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ABSTRACT

This user guide describes the VOLCANO code, its structures, the associated simulation model, and
instructions for its use. The VOLCANO code has been used for the Iterative Performance Assessment
(IPA) to simulate the magma scenarios in the Yucca Mountain region around the potential repository.
Assuming that a magma event has occurred randomly in the simulation region, the code assesses the
consequences of the volcanic events in terms of the release of radioactivity.

The VOLCANO code can be run in two modes. It can be run either under the Total-System Performance
Assessment (TPA) program or in a stand-alone mode. In the TPA mode, VOLCANO code reads input
files that specify the occurrence time of a magma event and parameters about the dike and cone. In the
stand-alone mode, the VOLCANO code determines the occurrence time of a magma event randomly
within the next 10,000 yr.

The simulation model is based on the geometric approach of modeling magma scenarios. In this approach,
Monte Carlo sampling is used to generate a volcanic event randomly in a rectangular region surrounding
the repository horizon. The code then estimates the area extent that a basaltic dike or a volcano cone
intercepts the repository. From the intercept area, the number of waste containers damaged and the
amount of radionuclide release are calculated using the repository initial inventory.
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FOREWORD

In accordance with the provisions of the Nuclear Waste Policy Act of 1982, the U.S. Nuclear Regulatory
Commission (NRC) has the responsibility of evaluating and granting a license for the first and
subsequent, if any, geological repositories for high-level nuclear waste (HLW). This act was amended
in 1987 to designate one site in the unsaturated region of tuffaceous rocks of Yucca Mountain in southern
Nevada for detailed characterization. The Center for Nuclear Waste Regulatory Analyses (CNWRA) at
Southwest Research Institute (SWRI) is a Federally Funded Research and Development Center (FFRDC)
created to support the NRC in its mission of evaluating and licensing the proposed HLW repository. To
meet its licensing function, the NRC will review the application submitted by the U.S. Department of
Energy (DOE). One critical section of the license application will deal with the assessment of the future
performance of the repository system, which has to meet certain minimum standards established by
regulations.

In order to develop capabilities to review the Performance Assessment (PA) in the DOE license
application, the NRC and CNWRA are engaged in developing and applying PA methods and models to
existing data. Later, at the time of license application review, these methods may be used to conduct
independent PA, if the NRC elects to do so. Because of the large space and time scales involved in
estimating repository performance, mathematical models encoded as computer codes are the chosen tools
for PA. The repository system consists of designed (or engineered) barriers embedded in the natural
geological setting. Estimating performance of the total system requires that the behavior of these
components be projected under possible future conditions. This effort is obviously a complex task that
requires a variety of calculations. The development of the VOLCANO code described in this report is
a part of the TPA computer code that performs these calculations.
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1 INTRODUCTION
1.1 REGULATORY AND TECHNICAL BACKGROUND

A very specific regulatory purpose for the conduct of Performance Assessment (PA) is to
determine if the geological repository system satisfies the regulatory standards. This determination is done
by comparing the estimated values of the regulatory performance measures with the minimum values of
the same measures specified in the regulations. Thus, the PA models must be designed to estimate the
performance measures. In addition to the regulatory function, PA will also be used to design [by the U.S.
Department of Energy (DOE)] and judge the adequacy of [by the U.S. Nuclear Regulatory Commission
(NRC)] the site characterization program. To meet these varied objectives, the Total-System Performance
Assessment (TPA) code has been developed to provide computational algorithms for estimating values
of various performance measures [See Sagar and Janetzke (1993) for the description of the TPA code].
To estimate the performance measures, the TPA code contains a set of Consequence Modules (CM) that
are largely independent computational units. The VOLCANO code, which is a CM of the TPA code, is
used to evaluate consequences due to magmatic events in the vicinity of Yucca Mountain.

The primary regulations applicable to the high-level waste (HLW) geological repository were
promulgated by the NRC in 10 CFR Part 60 — Disposal of High-Level Radioactive wastes in Geologic
Repositories. Two sections of 10 CFR Part 60 pertain specifically to post-closure performance. These
sections include Part 60.112 — Overall System Performance Objective for the Geologic Repository after
Permanent Closure; and Part 60.113 — Performance of Particular Barriers after Permanent Closure.
Part 60.112 makes reference to satisfying the generally applicable environmental standards for
radioactivity established by the Environmental Protection Agency (EPA). These environmental standards
referred in Part 60.112 were promulgated by the EPA in 40 CFR Part 191 in 1985. However, on
litigation, certain provisions of these standards were remanded by a federal court. Proposed revisions of
40 CFR Part 191 were under review in early 1993. In late 1992, the U.S. Congress enacted a new law
known as the Energy Policy Act according to which the EPA will develop standards applicable
specifically to Yucca Mountain that may be different from those in 40 CFR Part 191. However, for the
development of the VOLCANO code, the 1985 EPA standards are followed. The VOLCANO code will
be modified, as necessary, at the appropriate time to account for any changes in the EPA rule.

Three different performance measures are used in Part 191. These measures are: (i) release of
radioactivity over the entire accessible environment boundary (integrated over areal space) cumulated over
a 10,000-yr period (integrated over time) after closure must not exceed specific limits at specified levels
(Part 191.13 — Containment Requirements), where the preferred method of representing this performance
measure is through a Complementary Cumulative (Probability) Distribution Function (CCDF); (ii) dose
to humans in the first 1,000 yr after repository closure must not exceed specified limit (Part 191.15 —
Individual Protection Requirements), this requirement has no probability attached to it; and (iii)
concentration of alpha-, beta-, and gamma-emitting radionuclides must not exceed specified limits (Part
191.16 — Groundwater Protection Requirements), there is no probability attached to this requirement.
While the first performance measure is to consider all future credible scenarios, the other two apply only
to undisturbed performance.

In addition, three other performance measures are used in 10 CFR Part 60.113 to define

performance of individual barriers (in contrast to the total system). These performance measures are: (i)
life of the waste package must exceed specified limits [Part 60.113(a)(ii)(A) — Substantially Complete
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Containment Requirement}; (ii) release from engineered barriers must be less than specified limits
[Part 60.113(a)(1)(ii)(B) — Groundwater Release Requirement]; and (iii) Groundwater Travel Time
(GWTT) must be greater than specified limits [Part 60.113(a)(2) — Groundwater Travel Time
Requirement].

In all, there are six distinct performance measures. In general, a TPA code must allow for
estimation of the three measures related to 40 CFR Part 191 and preferably, but not necessarily, for the
other three related to 10 CFR Part 60.113. Figure 1-1 depicts the six performance measures and lists the
steps for their assessment. The steps for the assessment of the six performance measures include model
conceptualization of process, assembly of data suitable for input to the mathematical models, consequence
analysis, sensitivity uncertainty analysis, and regulatory compliance assessment.

1.2 TPA BACKGROUND

To estimate the performance measures, the TPA code contains a set of CM that are
computationally independent units, with their execution controlled by an Executive Module (Exec) (Sagar
and Janetzke, 1993). The Exec acts as the manager and assures that CM are executed in the desired
sequence and that appropriate values of the common parameters are passed to CM. The Exec of the TPA
directs data flow between different subprocesses and controls their execution. Figure 1-2 shows
schematically the organization of Version 2.0 of the TPA code. The shaded parts of Figure 1-2 represent
the Exec. A data flow diagram indicating intermodule communication interfaces is shown in Figure 1-3.
This figure also shows all CM of the TPA, including the VOLCANO module.

1.3 PURPOSE OF SOFTWARE

The objective of the VOLCANO software is to provide computational algorithms for estimating
consequences due to magmatic events in the TPA simulations. The code simulates a limited set of magma
scenarios in the Yucca Mountain region around the potential repository and assesses the consequences
of volcanic events on the radioactive wastes stored in the repository. Specifically, the VOLCANO
simulation will determine the number of waste packages failed by the magmatic events and the amount
of radionuclide releases to air during volcanic eruptive events and also the amount for aqueous release.
The results from the VOLCANO simulations are then used by other TPA CM to calculate aqueous and
gaseous radionuclide source terms, human individual or population dose, and the total amount of
radioactivity release to air.

1.4 REPORT CONTENT

A brief description of the conceptual and mathematical models embodied in the VOLCANO
software is presented in Chapter 2. It also describes the assumptions made and limitations of the model.
Features of the software are described in Chapter 3, which includes a detailed description of the software
capabilities, and code structure. Chapter 4 contains the input instructions for the VOLCANO code,
whereas Chapter 5 describes the outputs. The verification and validation status is discussed in Chapter 6.
Chapter 7 gives the references. A sample problem is included in Appendix A, and Appendix B lists a
collection of error messages.
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2 MODEL DESCRIPTION

2.1 OVERVIEW

Two approaches have previously been used to model the volcanism consequences related to
damage of repository and release of waste. The first method, known as the geometric approach, involves
the calculation of the area in the repository affected by magmatic events. In the second approach, the
likely amount of waste entrainment is estimated by considering the proportion of shallow crustal xenoliths
identified near the repository site and other cinder cones in the Great Basin. The geometric approach was
adapted to develop the magmatic scenarios model and the VOLCANO code for the IPA, Phase 2.

In the geometric approach followed in VOLCANO, Monte Carlo sampling is used to generate
a volcanic event randomly in a rectangular region surrounding the repository horizon. The code then
estimates the area extent that a basaltic dike or a volcano cone intercepts the repository. From the
intercept area, the number of waste containers damaged and the amount of radionuclide release are
calculated using the initial inventory in the repository.

2.2 THE VOLCANO CONCEPTUAL MODEL

2.2.1 Magma Scenarios

Magmatic scenarios are important for PA because some repository material will be ejected onto
the earth’s surface if any magma penetrates the repository during a volcanic eruption (Valentine et al.,
1992). Even in the absence of actual eruption of waste, subsurface magmatic effects can also affect the
repository performance. In the case of intrusive events that occur within the repository block, dikes or
sills below or in the repository horizon could affect the repository by producing hydrothermal processes
or altering hydrology. Hydrothermal processes could cause rapid corrosion of waste packages and
accelerate transport of radionuclides to the accessible environment by either liquid- or vapor-phase
transport. The hydrologic properties of the dike itself may produce important changes in the long-term
flow of groundwater.

