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, THE USE OF PRA IN THE MANAGEMENT OF

SAFETY ISSUES AT THE HIGH FLUX ISOTOPE REAC'I'OR*

G. F. Flanagan

Research Reactors Division

Oak Ridge National Laboratory
P. O. Box 2008

Oak Ridge, Tennessee 37831

AtkSWRAC'I" In late 1986, a special internal post-Chernobyl review
of HFIR discovered unexpected neutron embrittlement of

The High Flux Isotope Reactor (HFIR) is a high the reactor vessel. As a result of the discoveryl the reactor
performance isotope production and research reactor which was shutdown in November 1986. The Department of
has been in operation at Oak Ridge National Laboratory Energy (DOE) and ORNL began an extensive review of
(ORNL) since 1965. In late 1986 the reactor was shut the reactor design, safety, operation, maintenance, and
down as a result of discovery, of unexpected neutron management. Over twenty reviews of various depths have
embrittlement of the reactor vessel, been conducted to date by DOE, ORNL, and independent

oversite groups such as the National Academy of
In January 0f 1988, a level 1 Probabilistic Risk Assessment Science/National Research Council and the Advisory
(PRA) (excluding external events.) was published as part of Committee on Nuclear Facility Safety.
the .response to the many reviews that followed the

shutdown and for use by ORNL to prioritize action items Partly as a result of this review process, a
intended to upgrade the safety of t.he reactor. A con- Probabilistic Risk Assessment (PRA) _ of HFIR was
servative estimate of the core damage t'requenW initiated completed for internal initiated events in January 1988.
by internal events for HFIR was 3.11 x lfr4, In June 1989 This was the first PRA on a large research reactor in the
a draft external events initiated PRA was published. The United States. The PRA evaluation of external events was

dominant contributions from external events came from completed in draft form in June 1989. The approach used
seismic, wind, and fires. The overall external event on the HFIR PRA, the results and the use of the PRA in

contribution to core damage frequency, is about 138% of the management of safety issues will be presented in thisthe internal event initiated contribution and is dominated
by wind initiators, paper.

HIGH FLUX ISOTOPE REACq'OR DF__SIGN
The PRA has provided a basis t'or the management of a

wide range of safety and operation issues at the HFIR. The HFIR is an 85-MW flux trap reactor. A sche-
matic of the reactor is contained in Fig. 1. lt is water

INTRODUCTION cooled and beryllium moderated, lt operates at 3.23.MPa
(468-psi) pressure with an inlet temperature of 322 K

The High Flux Isotope Reactor (ttFIR) is a high (120°F) and outlet temperature of 343 K (158°F). The
performance isotope production and research reactor which peak. thermal flux in the flux trap is 5 x 10_sn/cm"-s, which
has been in opt:ration at the Oak Ridge National Labora- makes the HFIR the highest thermal ilux reactor in the

tory (ORNL) since 1965. Its main missions are the world. The core of the reactor is small [0.44-m (17 1/2-in.)
production of transuranic and cobalt isotopes, materials diam, 0.61 m (24 in.) in height] with a 0.12-m (5-in.)-diam
irradiation research, and neutron scattering research, target hole through its center, The core contains about

9.6 kg of highly enriched (93 percent) Uz3s,arranged in two
concentric cylindrical elements. The inner element

contains 171 involuted plates and the outer 369 inw_luted
plates. The core is made up of a U,_O_/AImixture clad in

- aluminum. The core is replaced every 24 days. The Be
moderator surrounds the core and is about 0.304 na (1 l't)
thick. Control is achieved by four safety plates arranged

*Thesubmittedmanuscripthas beenauthoredby a contractorof the in a cylinder around a solid control cylinder. The outertLs, Governmentunder contract DE-AC05-84()R214(10. Accordingly,
the U.S. Governmentretains a nonexclusive,royalty.freelicense to cylinder is raised and the inner lowered to increase
publish or reproducethe published form of this contribution,or allow reactivity and keep a symmetric flux profile. These control
others to do m, for U.S. Gcwernment purposes, cylinders are sandwiched between the core and the Be

I reflector and are composed of Eu:O,, and Ta.
" rl " II1 ,Inr



Fig. 1. Vertical Section of HFIR Reactor Vc,_seland Core
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The reactor core is contained in an 2.43-m (8-ft)- 5. Consideration should be given to accidents which
diam pressure vessel that is about 5.79 m (19 ft) high. The have occurred at other research reactors when

pressure vessel is located near the bottom of a large pool exploring initiating events.

