOlll 
00U2 
00133 
001311 
00135 
OOUb 

c 

c 

10lt1107 ~AGE OOOOl 

.......................................................................................................... 
TEMP.CHHC'T(AC!R,D!'THZCLAYER,rSYSTM»*~ROa(SO')* 

+. • • • •• HYDCN1(LAYEA,rSVITM) . 
............................................................................................................. 

, ... FIN 
, • , .. FIN 
• • .. FIN 

• • •• ,FIN 
• • •• 'IN 
... 'IN 
END 

•••••••••••••••••••••••••••••••••••••••• 

PROCEDURE CROSS-REFERENCE 'ASL! 

00071 CALCULATE-THE-EF'ECTS-OF-THE-'AULTIN;-ON-HC 
OOObO 

(FLECS VERSION l2.4b) 

..............•...............•.•.••..•• 

c 
c 

FUNCTION ACLERCRICHTR,OI8T) 
NOTE THAT THIe 'ORHULIZATION II SEEN TO BE CONSERVATIVE 
WHEN USED AT OEPTH(lN~TEAD OF THE IUR'ACE) 
TOP-412.0*C10.0**CO.Z8*RICHTR» 
80TTOM-(018T+25.0)**1.3 
ACLER-TOP/BOTTOM 
RETURN 
END 

(FLECS VERSION 22.4&) 

.... _-....•.......•.••....•.......•...•• 

c 
c 
c 
c 
C 

FUNCTION CHHCFTCAG,D) 
THIS fl'UNCUON 18 USED TO CALCULATE THE CHANGU IN H.C. DUE 
TO AcerRATION A DEPTH. IT IS TAKEN FROM -EARHDUAKE ENGINEERING AND 
THE sATTELLE REPOSITORY RELEASE SC!NARIO MODEL- REPORTIU8MITT!D 
BV L.H. WIGHT OF TERA CORP. 

TEMP.,O,000I12&*AG-,O*1.0E-04)-0.02091.l,EQUATION A PAgE o-a 
IF(TEMP.LT,O.O) TEMP.O.O 
CHHCFT-Tf"''' 
RETURN 
ENO 

,FLECS VERSION 22.Gb) 

............•.....•..... --....•.•...... -
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..•....•...•.•••....••..........•....... 
DOODle 
00002 C 
00003 e 
00004 c 
00005 C 
OOOOb C 
00007 C 
00006 C 
OOOOCJ C 
00010 C 
00011 C 
00012 C 
00013 C 
00014 e 
0001'3 
ODOlf) C 
00017 C 
00018 
00019 C 
00020 
00021 C 
0002? C 
00023 C 
00024 
0002'5 
0002" 
00027 
000211 
0002Q 
00030 
00031 C 
00032 C 
ooon e 

************************ UNFEAT.'LX **************************** 

THIS SUBROUTINE ACCOUNTS FOR • 
STARTING H.e. FOR EACH LAYER IN THE IYITEM 
THE LOCATION OF THE DISCHARGE POINTS·O' DEE' 'ROUND "ATER 
SYSTEMS INTO THE IEDIMENT FILL OF tH! IASIN ... 
LOCATION AND STARTING PARAMETERS FOR THI LaCA~ ,AULTING IVITIM 
TH! POSSIBILITY OF AN UNDITECTED FOLD 
AN UNOETECTED sus 8ASALT FAULT 
PARAMETEAS FOR THI SeW. SUS.SVITIM 'AU~TI 
PARAMETERS FOR THE N.E. SUB.SYIT!M FAULT' 
THE STARTINg VALUE 'OR THE UNCON'INED 'ATH LINGTHS 

INCLUOE IOI.[22&,22&JCOMMON,FLX' 

CALL NOTE(ll,'.UNDETECTID') 

IN THE FOLLOWING ~AYI 

GfT.STARTING-He 
CALCULATE-THE-OISCHAAGE-POINTS 
ACCOUNT-FOR-ANY·LOCAL·'AULTS 
ACCOUNT-'OR-,oLOING-ANO-aUa.BASALT-'AULTING 
ACCOUNT-,OR.'AULTING·IN·THE·N!.ANO.SN.IU88VSTfM 
CALCULAT!·THE·SASE·CA8E . 
RETURN 

*******************************************************.******** 
•.......•.••••.•.••..••.•.... -......... . 

00034 
00035 C 
0003b C 
00037 C 
000311 
OOOH C 
00040 
000111 
00042 e 
00043 C 
000114 
00045 C 
0004& 
00047 C 
00041\ 
0004Q e 
ooosn C 

TO GET·STARTING.HC 
****GET STARTING HC*-****.*_*.**_*****.***_*_******* __ .***_***** 

• 
• 
• 
• 

DO (LAYER • ITOP , NLAYEq) 
• 

• 

.. 

NO~ LOOK AT EACH sUa.SYSTEM 
DO (1IYSTH • 1 , 3) 

SELECT (ITYPECLAYIR» 
SF.LECT BY ROCK TYPE 

• 
• 
• 

• • 
• • 
• • 

•• •• •••••• OENSITV CURVE •• • ••••••• 
(1) HC.PRO~(&9)'BASINS SEDIMENTS ......... -... -....... --_ .....••.. 
(2) 

CONSOLIOATEO ROCK 
• SELECT tI8Y8TM) 