Field evidence shows occurrences of magmatic activity in the vicinity of Yucca Mountain
extending back several millions of years. Within a radius of 30 km of the repository, 29 post-caldera
basaltic vents can be identified in the Yucca Mountain region (Crowe, 1992). The dated age of these
basaltic vents varies from approximately 9 Ma (million years ago) for the Paiute Mesa basalts to
approximately 0.13 Ma for the Lathrop Wells cinder cone. The repository site is located within the area
of most recent volcanism (AMRV), which included all vents less than 2.8 Ma in the region (Smith et al.,
1990). The AMRYV consists of a polygonal area extending from Lathrop Wells cone north to the Sleeping
Butte center and east to the Buckboard Mesa. In another study, Crowe et al. (1992) have identified a
different area of recent volcanic activity, the Crater Flat Volcanic Zone (CFVZ). This zone consists of
an area extending NNW from the Amargosa center to the Sleeping Buttes center. In this model, the
CFVZ trends near, but not through, the site of the repository. For a more detailed description, see
Connor et al. (1993).



2.2.2 Volcanic Consequence Studies

The effects of volcanism on performance of the potential Yucca Mountain radioactive waste
repository were studied by Valentine et al. (1992). They adopted the implicit assumption of the geometric
model that the amount of waste entrained is directly proportional to the size of the dike. Valentine et al.
(1992) then estimated the amount of waste entrained from the total volume of erupted lithics and the
volume of repository intercepted by the dike.

Sheridan (1992) used Monte Carlo simulation to estimate the probability of future volcanic dikes
in the vicinity of Yucca Mountain. His model incorporates the geometric approach and addresses only
the spatial probability of the various volcanic scenarios. In this model, the volcanic field defining the area
in which dikes can occur is approximated by an elliptical outline. The centers of the dikes are distributed
according to a bivariate Gaussian distribution centered in the middle of the volcanic field. The geometric
parameters of dikes are specified by a mean value and a standard deviation. After each dike is located,
the length and orientation are chosen from the Gaussian distributions specified by the mean and standard
deviation. Because the location of dike centers and the dike geometry are generated independently, it is
possible to have a dike field oriented in a different direction away from the orientation of the elongated
volcanic field. This study sets upper bounds on the probability of intersection of dikes with the repository.
Using this technique, Sheridan (1992) estimated that the worst case probability of a volcanic dike
intersection with the repository in the next 10,000 yr is between 0.001 and 0.01.

Using a Monte Carlo Simulation approach, Margulies et al. (1992) estimated the area extent that
a basaltic or volcanic cone intercepts the repository given the occurrence of magmatic activity in the
region near the repository. The magmatic events modeled were represented by planar geometrical figures.
Cones were represented as disks, and dikes were represented as rectangles. The repository area and
borders were represented realistically in the simulations. Based only on geometry, Margulies et al. (1992)
outlined the procedure to obtain the conservative estimates of the upper bound for radionuclide release
by assuming that any radioactive waste intercepted by the magma would result in release of radionuclides
to the accessible environment. However, Margulies et al. (1992) did not attempt to evaluate the
compliance of the proposed repository with the EPA standard.

The volcanic release probability at Yucca Mountain region during the life time of the potential
repository has been studied by Crowe et al. (1982, 1983, 1992). The volcanic release probability was
examined in these studies as the product of three factors: (i) the probability that a volcanic event will
affect the repository site; (ii) the temporal probability of a volcanic event; and (iii) the probable amount
of release of radionuclides due to a volcanic event.

Connor et al. (1993) have discussed several models for estimating the probability of magmatic
events at Yucca Mountain. Probability models for future disruptive events at the Yucca Mountain site rely
on the volcanic history of the region to estimate the expected recurrence rate of volcanism in the area
(Crowe et al., 1982, 1992; Ho, 1992; Margulies et al., 1992). These models implicitly assume that
previous volcanic events occurred according to a homogeneous Poisson distribution. The estimated
probability for the formation of new volcanic centers in the repository region varies from approximately
1.0x107° (Crowe et al. 1982) to 1.0 1073 (Ho, 1992). Margulies et al. (1992) derived the recurrence
rate from the number of vents within the AMRYV, the area of AMRYV, and the time interval during which
the vents have been active. They obtained the probability of a magmatic event at Yucca Mountain in the
next 10,000 yr to be about 1.7 X 107°. However, Crowe et al. (1982) and Margulies et al. (1992) have
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obtained lower estimates because they included too few events in their studies. By assuming an increasing
recurrence rate in the NE-trending zones through the AMRV, Ho et al. (1991) have obtained a much
higher recurrence rate. In their work, Connor et al. (1993) proposed a nonhomogeneous spatial model
for the occurrance of magmatic events. Connor et al. (1993) used the near-neighbor method to obtain a
more accurate assessment of volcanic recurrence probability at the proposed repository site than the other
possible assessments through the application of homogeneous Poisson models. Because this work became
known after VOLCANO was developed, the homogeneous Poisson model was used in IPA Phase 2.

Margulies et al. (1992) assumed that the number of magmatic events at the repository may be
described by a homogeneous Poisson distribution. Therefore, the probability P(n, ¢) of n magmatlc events
occurring within the repository perimeter, over a time period of ¢, is given by

P(n,t) = ()] e @-1)

n!

where pu(t) is the expected number of magmatic events in the time period [0,7]. The expected number of
events u(t) in a region with an area 4 is defined as

ut) =rAdt 2-2)

where r is defined as the observed rate of occurrence of magmatism per unit area per unit time for the
region of interest during the time period of interest.

23 SIMULATION CONFIGURATION

In the Monte Carlo simulation, a rectangular region surrounding the repository horizon is
considered. As shown in the simulation configuration of the repository (Figure 2-1), the repository is
represented by a total of 17 rectangles. To obtain the simulation configuration of the repository, the
outline of the perimeter of the proposed Yucca mountain repository has been traced from actual drawings.
The rectangles are further grouped into seven zones according to the radionuclide initial inventory. The
input file VOLCANO.IN specifies the coordinates of the nodes that define the corners of the panel. It also
contains a table that specifies the node number, the zone number, and the number of waste containers for
each panel. As illustrated in Figure 2-1, the zone number of each panel is shown inside the panel, and
the panel number is shown outside the panel.

The origin of the simulation system is defined at the upper right corner of the 17th panel (shown
as the asterisk). The dimension of the simulation system is chosen to ensure the inclusion of any magma
activity that could have intercepted the repository. Currently the x dimension is chosen from —6,000 to
6,000 m, and the y dimension is chosen from —7,500 to 4,500 m. Because the maximum length of a dike
is typically 4,000 m, this simulation system is sufficiently large. Typically for a homogeneous distribution
of magmatic events, only a few percent of the events in the simulation will intercept the repository.

23
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Figure 2-1. Configuration of the repository in the simulation

24 MATHEMATICAL MODEL

The simulation generates a volcanic event randomly in the simulated region. The volcanic event
occurrence time is chosen randomly within the specified time period. The simulation chooses an intrusive
magma event (with only a dike) with a probability ten times that of an extrusive event (with a feeder dike
and a cone). Cones are represented as circular disks, whereas dikes are represented as rectangles. The
dimensions of cones and dikes are selected by a random sampling procedure. The Monte Carlo simulation
procedure for estimating the occurrence and consequences of a magmatic event is as follows:

o Locate the center of a a dike event or an extrusive event by random sampling

¢ Determine geometry parameters (e.g., length, width, radius, and orientation) by random
sampling
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o Calculate the overlapped area in each repository zone and convert the area to number of
waste containers if a dike or a cone intercepts the repository

o Calculate and output the radioactive release amount in this trial

In the procedure of determining geometry parameters, parameters are chosen randomly from
a range of values based on the available data. The available data suggest that the length of the rectangular
dike ranges between 1,000 and 4,000 m and the dike width ranges between 1 and 10 m. Therefore, the
area of the rectangular dike varies between 1,000 and 40,000 m?. The area of the rectangular dike is
chosen at random in the code as given by the following expression:

A = al™#) p¥ @2-3)

where a is the minimum area, b is the maximum area, and p is a random number chosen uniformly
between 0 and 1. The area A varies from the minimum area ¢ when g = 0 to the maximum area b when
p = 1. Both @ and b are input parameters.

After the dike area is chosen, the length is sampled from a uniform distribution with end points
max{c, A/f} and min{A4/e, d}. The corresponding width of the rectangular dike W is then determined from
the area A and length L as W=A/L. Here, the parameters ¢ and d define the minimum and maximum
length, respectively, whereas the parameters e and f define the minimum and maximum width,
respectively. The values of these parameters are defined by the users in the input file (see Section 4.1).

This randomly generated rectangular dike has an angle of orientation that is sampled from a
specified uniform distribution. Typically, the input parameters for the angles are chosen to be 75° and
90° counterclockwise from the horizontal axis, corresponding to the orientation of dikes in the direction
ranging from north-south to 15° to the east. However, this distribution of dike orientation is based on
a postulate by Smith et al. (1990) and Ho et al. (1991) that there is a NE-trending structure contro! on
vent distribution within the AMRYV. Crowe et al. (1992) have delineated a different zone, the CFVZ, that
extends NNW from the Amargosa center to the Sleeping Buttes center.

To simulate the formation of volcanic cones through extrusion events, circular areas are used
to represent cones. Since we are interested in the volcanic effect on the subsurface repository, these
circular areas more properly represent the stem-like conduit of magma feeding the volcanic eruption,
which may intersect the repository. The cone radius then corresponds approximately to the radius of the
approximately vertical, nearly circular magma conduit. The radius of volcanic cones is chosen uniformly
at random between two input parameters, the minimum and maximum cone radii. Currently the
simulation uses 25 and 100 m for the minimum and maximum radii, respectively. However, the realistic
values of cone radius remains to be determined from geological data.

An example of the simulation showing an intrusive event is given in Figure 2-2, In this
example, a volcanic dike represented by a rectangle intercepts zone 2, 6, and 7 of the repository. Figure
2-3 illustrates an extrusive event affecting the repository. The volcanic cone located in the center of the
dike is represented by a solid circle.

The simulation program calculates the area of intersection between the dike and the repository
by strictly geometrical computations. For an extrusive event, it also calculates the area of intersection
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Figure 2-2. Example of an intrusive volcanic event from the VOLCANO simulation

between the cone and the repository. The predicted area of interception from the simulations is used to
estimate the number of waste containers damaged, assuming a uniform distribution of waste containers
within each repository zone. For extrusive events, upper bound and conservative estimates of radionuclide
release into the atmosphere are calculated by assuming that the radioactive material damaged by the dike
has been transported to the cone and released to air. The amount of radionuclides released to the air is
considered to be zero for intrusive events.

