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ABSTRACT 

The CONtainment Analysis Code System 
(CONACS) is a large, comprehensive scien
tific simulation system for predicting con
ditions in an LMR facility following the 
occurrence of a postulated accident. It 
has now been developed to a stage of com
pletion that can be referred to as a lim
ited operational version. This version 
forms a permanent portion of the ultimate 
system. Because CONACS was developed with 
change in mind it is now possible to draw 
on this strength to respond to changing 
requirements arising from advanced design 
concepts. The generalized design applica
tions in the nuclear and non-nuclear fields 
and the quality assurance applied to the 
project make those adaptations reliable. 
In this paper the results of prototype 
tests and the implications of limited ver
sion tests are presented along with a brief 
description of CONACS and its relationship 
to LMR design optimization and cost reduc
tion. 

INTRODUCTION 

CONACS is a comprehensive scientific 
simulation system being developed for the 
DOE by the Westinghouse Hanford Company 
(WHO. Other DOE contractors involved in 
its development are ANL, AI and GE. CONACS 
is being developed as a broad based tool to 
address licensing issues, to quantify pos
tulated accident consequences and to pro
vide data to optimize design concepts. 
Commensurate with this mission, CONACS is 
capable of predicting conditions in an LMR 
facility following mild to severe accidents 
that range from non-nuclear (e.g., sodium 
spills) types of accidents to the highly 
remote accidents involving radioactive 

source terms. In addition, the overall 
capability will include the quantification 
of public health and safety consequences by 
interfacing with established environmental 
effects codes. 

To fulfill this needed span of capa
bility and depth of mission, it was recog
nized that CONACS must be developed follow
ing the most advanced structured software 
engineering practices. Steps utilizing 
these state-of-the-art methods are being 
taken to assure the quality of the system 
and to remove problems born out of complex
ity. As a result, the code framework and 
procedures have now been developed that 
allow the ready adaptation of the code sys
tem to a wide spectrum of problems, both 
nuclear and non-nuclear. This stage of 
development represents the product of a 
three year effort that has implemented the 
unique and disciplined approach to the 
development of a broad based scientific 
computational system. 

The purpose of this paper is to: 

Familiarize those in the LMR program 
with the existence and capabilities of 
CONACS, 

Provide results from prototype compu
tations, and 
Show its applicability for improving 
breeder design and economics. 
Although CONACS can be adapted for 

applications in both nuclear and non-
nuclear fields, the scope of this paper is 
limited to LMR-related application only. 

CONACS DESCRIPTION 

CONACS is a user based system which 
requires the user to have only the 
knowledge of the physical system, basic 
initial conditions and material or heat 
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sources in order to run the code. It uses 
a generic cell as a basic building block to 
represent physical rooms and cells of a 
building. The user connects these cells 
with Intercell flow paths which represent 
doors, pipes, leaks, passage ways etc. 
Also, the cells can share walls or other 
structural components. Together they 
represent any combination of important 
rooms/cells in a facility. 

The state conditions (e.g., pressure, 
temperature, concentrations) in these cells 
and the occurrence of intercell flows are 
predicted based on the understanding of the 
phenonenological models of the materials 
present. The phenomena include spontaneous 
combustion of sodium, melting of physical 
barriers, rupture of panels, thermal damage 
of concrete structures. Ignition of hydro
gen, creation and transport of aerosol pro
ducts from room to room, fog formation of 
any condensable vapor, natural attenuation 
of radioactive sources by removal through 
condensations and fallout, nuclear heat 
driven boiling or flashing of super heated 
liquid that has pooled on the floor—to 
name only a small portion. In detail, each 
simulation represents an accident scenario 
from which consequence can be determined 
mechanistically. Because of the comprehen
sive nature of CONACS physical models and 
the mathematical methods employed, the con
ditions and consequences of interest (e.g., 
temperature, pressure and mass concentra
tions) can be simulated both over short and 
long periods of time. Still for all the 
models in the system a rigorous requirement 
is imposed that the relative error in every 
equation be less than the convergence cri
teria. As will be demonstrated in the pro
totype studies, it is possible to satisfy 
stringent convergence criteria resulting in 
conservation of mass and energy down to or 
close to machine round off error without 
forcing excessive computations cost. 

Although a great deal of physics, 
chemistry, mathematics and numerics is 
involved in the internals of COMACS, a 
major effort was made to develop a system 
that does not require the user to be an 
expert in all areas. For example, the 
input is divided into user and expert 
categories where the expert input informa
tion will be provided to the user along 
with the system as a documented, default 
set. In the expert category, the material 
properties are treated conceptually in the 
same way as nuclear cross section data. In 
addition, such items as convergence cri
teria or other data requiring knowledge of 
the internal workings of the code are also 
treated as expert input information. The 
user input information is directed toward 
specifying the facility physical configura
tion, their initial conditions, control of 
the problem and the I/O and setting up 
external driving functions and time depen
dent boundary conditions. 