SELECT 8Y SUB.SYSTEM 
•••• •• •••• OENSITY CURVE •••••• • ••• 
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OOOSl (1) HC.PROB(70) 11,'1, lED. 
00052 • • (2) I;C.PROB (71) 'BASIN lEO 
00053 • (3) HC.PROS(72) IN.E, lEO 
OOOSII C • ••••••••••••••••••••••••••••••••• 
00055 • ••• FIN 
01)05& ... FIN 
00057 • (3) 
00058 C • • BASALT OF TH! WANAPU~ AND IAODLE MT, 
OOOSCJ • 8ELECTCISVSTM) 
OOObO C • SELECT ey lue.aY,TEM 
00061 c ••••••••••• DEN.ITY CURVE ••••••••• 
OOObl • (1) HC.PROSCU) II,W. IAIALT 0' MANAPUM.I.DOL! MT, 
OOObl (2) HC.PROI".) IIAIJN IASALT 0' MANAIIUM.IADDLE MT, 
00064 • • (l) HC.PROBen, ,N,!, .AIALT 0' WANAPUM.IADDLE MT, 
00065 C • • • ••••••••••••••••••••••••••••••••• 
00066 • • ... FIN 
000,,7 • ••• FIN 
00068 • (10 
00069 C • • BASALT OF THE GRANDE ROND! 
00070 • SELECT (UUT"') 
00071 C • • ••••••••••• DENSITY CURVE ••••••••• 
00072 • (1) HC.PROBCh) ,8,_, "IALT 0' TH! ORAND! ROND! 
ooon • • (2) HC.'-ROSCT?) 18AIJN IASALT 0' THE ORANO!CRONDE 
000711 (1) HC.PR08CT8) IN.I, IA"LT 0' THE GRAND~ RONDE 
00075 C • • • ••••••••••••••••••••••••••••••••• 
OOOh , • ... FIN 
00077 • ... FIN 
00078 • ... FIN 
ooon c • OOORO • • IF(LAYER.N!,l) 
00081 • CALL RNUMBRCt2,t.ITART H,C,.',HC)ICHANGE DOC 
00082 • • CALL RNUM8RtlO,t.THICKN!81',DELX(LAYER,tl'ITM)ICHAN8E DOC 
00083 • ... FIN 
0008'1 HYOCN(LAYfR,IIVSTM).HC 
00085 • • HYOCN1(LAY!R,ISVSTM).HC 
OOOS" • • ... FIN 
ooon • ••• FIN 
OOOSA ••• FIN 
OOOSfi C 
OOOIJO C 
OOoql C *** ••••• ***** •• ***.**.******.*** •• **********.*.******.********** 

... -.........•................•.•...•.•. 
00092 
OOOQ3 
oOOq'l 
00095 
OOOq*-
000CJ7 
000'" 
00n9 
00100 
00101 
00102 
00103 

c 
c 
C 
c 
C 

C 

TO CALCULATE.TH[.OISCHARGE.'-OINTS 
****CALCULATE THE DISCHARGE POINTS****.*.***.* •••••••••• * •••• *** 

• 
• 
• 
• 

DRA~ FOR THE LOCATION OF THE DI8CHARGE POINT8 'DR EACH SUB.'Y'T!M 
•• ••• ••••• OEN.ITY CURVE •••••••••• 
DPNT8w.PROB(79)*CEOGENE-EDGEIW)+EDGESW IS.W. DItCHAROE POINT 
OPNTNE.PROA(80)*CEDGENE.EDnESW)+EDGESW IN,E. DI8CHARGE POINT ...••.•........••• --...•...•..... 
IF (OPNT8~ .GT. DPNTNE) 

CALL NOTE (18,tCHANGING DIICHARGEt) 
T!MP • OPNTSW 
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001011 
00105 
0010& 
00101 
00101! 
ootO~ C 
00110 
00111 
00112 
001ll 
00114 
00115 
0011b 
001 11 
00U8 
00119 
00120 
OOUl 
00122 
00121 
001211 
00125 
0012& C 
00121 
00128 
00129 C 
00130 
00 131 
00132 
00133 
00U4 C 
00135 
OOl3b 
00131 
0013" 
DOUe, C 
00140 
00141 
00142 
00143 
00144 r: 
00145 
00111b 
001117 
ODIliA 
001119 
00150 
00151 C 
00152 C 
00151 C 

• 
• 

• 
• 
, 
• 
• 
• 
• 
• 
• 
• 

• OPNTS~_OP~TNE 
• OPNTNE_TEHP 
... IfIN 
CALL RNUMBP(20,'S.w. DISCHARGE POINT',OPNTaW) 
CALL RNUM8R(20,'N.E. OISCHAltG! POINT',DPNTN!) 
FINO THE ANGLE OF FLOW PATH . 
XHORSW_ABS(DPNTSW-EDGESW)*lOOO.O ICHANII TO MITIRI 
R_8gRT(X~ORSW**2+0EPTsw*·2) . 
ColS",-XHr)R81r1/R 
I' (COS aN .LE. 0.0 ,~R. COl 1M .8T, 1,0) 

CALL RNUM8R(15,'!RROR IN COl l.t,COII"' 
• eosaw-I.O 
••• FIN 
XHORlnR 
CALL RNUM8A(19,'DIST FROM lOG! I.I.',XHORIW) 
XHORN£-A81(EDGENE-DPNTNE)*HOO.0 ICHANGE TO MUIRI 
R.SQRT(XHORNE**2+0!PTN!**i' . 
COSNE-iCHORN!lR 
IF (COS HE .LE. 0,0 .OR, COl HI .QT, l.O) 
• CALL ANUHSR(15,'!RROR IN COl NI',CDIN!) 
• COINE_I.O 
... 'IN 

XHORNE-It 
CALL RNUM~A(18,'OIaT FROH EDG! N.!t,XHORNE) 

• Z-OELX(1,2]/1000.0 lDEPTH TO BA8ALT/IEO INTIRIfACI(KM) 
00 (lP4TH-l,3) 

• 
• 
• 
• 

• 
• 
• 
• 
• 

• 

SELECT (IPATH) 
(1) 

Sow. DISCHARGE SUUM 
)CaUT • OPNTSN 

• 'INO-OISTANCE-IfROM-eAIALT8ED-OIBCHAR8E-POINT 
... FIN 

• (2) 

• IN THE IUSI" 
lIOUT • 0,0 

• 'INO-OISTANCE.'ROM.a'8ALTSEO-OIICHARGE-POINT 
... 'IN 
(3) 
~ N.E. DISCHARGE SVSTEM 

• ,lIOUT • OPNTNE 
• • FINO-OISTANCE-FROH-BASALTSED-OIICHARGE-'OINT 
• , ••• 'IN 

• • • •• FIN 
• ... FIN 
••• FIN 

**************************************************************** 
..•.....•...................•...•.•.•.•. 

00154 
00155 
0015& 

C 
C 

TO FINO-OISTANCE-FROH-SASALTIED-DI8CHARGE-POINT 
****FI~O DISTANCE FROM B~SALTSEO DISCHARGE POINT**************** 
• 
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00157 C 
00158 C 
00159 C 
OOlbO C 
OOU,1 C 
00162 C 
00163 
00164 C 
00165 C 
00166 
00167 
OOlblJ C 
00169 C 
00110 
00111 
00112 
00173 
00114 
00175 C 
0017& 
00177 
001711 
0011Q 
001~O 
00181 
00162 
001113 
001611 
00185 c: 
0018b C 
00187 C 

COORDINATE RELATIVE TO THE CRo.a SECTION ty POIITIVESOUTH AND 
X POSI!IVE TOWARD THE N.E. 