[1!).9 m (36 ft) deep and about 5.48 m (.18 ft) across)] ¢3. Results should be expressed in such a way as to
containing 386.4 m (85,000 gal) of water, facilitate case in calculation of off-site con-

sequences.
The 3,23-MPa (,468-psi)pressure is maintained by

compressing the primary system water using a pressurizer 7. Models should be fluid (easily modified as the
pump in combination v ith a system of letdown valves. The desigh changes) in order to make the assessment a
['low [7 x !0%J/s (16,0(X) gal/min)] is achieved by three out "living PRA".

of four AC motor-driven primary pumps and it is The internal initiating events were selected by
downward through the core and target regions. Decay applying the following six steps: (1) examine the 20 years
heat is removed using a small DC motor to drive the of operating history and the quarterly technical reports,
primary pumps. The power to the DC motor is supplied (2) review the HFIR Accident Analysis Report, 3 (3) review
using a dedicated battery power supply or by using off.site the HFIR design, drawings, and operational procedures,
power, on-site diesel generators, or portable diesel (4) old discussions with the original HFIR design team,
generators (AEPGs) connected to inverters. (5) extensively review the incidents at other 'research

reactors and applicable commercial nuclear power reactor
A schematic of the HFIR process tiow system is experience, and (6) create a master logic diagram (MLD)

included in Fig. 2, and a schematic of the electrical power which generally examines how the HFIR core could be
distribution system is included in Fig. 3. damaged.

The reactor is contained in a large reactor building In order to facilitate source term determination and

39.0 x 48.8 x 33.5 m (,,128x 1(_ x I10 ft), which is subsequent off-site consequence analysis, the results of the
maintained at a slight vacuum. Exhaust fans continuously HFIR PRA were expressed in terms of plant damage
pull air from the building through a series of filters and slates. The plant damage state matrix is shown ira Fig. 4.
exhaust up a 76.2-m (250-ft) stack. The building, filters, Tlm matrix categorizes the end state of an event tree Its
fans and stack act as a dynamic confinement in the event to (1) the extent of the damage, (2) whether the primary
of an accident, system is intact following the accident, {,3) in case of a loss

of coolant accident (LOCA), whether the break is inside
The reactor was built in 1965 to Uniform Building or outside the reactor pool (which provides fission product

Code Seismic Standards resulting in a seismic design scrubbing), and (4)whether power is available to one, two
acceleration of about 0.08 g; The primary coohmt system or ali three exhaust fans.
was upgraded in 1987 to enable it to withstand 0.15 g,

which is the sate shutdown earthquake for the HFIR. The results er the PRA are also expressed in terms

HFIR PROBABILISTIC RISK ASSESSMENT of frequency of core damage. 'Table 1 indicates the overall
frequency of core damage as a result of internal initiated

.(INTERNAL EVEN"FS) events.

lhc Probabilistic Risk Assessment (,PR,'\) was sub- "lhc dominant internal event initiated accident

contracted to Pickard, Lowe and Garrick Inc. (PL&G), scenarios for HFIR are flow blockages which contribute 29
Newport Beach, California, and work began in July 1987 percent of the total core damage frequency followed by
with tile final re.port (excluding external events) issued in loss of ali AC power at 18 percent, large loss of coolant
January 1988. Several basic assumptions were sca forth to accidents at 1() percent, fuel defects at 7 percent and
guide the work. These are shown below: manual scrams at 7 percent, and degraded primary flow at

1. Core damage will be defined as occurring at the 7 percent.

Onset of incipient boiling. EXTERNAL EVENTS PRA APPROACtl

2. The reactor configuration assessed would be that at

restart (includes power reduction and ali pre-restart Following the internal events assessment the same
design modifications) with the addition of the subcontractor began to examine the risks associated with
Ix)rtable diesel generators (AEPGs). external event initiators. The iaitiators considered c(m-

sisted of the nine major categories below'3. The probability of vessel failure would come from

tlm "Evaluation of HFIR Pressure-vessel Integrity Seismic
) ' 7 'fC( nsldermg Radiation Embrittlement, ORNL/TM- Wind/Tornado

10444, edited by R. D. Cheverton.! Fire/Smoke
Floods (Eoxternal and Internal)

4. The phmt specific HFIR data is to be used Spray (Steam and Water)
wherever possible and to the extent possible. Explosions

Missiles

ii Caustic Attack

Falling Objects

..... I1|" 'qll III
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Fig. 2. IIFIR Prcxze,s.slqc}w Schematic (primary and seccmdary system,,;)



Fig. 3. IIFIR El,.aztricalSystem Schematic
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EXTENT OF CORE DAMAGE

PARTIAL CORE DAMAGE TOTAL CORE DAMAGE
...... -- ..... _ ..... /

PRIMARY SYSTEM INTACT? PRIMARY SYSTEM INTACT?
........................ _ ....

