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ABSTRACT

SOLMOD is a discrete event simulation model
written in FORTRAN 77 and operates in a VAX or PC
environment.. The model emulates the movement and
interaction of equipment and radioactive waste as
it is processed through the FWMS. SOLMOD can be
used to measure the impacts of different operat-
ing schedules and rules, system configurations,
'•ellability, availability, maintainability (RAH)
considerations, and equipment and other resource
availabilities on the perforinance of processes
comprising the FWMS and how these factors combine
to determine overall system performance. Model
outputs are a series of measurements of the
amount and characteristics of waste at selected
points in the FWMS and the utilization of resour-
ces needed to transport and process the waste.
The model results may be reported on a yearly,
monthly, weekly, or daily basis to facilitate
analysis.

Model outputs are a series of measurements of
the amounts and characteristics of wastes at
selected points in the FWMS, and the utilization
of processes and resources needed to transport
and process the waste. The model results may be
reported on a yearly, monthly, weekly, oi* daily
basis to facilitate analysis.

MODEL DESIGN AND STRUCTURE

SOLMOD simulates operation of the waste
system as a series of connected queues. Each
process is a queue which receives waste, performs
an operation on the waste, and sends it either to
one or more downstream queues or out of the
system when all processing is complete. Informa-
tion on system configuration, waste input to the
system, and system performance are kept in files
which can be easily modified and/or postproc-
essed.

INTRODUCTION

The tool used within the Systems Integration
Modeling System (SIMS)1 for systems operations,
logistics, and reliability-oriented analysis is
the Systems Integration Operations/Logistics
Model (SOLMOD).

SOLMOD is a discrete event simulation model
which emulates the movement of radioactive waste
through the FWMS--from pickup at reactors to
emplacement, including all transportation and
processing functions. It replicates all elements
of a user-defined FWMS configuration and is
capable of describing waste moving through that
system as a function of quantity, characteris-
tics, timing of input streams, and strategies for
system operation. The model is very flexible and
permits evaluation of the various operating
schedules and rules, system configurations, RAM
considerations, and other operational and logis-
tics-oriented factors, by simulating the opera-
tion of the entire FWMS or any part of the system
for any user-specified period of I "me.

The model, written in FORTRAN 77, was
designed in three parts, as shown in Figure 1.

Figure 1 . Overall Structure ol SOLMOD
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• A front end prepares input data for the
processing module. These data are kept in
files which can be saved for reference and
modified for subsequent simulations.

t The simulation module models the FWMS as
directed by entries in the input files
generated by the front end. Inputs consist of
an inventory of waste to be processed and the
configuration of the FWMS. Simulation module
results include a detailed log of each waste
movement and summary data on flows and
capacity utilizations in each process.

• A report writer reads files generated by the
simulation module and creates both standard
and customized reports.

MODEL OPERATION

SOLMOD operates in a VAX or PC environment.
It simulates the FWMS by knowing the system's
state at each point in time and calculating
changes to that state for each time increment.
The length-of-time increment is user-definable.
SOLMOD may be run from the very beginning of the
time horizon or from a user-defined point in
time.

Users must provide two basic types of infor-
mation, the first of which is a description of
the waste system to be modeled. This description
represents the waste system as a set of processes
and linkages between processes. Rules under
which wastes are processed and move between
processes are specified. Within SIMS this infor-
mation is provided by the Systems Description and
Operating Assumptions Capability.2 The second set
of inputs is an inventory of wastes to be proces-
sed, which is based on an output from the Waste
Stream Analysis (WSA)3 model. WSA groups wastes
into homogeneous batches and schedules annual
pickups.

Two main data structures are used to simulate
processing. One structure describes the at-
tributes of batches, which are similar groups of
waste materials which move as an entity. The
specification of a batch is defined by the user
and usually varies with the processing step
(e.g., cask load, individual assembly, etc.).

The second major data structure describes
processes and linkages between processes. Each
process description specifies how long the proc-
ess takes, the capacity of the process (in batch-
es), and the order in which batches are process-
ed. Linkages describe the destination of mater-
ials flowing from each process and the conditions
under which materials can be moved.

Using these two data structures, the model
moves through time from the beginning to the end
of the simulation period. Two things are checked

at each point in time: which batches are ready to
move and which linkages between processes are
open. A batch is deemed ready to move if it has
completed the process in which it currently
resides. Determining if a linkage ("exit" in
SOLMOD terminology) is open is more complex and
may require the evaluation of many related rules.