•• • ••••••• OENSITV CURVE ........ .. 
TEHP.(PROB(92))/57.29& IDIITANCE ALONe THE DISCHARGE ARC .........................••..•••• 

• CALL I NUMBR(20,"UNCONFINED PATH II,',IPATH) 
CALL RNUHBR(l&,'.DISCHAR;E ANeLE',TIMP) 
FINO THE COORDINATES IN A SVST!M IN LIN! NITH NORTH 
AND TRANSLATE THE ORIGIN SACK OVER THE REPO'ITORY 
YY'COS(TEMP).ARCRAD + YSTART 
xxaSIN(TEHP)*ARCRAO + XaTART 

• CALL RNUMSR(07,"X COR1',XX) 
CALL RNUMBR(01,"V COR1',YY) 
TEMP.(90.0.ANCRDS)/51.295 

• ROTATE COORDINATE SYSTEM IN LIM! NITH THE M.C.S. 
• XaXX*COS(TEMP)+YY*SIN(TEMP) 

Ya·XX*SINtTEHP)+VY*COICTEMP) 
CALL RNUHBR(06,". COR',X, 
CALL RNUM8R(00,"Y COR',y) 

• Xale·XOUT 
• OIS1UN.8QRT(X*XtY*YtZ*t) 

CALL QNUM8R(11,'~UNPATH DI.Ta',Dl.TUN) 
• UNPATHCIPATH).OISTUN 
... FIN 

**.************************************************************* 

•••••••••••••••••••••••••••••••••••••••• 

00188 
0018f1 
OotQo 
OOltH 
00192 
00193 
00194 
00"0; 
00190 
001f11 
00198 
00U9 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
002011 
00209 

c 
c 
c 
C 
C 

C 
C 

TO ICCOUNT.~OR •• NY.LOCAL.FAULT. 
****ACCOUNT FOR .NY lOCAL FAUlTS*******.** •• *******.*********.** 
• 

• 
• 

• 
• 
• 
• 

• 
• 

FIND LOCAL ,AUlT PARAMETERI 
•••• ••••• ·DENSITY CURVE •••••••• •• 
RTRENU.PRDR(81) IGET REGIONAL TREND .. -•....•....... -....•.•..•...••• 
RNORML.RTRENOtqO.O 
AN8TWN*ANGBTNCRNORML,lNCROS) 
IFCAS8(AN8TWN.QO.O).l!.ANCR UN) 
• CALL NOTEC15,'FAUlTI PARAllEL') 
• PISFT8 a 0.0 1 NO '4ULT ON THE HODEL CROal SECTION 
••• FIN 
COSAN*COS(~N8T"N/S1.i'6) 
CALL A~UMBR(14"'ANGLE BETWEEN',ANBTNN) 
IF (COlAN .lE. 0.0) 

CALL NOTECll,'ERROR ANGLE') 
• C084N. 1.0 
••• FIN 
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00210 
00211 
00212 
00213 
00114 
00215 
0021~ 
002 11 
00218 
00219 
00220 
0021.t 
00222 
00223 
00224 
00225 
OOl2b 
00227 
00228 
00229 
00210 
00211 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
002l? 
00240 
0021.11 
00242 
0021.13 
00244 
00245 
00246 
OOi!47 
0021lA 
00249 
00251) 
002'51 
00251-
00253 
00254 
00255 
0025& 
00257 
00258 
00259 
OOhO 
00261 
00262 
00263 
00264 
GOZil5 

c 
c 
c 
c 

c 

c 

c 

C 

c 
c 
c 

c 

C 

• 
• 

• 
• 

• 
• 

• 
• 
• 

• 

• 

• 

• 
• 
• 

• 

• 

10117113 PAGE 00005 

N£XT~T • 2 lCOUNTER ~OR 'EATURES IN THE REPOSITORY 
1 • SHAn SEAL 
2 • FOLO 
3-50 • LOCAL 'AULTI IN THI REPOSITORY 

WHEN (LTESTWCPSS,T8» 

• 
• 
• 

• 

• 
• 
• 
• 

• 
• 
• 
• 
• 

LaSFIN •• TRUE. aSET 'LAG SHowING A poalIBLE 'AULT IN THE I,IIN 
CU~OIS _ ITFLT ITHE FIRST FAULT II JUIT OUTSIDE THE lAtIN 
REP£AT UNTIL (CUROIS .GT. EDGE I"' 
• SS'THCCt,. 0.0 

•••••••••• OENSITY CURV! •••••••••• 
OISNXTaPROB(Sa)/COSAN 
FWIDTH(1).PR08(83)/COIAH I!F'!~TIY! "ULT WIDTH 
••••••••••••••••••••••••••••••••• 

• 8SFTT(1) .1.0E28 aTHIS ,AULT 11 TO IE OUTIIDE THE IA.IN 
FAULTC1JaCURDIS 

• CURDII _CURDIStOISNxT 
••• 'IN 

INEXT_2 
REPEAT UNTIL (CURDIS .GT. !DI!N!) 

FAULTCIHEXT) - CUROII 
• SlFTHCUNExn. O.OISARTING H,C, DI"!NC!' BnW!!N TH! 'AUU AND THI IURR 
• • •••• • •••• O!N8ITY CURVE.·........ . 