Y N Y N
-_ ..................

BREAK IN POOL? -7- BREAK IN POOL?

' " I
Y N -- Y N

-,. , ,. ' ...... t__, ,, ,..... - ..... _ ,---L

•-- , IN CONFINEMENT? -- -- IN CONFINEMENT?
' ' ........... '" ' ' 1 '.... ' ' " .... ' ' ' "'

--- Y I N .... Y N
-- I , ,, ...........

.......... "- SBHE/CHOG/OHOG SUPPORT SYSTEMS AVAILABLE?'
' " -- " : : - ........... i

Y N Y N Y N -- Y N Y Y N --

.......................131IA/1G/1H 2 3A/3G/aH 4 5A/SG/SH 6 7 8A/SG/SH 9 10A/¿0G/ 11 1 t4
.......... ........... 10H 12H .....

'WHERE:
nA IHDICATES BOTH MCC (3 AND MCC H ARE ENERGIZED FOR STATE n,
_G 114DICATESMCC G IS ENERGIZED AND MCC I-t IS DEENERGIZED FOR STATE n,
t_tt IHDICATES MCC H IS ENERGIZED AND MCC G IS DEENERGIZED EOR STATE n,

NOrE A B' SUFFIX IS AI TACtlED FOR THOSE SEQUENCES IN WHICH
CORE DAMAGE OCCURS EARLY IN CORE LIFE.

Fig. 4. lIFIR Phmt Damage State Matrix



, ' Table 1. Contribution of Fire, Hood, and missile analysis, (4) combine steps l-3 with the plant logic
Other Environmental Hazards to and obtain an estimate of core damage frequenc'y and phmt

' Core Damage Frequency damage states, and (5) perform an uncertai0ty analysis.
. ' i i i i

Percent The results of the ff.xtcrnal Events PRA are shown
in 'Fable 2 and compi_risons made to the internal events

of Internal PRA.
Contribution , Initiating Event
Core Damage Ck_re Damage

Description Frequency Frequency Table 2. Summary of 'External Ewmts Results
, , i 11 i i1,1,1 i i iiiiii i ii i 1 i111 i i iii

Fire Scenarios 1.83 x 10'_ per year 5.88 Initiator Mean Ce,re Damage Frequenc.'y

Flood and Other 1.81 x lC)" per year 0.58 ........... ---
Environmental Fire 1.88 x 10"_/year
Hazard Scenarios

Wind 2.86 x 104/year
Fire, Flood, 2.0i X 10"_per year 6.46
and Other Seismic 1.23 x 10"4/year

Environmental Other 1.81 x 10_/year
Hazard Scenarios

Internal 3.11 x 10" per year
Initiating Subtotal - External 4.30 x 104/year
Event Subtotal ,-Internal 3.11 x 104/year

............. Total HFIR Mean 7.41 x 104/year
Core Damage

Except [k_r the first two initiators, the other ..... J...........

contributors were ali assessed using the same general
approach. The latter seven initiators will be referred to as USE OF THE PRA TO MANAGE SAFETY ISSUES

Internal Hazard Initiators (IHI).
The HFIR PRA wits developed from the start with

The assessment of the The assessment of the internal several uses in mind. Foremost, it was required by the
hazard initiators began with an identification of initiators DOE design review team; within ORNL it was intended
and an assessment of potential interactions between the that it be used for safety improvement and to help

hazard and the plant equipment, referred to as spatial prioritize the many design and administrative changes
interactions. This wits accomplished by an extensive required by the numerous review comrnittees. In addition,
examination of plant drawings, plant layout, and a detailed it is also found useful for operator and engineer training,
plant walk-down. In the case of the HFIR, 207 po'ssible emergency planning, technical spccification modification,
accident scem_rios involving IHIs were identified tbr turthcr maintenance improvements, as a b_sis for environmental
analysis. Fires dominated the internal hazard scenarios, qualification to help define and document the safety design
Results of Internal Hazard Initiators are shown in "Fable 1. basis of the plant, and as input to the upgrade of the

Safety Analysis Report. Exanaples of each of these are
rhe seismic risk analysis consisted i_t' five steps: found below.