Additional user considerations are the 
system hardening against abnormal condi
tions. It invokes extensive recovery pro
cedures when computational difficulties are 
incurred. As a last resort, should the sys
tem be unable to successfully recover, it 
automatically invokes diagnostic pro
cedures. In the case of a segment it would 
perform an eigenvalue analysis of the 
suspect model segment and then gracefully 
terminate. In order that a user may have a 
quick overview of a run, a log, separate 
and apart from the output, is generated 
which provides a synopsis of all the major 
events and abnormal conditions. These user 
oriented concepts will be broadened further 
in the future by providing interactive 
input and interactive control as well as 
graphical display of results. 

The design of CONACS, through the 
application of advanced software engineer
ing methodology, has been regularized and 
highly structured in a hierarchical fashion 
that lends itself to reliable adaptation to 
changing simulation requirements. Follow
ing the QA requirements, the design has 
been completely documented as part of the 
code internal documentation. The mobility 
of the design allow LMR projects to respond 
quickly to questions before and during the 
construction period that could alter the 
design. Historically, established code 
systems have been unable to resolve licens
ing and construction issues in a meaningful 
way where the combination of models fell 
short. Consequently the issues have been a 
major cause of plant delays and increased 
cost. 

CONACS PROTOTYPE RESULTS 

Traditionally, in addition to the com
plexity of a large system, the single most 
dangerous issue that faces a newly con
ceived model is numerical stability. 
COMACS is too large to use normal ODE pack
ages or the more advanced simulation 
languages. To address the stability limi
tations, methods based on Newton Raphson 
techniques were developed and hardened 
against problems arising from such things 
as discontinuities and nonllnearities. The 
test bed for these concepts and the clear
ing house for many other model development 
ideas were the prototype models. Two seg
ments, the Atmosphere and the Pool Deposit 
Bed, were selected for the prototype test 
bed. These tests also provided the most 
interesting analytical results, some of 
which are included here. The next major 
section deals with the first running ver
sion of CONACS, 

Atmosphere Segment Prototype 
For a typical ten room case the CONACS 

atmosphere dynamics model (segment) 
requires the solution of two to three 
thousand state variables related to the set 
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of mass, energy, flow rate and state equa
tions. This is in addition to variables of 
all other parts of CONACS. The major 
thrust of the atmosphere prototype testing 
was to develop methods for solving the 
large system of equations at a cost far 
less than a black box approach for simul
taneous solutions and at the same time 
retain the numerical stability benefits of 
a truly simultaneous solution. Another 
item of particular importance was the 
development of the methods for handling, on 
the fly, major and minor discontinuities 
encountered during a time step. Examples 
of such upsets include intercell connec
tions opening or closing, depletion of the 
mass of a species, flow reversals by pres
sure unbalance, changes in species proper
ties due to temperature sensitivity or 
phase changes and the starting/stopping of 
reactant species introduced into any cell. 

Model Description and Testing. The 
prototype model is a subset of the COMACS 
atmosphere segment. Many important 
features of the total segment were used but 
the dynamics of aerosol collisions and 
removal and the exchanges with structural 
or floor components were left out. Inter
cell flow and combustion of or reactions 
among the sodium water and air components 
and their reaction products and phases were 
modeled. These processes were included in 
the conservation of mass and energy equa
tions and cell pressure equations. 

Representative one, two and three-cell 
test case models were selected for proto
type testing. The three cell case is dis
cussed and shown in Figure 1 but the con
clusions are based on all cases. The 
feasibility of methods was demonstrated 
through acceptable behavior for 1) normal 
continuous positive flow situations, for 2) 
abnormal oscillating flows (by 
opening/closing of connections), and for 3) 
flow reversals caused by unbalancing cell 
pressures through the sudden opening of a 
cell connection, e,g., a blowout panel. 
These scenarios extensively exercised all 
concerns. 

Three Cell Model Testing. The three-
cell model was used primarily to demon
strate oscillating flow capability in com
bination with reverse flow capability. 

