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APPLICATION oF PROBABILIS[IC RISK ASSESSMENT TECHNIQUES DURING DESIGN PHASE
FOR DRY STORAGE CASKS?

.B. P. HALLBERT, D. G. SATTERWHITE, AND B, M. MEALE

Idaho National Engineering Laboratory, EG&G Idaho, Inc., P.O. Box 1625,
Idaho Falls, ID 83415

ABSTRACT

Canisters containing Threa Mile Island (TMI) spent fuel
and debris are being stored in a storage pool at the Idaho
National Engineering Laboratory (INEL). In order to store
thesa canisters in dry storage casks, a system is being
designed to remove entrained water from tha canisters.  The ‘ -

respect to the occurrence of a nuclear criticality. The

system design was evaluated to address the mechanical f},
failure of the components. Also, human interfaces with tha IS 1A
equipment were assessed. The integration of these two - ,vyga
facets resulted in a model that was quantified to calculate NOV 0 D!

the occurrence frequency of a nuclear criticality. Changes
to design, administrative guidelines, and procedures wers
recommended so that an acceptable level of risk based on
nuclear criticality cccurrence frequency could be achieved.

conceptual design for this drying process was evaluated {n ... " { o
: (\\

INTRODUCTION

After the Three Mile Island (IMI) accident, the Idaho National
Engineering Laboratory (INEL) was contracted to store TMI spent fuel and
debris collected during clean-up activities, The TMI deabris was packaged in
specially-designed canisters containing various neutron abzorbing materials.
The maximum activity loading for a canister is approximately 45,000 C{, pro-
ducing & maximum radiation field of approximatsly 1,500 R/hr at 1 cm.
Regardless of moderator material, individusl canistors are considared criti-
calicy safe_under worst-case credible conditions due to their intermal
structure.”

The TMI canisters, filled at TMI, were loaded in a special shipping
cask that holds seven canisters and paridocially shipped by rail to the
INEL. They were remotely removed from the shipping cask in the Test Area

_North (TAN) Hot Shop and placed in specially-designad storage modules in the

TAN Storage Pool. The modules ares a six-pack design, fabricated of stain-

. lass steel. Each of ths sik compartments are surrounded by removable sctrips
_of polyethylens, each of which {s externally clad with Boraflex polson. The

polson prevents criticality in the evant of a pool-draining accident.

Development of dry casks for long-term storage of NI ipnne fual and

:debria vas recently initiated. From a coat benefit perspective, the con-
.ceptual design (1] for the long-term storage caska nseded to avaluate safety
. implications of storing TMI canisters vithout installing neutron poison

spacers between them. Nuclear physics calculations indicate that, without
the spacers, a criticality concern exists {f more than one csnister con-
taining significanc amounts of entrained wacer is placed in & storage cask.
Therefors, it is essential to design a roliablie drying process.

a, Work supported by the U.S. Department of Energy under DOE Contract

No. DE-ACN7-761D01570.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commiercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof.
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The canisters will be purged of water, using pressurized nitrogen while

'+ they are still in the TAN Storage Pool. However, the chance that unaccep-

table amounts of water will remain in them is not completely precludad. The
process must ensure that canisters are "dry" before they are placed in the
cask. This paper presents the methodology and results of an analysis that
combined human reliability analysis (HRA) and probabilistic risk assessment
(PRA) tachniques to evaluate the design and make recommendations that would
ensure an acceptably low probability of criticality frequency during oper-
atior.® This information was used to assist i{n the finalization of the
design criteria and formulation of administrative procedures and controls
for the drying process. This information was used to assist {n the final-
ization of the design criteria and formulation of administrative procedures
and controls for the drying process.

ANALYSIS AND APPROACH

-

When the risk analysis was initiated, the drying process was still {n
the conceptual design stage and hardware configurations had not been
established.” Likewise, procedures and administrative controls had not been
formulatad. Thus, the vbjectives of the analysis were to (a) determine an
acceptable goal for the potential criticality occurrence frequency
associated with the operation of placing TMI canisters fnto dry storage;
(b) identify hardware failures and human actiors that could result in an
unacceptable level of risk based on potential cricicality frequency; and
(¢) determine hardware and procedural requirements that would ensure safe
operations.

oce e ipt

The first step of rhe analysis was to review and evaluate the proposed
drying system. The drying process required that the canisters be moved from
the TAN Storage Pool and placed into a drying system, A simplified drawing
of the system is shown in Figure 1. To dry the TMI canisters, nitrogen gas
will be circulated through the canisters. The nitrogen enters at 16 to
18 pala and 250 to 270°F. The exiting nitrogen will be a nitrogen/water
vapor mixture at 3 to 7 psia and variable temperatures. A liquid ring pump
{ncreasses the pressure to about 20 psia. A condensar lowers the temperature
of the proe¥iss flow to 80°F. Upon entering a low pressure nitrogen tank,
the bulk water will be separated from the nitrogen gas stream. Hygrometers
are used to determine when the canistsrs’ contents are "dry."” When the
hygrometars indicate that the axicting air has a dew point of 80°F or less,
shutdown procedurss are initiated.