(1) detcrlnine the seismic hazard for the I IFIR site

(frequency of ground motion acceleration of various sizes), One of the main uses wits as a justification for restart
(2) perform lt fragility analysis (response of structures of the HHR. In particular, the completion of the PRA
and/or components to various magnitudes of ground itself wlis a restart issue, but more so the approach and
acceleration), (3) analyze the plant response to the seismic results of the PRA were used to justify restart lk_r several
failures resulting from steps 1 and 2, (4) obtain a mean review committees by providing quantitative and qualitative
(point estimate.) of the core damage frequency and assign responses to technical inquiries.
core damage states resulting from a combination of steps
1-3, (5) finally, perform an uncertainty analysis for those The PRA along with specialized analysis is being used
scenarios found to be dominant contributors to the seismic to provide a technical justification for interpretation of
risk. : requirements found in DOE orders.

The analysis of the effe:'_:tsof high winds and tornados The PRA wits the basis for reconstructing the safety
c_iathe HFIR followed the same approach its for seismic design basis c,f the HFIR. lt was also used as a basis ti_r
analysis. The steps were: (I)create tornado/wind hazard constructing the safety-related equipment list and for
curves (frequency of wind events at various velocities), determining the equipment and environments needed ti3r
(2) perform a fragility analysis, (3) perform a tornado environmental qualification.

!1



." The Rcsearch Reactors Division was faced with an CONCLUSION

ever increasing list of requirements and design changes. A
risk.b_)sed management program was implemented tt_ lt is anticipated that in the future the PRA will
t,_,rioritize these requirements, The PRA is used l'¢_rthe provide input into technical specifications and limiting
basis for the frequency and consequence of the event that conditions ft_r operation, The PRA has been and
the requirement is expected t¢_ affect, The final ctmtinues t¢3 be a w_luable ttwfl in the operation, design
prloritization, however, also takes into account input from upgrade, and sat.'ety assessment ¢_t'the HFIR. The PRA
t_ther areas such as cost, exposure l_mits, operational used in risk-based naanagement has also been inwduable in
restrictions, etc, managing the many issues ass_ciatcd with upgrading the

facility,

Scenarios from the PRA ale used in the ¢_peratc_r
training program and also as a basis for emergency REFERENCF_S
planning. "l"echnical specification modifications and.:_afcty
_ssc ;sments associated with technical specifications and 1, D. H. JOHNSON ct al,, "The High Flux Isotope
surveillance l'requencics are based on PRA results wher_ Reactor Probabilistic Risk ,,kssessment," ORNL/RRD/
appropriate, INT-36, Oak Ridge National Lab. (1988),

The transients used in Chapter 15 of the Safety 2. R. D. CHEVERTON ct al., "Ewduation of HFIR
Pressure-Vessel Integrity Considering Embrittlement,"Analysis Report (SAR) are shaped by the PRA sequences.

Also, since the SAR is being generated for an old plant, ORNL/TM-10444, ()ek I_,idge National Lab. (1987),
the PRA is being used as a basis for determining the
extent and necessity that systems comply with Nuclcar 3. "The High Flux lst)tope Rcact()r Accident Analysis,"
Regulatory Commission requirements. ORNL-3573, Oak Ridge National Lab, (1967).

The PRA was used to make specific design changes
during the restart of the HFIR. Examples t)l' these are
discussed below:

1. The most comprehensive change was the use _l' a
PRA methodology to identify and eliminate the
contributors to flow blockage,

2. The PRA was used to justify the need to retTurbish
the primary pumps in which bearings, scals, and
shafts were replaced prior to restart.

3. A high bearing temperature trip was added to the
prirv'wy pump to prevent bearing damage due to a
possible lt_ss of bearing cooling following a reactor
scram.

4. A technical specification surveillance c,f the pool to
vessel check valve was initiated after its importance
during a loss of coolant accident was identified in
the PRA.

5. Ctmap_lrative risk urguments based c_il PRA results;
led to a decision to reverse the failure mode of the

recently added emergent,.'y depressurization valves in
the event of a loss of power or instrument air,

6. The need for the auxiliary emergency power
generatt_rs (AEPGs) was identified as part t_t the
re-analysis of iong-terrn clec_ly heat removal, the

placement, number and, process for implementing
their use were dictated by external event PRA
issues.

7. Two design seismic upgrades were driven by the
PRA. These involved the venting of the pzmy
ill{}tt)r battery l'[}onl tt_ _lcc{}Inlll{)datc 'd tt_rll__ltlc_

depressurization evcnt and the addition tfr a check
valve in the pc×_l cleanup system to prevent loss of
[_oc.)lwatt:r ill the event of a seismic event.

'[
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