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Nuclear-power-plant containment
buildings are designed and constructed

!in many different ways but their
function is always the same. They are
to contain any materials harmful to
public health and safety which might be
produced during the operation of the
plant. No matter wnat design parameters
are chosen or what construction
techniques are used, it is possible to
hypothesize an accident scenario which
will produce pressures in excess of the
design pressure. Even though these
scenarios may be of extremely low
probability of occurrence, i.e.
<10~'/year, they nevertheless raise
questions relative to performance beyond
design pressure and especially relative
to ultimate internal pressure capacity
of chese buildings.

Sandia National Laboratories,
Albuquerque, under contract to the U.S.
Nuclear Regulatory Commission is
investigating this performance.
Specifically, Sandia is evaluating the
degree to which existing finite element
computer codes can predict the
structural behavior beyond the elastic
range. The study also is attempting to
discover whether any intrinsic
functional relationship exists relating
leakage to pressure. For example, for a
given class of buildings, do large leaks
necessarily precede catastrophic
failure, perhaps precluding catastrophic
failure? '

While there are almost as many plant
designs as there are plants, three basic
classes nay be studied to represent,
within the objectives of the program,
the entire spectrum. Figure 1
illustrates three typical plants.
Figure la is a steel containment
building (inside a non-pressure-tight
concrete biological shield building)j
Figure lb, a reinforced concrete
building; and Figure lc, a prestressed
concrete building. In either of the
latter types a thinric«) steel
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.membrane is used for pressure
, integrity. It is attached to the
' interior of the structural concrete
: wall. Figure 2 illustrates a simplified
i model of the steel type building; Figure
: 3, the progression of added features in
• a series of models. All these are about
! 1/32 full size. A model at about 1/8
' scale which incorporates several
' additional features is under
j construction; it is shown in Figure 4.
: Following the experiment on the large
steel model a series of experiments on

1 concrete containment models will begin.
While these have not yet been defined in
[ detail, they will be conducted in a
manner similar to that used for the
steel models and will involve at least
one model at about 1/8 scale.

Accident scenarios produce loadings of
! several types but the current phase of
t Sandia's program will concentrate on
j static internal pressure. Later phases
I will consider dynamic pressure and
lateral (earthquake) loads.

Pressure vessels are normally tested
: hydraulically to confirm their
• integrity; however, since this study is
' ultimately concerned with failure and
leakage, it was deemed necessary to
conduct pneumatic tests in order to
adequately model these aspects of the
problem. Since the stored energy in a
pneumatically pressurized vessel can
become quite large (at 1.25 MPa
(gage)2.25m3 of N5 gas is roughly
equivalent to a kilogram of TNT in
explosive potential), the potential

I danger of a test to failure become
' apparent. Host often the simplest
method for avoiding any danger is to
withdraw from the source of it. In this
case Sandia'a safety engineers
calculated that for the 1/32 scale
experiments unprotected personnel 300
meters away would be safe and that a few
appropriately protected personnel would
be safe at 30 meters. Figure 5

g _ QRQRE IS
has been reproduced from the best

-coprttrponrtinaie- nesssm
ability.

ISLBQTBT.it. T»
DtSTRlBtlTlOK OP THIS K M T 18



illustrates the test site with its
safety zones. Optical data is acquired
by theodolite operators stationed in the
armored booths shown as theodolite
shelters. All other personnel must
remain in zone 3 and all other test
functions must be conducted from the
Command Trailer. The 1/8 scale
experiments, of course, require larger
separation distances but all procedures
and equipment are similar except as
noted below.

A number of persons are required to
conduct each test. Figure 6 is the
organizational chart for the positions
which are manned for a test. The Chief
Engineer is in overall charge of the
test. The Data Analyst gathers
electronic data, does the required
computations, and plots or lists that
data requested by the Chief Engineer.
The Test Conductor controls the pressure
in the model and administers the
gathering of the optical data using the
"Coordinate Determination System"
(COS). The Theodolite Operators assist
him in these functions. The Chief
Safety Observer ensures that safe
procedures are used and the Safety
Observer maintains a clear view of the
entire area from a high vantage point in
Zone 3.

Four basic functions are required for
conduct of the test: pressure control,
safety, data handling and quality
assurance. Pressure control requires
that the Chief Engineer be able, from
the Command Trailer, to cause the
increase or decrease of the pressure by
any given amount after seeing the
results of the previous change, to cause
all the valves in the system to be
locked closed for leakage measurements,
to know the pressure system status at
all times, and to diagnose problems with
the system. Safety requires that a
procedure be established to preclude
anyone's being in an exposed position
when the model is not in a stable
condition (a stable condition exists
when the model is at a constant pressure
with no growth occurring) and that
Several ways of remotely reducing the
model pressure be available. Data
handling requires that pressure,
temperature, strain and displacement
data be acquired, stored, corrected and
presented for use by the Chief Engineer
for judgments required during the test.
The stored data is then used for more
extensive presentation for later more
detailed comparisons with analyses after
the test. Quality assurance requires
that all activities, conditions and
anomalies be logged, that all procedures
•be conducted properly and completely.

and that sufficient records exist
afterward to reconstruct and correlate
any necessary information.