The drying system can accommodato four canisters simultaneously. Ouce
the canisters are verified dry, theuy are removed from the dryer and placed
in & long-term storags cask, The cask holds seven canisters; therefore, two
drying cycles are necessary for loading ona atorags cask,

The cask-drying mission was defined functionally by using a goal tree
approach, The goal trea {s illustrated in Figure 2. Since the desired
change in the design was to store fuel canisters without the costly neutron
absorbing materials, it was nscessary to identify operational methods
wvhereby a combination of equipment and/or cparator failures would not result
in two or more canisters being placed in storage without being complately
dried. Safe operation requires that all canisters be thoroughly dried and
that no canisters bypass the drying process.

a. The work documented in thls paper was performed for the TMI Dry Cask
Development Project at the Idaho National Enginearing laboratory.
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~ Because the drying process was still in the conceptual design stage,
the methodology used for this analysis had to be flexible to accommodate
future changes in design requirements, . The systems analysis was conducted
to determine the hardware and instrumentation raquired to achisve the
proposed mission. For every element on the goal tree, the systems analyst
postulated failure modes for the equipment, instrumentation, and support
systems, Although a satisfactory definition of equipment failuras was
developed, it became apparent that many of the fallure mcdes could also be
achieved by operator error, For example, a control instrument could faf{l in -
such a mode that an operator would (incorrectly) assume that the drying .
process was complete and that the canister's contents were dry. On the
other hand, the control instrument could perform its function correctly, but
an operator error (misreading an instrument or reading the wrong instrumerit)
could result in the same failure of placing a canister with entrained water .
in storage. Therefore, operator error was incorporated into the model,

Especially important in the analysis of operator errors is the quality
of the human-machine i{nterface and the use of administrative controls. In
this instance, “quality" refers to how well the equipment and procedures
actually support the human in successfully completing the tasks., The
operators’ key interfaces with process control systems are through the
equipment used to control the process and through the procedures they follow
in conducting opeirations. A number of safety features (e.g., interlocks,
annunciators) were proposed for the process. However, they will ultimately
all be administratively controlled. ‘

Thus, it was not suffic¢ient to merely model a safety device as prevent-
ing unintentional early removal of a canister because it was possible for an
operator, believing that the canister was dry, to merely deactivate the
safety device. A careful consideration of the number and types of adminis-
trative controls, as well as requirements for the quality of tha human-
machine interface, had to be performed. This would ensure that no single
failure or simple, common moda failure could inadvertently bypass the
intended safety features of the drying system. '

Fault_tree analysis (FTA) was selected as an appropriate approach to
provide quantitative assessments of significant failures. Fault tree models
identify fault logic and basic (faulted) avents that individually, or taken
‘in combination, could lead to the occurrence of water being present in two
of the seven canlisters in a cask, It was assumed that entrained water in
. two canisters constituted a critical configuration. Therafors, the top
. event was defined as "water entrainment in two TMI canisters stored in the
same cask."” . : h

Following construction of the fault tree, a functional snalysis of the
system was conducted to determine ways personnel actions could circumvent a
. succassiul drying process, Once these criticsl human acticns were
identified, fault saquences ware formulated to disclose both thae logical
relationships between the tasks and the ways human errors could propagate
. through the fault tres to challenge higher lovel safety goals. HRA vas
. performed to assign error rates to these fdentifiad activicies. -

The HRA was paired with the systems analysis fault trees to provide an
integrated analysis of the sources of risk that could challengs the safety
of the drying process. This step was necessery to ensura that all signifi-
cant requirements identified by the goal tree waere accounted for in the risk
assessment and also to ensure that the human contribution to hardware
failure or bypassing control systems were considered.



After quantifying the risk model, dominant sets of events were analyzed
to datermine any remedial actions or nscessary redundancies that by includ-
ing in the design or operational requirements would reduce the level of risk
to an acceptable value. Independent verification by a second operator,
procedures with check-offs and sign-offs, job performance aids for perform-
ing minor calculations, etc. were recommended as measures that could reduce
the possibility of a single operator error leading to tlie removal of a -
potentially wet canister from the drying process. A redundant train of
hygrometers, strategic placement of check valves, and highly reliable data

" buses for the automated control systems were also recommended to. enhance the

reliability of hardware in the drying system.

Th§ analysis results indicated that, by lmplementing the operational
and hardware improvements, the potsntial criticallty frequency for a drying
campaign was less than 4.0E-5 for a 60-cask atoraga campaign. This was.

.judged to be acceptable; and design and {mplementation could proceed withaut

undue risk,

BENEFITS AND INSIGHTS

Often risk analyses are conducted after a process and/or systea has
been designed and constructed, Therefore, recommendations resulting from
the PRA analysis are very costly because once builc, it is cost-prohibitive

_to upgrade sections of a system to achieve an acceptable level of risk thac

should have been defined at the outser of the project., The design philoso-
phy of "make it so it can't happen” can ba an expensive ona. Defining an
dcceptable level of risk and designing a commensurate system or procass
achieves the maximum cost benefit.

This project fllustrates that a large benefit can result by involving

"risk assessment analysts during the conceptual stages of design. The cost

benufit realized from the performance of the analysis during the design
phase was approximately $2 million because the analysis determined that an
acceptably low level of risk could be achieved without installing neutron
absorbing material in the storage casks.

Alsa, psrforming an integrated analysis involving both hardwars and
human reliability is very beneficlal, Very few proceas control systems
operate without the assistance of people who callibrate, maintain, start
up, run, and shut down these very expensive systems. The occasional

hardware failure is easy to understand and is oxpected. Human arrors, on
. the other hand, happen in many different ways and for many different

reasons. The integration of a human reliability and systems analysis was an
essential element in providing an accurate and complete disclosure of system
failures. ‘

Results from the risk analysis tdentified the sources of faillures
and the mechaniszs (or avent sequences) that could chellenge nission
success. Based on the results, analysts were able to work with designers
to provide operational safety requirements (OSRa) based upon an identified
risk profile to ensure safe operacion of the drying system. Daveloped in
this vay, the OSQs provide a basis for ansuring that fault sequences
{dentified are addressed by adainistrative controls prior to cperation of
the facility.

REFERENCES

1. A. J. Palmer ltr to Distribution, Call for Conceptua) Design Review,
AJP-01-89, March 15, 1989.

_—_ .