When the list of ready-to-move batches and a
list of open exit paths are complete, the two
lists are compared. Ready-to-move batches resid-
ing in processes having open exits are moved
forward. Depending on the function of the proc-
ess, a batch which is moved forward may have been
unloaded, or consolidated, or repackaged in the
process. For example, the entity entering a cask
unloading bay is a loaded cask, but the entities
leaving this process consists of two streams of
material—an empty cask which moves along a
specific path, and fuel assemblies which move
along another path. Once all possible movements
have been made, the clock is advanced and the
cycle repeated. Figure 2 shows the basic proces-
sing logic.

Flguro 2. SOLMOD High-Laval Logic
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In order to achieve a high-fidelity simula-
tion of waste movement, a number of options for
shaping and constraining waste flows are used.
These include the availability of resources
(e.g., cranes), reliability considerations,
annual flow constraints, and the specification of
different types of queues. Each process is
modeled as one of eight types of queues:



First-In First-Out (FIFO)
Last-I-n First-Out (LIFO)
Random
Overflow
Probabilistic
Split
Sink
Rule-Based

SOLMOD SYSTEM REPRESENTATION

Prior to running a simulation it is necessary
to translate a representation of the physical
system into a SOLMOD flow block diagram. To
illustrate this translation a simple example is
provided. Figure 3 represents a functional flow
diagram consisting of physical processes associ-
ated with handling from-reactor rail casks at a
hypothetical FWMS facility. Based on these
physical processes, the SOLMOD flow block diagram
shown in Figure 4 was constructed. Included are
processing times and capacities (e.g., the number
of casks which can be accommodated at one time)
for each functional block, along with required
resources. In this example the only resources of
interest are two different capacity cranes.

While only rail cask processing is discussed
in this example, an actual modeling exercise
would probably involve a SOLMOD flow diagram with

several equivalent sets of functional blocks,
each corresponding to a cask type, i.e., PWR rail
casks, PWR truck casks, BWR rail casks, and BWR
truck casks. This would allow the input of dif-
ferent processing times associated with each type
of cask, and keeping track of each cask fleet
separately.

SOLMOD SIMULATION INPUT

In a typical modeling activity, after the
SOLMOD flow diagram is completed, a configuration
input file can be developed. That file defines
the system configuration in terms of a series of
interconnected processes, conditions for material
movements between processes, processing times,
process capacity, reliability assumptions for
processes and resources, and other operationally-
related data. Another input file consists of an
appropriate WSA output including a list of wastes
available for acceptance into the FWMS by year,
type of cask used to transport each waste type,
and radiological characteristics of each batch of
waste shipped. Finally, a third input file
defines simulation parameters, including simula-
tion period, time increment, and report specific-
ations.

Figure 3. Functional Flow Diagram of Rail Cask Handling Processes
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Figure 4. SOLMOD Flowsheet Of Rail Cask Handling Process
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SOLMOD SIMULATION OUTPUT

While SOLMOD output can be customized to meet
specific analytical needs, standard output re-
ports are available. The reports provide infor-
mation on:

Process utilization
Process down-time due to failure
Resource utilization
Cask utilization
Throughput for each process
Cask shipments from reactors

The model results may be reported on a
yearly, monthly, weekly, or daily basis to fa-
cilitate analysis.

EXAMPLE APPLICATION

"Changes in System Configuration and Operating
Rules"

The following example illustrates how SOLMOO
can be used with other SIMS capabilities for
OCRWM systems studies and other analyses. The
example is purely illustrative and does not
represent a contemplated system or any position
taken by the Department of Energy.

This example involves sensitivity studies
based on changes in operational characteristics
of cask unloading facilities and lag storage
capacity.

Base Case

A base case was created to act as an ex-
perimental control and reference for sensitivity
studies designed to test SOLMOD1s ability to
analyze changes in system configuration and
operating rules. Highlights of the example
system, which includes a repository and an MRS to
serve as a storage facility for spent fuel as-
semblies, are as follows: There are eight un-
loading cells at the MRS, with two each for BWR
rail and truck, and PWR rail and truck casks.
Truck casks can unload in rail cells, if neces-
sary. The repository has eight unloading bays:
two each for PWR and BWR fuel sent from the MRS,
two for DHLW, and one each for rail and truck
casks sent directly from western reactors.