The simulation estimates the amount of release Q, of radionuclide k to the atmosphere for the
extrusive event by summing over the radioactive inventory of each radionuclide at the time of event,

Q = ENJ I, (1) (2-4)
i

where N; is the number of the damaged waste containers in zone j, and I is the inventory of kth
radionuclide in each container at time ¢ in zone j. The simulation output Q, has the unit of Curie. Using
the input of initial inventory, 7,(0), and the half-life 7, of each radionuclide, I,(z), is calculated as
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Figure 2-3. Example of an extrusive volcanic event from the VOLCANO simulation
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I(t) = L,(0) exp ( - 0.693¢/1,) @-5)

The amount of radioactive release for each radionuclide is used as input by the AIRCOM
program, which, in turn, prepares input for the DITTY (Dose in Ten Thousand Years) module (see
Figure 1-3). In addition, the number of damaged waste containers predicted by the VOLCANO simulation
is used by the SOurce TErm Code (SOTEC) program to determine the decay and release of waste in air
(in the form of #CO,) and water.

2.5 ASSUMPTIONS AND LIMITATIONS

Several assumptions are explicitly used in developing the VOLCANO code. These assumptions,
which have been mentioned in previous sections, are: (i) the probability of a magmatic event is
homogeneous in the simulation region and constant in time; (ii) the probability of an intrusive event is
ten times that of an extrusive event; (iii) the volcanic dikes tend to be oriented in the north-east direction;
(iv) an intrusive event will have one dike; (v) an extrusive event will involve a cone and a dike; and (vi)
waste containers in the repository zone are damaged only when a dike or a cone intersects the repository
zone.

To be conservative, we have assumed that all radioactive waste affected by the dike will be
released into air through the cinder cone for extrusive events. For intrusive events, only the number of
waste containers damaged by subsurface magmatic effects is calculated. Therefore, for the intrusive
events, the amount of radionuclides released to air is considered to be zero.

In addition, several assumptions are implied in applying the geometric approach to estimate the
amount of waste entrained in an ascending dike. Some of these assumptions are discussed in Valentine
et al. (1992), whereas others are not. The Monte Carlo simulation model of basaltic igneous activity is
based on these assumptions: (i) any magma that intrudes the repository will have a low volatile content;
(i) the repository itself will have no effect on magma flow or eruption dynamics; (iii) magmatic events
are of relatively short duration; and (iv) groundwater, possibly derived from a perched water table, will
not interact with magma.

The most serious limitation of the VOLCANO code is related to the assumption of the
homogeneous distribution of magma events. Because the VOLCANO code is based on the homogeneous
Poisson model for the occurrence of a magmatic event, the probability of a magmatic event is uniform
in the simulation region. The vent distribution in the Yucca Mountain area indicates cluster of vents,
implying a nonuniform distribution of magmatic activity (Connor et al., 1993). Connor et al. (1993)
calculated nonhomogeneous recurrence probability maps in the Yucca Mountain region by using near-
neighbor methods. A large probability gradient in the east-west direction extends across the area of the
proposed repository because of the close proximity of this site to the Crater Flat volcanoes.

The current version of VOLCANO does not consider magmatic activity related to geological
faults. Physically, the probability of magma activity should be related to two geological faults in the
repository area: (i) the Ghost Dance fault passing through the repository; and (ii) the Solitario Canyon
fault at the west of the repository.



From geologic evidence and theory, the probability of magmatism is unlikely to be constant in
time in the vicinity of Yucca Mountain (Trapp and Justus, 1992). Important geological information, such
as the temporal variation in the rate of magmatism, remains to be incorporated into the geometric
approach of simulating magmatic events in the repository site. In addition, the simulation model has not
included the possibility of multiple eruptions. There is evidence of multiple eruptions (polycyclic activity)
at most of the Quaternary cinder cones in the Yucca Mountain area; however, the probability of two or
more events is presumably very small!.

The VOLCANO code provides information only about the number of waste containers damaged
and the amount of radioactivity released during magmatic events. The information is used by other CM
to evaluate the damages. It should be pointed out that the geometric approach may give a low estimate
of radioactive releases because of the effects of magma fragmentation and depressurization at the
repository horizon. As far as we are aware, the modeling results of VOLCANO have not been used to
evaluate the consequences due to the interaction between intruding magma and a perched water table
around the repository. However, this evaluation is outside the scope of the VOLCANO code.

1 Private conversation with C.B. Connor.
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3 VOLCANO SOFTWARE DESCRIPTION

This chapter describes the capabilities of the VOLCANO code, its structures, and usage. The VOLCANO
code was developed by a group of SwRI staff extending the work of Margulies et al. (1992). The
VOLCANO code has been used for the Iterative Performance Assessment (IPA) to simulate the magma
scenarios in the Yucca Mountain region around the proposed repository. Assuming that a magma event
has occurred randomly in the simulation region, the code assesses the consequences of the volcanic events
on the radioactive wastes stored in the repository.

3.1 SOFTWARE CAPABILITIES AND SALIENT FEATURES

The VOLCANO simulation code is based on the geometric approach of modeling magma
scenarios. In this approach, Monte Carlo sampling is used to generate a volcanic event randomly in a
rectangular region surrounding the repository horizon. The code then estimates the area extent that a
basaltic dike or a volcano cone intercepts the repository. From the intercept area, the amount of
radionuclide release is calculated using the repository initial inventory.

The main program of the VOLCANO code reads input files, defines the simulation system
configuration, and calis subroutines to locate magmatic activity, to compute damages to the repository,
and to output the resuits. Figure 3-1 shows the flowchart of the code.

The VOLCANO code can be run in two modes. It can be run under the TPA program, which
determines the parameters of a magma event. In this case, the VOLCANO code reads three input files,
which specify the occurrence time of a magma event and parameters about the dike and cone.
Alternatively, VOLCANO can be run in a stand-alone mode. In this mode, the code determines the
occurrence time of an magma event randomly within the next 10,000 yr.

During the procedure of the Monte Carlo simulations, the VOLCANO program uses random
numbers to decide

o the location of the sampled volcano

e the nature of the volcanic event (dike or cone)

o the dimensions of the dike or cone

o the area of the repository intercepted by the dike or the cone

From the interception area of the repository, the program calculates the numbers of nuclear
waste canisters damaged by magma activity in the zones and outputs the numbers to VOLSOT.DAT file.
This file is used for computing the source term in the TPA code. When the event has a cone, the program

calculates the radioactive release to the air for each nuclide, and then outputs the results to a file
VOLAIR.DAT.



START SUBROUTINES

READ f RDENV
INPUT RDRUN
FILES WREL
4
SET UP
SIMULATION SETUP
y
LOCATE
VOLCANIC GETDC
EVENT
4
DETERMINE
THE INTERCEPT
AREA DDAMAG
AND CDAMAG
COMPUTE
DAMAGES
Y
OUTPUT ECHO1 AIROUT
RESULTS ECHO2 DITOUT
TO FILES ECHO3
Y
END

Figure 3-1. Flowchart of the VOLCANO Code
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3.2 SOFTWARE LIMITATIONS

The Phase 2 version of the VOLCANO code has two limitations — the locations of magmatic
events are sampled according to a homogeneous probability distribution, and the code has not included
magmatic events related to geological faults. Both limitations are discussed in Section 2.5.

The current simulation model estimates the volcanic consequences based on the assumption that
one magmatic event will occur within the simulation region in the next 10,000 yr. Therefore, the
simulation results should be normalized by the magmatic scenario probability, which depends on the size
of the simulation region, the simulation duration, and the average probability of volcanic activity. Note
that the magmatic scenario probability is not an input parameter of the VOLCANO code; instead it is
used to derive a key input parameter in the TPA code, the disruptive event scenario probability (see Sagar
and Janetzke, 1993). It is essential to update the value of the magma scenario probability in the TPA
input when changing the input parameters of VOLCANO specifying the simulation configuration.
Although this feature may not be considered as a limitation, it can sometimes cause confusion in running
the code.

3.3 HARDWARE REQUIREMENTS AND INSTALLATION PROCEDURES

The VOLCANO simulation code is run on a VAX 8700 at SWRI and on a CRAY Y-MP at
Idaho National Engineering Laboratory (INEL). A precompiler program is used to ensure that the VAX
version of the FORTRAN program is consistent with the CRAY compiler. The code is in single
precision.

In this section, the execution procedures of running the VOLCANO code are described. As
mentioned before, VOLCANO code can be run either in the stand-alone mode or in the TPA mode. The
stand-alone mode is often run by programmers and scientists for code development or verifying the
volcano simulation model. The following are the procedures for running the VOLCANO code.

1. Check the input files. The parameters in the input files VOLCANO.IN, TEST15.NUC,
LHSFIL, and MAPFIL usually do not require modification. There is only one caution about
changing the simulation system coordinates in VOLCANO.IN. If the user changes the x and
y coordinates of the simulation system, the user must also change the magma scenario
probability because the magma scenario probability depends on the dimensions of the
simulation system.

2. The VOLCANO module automatically selects one of the two processing modes via the
INQUIRE statement. The statement queries the system for the presence of the file
TPA_VOL.VGD. If the file is present in the current working directory, the TPA executive
mode is selected; otherwise, the stand-alone mode is selected.

3. To run the VOLCANO code as a part of the TPA code, ensure that TPA_VOL.VGD,
LHSFIL, and MAPFIL are in the local directories. The code automatically verifies the
existence of these files. If the file names of LHSFIL and MAPFIL specified in
TPA_VOL.VGD do not agree with the files available, the program will be aborted with
error messages.
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4. The TPA executive mode makes use of the TPA_VOL.VGD file as a means of receiving
global data parameters from the TPA executive. In this mode, VOLCANO also reads its
sampled parameters from the LHS output file LHSFIL. This file name is provided in the
global data file on line 2 (see Description about TPA_VOL.VGD). The LHS sampled data
file contains all the sampled variables for all vectors for all modules in the TPA system. The
VOLCANO module requires additional information to identify the proper data specifically
assigned to it. This locator information is contained in the VOLCANO map file (name on
line 3) and the number of parameter vectors to be executed on line 4.

5. To run the VOLCANO code in the stand-alone mode, ensure that TPA_ VOL.VGD is not
in the local directory. The code looks for the file TPA_VOL.VGD to determine if the code
should be run in either TPA mode or in the stand-alone mode.