DISNXT _ PROR(82) / COlAN lORAN 'OR T", ~IXTijOCATION 
P;WIOTH(INEXn. PROBen) / caUN 10RAW 'DR TMI 'AULT WIDTH 
~OR(INEXT) • PR08(e4) • RTREND lORAN 'OR LOCAL '.U~T DIR!CTION 
sa'TTCINEXT) • PROBC8,) ITIHI' UNTI~ T"I' 'AULT IS ACTIVI 
RESETeIN!XT) _ S8'TT(IN!XT)*~RII'T 'G!! RIS!T TIHI' ' '-

• ••••••••••••••••••••••••••••••••• 

• 
• 

• 
• 
• 

• 

• 

• 
• 

• 
• 
• 

• 

l' (ABS(FAULT(IN!XT» .LT. IITRAD) 
• 
• 
• 

I.E. THI8 FAULT GO!S THROUGH THI IITI 
WHEN CLTESTW(PMIS'T» 

AND THE GEOLOGtST H1SSED IT 
NEXT'T • NEXTFT + 1 
IF (NEXT" .GT. 50) 

C4lL NOTE (12,IMIIIIO FAULT') 
• NEXTFT.'O 
••• FIN 
l'SIT(NEXTFT) • INEXT 
C~LL NOTEC19,"AULT IN REPOaITO~Y') 
ANG • ANG8TN C'OR(INEXT),ANCROI) 
R • A8SCFAULT(INEXT)*SIN(ANG/'7.,9b» II,!. GET THI NORMAL 

DISTANCE TO THI 'AULT 
RLEHGH.SQRTCSITAAO*SITAAD.R*R)*2 ILENGTH OF 'AULT SITI 

INT!ASECTION 
AREA. RL!NGH*CFWIDTH(INEXT)/1000,O).C0 8AN 

• FRAC(NEXTFT).AA!A/(SITRAO*8ITRAD*3.141'" 
• • CALL RNUM8A(11,'FRACTION 0' %NTER'"RAC(N!X"T») 

••• 'IN 
ELSI! 

CU~OIS • SlTRAD 
• • FAULTCINEXT). CURDIS 
• • CALL NOT!(18,"AULT JUST OUTSIDE') 
• ••• FIN 
... FIN 

D.93 
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002&6 

ZS-OCT.el 10117'11 PAG! 00006 

• CALL RNUM8R(IS,'~AULT LOCATIONa',FAULT[INEXT» 
INEXT • INEXT + 1 00267 

00268 
002f1Q 
00270 
00171 
00272 
00273 
00271.1 
00275 
00276 
00277 
00278 
00279 
0021'0 
00281 
002R2 
00283 
00244 
0028S 
002A6 
00287 
002AA 
00289 
00290 
002Ql 
002Q2 
002H 
002911 
00295 
00296 
00297 
0029~ 

00299 
00300 
00)01 
00302 
00303 
00104 
0030S 
00106 
00307 
003011 
00109 

00310 
00311 
00312 
00313 
00314 
00315 
0031" 
DOll 7 
00318 

c 
C 
C 

c 

c 

t 
C 
C 

• 

• 

• 

• 

CURDIS • CURDIS + DISNXT 
• IF (INEXT .wT. 200) 
• CALl NOTE (11,'LOIT ~AULTI" 
• • INEXT. 200 
• " .FIN 
••• FIN 
NSS;T a INEXT 
'AULT(IH!XT).CURDI8 ,REMEMBER THAT THII FAULT ra OUTIIDE TH! BAlIN 
aSFTT(INEXT).1.0EZ8 

• CALL IHUMBRC1J,"TOTAL FAULTI',NI'FTi 
... ~IN 
ELSE 

LSSFIN •• FALSE. ,NO FAULTI IN THE IASIN 
CALL NOTE(15,'NO LOCAL 'AULTI', 

, NSSFT. 0 'NUM8ER OF LOCAL FAULTS. 0 
.,.FIN 

ALLOW FOR , THRUST FAULT IN TH! RE'OltTORY 
WHEN (LTE8Tw(PUNTHS)' 
• ••••••••• -DENSITy CURVE •••••••••• 

THRWD • PROS(86) 'DRAW FOR THRUST WIDTH 
TRUST Ta PROB(8?) 'DRAW 'O~ TIM! OR ACTIVE THRUITING 
RESET Ta TRUST T * ~REITR I REI!T TIM! 
••••••••••••••••••••••••••••••••• 

• IF (THRWD ,GE. APOSTH) 
• CALL RNUH8R(15,'THRUST TOO WIDE',THRWD) 

• • • THAWDaRPOSTH/2.0 
••• fl'IN 

• TR"OVEao.O 1 TOTAL THQUST ~OV!M!NT lET TO ZERO 
• CALL NOTE C18,'THRUST ~AULT FOUND') 

THRCH aO.O , INITIALIZE H.C. TO ZERO TH! DI~'!NC! BETM!IN TH! FAULT 
• LTHRST •• TAUE. 
• •.• FIN 
ELSE 

LTHRST a .FAlSE. 
• CALL NOTE(15,'NO THRUST FOUND') 

• ••• FIN 
••• FIN 

---_ ..... _--... -.. -_ ..... -....... -..... . 
c: 
C 
C 
C 

TO ACCOUNT.FOR.FOLOING-ANO.sue.BASALT.FAULTING 
****ACCOU~T FOR FOLDING AND SUB BASALT FAULTING*********_.****.* 

• 
• 
• 

CHECK FOR , FOLD 
W"EN (LT[6T~(PFOLD) 

• LFOLD •• TRUE. 
CALL NOTE(10,'FOLD FOUND') 
CALL "E"LD 

0.94 
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00319 
00320 
003'- t 
00322 
00]23 
00124 
00325 C 
0032& C 
00327 C 
0032A 
00329 
00130 
00331 
00332 
00333 
00134 C 
00H5 C 
0031b C 

• 

• 'OLDHC.O.O 
.,.II'IN 
ELSE 

VOLD • ,FALSE. 

10111113 PAGE 00001 

• CALL NOf! (13,'NO II'OLO FOUND') 
• .. II'IN 

CHECK 'OR UNKNOWN 'AU~T IN TH! BA.EMENT 
• • WHEN (LTESTW(PFAULTJJ CALL 8ETFLT 

ELse: 
• LFBASE .,'ALSE. 

