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An Introduction To Non-Power
Reactors

Alexander Adams, Jr.

Non-Powrer Reactors, Decommissioning and
Environmental Projects Directorate

Because of tneir low power levels and inherent safety foa-
tures, the 61 WRC-reguiated nor-power reactors (NPRs)
are located in urban areas. In fact, the majority of NPRs
are located on university campuses and are used for train-
ing and research. NPRs in this area are located in
Gaithersherg at the National Institute of Standards and
Techrology, in Bethesda at the Armed Forces Radiobiol-
ogy Research Institute on the grounds of the Naval Hospi-
tal, ir College Park at the University o1 Maryland, and in
the District of Columbia at Catholic University. The power
levels of NRC-licensed NPRs range from 0.1 watt to 20
MW.

NPR types ure primarily distinguished by their fuel design.
The major classes of NPRs are described below.

{1) Aerujet-General Nucleonics (AGN) Reactor
{(Figure 1)

The AGN has the simplest design. It is a compact, low-
power (0.1 10 § wauts’, self-contained homogeneous core
design with low-enriched (20% U-235) powdered uran.um
oxide fuel embedded in a polyethylene moderator. A
graphite neutron reflector and a lead and water shield sur-
round the 10-inch diameter core. The control rods consist
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of fuel instead of a neutron poison. They enter the core
from the bottom and are inserted to bring the reactor to
critical and withdrawn to shut down the reactor. A core
thermal fuse is used to hold the lower and upper sections
of the core together. Because the core thermal fuse con-
tains fuel with greater uranium density than the rest of the
core, it is the hottest »art of the core. The core thermal
fuse is designed so that its polyethylene moderator will
melt if an accident occurs, causing the upper and lower
sections of the core o separate and providing a backup
shutdown mechanism.

{2) Critical Experiment Facility

One critical experiment facility at the Rensselaer Polytech-
nic Institute (RPI) remsins licensed by NRC. This was
once a very common reactor type, used to acquire the
many basic measurements of critical fuel behavior neces-
sary to support nuclear research and power reactor design.
It is a very low-power (100 watts) reactor capable of many
core configurations. The reactor core sits in a pool of light
water that acts as coolant, moderator, and reflector. In
addition 1o contros 1ods, e poot tan be quickly drained
to remove the moderator from the reactor and shut it
down.

(3) Argonne Nuclear Assembly for University
Training (Argonaut) Reactor (Figure 2)

These are low-power (10 kKW to 100 kW) reactors with
high-enriched (93% U-235) fuel contained in alirminum
clad Materials Testing Reactor (MTR) type plates. The
fuel is placed in fue! boxes through which the cooling
water flows. The water in the fuel boxes and graphite sur-
rounding the fuel baxes act as the moderator. Semaphore-
type control rods swing in between the fuel boxes. Massive
concrete blocks weighing several tons shield the reactor
and must be unstacked to gain access to the core.

(4) Training Reactor. lsotopes Production, General
Atomics (TRIGA) Reactor (Figure 3)

This is the most common NPR design. These are low- to
medium-power reactors (20 kW to 1500 kW) with U-ZrH
fuel-moderator (either 20% or 70% U-235 enrniched) in
the form of pins clad with aluminum or stainless steel. The
reactor is mode: ated by water and the hydrogen in the
fuel. TRIGA reactors are either water or graphite re-
flected. The core sits at the botiom of an open pool and s
cooled by natural convection. The reactor can be safely
pulsed to very high power levels for very short periods by
pneumatically ejecting a specially designed control rod
from the reactor core. TRIGAs have been routinely pulsed
with reactivity insertions of 5.008 resulting in pulse power
greater than 4000 MW. The pulse is shut down by a strong
prompt negative fuel temperature coefficient. As the fusl
heats up, the hydrogen atoms in the fuel-moderator vi-
brate and transfer energy to the neutrons in the fuel in-
creasing the probability that they will leave the fuel without
causing fission to occur. These reactors also use Doppler
broadening of neutron absorption as the fuel heats up to
shut down a puise

This is the only U.S. NPR design suppornted by the manu-
facturer and a: ailable for sale
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(8 PULSTAR

The PULSTAR reactor from American Machine and
Foundary (AMF) Atamics also was designed as a pulsing
reactor. These are medium- to high-power (1 MW 10 2
MW) reactors with low-enriched (4% 10 6% U-235) ura-
nium-dioxide pin fuel clad s eeonium. The fuel ele-
ments resenible smull pressurized water reastor fuel ele-
ments. The two PULSTAR reaciors no longer pulse be-
cause of the cost of maintaining pulse equipment and op-
erator proficiency. Like the TRIGA, pulsing was initiated
by pneumudically ejecting 8 puise contral rod from the re-
actor core. The pulse was shut down by the Doppler
broadening of neutron absorpion as the fuel heated up.
The core sits at the bouam of an open poo! and i cocled
by forced convection,