The system was perturbed by introduc
ing sodium vapor into cell 1, Line 2 
vented nitrogen and sodium into cell 2 and 
ignited a jet fire in cell 2. The line 2 
venting was not sufficient to keep pres
sures low in cell 1 and line 6 was opened 
on high cell 1 pressure and reclosed on low 
cell pressure, as shown in Figure 2 to pro
duce the flow oscillations. The sharp 
discontinuities were handled without 
incident, with the normal time step used 
throughout the simulation. 
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THREE CELL MODEL WITH PRESSURE AND FLOW 
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The three-cell model was also used to 
verify the ability to handle flow reversals 
in a more complicated system configuration 
than that used for the two-cell studies. 
The system was perturbed as before, but 
Intercell line 6 remained open, after the 
first time cell 1 exceeded high pressure. 
The results are shown in Figure 3. Line 2 
flow reversal occurred at about 78 seconds, 
when cells 1 and 2 pressures cross over at 
1.002U atmospheres. The maximum negative 
flow rate was only 0.00435 kg/s, which is 
hardly perceptible in the figure. Ironi
cally (it was learned) the selected inter
cell flow equations are ill conditioned at 
low flow rates. However, the internal 
recovery procedure was able to pick this up 
and Invoke a reserve time step scaling pro
cedure to deal with the difficulty, 
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FIG. 3. TRANSIENT PRESSURES (TOP PICTURE) AND TRAN
SIENT FLOW RATES (BOTTOM PICTURE) FOR THE 
THREE CELL MODEL WITH LINE 6 OPENING FOR A 
LINE 2 FLOW REVERSAL. 

Conclusions. Due to the experience 
with low flow conditions the intercell flow 
equations will be modified to more properly 
model the linear relationship between small 
pressure gradients and residual flow rates. 
As a broad observation the results of these 
test cases present a much more believable 
behavior than the CONACS predecessor code, 
CACECO. The wide pressure and flow oscil
lations which were common in CACECO have 
disappeared and have been replaced by regu
lar and smooth behavior that corresponds to 
intuitive understanding of plant dynamics. 
This alone is considered a major advance
ment. A second advancement which Is a 

major breakthrough was that the effective 
incremental cost of adding more cells 
(rooms) has been reduced from an N^ process 
to an N process (i.e., it is linear). This 
feature makes stable, properly coupled con
tainment calculations feasible and afford
able. In suninary, it was concluded that: 

Long-term stable calculations for cou
pled intercell flows under demanding 
transients are feasible through the 
use of appropriate Newton-Raphson 
based numerical schemes. 
The reliable and smooth computational 
passage through transitions such as 
flow reversal involving the ignition 
and/or extinction of sodium jet fire 
flames at the inlet or outlet of con
necting lines is possible, and 
The correct asymptotic behavior occurs 
as pressures equilibrate among the 
connecting cells of a system. 

Pool/Deposit Bed Segment Prototype 

The pool/deposit bed segment prototype 
model development was a confirmatory effort 
to demonstrate the general feasibility of 
numerical methods. A completely different 
set of equations and attendant rule existed 
for the pool model. In this model exten
sive chemistry was involved which had to be 
properly coupled to the surface diffusion, 
equilibrium vapor pressure and bulk boiling 
under all pool and bed conditions. This 
model challenged the ability to correctly 
select the model equation sets and the 
rules for invoking alternate sets. 

Model Description and Testing. The 
prototype model was developed as a subset 
of the complete Pool/Deposit Bed model 
intended for implementation into CONACS. 
Its purpose is to model the dynamics of 
sodium, water or general solid aerosol fal
lout collected on the floor as additional 
material is added or as fire consumes it. 
The prototype model included sodium, water, 
air and their reaction products but 
neglected argon, carbon and all carbon com
pounds and thereby excluded carbon chemis
try. The model covered ten chemical 
species in the pool-bed and mass transfer 
with five chemical species in the atmo
sphere of the standard cell. 

The prototype model was exercised, 
tested and validated by a variety of test 
cases that included some that had been used 
previously in the validation of the CACECO 
containment analysis code.(JJ!. In all, 
twenty-two cases were conducted that 
covered all processes and pool and bed 
types of interest. Results for two of the 
cases, Y5 and Z2, are presented below. 