• , CALL NOTE(18,'HO SU8BAIALT 'AULT') 
• ., .FIN 
••• FIN 

**************.***.**.*.******_ •••••••••••••••••••••••• *._ •• * ••• 
•••••••••••••••••••••••••••••••••••••••• 

00U7 
00138 C 
003J9 C 
003'10 C 
00141 C 
00342 
0034] C 
00344 
00]45 C 
00340 
00347 
00348 
00349 
00350 C 
00351 
00352 
0035] 
001511 C 
00355 C 
003'6 C 

TO ACCOUHT.FOR-'AULTINQ-IN·THE-NI-ANO·IM.SUBI'STEM 
***.ACtOUNT 'OR ,AULTING IN THE H! AND aw SUBS'IT!M_ •••••••••••• 

• 

• 

••• • •••••• OENaITY CURVE •••••••••• 
FLwDSw.PRO~(8a' lORA~ 'OR WrOTH OF REPRlaENTATIVE I,W, aua.a'IT!M 

'AULT 
'LWONE.PR08(89) lDRAW FOR WIDTH 0' REPRESENTATIVE H,!, ,ua.I'ITEM 

FAULT 
FLTSW .PRO~(qO' tTIME OF NEXT a,M. 'AULTING [YENT 
RESFN!.FLTSW*FR!II'NE tRESET TIM! 
FLTNE .PROS(91) ,TIME Oil' NEXT N,!. FAULTING EV!NT 
RES'Sw.FLTSw.'R!FaW 
•••••••••••••••••••••••••••••••••• 
'LHCSW.O.O ,H,C. INITIALIZED TO zeRO 

• ~LHCNE.O,O IH,C, INITIALIZED TO ZIRO 
••• ~IN 

•••• * •••••••••••• _ •••••••• * •••• _* ••••••••••• *.-••••••• *** ••••••• 

........•.............••.•.....••.••..•• 
00]57 TO CALCULATE-THE-A4SE-CASE 
003'511 C TERMS NOT CURRENTLY IN THE DOCUMENTATION INCI.UDEI 
00359 C 4VHCSWI AVERAGE H.C, ALONG THE S,~. ~ATH(T) 
00300 C AVHCN!I 4VERAG! H,C, ALONG TH! N,(. ~ATH(n 
00361 c CLJNERCI CURRENT NtE. RECHARG! (I) 
OOlU C • CUSWRCI CURRtNT SeW, RECHARGE (I) 
00163 c SMULT!"I AHEACH MUlIPLICAT10N '4CTOR el) 
0031)4 C !lYHPNE, OARCY VELOCITY ALONG TH! N,E. PATH(T) 
00 He; C • OVRPS"'I O.RCY VELOCITy ALONG THE atw. PATH(T) 
0030b C DVRP081 TOTAL DARCY VELOCITY THRU THE REPOSITOR'(T) 
00167 C GRAONE, N.E, GRAOI!NT(T) 
003611 C r.IUDSW I 8.W. GRAOIENT(T) 
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00!b9 t HCI'IEGRt 
HCSIoIGRI 
TOTL I 
TOTLI< I 
TOTNEI 
TOTSWI 

10111113 PAGE 00008 

CURRENT HEAD VALUE ~OR THE H.E, RECHARGE AREACT) 
CURRENT HEAD VALUE FOR THE I.N, RECHARGE AREACT) 00370 C 

00371 C 
00372 C 
00373 C 
00374 t 
00375 C 
0037& 
00377 
00378 
003'7" 
OO)~O 

00381 
00:182 
00383 
00l~4 t 
00385 C 
0038" 
00387 
003AB 
003~9 C 
00390 
00391 
00192 
0039] 
003Q4 
00395 
0039b 
00397 
003911 
00399 
00400 
00401 
00402 
00401 
00404 
001105 
OOIlOb C 
001101 C 
OOllO~ 
00409 
001110 
001111 C 
00412 
001113 
004111 
00415 
00111& 
001117 
00418 

• 

• 
• 
• 
• 
• 
• 
, 

• 
• 
• 
• 
• 
• 

TOTAL DISTANCE FROM THE 80TTOM 0' THE REPDSlTV TOTH! RIV 
SUM OF LENGTH/H.t.eT) 
TOTAL LENGTH(METER8) ALONG THE N.E. PATHeT) 
TOTAL LENGTH(HETERI) ALONa THE I.W, PATHeT) 

TOTL80ELX(2,Z) IIoiANAPUH-S4DDEL 
TOTLK.OELX(Z,Z)/HYDCN(Z,Z) 
TOTL.TOTLtDELX(],2) "10FT ROCK' LAYER 
TOTLK.TOTLKtOEL)(],2)/HYPCNC],Z) 
TOTL.TOTLtTHABOV IGRANDE RONDE A80VE THE REPOIITORY 
TOTLK.TOTL~tTHAeov/OEL)((4,2) 
TOTL8TOTLtRPOSTH IR!POIITORY THICKN!" 
TOTLK8TOTLKtRPOSTH/RPOSHC 

TEMP8AHS(EOGE8 W)*1000,O/C088SN 
TOTsw8TOTL+TEMPtGRlIoILN*1000.0 
AVHC8W8CTOT8W)/(TOTLKtGRSWLN*1000,O/HYDCN(4,1).TE~P/HYDCN(4,1» 

TEHP.A88(EDGENE)*1000.0/COSBN[ 
TOTNE8TOTL+TEMP+GRLNNE*lo00,O 
AVHtNE8TOT~[/(TOTLK+GRLNNE*1000.0/HYOCN(4,J)+T!MP/HYDCN(4,2» 
C.LL RNUHRP(le,'S.W, H,C. 8TART.',AVHCSW;ICHANG! DOC . 
CALL RNU~9R(le,'N.E. H.C. START.',AVHCNE)ICHANG[' DOC 
HC8WGR.HOSWGRtPOLY(Z~,CU8WRC' 
GRAOSW8(HCSIoIGR-HEADBS)/TOTSW 
HCNECR.HDNEGRtPOLY(25,CUNERC) 
GRADNE8(HCNEGR-HEAD8S)/TOTNE • 
CALL RNUHRR(14,".W, GRAOIENT.',GRAOSW),CHAGN[ DOC 
tALL RNUMBR(lll,'N.E. GRADI!NT.',IRAONE)ICHANGE DOC 
OVRPSW.AVHCBW*GRADSW 
OVRPN~.AVHCNE*GRAONE 
OVRPoe8DVRPNl+OVRPSW 
DV8RCH.OVRPOS*QMULT'IOE'JNATJON OF BREACH 'LOW 
CALL RNUHBR(1",'8TARTING DARCY FLow',DVRPOI)ICHANGE DOC 

