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ABSTRACT

Canisters containing Three Mile Island (THI) spent fuel
and debris are being stored in a storage pool at= the Idaho

National Engineering Laboratory (INEL). In order to store

these canisters in dry storage casks, a system is beln&
deslgned to remove entrained water from the caniecers. The

conceptual design for this drying process was evaluated in .............. " P'"[

respecttotheoccurrenceofanuclear_r_tlcali_.me " ' ,-,I_I"\,'"_ (_,'_0,>-"
failure of chs components. Also, human interfaces with chs _'_),_I,L.)',._

equipment were assessed. The integration of these two .%(_(_, facetsre_ul,dina.odeL_hat'_asq_,_nt_fled_ocalculate _0_ 0 _
the occurrence frequency of a nuclear crib.Joel!oy. Changes
to design, administrative guidelines, and procedures were

recommended so tha_ an acceptable _evel of risk based on

nuclear criclcality occurrence frequency could be achieved.

INTRODUCTION

After the Three Mile Island (THe) accldenc, the Idaho National

Englneerlng Laboratory (INEL) was contracted _o store THI spent fuel and

debris collected during clean-up activities. The THf debris was packaged in i

speclally-designed canisters containing various neu{:ron absorbing materials. _i
The maximum activity loading for a canister is approxlmately 45,000 Ci, pro- 'i

during & maximum radiation field of approximately I,.500 R/ht at I cre. _i
Regardless of moderator material, individual canlst(Irs are considered criti-

callCy saf_ under worse-case credible conditions due to _helr Internal .
strut tUTe -

The TNI canisters, filled at TMI, were loaded :Lh a special shipping

_ cask that holds seven canisters and pe_idocially shipped by rail to the
INEL. They were remotely removed from cha shJppin_ cask in cha Test Area

Nor_.b (TAN) Hoc Shop and placed in spocia_ly-daal_x_d storage modules in chs
TAN Storage Pool. The modules are a sL%-pack _i_a,. fab_l_aC_ of stain-
less steel. Each of the elk comparmenCs are surrounded by removable strips
of polyethylene, each of which is externally clad wt_ _oZ_lex poison. The

_ poison prevents criticality in chs event of & pa,_l-dzai_ aooid_nC.

: Development of dry casks for lens-Corm st:olca_e o_ _ spanC fu_l and

debris w_s recently initiated. From a cost beuefl_ _Xsp_tlsm, r.he con-
. . csptual _si_, [I] for the Ions-cerro sco%a&e cuk_ u, e4adL co evaluate safety

. implications of scorins T_I c_niscers wtr.b@uc in_r.Sllin_,n_u_on poison
spacers between them. Nuclear physics calculaCioue indicate chat:, without
chs spacers, a cricicalLty concern exists if more t'hau one canister con.

taininS stgni_'icanca_ouncsof encralnsd water is placed in a storage cask. L

Therefore, it is essential Co design a relisbl,t _In_ pl:ocess,

a. Work supported by the U.S. Department of [ner&y under DOE Contract
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The canisters will be purged of water, using pressurized nicrogen while

t '_ they are stitl in the TAN Storage Pool. However, the chance that unaccep-
table amounts of water will remain in them is not completely precluded. 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 thac
combined human reliability analysts (HRA) and probabilistic risk assessment
(PRA) techniques to evaluate the design and make recommendations chat would
ensure an acceptably low probability of criclcali_,yfrequencyduring oper-
acion,a This information was used _o assist in the finallz_clon of the

d_sign criCer£a and formulation of administrative procedures and controls
for the drying process, This info_macion was used co assist in the fi_al-
ization of the design crlceria and formulation of adminiscraCive procedures
and controls fo'rthe drying process.