The system shown in schematic form in
Figure 7 was designed to conduct all
these functions simultaneously. The
three subsystems described below are
each distributed to some degree among
the command trailer, an unmanned signal
conditioning trailer, the model under
test, the pressure system skid and the
three theodolite shelters. Each
subsystem is described in detail below.
The principal subsystem is required to
simultaneously perform the command
portion of the pressure control
functions, the memory jogging and record
keeping portions of the safety and
quality assurance functions and all the
data handling functions except those
internal to the CDS. The following
paragraphs briefly describe these
functions.

The central computer is operated in a
timesharing mode with program priority
assignments. The two terminals labeled
"Test Conductor" and "Data Analyst" in
Figure 8 are fully interactive and each
has a specific function. All the
command and control functions are
conducted by the Test Conductor through
his terminal. He orders pressure
changes as needed after answering a
specific set of questions designed to
ensure that all safety procedures are
being rigorously followed and that
appropriate data is collected prior to
proceeding. The Data Analyst runs the
programs required to acquire the
appropriate level of data, as discussed
below; generates the plots and listings
required by the Chief Engineer to assess
the current condition of the experiment;
and ensures that data is stored in a
retrievable fashion for post-test
analysis. He does this through use of
the terminal's soft keys, selecting from
a set of predetermined menus for the
types of plots, listings and sorts
available. Some of these are discussed
below. The Chief Safety Observer has a
printer which enables him to monitor and
verify each step as the Test Conductor
keys it in since this printer echoes all
entries from that terminal. This serves
to construct the major part of the
quality assurance log at the same time.

A limited set of instructions was
defined to permit the central computer
to issue the appropriate commands to the

' pressure controller and to receive its
! responses. The pressure control system
;was developed for Sandia by EGtG Inc.,
Kirtland Operations. The major
•requirements which determined the design



were that a pressure increase (step) be
accomplished within 15 seconds after the
command was issued, that no overshoot of
the target set point occur, that the
system operate within the hazard area
without attention during the entire
experiment, that the pressure be held
constant within very close tolerances -
between steps, and that positive control
should always be available to the Test
Conductor from outside the hazard zone.

Figure 9 illustrates the pressure system
in simplified schematic form with most
valves not shown. The controller
receives instructions from the command
computer to prepare for a pressure
step. The controller then calculates
the appropriate pressure and temperature
condition for the intermediate storage
vessel (ISV) so that when the dump valve
is opened the two vessels will equalize
at the desired pressure, it then causes
the ISV to be charged to that
condition. If the reservoir content is
marginal based on its pressure the
controller informs the Test Conductor
via the central computer, in a similar
way it notifies the Test Conductor when
the ISV is charged, upon receipt of a
dump command it opens the large valve to
the Test Vessel. When the Test Vessel
pressure approaches the set point,
within the specified tolerance, the
large valve is closed and the controller
acts as a normal set point controller to
hold the pressure constant. It also
holds temperature constant by
controlling a heater within the Test
Vessel.

It is necessary to maintain rather tight
tolerance on the pressure, about *0.25
psi and to estimate the volume of the
test vessel rather accurately. Since
the volume increases by as much as 90%
during the test the inability to satisfy
the latter requirement causes the actual
pressure reached in a dump to differ by
two or three psi from the requested
pressure. In order to avoid overshoot,
it is necessary to consistently
underestimate the volume and correct
with the trim control. A future
ennancement will add an improved volume
estimate.

Since the controller is separated by 300
to 600 meters from the central computer,
it was necessary to use modems for
reliable communications. Some effort
was required to find the right protocol
but reliable communications have been
established.

The Coordinate Determination System
(Figure 10) is a commercial system which
uses two digital theodolites aimed at

- '. the same point to find the coordinates
' of the point by triangulation.
Calculations are done in the CDS
computer. After a point is moved by
deformation of the vessel its

| displacement is available from the new
• j coordinates minus the original ones.
. The system was chosen largely for its
j advantages when the displacements become

t i very large, up to 60 cm in some cases.

Since CDS data is acquired by an
operator's visually aligning his

! theodolite on a target, acquisition is
rather slow. About a half hour or so of
constant conditions is required for a
set of CDS data to be acquired. Once

' the CDS data is acquired and formated by
| the CDS computer, it is transferred to
the central computer where an

) appropriate rotation of coordinates
: permits it to be stored for use in
| calculating displacements.