TOTL8WSSWLN*tOOO.OtKHDRSW 
TOTLK8WSSWLN*100o.0/HYOCN(2,1,+XHORSIoI/HYDCN(I,2) 
AV8WHC.TOTL/TOTLK 

TDTL8W8NEL~*lOOO.O+XHDRNE 
TOfLK.WSNEL~*1000.0/HyotH(2,]).XHORNE/HYDCN(2,2) 
AVNEHC-TOTL/TOTLK 
CALL RNUMBR(le,'WAN-SAO S.W. HC_',AV,WHC) 

• tALL RNUH8R(16,'WAN-SAD H.E. HC8',AVN!HC) 
••• FIN 
END 

.••.•.•...••.....•.....•.•.••••• --..... . 
PROCEDURE CROSS-REFERENCE JABLE 

OOlA~ ACCOUNT-FOP-ANY-LOCAL-FAULTS 
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10117.11 PAlE 00009 

00026 

00154 FINO-DI8TANCE-FROH-SASALTSEO-OlSCHARGI-POINT 
00136 00141 00146 

00337 ACCOUNT.'OR.FAULTIN;.lN-TH!-N[-ANO-S_.eUIIYSTIH 
00028 

00357 CALCULATE-THE.BASE.CA8E 
00029 

00014 GET-8TARTING.~C 
00024 

00310 ACCOUNT.'OR.'OLOINQ-AND-SUa-eAIALT-,AULTINO 
00017 

00092 CALCULATE.THE-OISCHARG!.POINTI 
00025 

(FLECS VERSION 22.46) 

•••••••••••••••••••••••••••••••••••••••• 
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00001 
00002 
00003 
00004 
00005 
OOOOn 
00007 
ooooe 
OOOOQ 
00010 
00011 
00012 
00011 
00014 
00015 
0001~ 
00017 
000l~ 
0001Q 
00020 
00021 
00022 
00023 
00021l 
00025 
0002& 
00027 
0002~ 
0002Q 
00030 
00031 
00032 
OOOH 

00034 
00035 
0003& 
00037 
00038 
OOOH 
00040 
00041 
00042 

0004] 
00044 
00045 
00046 
00047 

.-_ ......•..•••.••••.••.•.... -......... . 
c 
c 
c 
c 
c 
C 
C 
C 
C 
C 

C 

c 

c 

c 

c 
c 

C 
C 
C 

********************** READS ****************.***********.****** 

PROGRAM OESCRIPTIONI 
THIS ~OUTI~E CALLS THE ROUTINES TO REAO ICALAR, POLYNOMIAL, 

DENSITY AND LAYER DATA, ALONG WITH CHECKING THE POIITIONS D~ 
THE StNSE SWITCHES TO SEE IF THE MODEL SHOULD ITART~ROM SCRATCH 
OR RESTART FROM ~HERE IT LE'T OFF. 

CREATED BYI ALAN J. BALDWIN 

SUBROUTINE REAOS 

LOGICAL LHOR[,LDUHP 
COH"ON IHORDMPI LMORE,LDUMP 

BYTE BYUATE(10),BYTIME(8) 
LOGICAL L811£0' 

COMMON IIJRANI IRAN , JRAN 

INCLUDE 'OI,t22&,22&JCOHMON.FLX' 

REAO-SCAlAR-OA" 
READ-POLYNOHIAL-DATA 
READ-DENSITY-OlTA 
REAI)-LAYER-OA" 

. CHECK-8ENSE-SW ITCHES 
OPEN.CLIHATE-FILE 
RETURN 

ON1 AUG. 14, 19'0 

•••••••••••••••••••••••••••••••••••••••• 

c 
c 
c 
c 
C 

c 
C 

TO OPEN-CLIHATE·-nLE 
****OP!N CLIMATE 'ILE***************-******************_**_***** 

• OPEN(UNIT.7,NAME.'OIlITABLE,CLM',TYPE8 10LD',READONLY 
+ ,FORM8'UNFOAM.TTEO') 
••• FIN 

....•.......................•...•.•...•• 

C 
C 
C 
C 

TO CHECK-SENSE-swITCHES 
_***CHECK-SENSE SWITCHES __ **_*****_********_*****_***_*****.**** 
• 
• 
• CHECK fO SEE IF RESTART IT FROM WHERE LEFT OFF 

0.98 
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00048 
0001.19 
00050 
00051 
00052 
0005] 
00054 
00055 
00056 
00057 
0005A 
00059 
00060 
00061 
OOOU 
000f)] 
00064 
000b5 
0006#) 
00061 
000611 
ooon 
00070 
00071 
00072 
00073 
00074 
00075 
0007" 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00065 
00086 
0001'1 
000811 
0008' 
00090 
00091 
000Q2 
OOOq] 
000q4 
0001f'5 
000Q6 
00091 
OOOq~ 

OOOqQ 
00100 
00101 
00102 
00103 

c 

c 

c 

c 
c 
c 

D 

C 

• 
• 

100 • 
1. 
• 

+. 
+. 
• 

555 • 
556 • 

• 
• 
• 
• 

200 • 
1. 
• +, 

+. , 
557 • 
558 • 

• 
• 
, 

210 • 

220 • 

230 • 

240 • 

250 • 
• 

260 • 
1. 
2. 
3. 