34 USER SUPPORT

For technical assistance contact:

R. G. Baca

Center for Nuclear Waste Regulatory Analyses
Southwest Research Institute

P. O. Drawer 28510

San Antonio, TX 78228-0510

E-mail: BACA@ORION.CNWRA.SWRI.EDU
210/522-3805

3.5 VOLCANO CODE STRUCTURE

The VOLCANO code contains five major portions: (i) reading input files; (ii) setup of the
simulation system; (iii) Monte Carlo simulations of volcanic events; (iv) calculations of damage to the
repository; and (v) output of the simulation results. Table 3-1 lists the subroutines called in the
VOLCANO main program.
3.6 INSTRUCTION FOR CODE MAINTENANCE

Hints for code maintenance are provided in the following sections.
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Table 3-1. List of subroutines in the VOLCANO main program

Subroutine Purpose
RDENV Read volcano model parameters and data defining the
repository configuration
RDRUN Read input parameters and random number vectors for the
TPA mode
SETUP Compute the area for each zone and check the consistency of
input parameters
WREL Read TPA mode input file and calculate the amount of
radioactivity for each container
GETDC Locate a dike or a cone event, and determine its dimensions
DDAMAG Determine the intercept area of a dike with the repository
CDAMAG Determine the intercept area of a cone with the repository
AIROUT Write the results of radioactivity release to air to the output
file VOLAIR.DAT
DITOUT Write the results of the damaged area to the output file
VOLSOT.DAT
ECHO1 Write the summary of VOLCANO input parameters to the
output file VOLCANO.OUT
ECHOQ2 Write the sampling results about volcanic events to the output
filess VOLCANO.OUT and VOLCANO.HST
ECHO3 Write the calculation results about damages to the repository

containers to the output files VOLCANO.OUT and
VOLCANO.HST

3.6.1 Source Code

The source code of VOLCANO is VOLCANO.PRE, which resides in the SWRI CTC VAX

8700 computer. Users need to convert VOLCANO.PRE into VOLCANO.FOR, which is in the standard
Fortran 77 code compatible for both CRAY and VAX. To convert VOLCANO.PRE, users need to have
a copy of PREFOR.EXE code in the VAX local directory. A description of the FORTRAN preprocessor
program preFOR can be found in Sagar and Janetzke (1993). Running PREFOR.EXE will prompt the
user to supply the input file name and output file name. An example of the job sequence is shown below:
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Example of Running PREFOR.EXE (User’s input is shown in lower case)

SRUN PREFOR

PREFOR.2.0 26 October 1990 RON JANETZKE

CONVERT A PREFOR FILE TO A FORTRAN COMPILE FILE
ENTER THE UPDATE/PREFOR SOURCE FILE NAMEPATH NAMES UP TO 64
CHARACTERS ARE ALLOWED >>

volcano.pre

ENTER OUTPUT (COMPILE) FILE NAME

PATH NAME UP TO 64 CHARACTERS ARE ALLOWED >>
volcano

THE REQUESTED COMPILE NAME ALREADY EXISTS

FILE = VOLCANO.FOR

DO YOU WANT TO DELETE IT?
y

1 DECKS PROCESSED

13 INSERT DECKS PROCESSED

2145 EXECUTABLE LINES IN THE COMPILE FILE
1465 COMMENT LINES IN THE COMPILE FILE
3610 TOTAL LINES IN THE COMPILE FILE
FORTRAN STOP

3.6.2 Compilation and Link

The FORTRAN file VOLCANO.FOR created by PREFOR can be compiled and linked in either
VAX or CRAY using their standard commands.

Command for compilation
$ FORTRAN VOLCANO
Command for linking

$ LINK VOLCANO

3.6.3 Common Block Variables

In order to maintain the VOLCANO code properly, users need to know the functions of some
key variables in the common blocks. Most of these variables are used in the input and output files. The
important variables of the VOLCANO code are contained in the common blocks: RUNPAR, ENVPAR,
PANELS, and RESULTS. These common blocks are briefly described in the following.

¢ RUNPAR common block: This block contains variable specifying the volcano time, and
vectors of random numbers.

o ENVPAR common block: This block includes variables about the volcano parameters.

e PANELS common block: This block contains variables specifying the number of zones in
the repository, the coordinates of panels, and the number of containers in each zone.



e RESULTS common block: This block contains output variables about the total area
damaged, the ratio of damaged area to the total area, and the amount of radioactivity release.
It also contains input variables about the number of waste containers for each zone.

The VOLCANO code also has a few other common blocks that contain variables about the
radioactive elements, their half-life time, and other related information. These common blocks include
CNUCL1, CNUCL4, CNUCLS, and CNUCL6. They are used to compute the amount of radioactive
release. In addition to these common blocks, the VOLCANO code has a set of parameters that define the
dimensions of arrays in the common blocks. These parameters are self-explanatory in the code.



4 INSTRUCTIONS FOR DATA INPUT

The data input for VOLCANO depends on whether the code is run in the stand-alone mode or in the TPA
as a CM. In total the VOLCANO code has five input files. For the stand-alone mode, only two files
VOLCANO.IN and TEST15.NUC are used. For the TPA mode, the code uses three additional input
filess: TPA_VOL.VGD, LHSFIL, and MAPFIL. Note that LHSFIL and MAPFIL are actually the
character variables that contain the file names. The file names of LHSFIL and MAPFIL are specified in
the input file TPA_VOL.VGD. Table 4-1 lists the VOLCANO input files and their basic properties. In
the following sections, we describe these input files.

Table 4-1. List of VOLCANO input files

Unit Stand-Alone TPA
File Name No. Mode Mode Description
VOLCANO.IN 10 YES YES Volcano parameters
TEST15.NUC 9 YES NO Nuclide radioactivity
data
TPA_VOL.VGD 11 NO YES TPA mode file name
specification
LHSFIL* 10 NO YES Random number
vectors
MAPFIL* 10 NO YES Variable name for
LHSFIL

* LHSFIL and MAPFIL are character variables that contain the file name. The
LHSFIL and MAPFIL file names are provided in the TPA_VOL.VGD file by
the TPA executive.

4.1 DESCRIPTION OF VOLCANO.IN

The input file VOLCANO.IN contains simulation parameters and the repository geometry. A
sample of VOLCANO.IN is shown. For the purpose of description, line numbers are added in the left
column in the following example. The actual input file should not have line numbers. All numbers in the
file need only be separated by spaces.



EXAMPLE OF VOLCANO.IN

Line number input data

1 Parameter values (all dimensions to follow are in meter)
2 39912669 seed for RAN1l if not TPA mode
3 -6000 6000 system X coordinates

4 -7500 4500 system y coordinate

5 1000 40000 min area, max area

6 1000 4000 min length, max length

7 1 10 min width, max width

8 75 90 min angle, max angle in degrees (cannot cross 0)
9 1 l=pick radius for cone formation, 2=pick area
10 25 100 min radius, max radius

11 Coordinates of nodes used to build panel rectangles
12 43=number of nodes

13 I X Y

14 1 0.0 0.0

15 2 -36.8 -208.9

16 3 -46.6 -264.1

17 4 -111.1 -630.4

18 5 -185.2 -1050.6

19 6 -259.3 -1470.8

20 7 -333.4 -1891.1

21 8 -407.5 -2311.3

22 9 -481.6 -2731.5

23 10 -5585.7 -3151.8

24 11 -592.4 -3359.8

25 12 -1137.9 200.6

26 13 -1174.8 -8.3

27 14 -1249.1 -429.7

28 15 -1323.2 -849.9

29 16 -1397.3 -1270.2

30 17 -1243.3 -1297.3

31 18 -1317.4 -1717.6

32 19 -1168.8 ~-1743.8

33 20 -1242.9 -2164.0

34 21 -1091.6 -2190.7

35 22 -1165.7 -2610.9

36 23 -901.0 -2657.6

37 24 -975.1 -3077.8

38 25 -10.9 -61.8

39 26 563.6 -163.1

40 27 527.9 -365.5

41 28 707.4 -397.1

42 29 642.9 -763.3

43 30 837.7 -797.7

44 31 763.6 -1217.9

45 32 801.4 -1224.6

46 33 727.3 -1644.8

47 34 651.7 -1631.5

48 35 577.6 -2051.7
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49 36 372.3 -2015.5

50 37 298.2 -2435.7
51 38 125.3 -2405.3
52 39 51.2 ~-2825.5
53 40 13.3 -2818.8
54 41 -60.8 -3239.1
55 42 14.9 -3252.4
56 43 -21.8 -3460.4

57 Node/Panel connectivity table
58 17 7 = number of panels, number of zones
59 I C1 C2 C3 C4 Zone NcansZ
60 1 25 3 27 26 1 710
61 2 3 4 29 28 i 1625
62 3 4 5 31 30 2 1800
63 4 5 6 33 32 3 1875
64 5 6 7 35 34 3 1725
65 6 7 8 37 36 3 1275
66 7 8 9 39 38 4 975
67 8 9 10 41 40 4 900
68 9 10 11 43 42 4 1050
69 10 23 24 10 9 4 750
70 11 21 22 9 8 5 1275
71 12 19 20 8 7 6 1575
72 13 17 18 7 6 6 1875
73 14 15 16 6 5 6 2175
74 15 14 15 5 4 2 2175
75 16 13 14 4 2 2 2175
76 17 12 13 2 1 7 1073

Explanation of VOLCANO.IN File
Line 1: Comment line to remind the users that all input variables are in meters.
Line 2: A seed number for random number generation. It should be a large integer. It is only

used for the stand-alone mode. Since the location of the sampled volcanic event depends
on the seed number, the seed number should be changed whenever a different location

is desired.
Line 3: The left and right coordinates of the simulation system.
Line 4; The lower and upper coordinates of the simulation system.
Line 5: Minimum and maximum area of the volcano dike.
Line 6: Minimum and maximum length of the dike.
Line 7: Minimum and maximum width of the dike.
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Line 8: Minimum and maximum angle of the dike in degrees measured counterclockwise from
the east. Thus north is at 90°.

Line 9: Parameter for choosing the sampling method. A value of 1 means to choose radius
randomly within the range for the cone. A value of 2 means to choose area randomly
within the range and then to calculate the radius. This parameter is used only for
choosing the radius of the cone.

Line 10: Minimum and maximum radius of the cone.

Line 12: Number of nodes specifying the repository.

Lines 14-56:  Specifying the x and y coordinates of 43 nodes.

Line 58: Number of panels and number of zones in the repository.

Lines 60-76: A table specifying the configuration of 17 rectangular panels. The first number in each
line is the panel number, the next four numbers are indices that specify the coordinate
of a corner. The index is used to find the coordinate according to the table given in lines
14-56. The sixth number is the index for the zone. The seventh number gives the number
of waste containers in the panel.