I The CDS computer and the central
: computer are connected by an IEEE488
bus. The coordinates of points are

' transferred from the CDS computer to the
' central computer in blocks of ten to one
: hundred points. Evaluation of success
in the use of the CDS for this purpose

' is still underway. It is expected that
j that evaluation may form the basis for a
• later paper.

Four distinct levels of data acquisition
i are available for different purposes
during an experiment. Table I briefly

; describes the levels. While in the
' constant pressure phase following a step

; | increase the principal data for the
j : experiment is taken. It consists of a
1' set of readings from each transducer
1 (strain gage, LVDT, pressure and
; temperature), the current coordinates of
each CDS target, and a set of

' photographs for post-test measurements.
; The system as currently configured will
> accept 256 channels of transducer data
If and 300 CDS points. The strain gage
readings are corrected for lead-wire
resistance, temperature induced apparent
strain, and cross-axis sensitivity.
Then the principal strains are
calculated. Both the CDS and LVDT
readings are converted to
displacements. This constitutes Level I
data. It is taken after each pressure
step unless the Chief Engineer decides
to eliminate the CDS data at a given
pressure. Be nay do this purely in the
interests of time since the transducer
scan is of much shorter duration. When
the CDS data is not taken the data is of
Level XI.



TABLE I

Data Levels

Level Contains
, (channels)

Purpose

I Electronic
(256 max)
Optical (COS)
(300 max)

II Electronic
(256 max)

III Electronic
(10 max)
(pressure,
strain* dis-
placement)

IV Electronic
(15 max)
(pressurer
temperature)

Full data set at a
given pressure

Reduced data set
to save time

Evaluate stabili-
zation of model
after a pressure
step is applied

Inferrence of
leakage during
"constant"
pressure

After either a Level I or Level II data
set is taken a number of presentation
options are available upon soft key
request. Plots of individual transducer
outputs against pressure (Figure 11) are
available. Also available are listings
of current values of principal strain at
each rosette, deformed shape plots and
several other presentations. Under
development is a volume estimate
algorithm which uses a spline to
describe the deformed vessel and
integrates analytically to obtain the
volume. This information is needed in
the accurate assessment of leakage.

Before either Level I or Level II data
is taken the Chief Engineer must ensure
that the system has stabilized. For
this purpose a different level of data
is taken. A set of -representative
transducers, say two strain gages, two
LVDT's and a pressure transducer, are
scanned repeatedly during the
application of a pressure step, plotted
and listed in "real time" against time.
This is called Level III data. The data
are plotted without corrective
calculations, only being converted to
engineering units. The relative plot
thus produced (Figure 12) permits the
Chief Engineer to judge when the system
is sufficiently stable for Level I or II
data to be taken. Since the test vessel
is of a very ductile steel it may
require several minutes of plastic creep
to reach equilibrium at a given pressure
as it approaches failure.

The later models in the series will have
features capable of leakage without
-catastrophic failure. An attempt will

be made to determine the character of
the functional relationship between leak
rate and pressure, at least in a rough
way. This requires a different kind of
data, called Level IV. Since very small
leaks are being sought this data (which
consists of pressure and temperature
readings only) must be taken for several
hours at each pressure for which a point
oh the leak rate vs. pressure curve is
sought. This is done with all valves
closed, i.e. in a "constant mass"
configuration. Pressures and
temperatures are taken at specified
intervals, say every five or fifteen
minutes, and the leak rate is calculated
using the methods of ANSI/ANS-56.8-
1981, corrected for the current best
estimate of the volume. A number of
periods devoted to gathering Level IV
data are expected to cause some
experiments to last more than a week.
The leak rate vs. time will be plotted
during these periods. At the time of
this writing no leak rate tests had been
conducted.

The system described has proved to work
well in the tests completed to date. It

| is continually being modified in minor
: ways as the series progresses toward the
j more complex, later tests. Some
parameters within the pressure system
will be changed but the system is
expected to be used without major change
for the entire series. Figure 13
illustrates the first model tested at
the step just prior to the one at which
failure occurred. Failure occurred
before stabilization, without warning
about two minutes after the pressure
step had been applied. The violence of
the failure fully justified all the
previous efforts to build safety into
the system. Some of the more valuable,
unusual aspects of this system were its
memory jogging to preclude overlooking
any safety procedures and its ability to
display the current best information
relative to model response.

More details on the Containment
Integrity Program will appear in the
Proceedings of the Structural Mechanics
in Reactor Technology Symposium to be

• held in Chicago from August 22 through
i August 26, 1983
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Figure 2. 1/32 Scale Steel Model
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Figure 13. 1/32 Scale Steel Model
(One step before failure)