2qQ • 

CAL~ 8SWTC~(5,ISW5' 
WHEN (1'W5 .Ea. 1) 

RESTART HODEL WH!R! IT HAL TID 

• RESTART HODEL WHEA! IT HALTED 
• WRItE (6,100) 
• FORMlT(II,1.I0X,'A E G t I',~/, 

, ***** RESTARTING A! Q I 8 ,ROM WHER! IT LE'T 0"',11) 
• OPEN (UNIT.4,NAHE.'DIlISUMHARY.AGS',TYP!aJ OLDI, 
• FORMa'UNFORHATTED',ACCEIS.'DIRECT',RICORDIIZE.6., 
• ERRa555) 
• GO to 556 
• STOP' ***** COULD NOT OPEN OLD SUMMARY FIL! 'OR RISTART' 
• CONTINUE 
• REAO-SUMMARY·'ILE-UNTIL-LAIT-RICORD 
••• FIN 
ELSE 

STARl MODEL OUT FROM SCRATCH 
• WRITE (6,200) 
• FORMAT(II,40X,'A! Q I S',II, 

, SS$$' BEQINNINQ A E Q I. WITH A FRESH START',II) 
• OPEN (UNITa4,NAHEalDI1,8UMMARY.AGI',TYP!aJ N!W., 

FORMa'UNFORHATTEO',ACC'lla'DIRECT',RICORDSIZE.6.; 
• INITIALIIZEelo,(RRe5!1) 

GO TO !58 
• WRITE (~,*)' ***** PR08LEMS OPENING UP NEW SUMMARY ~IL!' 
• CONflNUE 
• lSTRTN. 1 
••• FIN 
CLOSE t UNIT.4) 

RANDOMIZE THE RANDOM NUHBER 1110 

CALL SSWTCHt~,ISW.l I START MODEL WITH A RANDOM NUMBER liED 
IF (ISW6 .EQ. 1) 
• CALL DATE(8YDATE) 

CALL TIME(81TIME) 
DECODE (9,210,8VDATE,ERRaZ99, IDAY 
FORMATtI2,1X) 
DECODE (~,220,BYDATE,ERR.2'~) IvlAR 
FORMAT(7X,12) 

• DECODE (a,2]O,8VTIHE,!RRa2~" IHOUR 
• FORMAT(I2,6X) 

DECODE (8,240,8YTIHE,ERRaa", IHINUT 
• FORMAT(]X,I2,lW) 
• DECODE C8,250,8YTIME,ERR.2'~) ISEC 
• FORMAT(U,12) 
• IRAN. IDAV * IHOUR * ISEC 

JRAN • IMINUT * ISfC 
• WRtTE (6,abO) IRAN,JRAN,lYEAR,IDAv,IHOUR,rMINUT,ZIEC 
• ~ORMAT(II,' 1'1" T~I8 RUN US!S A RANDOM IEED l,fI1',II, 
• 'THE RANDUM SEED IS ,',218,11, 
• 'VElA .. ,n,SX,'1)AY ",U,lOlC,'HOUR ",n,5lC,"'INun t ' , 
• Il,5x,'SECOND 1',1],//) 
• CONTINUE 
••• 11'1111 

0.99 
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OOloti 
00105 
001U 
00107 
0010~ 
OOIOq 
00110 
00111 
OOIU 
001U 
OOUti 
00115 
0011b 
00117 
00118 
OOl1q 
00120 
00121 
00122 
00123 

00124 
00t~5 

0012& 
00127 
00128 
00129 
00110 
00131 
00132 
00133 
00134 
00135 
OOlH 
00137 
00138 
0013q 
OOltiO 
001t1l 
001112 
001113 
001l1li 

001115 
0014ft 
00147 
00148 
00149 
00150 
00151 
00152 
0015} 

c 
C 

c 
c 
C 

c 
c 
c 

c 
c 

• 

• 
• 
• 

• 

CHECK FOR '.' LEVEL MESSAGES 

CALL SIWTCH(1,ISW1) 
WHEN (ISWI .EQ. 1) LOU"P •• TRU!. 
ELIE LOUMP •• fALSE. 

CHECK FOR ,.1 LEVEL MESSAGEe 

CALL SeWTCH(Z,ISW2) 
WHEN (lSW2 .EQ. 1) LMORE • ,TRUE. 
ELSE LMORE •• FALSE. 

ASK HOW MANY RUNS 

470. WRITE (6,.71) 
.71. FORMATt/I,' HOW MANY MONT! CARLO AUN, ",IJ 

• READ (b,*rEAR •• 70) NRUNS 
••• FIN 

••••••••••••••••••••••••••••••••••••••••• 

C 

o 

c 
c 

TO REAO-8UMMARY-FILE-UNTIL-LAIT-AECORO 
****READ SUMMARY FILE UNTIL LAST RECORD**.*.***** ••••••••••••••• 

• IAEC.O 

• 
1 • 
1. 
2. 
3. 
Q. 

LIMEOF •• TRIJE. 
REPEAT UNTIL (IREt .NE. IREt .OR •• NOT. L'M!O~) 

AEAO(.'rREc+l,ERR •• 89)IRt,L.M!O~,IRAN,JRAN,K[Y,ATM,AXIIAN, 
BTlME, 
COSNE,C08SW,DII'FD,DPNTNE,DPNTI.,'ANG,C'ANCLECII),II.',4', 

• FOIST,FLWDNE,FLWOIW,FOLDlN,HT,RDFTDT,RTREND,IURNAT,THRND, 
• HYOCN(1,2), «HYOCN(11,Jl),Il.2~4),Jl.l,J), 
• HYOC~1(1,2),((HYDCN1C12,J2),I2.2,4"J2·1,J) 
• IF (LSMEDF) JREC • IR!t + 1 
••• FII'l 

4Sfi. CMTIr..IUE 
wRtTE (6,490) I~Et 

"fiO. FnRMlTtll,' RESTARTING OH RECORD ',14) 
WHEN (tREt .LT. 1 ) II'RTN • 1 

• ELSE lSTATN • IREC + 1 
••• FIN 

...........••.•.•.............•••.•.•.•. 

C 
C 
C 
C 
C 
C 

TO REAO-SCALAR-DATA 
.**.~EAD SCALAR DlT ••••• ****.* ••• * ••••• * ••••• *.** ••••••••••••••• 
• 
• 

• 
t. 

THIS PROCEDURE READS THE SCALAR FILE DATA. 