4.2 DESCRIPTION OF TEST15.NUC

TEST15.NUC is used only during the stand-alone mode to input nuclide data, including
radionuclide inventory and properties. The file is used for testing and is not expected to be modified.
Note that TPA VOL.VGD is used in the case of TPA mode for supplying the nuclide data.
TEST15.NUC is read in the subroutine RDELEM. The file has two portions; the first portion contains
data about radioactive elements and their properties, and the second portion contains isotope data. The
first line of TEST15.NUC indicates the number of elements in the inventory. For each element, the file
then specifies the element name, the number of chains in which it appears, solubility in the unit of gram
moles per liter, and retardation coefficient. For each chain in the element, TEST15.NUC specifies the
locations in the chains of all elements. After the data about radioactive elements, TEST15.NUC contains
data about isotopes. For each chain, it gives the atomic weight, the name, number of parents, half-life
in years, and curies. The structure of TEST15.NUC is explained in detail in the SOTEC manual (Sagar
et al., 1992). The listing of TEST15.NUC is given below:

List of TEST15.NUC

18
CM 2 .24E-3 100.0
11
21
PU 4 .01E-0 100.0
12
3 2
4 1
51
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242.0
238.0
234.0
245.0
241.0
237.0
233.0
229.0
243.0

0.0655
3.61
0.666
0.0
0.3066
3.55
0.662
6.01E-5
3.17E-7
35.9

0.95E-0 2.0
.24E-3 200.0
.237E-0 50.0
2.3E-07 100.0
6.8E-5 30.0
1000. 20.0:
1000. 200.0
1000.
1.26E-07 10.0
1000. 1.0
9.4E-09 3.0
0.072E-0 5.0
0.59E-0 2.0
1000. 1.0
7.9E-08 1.0
1000. 20.0
511111111111
CM246 5.50E03
PU242 3.79E05
U238 4.51E09
U234 2.47E05
CM245 9.30E03
AM241 4.58E02
NP237 2.14E06
U233 1.62E05
TH229 7.34E03
AM243 7.95E03
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239.0 PU239 2.44E04 657
235.0 U235 7.10E08 0.0361
240.0 PU240 6.58E03 11.07
236.0 U236 2.39E07 0.0538
238.0 PU238 8.60E01 4890.0
234.0 U234 2.47E05 2.5
230.0 TH230 8.00E04 2.79E-4
226.0 RA226 1.60E03 7.75E-7
210.0 PB210 2.23E01 9.79E-8
137.0 Cs137 3.00E01 17.24E4
135.0 CS135 3.00E06 0.7245
128.0 J129 1.59E07 0.06615
126.0 SN126 1.00E05 1.63
99.0 TC99 2.15E05 27.5
93.0 ZR93 9.50E05 4.05
90.0 SR90 2.90E01 12.01E4
59.0 NI59 8.00E04 10.82
14.0 Cl4 5.73E03 3.26
79.0 SE79 6.49E04 0.859
94.0 NB94 2.03E04 2.69

4.3 DESCRIPTION OF TPA VOL.VGD

For the TPA mode, the input data about radioactivity inventory are stored in TPA_VOL.VGD.
Because TPA_VOL.VGD is created by the executives of the TPA program, users should not modify it.
An example of TPA_VOL.VGD is given in the following. Note that the second and third lines indicate
the file names for LHSFIL and MAPFIL. In sequence, the VOLCANO code reads TPA_VOL.VGD for
the following information:

¢ Title of the file

¢ LHS data file name for LHSFIL

¢ VOLCANO map file name for MAPFIL

¢ Number of random numbers in the vector of LHSFIL

e Simulation stop time

¢ Volcano code processing flag; flag =1 for the normal run

o Value for the variable kmthm: total repository inventory in 1,000 metric tons

o Number of zones in the repository

& Number of containers in each zone

e Number of chains



e Number of nuclides

e Number of elements

e Number of location index for each chain
e Variable names for each nuclide

® Atomic mass

® [ ocation indices

® Curies for each chain

e Half-life year

EXAMPLE of TPA_VOL.VGD

TITLE: TPA temporary file for VOLCANO global parameters.

lhsoooo.out
volmap.dat

8
10080.0
1
70.0
;
2335 6150 4875 3675 1275 5625
12
21
15
3 3 2 2 4 1
1
1 1 1 1
'CM246 ’, ’PU242 ’, 'U238 ’, 'CM245 ’, 'AM241 ’,
'NP237 ¢, ‘AM243 ‘, ‘PU239 ‘, ‘PU240 /, ‘U236 ',
ry234 ', ’TH230 ’, ’'RA226 ‘, /PB210 ’, ’CS135 /,
11129 /, ’'TC99 ‘, 'NI59 ', ‘Ci4 ', 'SE79 ',
'NB94 ',
246.0 242.0 238.0 245.0 241.0 237.0
239.0 240.0
236.0 234.0 230.0 226.0 210.0 135.0
99.0 59.0
14.0 79.0 94.0
1 2 3 1 5 4
2 3 3 6 7 8 9 10
12 13 14 15
0 1 2 0 2 0
01 0 1 2 3 0 0
00 0

1073

243.0

129.0

11



00 0 0 0 0 0 0 0
0 0 0

0.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 0.0

1.0 0.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0.258E-01 0.160E+01 0.318E+00 0.126E+00 0.164E+04
0.288E+00 O0.155E+02 0.308E+03 0.508E+03

0.240E+00 0.189E+01 0.129E-03 0.367E-06 0.471E-07
0.350E+00 0.295E-01 0.123E+02 0.356E+01

0.154E+01 O0.381E+00 0.793E+00

0.473E+04 0.379E+06 0.447E+10 0.850E+04 0.432E+03
0.214E+07 0.738E+04 0.241E+05 0.654E+04

0.234E+08 0.245E+06 0.770E+05 0.160E+04 0.223E+02

0.230E+07 O0.157E+08 O0.213E+06 O0.800E+05
0.573E+04 0.650E+05 0.203E+05

4.4 DESCRIPTION OF LHSFIL

The TPA executive mode makes use of the TPA_VOL.VGD file as a means of receiving global
data parameters from the TPA executive. In this mode, VOLCANO also reads its sampled parameters
from the LHS output file LHSFIL. As mentioned previously, LHSFIL is the variable that contains the
file name for the vector of random number. The file name is specified in the second line of
TPA_VOL.VGD file. In the previous example of TPA_VOL.VGD, the file name is lhsoooo.out. LHSFIL
file is created by the TPA program. For more information about the LHS file, see Section 2.4.1 of the
TPA Computer Code (Sagar and Janetzke, 1993).

The LHS sampled data file contains all the sampled variables for all vectors for all modules in
the TPA system. Thus, the VOLCANO module requires additional information to identify the proper data
specifically assigned to it. This locator information is contained in the VOLCANO map file (name on
line 3) and the vector number on line 4.

The LHS data file is a long file containing vectors of random numbers used by the TPA
modules including VOLCANO code. Therefore, no example is given here. Users of VOLCANO code
should not modify it. More information about LHSFIL can be found in the TPA documentation.

4.5 DESCRIPTION OF MAPFIL

Similar to LHSFIL, MAPFIL is a variable name containing the file name of the VOLCANO
MAP file, which is specified in the third line of TPA_VOL.VGD. The contents of the LHS map file
depend on the organization of the LHS input file. It does not change from vector to vector for a given
LHS output file. A more detailed description of the LHS map file is given in Section 3.2 of the TPA
Computer Code (Sagar and Janetzke, 1993). The VOLCANO code reads the MAPFIL file in sequence
for the following information:



e Title of the file
e Column headings

e Variable name, index of the vector of random numbers corresponding to the variable, and
number count

An example of MAPFIL file is shown below.

Example of MAPFIL file

VOLCANO MAP FILE

VAR INDEX COUNT
time 344 1
ul 345 1
uz2 346 1
u3 347 1
ud 348 1
ub 349 1
ué 350 1
u7 351 1
us 352 1



5 DESCRIPTION OF OUTPUTS

The VOLCANO simulations produce two important results for PAs: (i) the number of waste containers
damaged; and (ii) the amount of radionuclides released to the air during magmatic extrusive events. From
the interception area of the repository, the program calculates the number of nuclear waste canisters
damaged by magma activity and outputs the results to VOLSOT.DAT file. This file is used for computing
the source term in the TPA CM SOTEC (Sagar and Janetzke, 1993). For extrusive magmatic events, the
program calculates the release of radioactivity to air for each radionuclide. The amount of radionuclides
released to the air is considered to be zero for intrusive magmatic events. The results of the radionuclide
release calculations are output to a file VOLAIR.DAT, which is then used in AIRCOM to calculate
human dose and in the TPA Exec to calculate the total release (Sagar and Janetzke, 1993).

In addition, the VOLCANO code produces two output files, VOLCANO.OUT and VOLCANO.HST,
that serve mainly for diagnosis and verification. VOLCANO.OUT is used for detailed diagnostics of the
simulations in a single run, and VOLCANO.HST is used for summarizing the simulation results when
VOLCANQO is run for a series of times during the TPA mode. These two files are then read by the post-
analysis programs to generate plots of volcanic dike locations, including some plots shown in this report.

Table 5-1 lists the output files and their usages. The output files are described in detail in the following
sections.

5.1 DESCRIPTION OF VOLCANO.OUT

VOLCANO.OUT contains the summary and diagnostic information of the simulation. The file
is intended for scientists and programmers to verify the volcano model and calculations. Because
VOLCANO.OUT is long and tedious, no example is given here. However, a complete listing of
VOLCANO.OUT for a sample problem is given in Appendix A. VOLCANO.OUT contains complete
descriptions of the results and should be easy to understand. It provides the following information in
sequence:

¢ Recap of the input parameters

s Recap of area and waste containers in each zone

s Recap of occurrence time of the magma event and random numbers used

s Coordinates of the dike and cone, length, width and angle of dike, and radius of cone

s The area of the magma activity in each zone

o The fraction of area intercepted by the magma activity in each zone

¢ The number of waste containers disrupted by the magma activity

¢ The amount of radionuclide activity released from each zone
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Table 5-1. List of VOLCANO output files

Unit Stand-Alone TPA
File Name No. Mode Mode Description
VOLCANO.OUT 20 Yes Yes Diagnostics of
simulations
VOLCANO.HST 22 Yes Yes Summary of volcano
simulation results
VOLAIR.DAT 21 Yes Yes Radioactivity release
results
VOLSOT.DAT 21 Yes Yes Results of repository
damages

5.2 DESCRIPTION OF VOLCANO.HST

VOLCANO.HST is used for diagnosing the simulation results during the TPA mode. During
the TPA mode, the VOLCANO code is run repetitively. VOLCANO.HST keeps track of the sampled
volcanic activity for each run. It saves information about:

the index of LHS vector of random number in the TPA run

time of the simulated volcanic event and the simulation stop time
the event type, 1 for the dike event and 2 for the cone event

the coordinates of the dike or cone sampled

the length and width of the dike

the radius of the cone and the angle of the dike

Also, for each zone, information is saved about:

the area intercepted by the dike
the fraction of area hit

the number of containers damaged



e the inventory per container
e the amount of release

A partial list of a VOLCANO.HST file follows. Note that the area hit and the amount of release
are often zero because the chance of a volcanic event occuring in the repository is very small.