(6) Tank Reactor (Figure 4)

This is normally a bigh-power (£ MW 10 20 MW) resctor
with plate-type high-enriched (¥3% U-2335) aluminum clad
MTR«ype fuel and foroed convection cooling. Heavy
water may be used as a coolant and moderator ar as a
reflector. To gain excess 1o the reactor core, which is in a
sealed wank, the tank rop must be removed. Although all
tank reactors do not use hesvy water as a coolant the
tank was an original design feature 10 keep the heavy
water sysiein sealed from the envitonment. This prevents
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the Joss of very expensive heavy water and alko previenis
the heavy water fram atsarbiog light water from the air. In
some cases, n decrease in heavy water purity to 90 3% will
tesull in @ reactor that cannet be made oritical. Heavy
water is used because it & an wWeal moderatar and has
very \aw neutron absorption eress section. This atlows the
core 10 bo designed with large gaps hetween fuel clemernts
that can accommodate experiments. Heavy waler reagtors
also have vetv high thermalto-fast-neutron ratios.

(7)  Plate-Type Poal Reactors (Figure &)

These reavtors have a wide vanewy of power levels 0.1
watt (o 10 MW) with plate-type wluminum-clad fuel. Orig-
nally operated with high-entiched fuel, o number of plate
reaciors have been converted 10 low-enriched fue! us part
of the Government’s program o reduce the amount ol
high-enriched wrarium at NPRs. The resctor core sits at
the bottom of & open pool and 15 cosied by furced convec-
tion, These reactors are used for a vanety of purpases, for
example, beam experimentation, isolupe production, neus
wron raciography, and neutron actvaton analysis. A vark
ant on this design, the core of the reactor at the University
of Missourt in Columbia 15 in @ pressure vessel that sits in
an open pool. The control rods are outside the reactor
core and pressure vessel and adjuse the amount of neu-
trons that reach the external reflector and reflect back
®ito the cote,



Tharmal ¢

Water shielding

+
Core lank

Lead shield

Graphile

4 In. sccess ports
Core ~

Glory hole (1 In )

Botiom hall ¢r.e

fuse suppon

- : / - - . j " . ke
Core fuse ’ ) | Cunttol and saletly rod

{4 1equued)

Conleod rod actuaton
Lead screws

Hydraulic dash ix

Fall sale —
W!BQI‘.P!

Tank suppon

ACTess Cover

L;‘\“,“,_’:‘:‘ ™ ( L" "’.ﬁnr "l -




Single - L Fuel Fuel J LSnngno \. Fue
fue! plate subassembly DOx fuel plate subassembly
(11 piates)

Fue! Element
Boral lon
shielg= chamber
Fuel < ]
\“ ‘ N - \“" " — _‘
box ><(( \\\\\\ :\‘\ " \\\\ Sr\\‘\\ N\ Yin. leas
Ordinary AT.\ Rl ! s @i i
concrete Y oy N H A
shieiz N\ ;\\ \\ :\‘, b y | \'\/‘ A 025 in. boral
<o Aly S ' shieig
s N Uy tBin glam. ’
\ T 4
4in. glam, ’/
& . I
Yot . il
x e
o A ——
[ e
ShasnscoGa L » iy, o ,;.:
ST i
‘ — iy b -
‘%\'; 1"{ ._'L‘ 4 -
o S hy
i

A
”
oy

1Bin| 15M6in -
re

Control
biade dnve

rF
v g

P v " ;~\ 5 M .
o NN
Heavy N\ \Yé\g\\\q \\‘:I \
concrete SO SN LB Beam lube
shield extansion plug

"4

FIGURE 2. HORIZONTAL SECTION OF A NON-POWER ARGONAUT REACTOR



FIGURE 3. 250 KW TRIGA MARK | WITH POOL IRRADIATION FACILITY,
THERKMAL COLUMN, AND TANGENTIAL BEAM PORTS
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process, and would include a requirement to ensure
that the vnange wd rot affect any Tier 1 information.

1. Overlap With Traditional laspection Process Un-
der Part 580, Some areas of ITAAC may overlap with
the existing regulations of 10 CFR Pant 50 and the
traditional inspection process conducted while the fa-
cility is being constructed. The ITAAC are not -
tended to supersede or substitute for existng regula-
uons and inspections, but instead will provide a com-
plimentary process by which to verify that the facility
will conform with the certified design. Thus, all re-
quirements such as those found in Quality Assurance
Programs derived from Part 50, Appendix B, will suil
be in effect. Inspection activities will be coordinated in
a manner similar to that conducted in the readiness
review pilot program for Yogtle.

Su. mary

The designers are develoing the first ITAAC for the lead
designs being considered for standardized design certifica-
tion under 10 CFR Part 52, The ITAAC provide the hasis
to confirm that key aspects of a facility icensed under Part
$2 are  ailt and will operate in accordance with the
Atomic Energy Act and the Commission's regulations.
Since the ITAAC implement many issues associated with
standardized reactor designs, they will play a significant
role in the licensing process of the next generation of nu-
clear power plants in the United States.