OPEN (UNIT.l,NA~E.'011IaCALAR2.0AT',TYPE.'OLD','ORM.'UN'OR"ATTED' 
,READONL y) 

0.100 
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00154 
00l~'5 
OOI'5e 
00157 
001'58 
00159 
001"0 
001"1 
ootU 
00103 
OOlal! 
00h5 
OOleb 
00U7 

00t&8 
00h9 
00170 
00l7l 
00172 
00173 
00114 
00175 
001H 
001"77 
00178 
00119 
00180 
00181 
00182 
00183 
00184 
00185 
0011l(J 
00187 
00188 
00169 
00190 
00191 

00192 
00193 
001911 
00195 
0019" 
00197 
0019" 
001911 
OOlOO 
00201 
00202 
00201 

o WRITE (b,*) • 'S.S.I READ ICALAR DATA SIS.SI.' 
INP • 0 

c 
c 

RE _D Cl) NTOTAL 
IIIIHII.EC1.EQ.I) 

READ (I,ENO-••• ) DATA1(INP+l' 
• INP. INP + 1 
••• "IN 

&&6 CONTINUE 
I,(INP.NE.NTOTALJ wRITEe.,15) INP,NTOTAL 

15 • FoAM_rl' ERROA IN SCALAR ',16,IS) 
• CLOSE tUNIT.t) 
••• FIN 

•••••••••••••••••••••••••••••••••••••••• 

TO READ-POLYNOMIAL-DATA 
C ****REAO POLyNOMIAL OATA***************************************** 
C 
C THIS PROCEDURE AUDa POLVNOMIAL DUA Jl'ROM THI DAU I'ILI: 

• OPEN (UNITel,NAME.'DIlIPOLY2.CUR',TYPE.'OLD',JI'ORH-'UN'ORHATTID. 
+. , RUDONI. Y) -

D wRITE (6,*) • SIS.SI AEAD POLVNOMIAL DATA ••••••• ' 
NPOLYZ". 0 
READ (1) NTOTA\. 

• WHILE (I.EQ.I) 
• • REAOCS,ENO.777) 10 
• • NPOLY2. NPO\.Y2 + 1 

• IF (10 .I.E. 0 ,OR. to .8T. 32) 
D ., WAITE (6,*)' 10-',10,' liT TO ',N'OLY2 

c 
c 

• 10. NPOLU 
• • .. .FIN 
• • READ(l) \.OGT~X(ID',LOGTRV(ID',IOROERCID),(CO!FF(L,ID),L.l,S,) 

••• FIN 
777 CI.OS!(UNIT.l' 

IF (NTOT_L.NE.NPOLYZ) WAITE(6,IO) N'OLVI,NTOTAL 
10 • FORMATe' ERROA IN POLY TOTAL',I',IS' 

••• FIN 

•••••••••••••••••••••••••••••••••••••••• 

c 
c 
c 
c 

o 

TO REAO-OENSITY-OATl 
**.*RElO OENSITY DATl******_*.*************************_******** 

• 
• 

+. 
• 
• 
• 

THIS PROCEDURE WILL RE_O IN TH! DENSITY CURVE OlTA, 

OPEN(UNIT.t,NAHE.'OIIIPA082.0IN',TY'E.'OLD',FORM_'UNJI'ORMATTED', 
RElOONLY) 
WRITE (~,*) , SSS'SS READ DENIITY DATA 'S'S"" 
"'DEN • 0 
RElO(1) "'TOTAL 
WHILE (1 .EQ. I) 

READ(S,ER~.~88,END.888) ICURV 

D. 1 01 



(FLEeS VE~8ION 22.46) 10111132 PAGE 0000' 

NDEN • NDEN + 
• I~(ICURV.LE.O .OR. ICURV .GT.13" 

00204 
00105 
0020b 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00211 
00218 

o WRITE (b,*, , ICURV a',ICURV,' lET TO .,ND!N 

C 
C 

• • ICUPV a HDEN 
• ••• ~IN . 

• , RE~D(l) IOPTON(ICURV),LOGTRCICURV),XLOWCICURV"XHIQH(ICURV" 
t. • (CURVE(ICU~V,K),K.0,20) . . . 

• ••• FIN 
886 • CLOSE(UNITal' 

IF'NTOT'L ,NE. NDEN) NRrTEt6,lS) NOEN,NTDTAL 
11 • FOAHAT(' ERROR IN TOTAL DENIITY ',I',lX,II, 

• CLOIE (UNI'al) 
, •. ,~IN 

•••••••••••••••••••••••••••••••••••••••• 

00219 
00220 C 
00221 C 
00222 C 
00223 C 
00224 C 
00225 C 
00226 
00227 
OOllS D 
00229 C 
00236 
00231 
00232 
00233 
0023G 
00135 
002Jb 
00237 
0023(1 
00239 
00240 
oou 1 
00242 
00243 
002114 
00245 
0024b 
00241 

c 
C 

C 
C 

'" 

TO READ-LAYER-OATA 
* ••• RE~D L'YER D.TA ••• * •••••••••••••••••••••••• * •••••••••••••••• 
• 

• 
• 

+. 
• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

T~IS PROCEDURE READI IN THE DATA 'OR EACH LAYIR. 

OPEN (UNI,al,NAHEa'DI1ILAYERZ.DATI,TY'Ee'OLO','ORNa'UN,ORMATTE01, 
REAOONLy) 
WRITE (6,.) , SSI'S' READ LAVER DATA ••••••• ' 

READ(1,ENO."')(ITVPEltK),Ka,,4) 
WHILE tl .Eg. I) 
• RElOC1,END."" DELXlel,l) 
• DOCLlYEP.2,4) 
• • READ(1,ENO.""(DELX1(LAYER,IIYITH"IIVITM.,,J) 
• ••• FIN 
• RE.O(l,fNO.',,) REPD8T(1,1) 
, DOCLAYE!I_Z,4) 
• • READ(1,END."9)(R!PD8TCLAV1R,tIV8T",,IIV8T".1,1) 
• ••• FIN 
••• FIN 

CLOSE CUNn-l ) 
.. ,"IN 

EtJD 

............•........... -.....•..••...•. 
PROCEDURE CR088-REFERENCI TA8Ll 

00145 R£.O-SC4LAR-DAT4 
00024 

u. 1 02 
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00026 

10111132 ~AQE 00006 

00124 REAO-SUMMARY.FILf-UNTIL-LA8T-RECORD 
000&1 

001b8 R!AO.POLYNOMIAL-OATA 
00025 

00034 OPE~.CLIM'TE-FILE 
00029 

0021Q RfAO-LAYER-DATA 
00021 

0004] CHECK-SENSE-awITCHES 
00028 

(FLEtS VERSION 22.46) 

....•.•.. -....................•...•.•••• 
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