Example of VOLCANO.HST
9 lhs vector number
2565.819 10080.000 time of event, simulation stop
time
2 event type (l=dike, 2=cone)
-4283.780 549.859 (x,y) coords of dike/cone
3167.043 2.356 length and width of dike
61.359 85.158 radius of cone, angle of dike
zone# areaHit areaFrac NcansHit inven/can
release
1 0.00 0.0000000 0 2060.9221
0.0000
2 0.00 0.0000000 0 2060.9221
0.0000
3 0.00 0.0000000 0 2060.9221
0.0000
4 0.00 0.0000000 0 2060.9221
0.0000
5 0.00 0.0000000 0 2060.9221
0.0000
6 0.00 0.0000000 0 2060.9221
0.0000
7 0.00 0.0000000 0 2060.9221
0.0000
TOTALS 0.00 0.0000000 0
0.000000

5.3 DESCRIPTION OF VOLSOT.DAT

VOLSOT.DAT is an output file to be used as input to the source term in the TPA CM SOTEC.
The file is short, containing the time of the volcanic event in years, the number of zones, and the ratio
of the area damaged by magma activity to the total area for each zone. An example is shown below.

Example of VOLSOT.DAT

CELL AREA RATIOS FROM VOLCANO TO SOTEC
0.459E+04 TIME (in years)

7 NUMBER OF CELLS (zones)

0.0000000

0.0044500

0.0000000

0.0000000

FNEREET
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5 0.0000000
6 0.0008806
7 0.0063031

5.4 DESCRIPTION OF VOLAIR.DAT

VOLAIR.DAT is the output file that summarizes the simulation results about radioactivity
release to the atmosphere. The file is used as input to the radioactivity release assessment module
AIRCOM in the TPA program. The file format is specified by the TPA program. The first two lines of
the file indicate the tile and the number of radioactive element. For each element, there are seven lines.
The contents of these seven lines are as follows:
Ist line: The name of the radioactive element.
2nd line:  The number of lines to be followed for this element.
3rd line:  Initial time, and initial amount of radioactivity release. The values are always 0.0 and 0.0.
4th line: The time of volcanic event minus 1 and 0.0 for the amount of radioactivity release.
5th line: The time of volcanic event in years, and the amount of radioactivity release.
6th line:  The time of volcanic event plus 1 yr, and 0.0 for the amount of radioactivity release.
7th line: The stop time of the simulation and 0.0 for the amount of radioactivity release.
A partial list of VOLAIR.DAT is given below.

Example of VOLAIR.DAT

ACTIVITY RELEASE DATA FROM VOLCANO

21
CM246
5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

10080.0 0.0
PU242
5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

10080.0 0.0

U238

5
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6 VERIFICATION, BENCHMARKING, AND
VALIDATION STATUS

The VOLCANO module is able to run in stand-alone mode or as part of the TPA system. This dual
capability permits the output from both modes to be compared using the diff utility to ensure common
results. The debugger was used to check the global data values after the global data file was read in the
VOLCANO code. The stand-alone version of VOLCANO is considered the benchmark version.

The validation of VOLCANO code depends critically on the generation of random number vectors. In
the TPA mode, these random number vectors are generated by the TPA Exec and passed to the
VOLCANO code through the input files. Since the generation of random number vectors has been
validated separately during the development of the TPA Exec, the Monte Carlo sampling of magmatic
events in the simulations can be easily verified. The location of magmatic events had been checked to
distribute uniformly as required by the simulation model. Computation of the radionuclide releases to air
was based on subroutines taken from SOTEC code (Sagar et al., 1992). These VOLCANO subroutines
have been verified by SOTEC authors.

The VOLCANO code was developed on the VAX/VMS system. All changes to VOLCANO, while
integrating it with the TPA system, were also kept online using the version extension feature. Additional
information is provided in the change request forms, a hard copy of which has been maintained since
November 13, 1992.

The VOLCANO code, as a CM of the TPA code, is managed under procedures set out in CNWRA

Technical Operating Procedure (TOP)-018. The production of this user’s manual is one of the
requirements of TOP-018. The VOLCANO user’s manual will likely be updated during IPA Phase 3.
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APPENDIX A:

SAMPLE PROBLEMS



Al OVERVIEW

The input and output files of two sample problems from running VOLCANO are presented in
this microfilm. One sample problem is taken from the TPA mode, and the other is taken from the
stand-alone mode. Before running VOLCANO under the stand-alone mode, it is necessary that
TPA _VOL.VGD not be present in the local directory. Presented first are the input and output files of
Sample Problem 1 for the TPA mode in sections A.2 through A.9. The input and output files of Sample
Problem 2 for the stand-alone mode are shown in Sections A.10 through A.15.

A2 LISTING OF VOLCANO.IN

Sample Problem 1: Input file for TPA mode

Parameter values (all dimensions to follow are in meters)

89912665 seed for RAN1l if not TPA mode
-6000 6000 system X coordinates
-7500 4500 system y coordinate
1000 40000 min area, max area
1000 4000 min length, max length
1 10 min width, max width
75 90 min angle, max angle in degrees (cannot cross 0)

1 1=pick radius for cone formation, 2=pick area
25 100 min radius, max radius

Coordinates of nodes used to build panel rectangles

43 = number of nodes

I X Y
1 0.0 0.0
2 -36.8 -208.9
3 -46.6 -264.1
4 -111.1 -630.4
5 -185.2 -1050.6
6 -259.3 -1470.8
7 -333.4 -1891.1
8 =-407.5 -2311.3
9 -481.6 -2731.5
10 -555.7 -3151.8
11 -592.4 -3359.8
12 -1137.9 200.6
13 -1174.8 -8.3
14 -1249.1 -429.7
15 -1323.2 -849.9
16 -1397.3 -1270.2
17 -1243.3 -1297.3
18 -1317.4 -1717.6
19 -1168.8 ~1743.8
20 -1242.9 ~-2164.0
21 -1091.6 ~2190.7
22 -1165.7 ~2610.9
23 -901.0 ~2657.6
24 =-975.1 -3077.8



25 -=10.9 -61.8

26 563.6 -163.1
27 527.9 ~365.5
28 707.4 -397.1
29 642.9 =-763.3
30 837.7 -797.7
31 763.6 -1217.9
32 801.4 -1224.6
33 727.3 -1644.8
34 651.7 -1631.5
35 577.6 -2051.7
36 372.3 -2015.5
37 298.2 -2435.7
38 125.3 =2405.3
39 51.2 -2825.5
40 13.3 -2818.8
41 -60.8 =-3239.1
42 14.9 -3252.4
43 -21.8 -3460.4

Node/Panel connectivity table

17 7 = number of panels, number of zones
I C1 C2 €3 C4 Zone NcansZ
1 25 3 27 26 1 710
2 3 4 29 28 1 1625
3 4 5 31 30 2 1800
4 5 6 33 32 3 1875
5 6 7 35 34 3 1725
6 7 8 37 36 3 1275
7 8 9 39 38 4 975
8 9 10 41 40 4 200
S 10 11 43 42 4 1050
10 23 24 10 9 4 750
11 21 22 9 8 5 1275
12 19 20 8 7 6 1575
13 17 18 7 6 6 1875
14 15 16 6 5 6 2175
15 14 15 5 4 2 2175
16 13 14 4 2 2 2175
17 12 13 2 1 7 1073

A3 LISTING OF TPA VOL.VGD
Sample Problem 1: Input file for TPA mode

TITLE: TPA temporary file for VOLCANO global parameters.
lhsoooo.out
volmap.dat
9
10080.0
1
70.0
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7

2335 6150 4875 3675 1275 5625 1073
12
21
15
3 3 2 2 4 1 1
1
1 1 1 1
rcM246 ', 'PU242 ', 'U238 /, 'CM245 ’, ‘AM241 ',
'NP237 /, ’AM243 ‘/, ‘PU239 ’, ’PU240 ', ‘U236 ',
ry234 ', 'TH230 ’, ’'RA226 ’, 'PB210 '/, ’CS135 '/,
rT129 /, ’TC99 ‘, ’NIS9 ’/, ’Cl4 r, I'SE79 ',
'NB94 /,
246.0 242.0 238.0 245.0 241.0 237.0 243.0
239.0 240.0
236.0 234.0 230.0 226.0 210.0 135.0 129.0
99.0 59.0
14.0 79.0 94.0
1 2 3 1 4 5 4
2 2
3 3 6 7 8 9 10
11 12
13 14 15
0 1 2 0 1 2 0
1 0
1 0 1 2 3 0 0
0 0
0 0 0
0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0
0 0
) 0 0
0.0 1.0 1.0 0.0 1.0 1.0 0.0
1.0 0.0
1.0 0.0 1.0 1.0 1.0 0.0 0.0
0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0
0.0 0.0 0.0
0.258E-01 0.160E+01 0.318E+00 0.126E+00 0.164E+04
0.288E+00 0.155E+02 0.308E+03 0.508E+03
0.240E+00 0.189E+01 0.129E-03 O0.367E-06 0.471E-07
0.350E+00 0.295E-01 0.123E+02 0.356E+01
0.154E+01 0.381E+00 0.793E+00
0.473E+04 0.379E+06 0.447E+10 0.850E+04 0.432E+03
0.214E+07 0.738E+04 0.241E+05 0.654E+04



0.234E+08 0.245E+06 0.770E+05 0.160E+04
0.230E+07 0.157E+08 O0.213E+06 0.800E+05
0.573E+04 0.650E+05 0,.203E+05
A4 LISTING OF VOLMAP.DAT

VOLCANO MAP FILE

Sample Problem 1: Input file MAPFIL for TPA mode

VAR INDEX COUNT
time 344 1
ul 345 1
uz2 346 1
u3 347 1
u4 348 1
ub 349 1
ué 350 1
u’7 351 1
us 352 1
A.5 LISTING OF LHSO0O00.0UT