Prototype Test Y5 and Z2 (CACECO Case 
16). The geometry for CACECO validation 
Case 16 for Cell B consists of a pool col
lected in a well covered by a large 
enclosed gas chamber. In this example, 
fission product decay power heats a water 
pool. This case was run as Case Y5. Over 
the same time period, zero to one hour, the 
results were validated by being in excel
lent agreement with the previous CACECO 
results as shown in Figure 4, The case was 
continued to prove that the new method of 
solution of the pool-bed segment could pass 
into boiling without difficulty, as shown 
in Figure 4. As heating continued, the 
pool temperature rose to the 117 degree C 
boiling temperature (at the cell pressure) 
as shown in Figure 4. At the surface of 
the water pool, the interface humidity 
increased to 100% at 117 degrees C and the 
mass transfer changed suddenly from eva
poration into boiling. The capability to 
numerically pass smoothly into boiling was 
checked further in validation Case Z2 with 
a sodium pool. The surface area of this 
sodium pool was adjusted in successive runs 
so that the boiling would involve vapor 
escape velocities of 1, 10, 100 and 1000 
cm/s, a range which bracketed the experi
mental boiling data of Jordan and Ozawa 
which had a vapor velocity of only 8.4 
cm/s.(2) 
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Conclusions. The other cases simi
larly tested the model in the various lim
its and over phase and makeup transitions. 
The surprising result of all these cases 
was the relative ease that the numerical 
procedure passed from surface evaporation 
into bulk boiling, effectively a system 
discontinuity. The most difficult of these 

types of transitions was the near spontane
ous decomposition of sodium peroxide into 
sodium oxide and oxygen at high tempera
tures. This required 13 iterations over 
three time steps where two is normally 
required. Overall transitions from wet to 
dry beds and from sodium to water pools 
were the most difficult to accomplish. 
This was a matter of finding the correct 
set of rules for testing for transitions. 
In summary it was concluded that: 

The solution to the prototype could be 
generalized for all models. 
The results tracked realistic expecta
tions. 
Mass and energy conservation and 
energy conservation were maintained to 
a relatively high accuracy of 1.0E-8, 
basically the computer precision. 
The solution rapidly converged— 
typically in two iterations per time 
step. 

Prototype Summary Result 
In general the methods development 

conducted during the prototype were highly 
successful. The two targeted prototypes 
represented the most difficult challenge to 
solution methods of all CONACS modeling 
segments. With their successful completion, 
CONACS implementation could proceed with a 
top down approach without undue concern 
that when final bottom level routines are 
added that the system may fail. In summary 
the performance standards achieved with the 
prototypes were: 

Mass Conservation — i o ~ 8 relative loss 
(or gain>; machine accuracy 
Energy Conservation — 10"^ relative 
loss (or gain); machine accuracy 

Convergence — Typical: 2 
iterations/time step. Worst case: 13 
iterations 
Time Step Size — Solution always 
stable. Limited only by accuracy 

COMACS LIMITED 
RESULTS 

FIRST RUNNING VERSION 

The CONACS limited first running ver
sion is comprised of the executive portion 
(upper level segment) of the system which 
controls and integrates the system, a por
tion of the Atmosphere segment and the 
Equation of State segment of the total sys
tem. Testing of the system was success
fully completed in September of 1984 and 
its operability fully verified. Completion 
of the first running version of CONACS was 
a major test of the project methodology. 
Actual coding and testing was not initiated 
until August 1984. The concept is that 
completion of the design at the expense of 
delaying coding is the most beneficial 
approach. This was emphatically born out. 
Coding and testing took approximately 1.5 
months. No redesigns were necessary, no 



data requirements were overlooked and 
static and dynamic testing picked up all 
but one local error. At the time the upper 
or executive level was brought together 
with the atmosphere segment only one error 
was found. This experience was in sharp 
contrast with previous developments where 
essentially the coding marked the beginning 
of efforts. 

First Running Version Demonstration 
Description 

The CONACS first runing version was 
implemented on the VAX 780 at the Hanford 
Engineering Development Laboratory operated 
by Westinghouse Hanford Company, this sec
tion describes what was developed and what 
was run to demonstrate its operability. 

The demonstration case selected for 
the first operating version of CONACS is 
graphically described in Figure 5. It con
sists of three cells: 1) the Reactor Con
tainment Building (RCB), 2) the Reactor 
Cavity (RC), and 3) an Adjacent Cell. Flow 
pathways exist between the cells as shown. 
In addition, leakage to the environment is 
included. The cavity celling and the RCB 
floor share common structures as well as 
the cavity and the adjacent cells walls. 
This configuration exercised all imple
mented features of CONACS. 

The Upper Level segment organizes and 
controls the flow of data Including ini
tialization operations and control the exe
cution of the time dependent solution. 
These functions entail the interfacing with 
the lower segments, e.g.. Atmosphere, 
Structures, etc. These lower segments also 
require internal data control and pro
cedural interfacing. It is these portions 
of the system that have been operated and 
tested using the Upper Level, Atmosphere 
and EOS segments. Again, it should be 
emphasized that the operation did not 
entail the solution of phenomenological 
equations. 