In the base case, it was assumed that waste
from eastern reactors would be held at the MRS
without further processing and then removed to
the repository at a fixed annual rate. Western
reactor waste and DHLW would be sent directly to
the repository. All waste canning would be done
at the repository rather than the MRS. Finally,
it was assumed that all shipments from the MRS to
the repository during a given year must be com-
pleted before any assemblies are placed in long-
term MRS storage. Rail casks were given priority
over truck casks at MRS unloading cells when both
are waiting in order to optimize lag storage use.

The base-case operations were simulated over
a 13-year period (2000 - 2012) to obtain baseline
results.

Sensitivity Studies

Four major sensitivity studies were performed
to evaluate SOLMOD's ability to detect and ex-
plain system bottlenecks resulting from changes
in the configuration of the FWMS or in its oper-
ating rules. The year 2010 was chosen for study.

1. The rule allowing truck cask unloading in MRS
rail cells was changed to remove this option,
effectively reducing the number of cells at
which truck casks can be unloaded. Cell
utilization, which is the number of hours
cells are used as a percent of their availa-
bility for use, changed as shown in Table 1.
The utilization of the BWR and PWR rail cells
decreased due to a lower throughput require-
ment. The utilization of the truck cells
increased because in this case all of the
truck casks were unloaded in those cells.
In fact, the PWR truck cell utilization rose
to what is probably an unrealistically high
level. Clearly, such a change in operating
rules should be accompanied by an increase in
PWR truck cell availability in order to avoid
PWR truck cell bottlenecks.

Table 1. MRS UnLoading Cell
Utilization

Cell Type Base Case New Operating
Rule

BWR Rail
BWR Truck

PWR Rail
PWR Truck

37%
27%

55-60%
53%

32%
39%

32%
76-80%

In the second sensitivity study, two unload-
ing bays at the repository were assumed to be
inoperative. One HLW bay and one PWR bay
receiving casks from the MRS were taken out
of operation. This sensitivity study might
emulate either of two conditions: bay loss
due to equipment failure or a repository
designed with two fewer bays. Removal of one
PWR bay caused a bottleneck and reduced
throughput at the repository, as shown in
Table 2.



Table 2. Repository Sensitivity Study 2
Results

Performance Measure Base Case With Reduced
Unloading Bays

PWR casks unloaded
DHLW casks unloaded
PWR bay utilization
DHLW bay utilization

152
160
59%
38%

118
160
92%
75%

Two alternative lag storage capacities were
studied: 1,000 assemblies and 500 assemblies.
No bottlenecks developed as long as as-
semblies could be moved from lag to long-
term storage and then retrieved during a
single year. Thirty-four casks had to be
placed in long-term storage then retrieved
due to the reduction in lag storage capacity.

As demonstrated in this hypothetical example,
SOLMOD can be used to assess the need for addi-
tional capacity by analyzing impacts associated
with significant changes in process utilization
resulting from operating rule changes. It can
also be used to detect bottlenecks and to test
system design and resilience to the effects of
process interruptions.

The same number of HLW casks were unloaded at
the repository but the utilization of the
remaining HLW bay rose to a possibly un-
realistic level.

In addition, SOLMOD results pointed to a
more significant problem--a backup at the MRS
and delay of waste acceptance at the reac-
tors.

Delays which originated at the repository
caused PWR cask turnaround times to increase,
tying up casks. Lag storage at the MRS then
filled, causing reactor shipments to wait for
unloading at the MRS. At the end of 2010,
there were seven PWR truck casks waiting to
unload at the MRS because of the bottleneck
caused by reducing unloading bays at the
repository.

A change in repository operating rules to
allow from-MRS PWR casks to share a bay with
PWR rail casks from western reactors was
modeled as the third sensitivity case. The
effect of this rule change is to increase
unloading capability at the repository by
providing more unloading options. Bay
utilization fell about 15 percent, demon-
strating that the rule change could relieve
a potential bottleneck—particularly if
equipment failure renders a bay inoperative
for a short period.

Finally, MRS lag storage capacity was varied
from its base-case capacity of 1,600 as-
semblies in order to determine whether any
system-wide bottlenecks developed. These
sensitivities were analyzed together with
analysis of the assumed operating rule which
requires all shipments from the MRS to the
repository be completed before assemblies are
moved from lag to long-term MRS storage.
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