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

Sample Problem 1: Input file LHSFIL for TPA mode

1
0.0000000E+00
6948061E-15
0.1367714E-14
9700000E-15
0.9700000E-15
4600000E-04
0.4600000E-04
4600000E-04
0.4600000E-04
2519474E+02
0.9487418E+02
1000000E+02
0.1000000E+02
5021839E-15
0.1071653E-15
7071300E-14
0.7128042E-15
4125664E-15
0.7720767E-01
2883477E+00
0.3018759E+00
4600000E-04
0.1300000E-04
1603219E+01

445
0.4117914E-15

0.9700000E-15

0.1400000E-03

0.4600000E-04

0.7851527E+02

0.1000000E+02

0.6904408E-19

0.2013413E-14

0.3502290E-16

0.4282004E+00

0.2781849E+00

0.4600000E-04

0.1079873E-14

0.9700000E-15

0.2700000E-04

0.4600000E-04

0.8750129E+02

0.1000000E+02

0.5385071E-14

0.5519280E-17

0.1470295E~-14

0.2263115E+00

0.4100000E-04

0.1300000E-04

A4

0.223E+02

0.4317780E-15
0.9700000E-15
0.4100000E-04
0.4600000E-04
0.8542743E+02
0.1000000E+02
0.2905478E-18
0.2350892E-15
0.1222044E-15
.3749822E+00

.4600000E-04

.4600000E-04



0.1958874E+01
0.3500573E+01
0.2347029E+01
0.3642471E+01
0.5282910E+01
0.2600000E-02
0.2600000E-02
0.2600000E-02
0.2076318E+02
0.5530642E+00
0.1973783E+01
0.9354415E+00
0.1147036E+00
0.3907600E+00
0.1230926E+00
0.0000000E+00
0.2935873E-03
0.5944489E+01
0.1311599E+01
0.9283822E+01
0.1156219E-01
0.5815663E-03
0.8860707E-03
0.5498423E-01
0.6881540E+00
0.1963184E+01
0.7345126E+01
0.2596344E+01
0.1469430E+01
0.4459665E-02
0.5020721E-02
0.1283342E+00
0.6889531E+01
0.1041608E+03
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.1313786E-02
0.9219418E-02
0.3100911E-01
0.1469526E-02
0.1013640E+00
0.0000000E+00
0.0000000E+00
0.1366557E-02
0.1971645E-01
0.2033624E-01
0.0000000E+00
0.0000000E+00

0.2217607E+01
0.4527764E+01
0.3540314E+01
0.2600000E-02
0.9597783E~-03
0.1478558E+01
0.6802272E-02
0.3160231E-03
0.6822447E-03
0.2610728E+02
0.1352185E-02
0.2475948E-02
0.3824780E+00
0.5394581E+01
0.2118087E-02
0.2866796E-01
0.3000281E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.9356282E-01
0.0000000E+00
0.0000000E+00
0.6320526E-03

0.0000000E+00

0.3001033E+01
0.4490940E+01
0.4300340E+01
0.2600000E-02
0.6896393E-01
0.7723369E+01
0.2016920E+00
0.3834204E-02
0.1471007E-03
0.4049637E+01
0.6810959E-03
0.1959209E+00
0.1315296E+00
0.1856094E+00
0.1195880E-01
0.3106785E-01
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0.6006767E+00

0.7534155E+00

0.5987662E+00

0.9550315E+00

0.2686823E+00

0.5769835E+00

0.1184731E+00

0.1008155E+04

0.4940634E+04

0.6746523E+04

0.9570638E+04

0.3823685E+04

0.5710652E+04

0.1157917E+00

0.9735595E+00

0.2772979E+00

0.1091812E+00

0.3362607E+00

0.3357155E+00

A.6 LISTING OF VOLCANO.OUT
Sample Problem 1: Output file for TPA mode
89912665 seed for RAN1 on stand-alone
-6000.000 6000.000 minimum, maximum X coordinate of
System
-7500.000 4500.000 minimum, maximum Y coordinate of
System
12000.000 12000.000 System lengths in x and y
1000.000 40000.000 minimum,maximum area of dike
1000.000 4000.000 minimum,maximum length of dike
1.000 10.000 minimum,maximum width of dike
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(degrees)
area)

Nrect 1
i zone
y2
1 1
-264.1
2 1
-630.4
3 2
-1050.6
4 3
-1470.8
5 3
-1891.1
6 3
-2311.3
7 4
-2731.5
8 4
-3151.8
S 4
-3359.8
10 4
-3077.8
11 5
-2610.9
12 6
-2164.0
13 6
-1717.6
14 6
-1270.2
15 2
-849.9
16 2
-429.7
17 7
-8.3
T TPA
LHS file

MAP file
9 1lhs

25
time

75.000

1 method of cone generation (1l=pick radius,2=pick

25.000
7
#cans
X3
710
527.9
1625
642.9
1800
763.6
1875
727.3
1725
577.6
1275
298.2
975
51.2
900
-60.8
1050
-21.8
750
-555.7
1275
-481.6
1575
-407.5
1875
-333.4
2175
-259.3
2175
-185.2
2175
-111.1
1073
-36.8
mode?

90.000 minimum,maximum angle of dike

100.000 minimum,maximum radius of cone

X1
Y3
-10.9
-365.5
-46.6
-763.3
-111.1
-1217.9
-185.2
-1644.8
-259.3
-2051.7
-333.4
-2435.7
-407.5
-2825.5
-481.6
-3239.1
-555.7
-3460.4
-901.0
-3151.8
-1091.6
-2731.5
-1168.8
-2311.3
-1243.3
-1891.1
-1323.2
-1470.8
-1249.1
-1050.6
-1174.8
-630.4
-1137.9
-208.9

name: lhsoooo.out

name: volmap.dat

vector number

vyl
x4
~-61.8
563.6
-264.1
707.4
-630.4
837.7
-1050.6
801.4
-1470.8
651.7
-1891.1
372.3
-2311.3
125.3
-2731.5
13.3
~3151.8
14.9
-2657.6
-481.6
-2190.7
-407.5
-1743.8
-333.4
=1297.3
-259.3
-849.9
-185.2
-429.7
-111.1
-8.3
-36.8
200.6
0.0

X2
v4
-46.6
-163.1

-111.1
-397.1
-185.2
-797.7
-259.3
~1224.6
-333.4
-1631.5
-407.5
-2015.5
-481.6
-2405.3
-555.7
-2818.8
-592.4
-3252.4
-975.1
-2731.5

-1165.7
-2311.3

-1242.9
-1891.1

-1317.4
-1470.8

-1397.3
-1050.6

-1323.2
-630.4

-1249.1
-208.9

-1174.8

0.0

1 flag to invoc program (l=normal run)

65.819

A-76

10080.000 time of event, simulation stop



Random numbers for dike/cone generation:

ul= 0.9801277E+00 uz2= 0.1430183E+00
u3= 0.6708216E+00 u4= 0.5448347E+00
ub= 0.7223477E+00 ué6= 0.6771971E+00
u7= 0.4847819E+00 u8= 0.2547898E-01
2 event type (1=dike, 2=cone)
-4283.780 549.859 (x,y) coords of dike/cone
3167.043 2.356 length and width of dike
61.359 85.158 radius of cone, angle of dike
Nzone 7
i area(i) NcansZ (1)
1 404596.03 2335
2 1398660.63 6150
3 1127967.88 4875
4 749432.75 3675
5 296395.25 1275
6 1281494.25 5625
7 245109.88 1073
Kk k%

This run was made as part of TPA.

*xk k%
INVENTORIES per CANISTER:
CM246 pU242 U238
0.072217 4.478567 0.890115
CM245 AM241 NP237
0.352687 4590.530762 0.806142
AM243 PU239
43.386116 862.124084
PU240 U236
1421.944946 0.671785
U234 TH230 RA226 PB210
5.290307 0.000361 0.000001 0.000000
CS135
0.979686
I129°
0.082574
TC99
34.428982
NI5S
9.964810
C1l4
4.310620
SE79
1.066459
NB94
2.219690
zone# areaHit areaFrac NcansHit inven/can
release
1 0.00 0.0000000 0 2060.9221

0.0000



2
0.0000
3
0.0000
4
0.0000
5
0.0000
6
0.0000
7
0.0000
TOTALS
0.000000

0.0000000

0.0000000

0.000000C

0.0000000

0.0000000

0.0000000

0.0000000

2060.9221

2060.9221

2060.9221

2060.9221

2060.9221

2060.9221

A7 LISTING OF VOLCANO.HST
Sample Problem 1: Output file for TPA mode

9 lhs vector number

2565.819 10080.000 time of event, simulation stop
time
2 event type (1=dike, 2=cone)
-4283.780 549.859 (x,y) coords of dike/cone
3167.043 2.356 length and width of dike
61.359 85.158 radius of cone, angle of dike
zone# areaHit areaFrac NcansHit inven/can
release
1 0.00 0.0000000 0 2060.9221
0.0000
2 0.00 0.0000000 0o 2060.9221
0.0000
3 0.00 0.0000000 0 2060.9221
0.0000
4 0.00 0.0000000 0 2060.9221
0.0000
S 0.00 0.0000000 0 2060.9221
0.0000
6 0.00 0.0000000 0 2060.9221
0.0000
7 0.00 0.0000000 0 2060.9221
0.0000
TOTALS 0.00 0.0000000 0
0.000000

A8 LISTING OF VOLAIR.DAT
Sample Problem 1: Output file for TPA mode

ACTIVITY RELEASE DATA FROM VOLCANO
21
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CM246
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
pPU242
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
U238
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10086.0 0.0
CM245
5
0.0 0
2564.8 0
2565.8 0.
2566.8 0
10080.0 0
AM241
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
NP237
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
AM243
5
0.0 0
2564.8 0
2565.8 0.
2566.8 0
10080.0 0
PU239
5
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0.0

2564.8

2565.8

2566.8

10080.0
PU240
5

0.0

2564.8

2565.8

2566.8

10080.0

U236

5

0.0

2564.8

2565.8

2566.8

10080.0

U234

5

0.0

2564.8

2565.8

2566.8

10080.0
TH230
5

0.0

2564.8

2565.8

2566.8

10080.0
RA226
5

0.0

2564.8

2565.8

2566.8

10080.0
PB210
5

0.0

2564.8

2565.8

2566.8

10080.0
CS135
5

0.0

2564.8

[eNeoNeNeNe)
[eNeNeNeoNe)