ANALYSIS AND APPROACH

When the risk analysis was initiated, the drying process was still in
the conceptual design stage and hardware configurac£ons had not been
established Likewlse, procedures and adminlscracive controls had not been
formulated. Thus, the objectives of the analysis were to (a) determlne an _
acceptable goal for the pocencial crltlcallcy occurrence frequency
associated with the operation of placing THf canisters into dry storage;
(b) identify hardware failures and human acClor.scha_ could result in an
unacceptable level of risk based on potential crlclcallcy frequency',and

: (c) decermine hardware and procedural requirements _hat would ensure safe

=

Dt-yin_ Process De_!Ocigrl

The first step of _.heanalysis was _o review and evaluate the proposed

dry'Ingsystem. The drying process required tha_ the canisters be moved Erom _i,
the TAN S_orage Pool and placed in'_oa drying system. A simplified drawing ;!
of the system is shown in Figure I_. To dry the THI canisters, nitrogen gas d_
will be circulated through the canlsters. The nitrogen enters at 16 co

_. 18"ps£a and 250 to 270°F. The _ex£tlng nitrogen will be a nitrogen/water i ,
vapor mlx_ure at:5 _o 7 psla and variab1_e _emperatures. A 1_1quldrlng pump ,,,
increases the pressure t:o about 20 psla. A condenser lowers the uempera_ure .'

of the @Z'o_'ss flow co 80°F. Upon en_erlng a 1_owpressure nitrogen tank,
the bulk water w£1l be separated from the n_rogen gas sr.rea_. Hygrometers
are used to determine when the canlsc®rs' conte._s are "dry," When the
hygrometers indicate that _he exiting air has a dew point of 80°F or less,
shutdown procedures are initiated.

The dryln_ system can accommodate four canlsCers si_Itaneoualy. Once

the canlscers are veri£1ed dry, ch_y are removed £rom r.he dryer and placed
in a long-term storage cask. The cask hold_ seven canisters; therefore, cao
drylng cycles are necessary for loading one a_orage cask.

The cask-drytn$ mission was defined functionally by ttslns a goal tree : i
approach. The goal tree is illustrated _n Figure 2. Since the desired
change _n the design was to store fue_ canisters without the coa_:ly neutron
absorbing materials, Lt was necessary to Ldantt_y operational method_ ..
whereby a comblna_on of equlpmenC and/or operator failures veuld r_t result
irt _o or more canisters being p_aced in storage without being comp_etel.v :
dried. Safe operation requires that:ali canls_ers be thoroughly dried and
thac no canls_ers bypa,_s _he dryln_ process. ' _

_

= a. The work documented in this paper ras performed for the THI Dry Cask _
Development Project at the idaho Nat_onal En_Ineerlng Laboratory.
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Integrated Risk A__sessment Approach

t
Because the drying process was still in the conceptual design stage,

the methodology used for this analysis had co be flexible to accommodate
future changes in design requirements. The systems •nalysls was conducted
co determine the hardware and Instrumentation required to •chieve 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 failures was

developed, it became apparent that many of the failure modes could also be
achieved by opera,or error. For example, a control instrument could fall in

such a mode that an opera,or, 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 f_nctlon correctly, bu_
an operator error (misreading an instrument or reading the wrong instrument)

could result in the same failure of placing a canister With entrained watwr

in storage. Therefore, operator erroM was Incorporated into the model.

Especially important in the analysis of operator errors is the quality
of the htunan-machlne interface and the use of adminlstr•tlve controls. In

this instance, "quality" refers to how well _he equipment and procedures f
actually support _he human in successfully compleclng the tasks. The

operators' key interfaces with process control systems •re through the

equlpmenc used co control the process and through the procedures they follow

in conductlng ope_:atlons. A number of safety features (e.g., interlocks,
annunciators) were proposed for the process. However, they will ultimately

all be •dminls_ratively controlled. ;-! _ _'_ _* _:

Thus, it was not sufficient co merely model a safe_y device as prevent-

_ ing unintention,_l early removal of • canister because i_ was possible for an

operator, believing that the canister was dry, to merely de•ctivate the

safety device. A careful consideration of the number and types of admlnls- _!_
trativQ controls, •s well as requirements for the quality of the human. :I

machine interface, had to be performed. This would ensure that no single i]'_
failure or simple, common mode failure could inadvertently bypass the

intended safety features of the drying system.
f,

Fault =rea analysis (FTA) was selected as an appropriate approach _o

provtde-qu_ntltative assessments of si_niflcant failures. Faul_ _ree models

identify fault loglc and basic (faulted) events that £ndlv_duaily, or taken

in combln•tion, could lead to the occurrence of water being present in two
_ of the seven canisters in • cask. Zt was assumed that en_ralned water in

_o canisters constituted a critical conf£extra_ion. Therefore, the top
even_ was defined as "water en_rainment in _o THf canisters stored in the
same cask. "

Following construction of the fault tree, a functional analysis o_ the

system was conducted to determine ways personnel actions could clrcumvent a

successful dryln_ process. Once these crlclcal human actions were

_dentlfled, fault _quences were formalar.ed _o disclose _h the logical

relationships between the tasks and the rays human errors could propagate

through the _ault tree to challense higher level safety soals. HRA was
performed to assign error races to r.hese Ld_nt/_ied accUrAcies.

The HRA was paired wi_h _he systems analysis fault trees _o provide an

integrated analysis of the sources of risk tha_: could challenge _he safety
of the dryin_ process. This step was necessary to ensure tha_ all stgni[L-

cant requirements identified by the goal tree were accounted for in the risk
, assessment and also _o ensure tha_ the human con_ributiou to hardware

failure or bypassing control systems were considered.
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After quantifying the risk model, dominant sets of events were analyzed
to determine any remedial actions or necessary redundancies that by £nclud-

ing in the design or operational requlremen=s would reduce the level of risk
to an acceptable value. Independent verification by a second operator,

procedures with check-offs and s£gn-offs, Job performance aids for perform-
ing minor calculations, etc. were recommended as measures thac cOUld reduce

the possibility of a single operator error leading to the 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 chs drying system.

The analysis results indicated that, by Implementlng =he operaclonal
and hardware improvements, the potential crltlcal'iCy frequency for a drying

campaign was less than _.0E-5 for a 60-cask storage campaIEn. This was

judged to be acceptable; and desIEn and ImplemenCatlon could proceed wlthcnat
undue risk.

BENEFITS AND INSIGHTS

Often ri_k analyses are conducted after a process and/or sysaem has

been designed and con q_ruc_ed. Therefore, reco|,_nendatlons resulting from

the PRA analysis are ve_y cosr.ly because once built, i_ ts cosc-prohlb/tive

to upgrade secclons of a system to achieve an acceptable level of risk thac
should have been defined ac _he outset of the project. The design philoso-

phy of "make lc so it can't happen" can be an expensive one. Defining an

acceptable level of risk and designing a commensuratQ system or procoss
achieves the maximum cost benefit.

This project illustrates that a large benefit can result by involving
risk assessment analysts during the conceptual stages of desIEn. The cost

ben_flt 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

absorblng ua=erlal in =he storage casks.

Ales, _erforming an integrated analysis involving both hardware and

human rerli_d_ility is very beneficial. Vet 7 gev process conurol systems
operate without the assistance of people who calibrate, uainca|.n, start

up, run, and shut down these very expensive systems. The occasional

hardware failure is easy to understand and is expected. L,hmp,an errors, on
the o_her hand, happen in many dlfferent ways and for _any differen_

reasons. 'The Integratlon of a human reliability and systess analysis was au

essential elemen_ in providing an accurate and complete disclosure of system
failures.

Results from the risk analysis Identified the sources og failuzes

and the mechanisms (or even_ sequences) that could challenge mission
success. Based on _he results, ana].ysCs were able _o wo_k with designers

_o provide operational safeCy requirements (O$lb_) baaed upon au _dencified
risk profile Co ensure safe operation og the drytn& system. Developed in
this way, the OSRs provide a basis [or en_tn_ thac £aulc seqtmnces

identified are addressed by admintscraclve controls prior co operaClon of
_he facilicy.
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