Upper Level Segment 

The operation of this CONACS version 
started with the preparation of a user 
input file, the same as would be done in 
operating a fully developed version. The 
simulated system was then actuated through 
the startup module wherein files were 
opened and assignments unique to the VAX 
system were made. The input routine then 
read the user input data and organized it 
into the proper data structures. Part of 
the input data was called by the initiali
zation routine and converted to that needed 
for the time dependent solution. The other 
part of the input data was passed without 
modification to the time dependent solu
tion. 
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FIG. 5. FIRST RUNNING VERSION TEST CASE 
CONFIGURATIONS. 

The Upper Level segment repeatedly 
commanded the Atmosphere segment to advance 
one time step until the problem time was 
completed. The time step management being 
centralized in the upper level, synchron
ized with COMACS I/O requirements. For 
each time step it passed all the data 
required for the Atmosphere to complete the 
nunerical solution for that time step. In 
this case, the data were ready as control 
was passed to the Atmosphere segment and 
the numerical procedures in the segment 
were executed. This includes both within 
cell solutions and coupled inter-cell solu
tions. When the procedures proceeded to a 
point where they interfaced with the 
phenomena solution modules, phenomena stubs 
(modules) were provided that accepted the 
data from the procedural modules and 
returned data to the interfacing modules 
exactly as if they were actually performing 
computations. Control then flowed back up 
through the Atmosphere segment to the Upper 
level segment. Based on the print 
schedule, the Upper level segment invoked 
the output modules where the data were 
printed in the desired formats. 



Atmosphere Segment 
The atmosphere has been integrated 

such that it fully interfaces with other 
segments (even though all the other seg
ments have not been implemented). This 
means that all the interfaces were designed 
for all the segments (except for the incom
ing source term Interface) such that the 
atmosphere can now be executed by using 
stub interfaces for missing incoming 
values. Furthermore, the interface between 
the atmosphere and the upper level has been 
completed. Internally, as has been 
described, the entire solution procedure 
has been implemented and tested. This 
includes the Internal workings to self 
correct from error conditions, internal 
time step reduction when necessary, master 
control of irreconcilable error conditions, 
convergence testing for cell solutions and 
intercell solutions, solution of a stub 
equation set for the actual cell states, 
coupling of the cell solution to the inter
cell solution and solution of a stub set of 
intercell flow equations. The degree of 
completion is such that direct replacement 
of the stub equations in single or small 
groups of small modules to Implement the 
physical models can now proceed without any 
further changes to the implemented segment 
solution algorithms. A new innovation was 
introduced and tested which updates cell 
states once before, once after total con
vergence of intercell flow states. This 
eliminated the need for repetitive and 
costly cell solutions while the highly non
linear intercell equations are converging. 

First Running Version Output 

Analytical results from COMACS are 
based on stub equations present in the 
atmosphere segment. Publishing these 
results would have the value of demonstrat
ing operability of the system but would be 
of no physical significance. It is pre
ferred, therefore, to focus on the design 
optimization, 

SUMMARY - COMACS APPLICABILITY TO THE LMR 
PROGRAM 

The role that CONACS is playing in 
design optimization is now being demon
strated with the advanced concepts. Both 
the GE PRISM concept and the RI SAFR con
cept are requiring analytical support for 
direct design studies and/or PRA support. 
COMACS is being adapted in support of both 
concepts. This is expected to be completed 
in a timely fashion and meaningful results 
will be available this year. 

For the CONACS system as it stands, a 
COMACS Safety system (COSAFE) is being pro
vided which graphically displays time 
dependent results. The system provides 
visual interactive access to data without 
having to sort through large stacks of 

paper to interpret the results. Placing 
this output capability in the hands of a 
designer goes a long way towards automating 
the design cycle. The COSAFE system has 
been developed through the demonstration 
phase and is available for viewing. 

CONACS offers a credible comprehensive 
simulation system to reduce demands for 
conservative, and often unneeded, designs 
that add considerably to the overall LMR 
cost. This capability will be particularly 
important to the innovative design studies 
presently underway in DOE. Overall, CONACS 
will play a very important role in optimiz
ing the design of an LMR, reducing the 
licensing and construction time and making 
it more economical. The realizable result 
is that construction costs will be reduced 
and licensing and construction time will be 
reduced. 

The results of the prototype tests and 
the first running version tests demonstrate 
the quality assurance being placed on 
CONACS. A most Important characteristic of 
COMACS is that it will be both a comprehen
sive post accident simulation system and a 
credible system. This will come as a 
result of extensive validation. With 
COMACS availability, significant strides in 
optimizing the LMR is made possible. 
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