[eNeNoNeoNal [eNeNoNeNe) [oNeNoNoNel [eNeoNeNeNo] [eNeNoNeNal [oNeNeNeNe)
[oNeNoNeNe] [eNeNeRoNol [eNeNoNoNe] [oNeoNoNoNe) [N oNelNeNe)

[eNe)
[eNe]

[eNeoNaoReNel
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2565.8 0.0
2566.8 0.0
10080.0 0.0
I129
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
TC99
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
NI59
5
0.0 0
2564.8 0
2565.8 0.
2566.8 0
10080.0 0
Ci4
5
0.0 0
2564.8 0
2565.8 0.
2566.8 0
10080.0 0
SE79
5
0.0 0.0
2564.8 0.0
2565.8 0.0
2566.8 0.0
10080.0 0.0
NB94
5
0.0 0
2564.8 0
2565.8 0.
2566.8 0
10080.0 0

A9 LISTING OF VOLSOT.DAT
Sample Problem 2: Output file for TPA mode

CELL AREA RATIOS FROM VOLCANO TO SOTEC
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0.257E+04 TIME (in years)

7 NUMBER OF CELLS (zones)
1 0.0000000
2 0.0000000
3 0.0000000
4 0.0000000
5 0.0000000
6 0.0000000
7 0.0000000

A.10  LISTING OF VOLCANO.IN
Sample Problem 2: Input file for the stand-alone mode

Parameter values (all dimensions to follow are in meter)

89912665 seed for RAN1 if not TPA mode

-6000 6000 system X coordinates

-7500 4500 system y coordinate

1000 40000 min area, max area

1000 4000 min length, max length

1 10 min width, max width

75 90 min angle, max angle in degrees (cannot cross 0)

1 l=pick radius for cone formation, 2=pick area
25 100 min radius, max radius

Coordinates of nodes used to build panel rectangles

43 = number of nodes

I X Y
1 0.0 0.0
2 -36.8 -208.9
3 -46.6 -264.1
4 =-111.1 -630.4
5 =185.2 =1050.6
6 =-259.3 -1470.8
7 =-333.4 -1891.1
8 =-407.5 -2311.3
9 -481.6 -2731.5
10 -555.7 -3151.8
11 -592.4 -3359.8
12 -1137.9 200.6
13 -1174.8 -8.3
14 =1249.1 -429.7
15 =1323.2 -849.9
16 -1397.3 =1270.2
17 =1243.3 =1297.3
18 =1317.4 -1717.6
19 -1168.8 -1743.8
20 =1242.9 -2164.0
21 -1091.6 -2190.7
22 -1165.7 =2610.9
23 -901.0 -2657.6
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-975.1
-10.9
563.6
527.9
707.4
642.9
837.7
763.6
801.4
727.3
651.7
577.6
372.3
298.2
125.3

51.2
13.3
-60.8
14.9
-21.8

-3077
-61
-163
-365
-397
=763
=797
-1217
-1224
-1644
-1631
~-2051
-2015
-2435
-2405

-2825.
-2818.
-3239.
-3252.
-3460.

-8
.8
.1
.5
.1
.3
.7
.9
.6
.8
.5
.7
.5
.7
.3

00O,

connectivity table
number of panels, n
Zone NcansZ

C3
27
29
31
33
35
37
39
41
43
10

N 01OV 00V

C4
26
28
30
32
34
36
38
40
42

NS OO0 Y

NN I N N ST B SO SO R P R Ry

LISTING OF TEST15.NUC

Sample Problem 2: Input file for stand-alone mode

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
Node/Panel
17 7 =
I Ci1 cC2
1 25 3
2 3 4
3 4 5
4 5 6
5 6 7
6 7 8
7 8 9
8 9 10
9 10 11
10 23 24
11 21 22
12 19 20
13 17 18
14 15 16
15 14 15
16 13 14
17 12 13
A.ll
18
CM 2
11
21
PU 4

.24E-3

.01E-0

100.0

100.0

710
1625
1800
1875
1725
1275

975

900
1050

750
1275
1575
1875
2175
2175
2175
1073

umber of zones
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Ul W e

NNV WEREAWORERENMDND

g(NFOFJA)ZLQN)EknﬁthOP‘H
o v
N N N LY

o]
G

MoOHNOQ LYY
2 0
N

_H 9
(@]
H

N=N
e o

O 2
WHN

HRZPB 0N
oL S

1

1

53 2
246.0
242.0
238.0
234.0
245.0
241.0

0.0655
3.61
0.666
0.0
0.3066

0.95E-0 2.0
.24E-3 200.0
.237E-0 50.0
2.3E-07 100.0
6.8E-5 30.0
1000. 20.0
1000. 200.0
1000.
1.26E~07 10.0
1000. 1.0
9.4E-09 3.0
0.072E-0 5.0
0.59E-0 2.0
1000. 1.0
7.9E-08 1.0
1000. 20.0
511111111111
CM246 5.50E03
PU242 3.79E05
U238 4.51E09
U234 2.47EQ05
CM245 9.30E03
AM241 4.58E02

3.55
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237.0
233.0
229.0
243.0
239.0
235.0
240.0
236.0
238.0
234.0
230.0
226.0
210.0
137.0
135.0
129.0
126.0

99.0

93.0

90.0

59.0

14.0

79.0

94.0

NP237
U233
TH229
AM243
PU239
U235
PU240
U236
PU238
U234
TH230
RA226
PB210
Cs137
CS5135
I129
SN126
TC99
ZR93
SRS0
NI59
C14
SE79
NB94

2.14E06
1.62E05
7.34E03
7.95E03
2.44FE04
7.10E08
6.58E03
2.39E07
8.60E01
2.47E05
8.00E04
1.60E03
2.23E01
3.00E01
3.00E06
1.59E07
1.00E05
2.15E05
9.50E05
2.90E01
8.00E04
5.73E03
6.49E04
2.03E04

A2 LISTING OF VOLCANO.OUT

Sample Problem 2: Output file for stand-alone mode

0.662
6.01E-5
3.17E-7
35.9
657
0.0361
11.07
0.0538
4890.0
2.5
2.79E-4
7.75E-7
9.79E-8
17.24E4
0.7245
0.06615
1.63
27.5
4.05
12.01E4
10.82
3.26
0.859
2.69

CELL AREA RATIOS FROM VOLCANO TO SOTEC

0.757E+04

7
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

N W

>
ot
w

Sample Problem 2: Output file for stand-alone mode

7570.872
time
1 event type (1l=dike,
-4906.419
1019.001

LISTING OF VOLCANO.HST

10000.000 time of event,

2=cone)

TIME (in years)
NUMBER OF CELLS (zones)

simulation stop

-1427.712 (%x,y) coords of dike/cone
1.243 length and width of dike
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0.000 84.501 radius of cone, angle of dike
zone# areaHit areaFrac NcansHit inven/can
release
1 0.00 0.0000000 0 616.0920
0.0000
2 0.00 0.0000000 0 616.0920
0.0000
3 0.00 0.0000000 0 616.0920
0.0000
4 0.00 0.000000C 0 616.0920
0.0000
5 0.00 0.0000000 0 616.0920
0.0000
6 0.00 0.0000000 0 616.0920
0.0000
7 0.00 0.0000000 0 616.0920
0.0000
TOTALS 0.00 0.0000000 0
0.000000

A.14  LISTING OF VOLAIR.DAT
Sample Problem 2: Output file for stand-alone mode

ACTIVITY RELEASE DATA FROM VOLCANO

30
CM246
5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

10000.0 0.0
PU242
5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

16000.0 0.0

U238

5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

10000.0 0.0
U234
5
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[oNeNe o)
[oNoNeNo)

(oo NeNe)

OO0

10000.

CM245

o
*
o

o
(@]

[eN oo

[eNe N

QOO0

[eNeNo

10000.0

10000.0

.

10000.0

U233

[eNeoNoNoNe)

[cNeReleNol

[oNeNoNe
L B
O OO0

10000.0

TH229

O o000
(oMo lolol

OO0 O0O0
oNeleNe)

o
o

10000.0

AM243

[eNeNoNoNe
[ NeNeoNoNal

[eNoNoNeNo

LI ]
eNeNoNoNe

1000

PU239

[eNoNo]
[oNeNo]

[egeRo]

ool o)
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0
10000.0

U235

0

0.0

[oleNeNe)
[eloNeNe)

o000

[oNeoNe N

10000.0

PU240

OO OOoO
OO0

[eNeNeoNe]
(e« Role)

10000.0

U236

OO0 O0
[oNoNeNe)

OO0OO0OO0o
OO0

10000.0

PU238

[eNoNeNe]
oloNeoNe]

[oNeNeNo]

OO0

10000.0

U234

o O 0O
[eNeNeNoe]

[eNoNoNe
[eNoNeoNe]

10000.0

TH230

(oo Nele]
[eNeNoNe

[eNeoNeNe
[eN oo Neo

10000.0

RA226

leNeNeNe)
OO0

[eNoNoNe

. . .

[eleNeNo]

.

10000.0
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PB210

[eNoNoNe N,

leNoNeoNoNel

OO0OO0OO0O0O
OO0 O0OO0OO0

1000
CS5137

[cNoN N
[ejeRoNo]

[eNeojoNe
¢« o &
OO0 OO0

10000.0

CS5135

[eNeNoNeNo
[oNeNoNoNeo

oNe o Ne)
L I e )
[=NeNeNe)

10000.0

I129

[N eNeoRoNe

.
[ NeRelNoeNo

OO0 000

[eNeoleNeNol

1000
SN126

o

[eNeNeo

(oo NeNo]

o
o

[oNeNeo

[eNolol

10000.0

SR90
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[oNoNoNeNoel
[eNeRNoNoNe)

10000.
NI59
5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
10000.0 0.0
Cl14
5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
10000.0 0.0
SE79
5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
10000.0 0.0
NB94
5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
10000.0 0.0

A.15  LISTING OF VOLSOT.DAT
Sample Problem 2: Qutput file for stand-alone mode

CELL AREA RATIOS FROM VOLCANO TO SOTEC
0.757E+04 TIME (in years)

7 NUMBER OF CELLS (zones)
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

Nok wiR
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APPENDIX B

ERROR MESSAGES



APPENDIX B: ERROR MESSAGES

(” VOLCANO could not find LHS file filename’)
(” VOLCANO could not find MAP file filename’)
( "Number of containers from standard input’ for zone x is inconsistent with TPA global value.”)
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