Decommissioning Regulations for
Power Reactors

Richard F. Dudley, PDNP

Introduction

On June 27, 1988, the NRC issued a package of revised
and new regulations to ensure the safe and effective de-
commissioning of niuclear facilities. These reguiations be-
came effective 30 days later. However, the NRC gave -
censees until July 26, 1990, to submit reports indicating
the manner in which they will comply with the require-
ments for ensuring funding for decommissioning. When
the NRC issued these final decommussioning regulations in
1988, it concluded 10 years of performing technical, envi-
ronmental, policy, and legal analyses. The NRC also in-
cluded in the rule its review and responses 1o public com-
meits received on proposed regulations published in Feb-
ruary 1985, Although these regulations apply to all NRC-
regulated nuclear lacilities, this article will only address
their effects on nuclear power reactors.

Acceptable Decommissioning Alternatives

The regulations define “decommissioning” as safely re-
moving & facility Irom servige followed by reducing resid-
val racicactivity to a leve! that permits the releasc of the
property for unrestricted use. They do not require the re-
moval of non-radioactive structures or structures that have
been decontaminated (o levels acceptable for unrestricted
use. The regulations specily that decommissioning must be
accomphistied within 60 years of the time when the plant is
shut down, ahhough a longer period may be allowed mder
cenain circumstances if necessary o protect the pubiic

health and safety, The NRC conducted technical analysis
to support the rule and concluded that three basic meth-
ods of decommissioning were acceptable:

DECON:  Promptly decontaminate and

dismantle the facility.

SAFSTOR: Place the lacility in an isolated,
safe storage condition allowing
radioactivity 10 decay before
dismantlement.

ENTOMB: Entomb the facilty by encasing
radioactive materials in structurally
long-lived concrete or other material
and store until gecay allows release
for unrestricted access.

The tme limnations for completing decommissioning may
not allow for the ENTOMB alternative when long-lived
radionuchdes are presert. A power reactor which has op-
erated for 40 years will likely have inventories of
nickel-59, nickel-63, and niobium-94 (half lives of 86,000
years, 92 years, and 20,000 years, respectively) inside the
reactor vessel, which would normally preclude vsing the
ENTOMB alternative.

Financial Assurance

The NRC required each power reactor licensee (o submit a
report by July 26, 1990, 1o indicate the manner in which it
would ensure that funds would be available to decommis-
ston the facility. Acceplable funding methods allowed by
the regulations include making a prepayment, establishing
an external sinking fund, or oblaiming a surety method
(bond, letter of credit, insurance, or other guaraniee).
Nearly all power reactor licensees have chosen o establish
external sinking funds into which penodic deposits are
made so that upon expiraton of the facility license, suffi-
cient funds will be available 1o pay all decor missioning
QOsts.

The 12pulations specify a minimum amount of funding that
must be ensured [$105M for large PWRs end $135M for
large BWRs {1986 dollars)] and also provide a formula for
annivally adjusting these amounts to account for the esca-
lating costs of labor, energy, and waste disposal. The regu-
lations also allow the licensee to use a site-specific cost
estimate if it is not less than the minimum value. These
decommissioning ¢osts do not include the costs necessary
to store and dispose of spent fuel.

Planning for Decommissioning

The regulations in 10 CFR Part 5075 require each hicen-
see 1o submu a preliminary decommssioning plan on or
abaut § years before the prajecred end of plant operation
The preliminary plan is to include a site-specific cost esti-
mate, the decommissioning alternative anticipated to be
used, major technical acuons necessary 10 decommission
the facility, the currens situation with regard to disposal of
high-level and low-level radioactive waste, the criceria for
residfuai radioactivity, and any other site-specific factors
that could affect planning and cost. If necessary, this sub-
wittal must also include plans for adjusting the level of
funds ensured to be available for decommssioning. Al-
though the plan must contan sufficient detail Lo justity the
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onstrate the commercial potential for the ALMR by 2010,
as called for in th. National Energy Surategy.

The PRISM Plant Design

The PRISM plaat design consists of three separate power
blocks each made up of three reactor modules (Figure 1).
Each module has a thermal output of 471 MW1 and an
electric output of 155 MWe for a total (plant) output of
1395 MWe. Options for one of two power blocks are also
possible. The PRISM design contains three turbines, each
supplied from a power biock. The nuclear steam supply
sy =m (NSSS) for PRISM consists of the primary sodium
loop and the secondary (intermediate) sodium loop,
which receives heat from the primary system and transfers
it to the steam generator. The steam generator is the inter-
face for sodium and water systems.

Reactor Module

The reactor modulé consisis of the cantainment system,
the reactor vessel, the core, and the reactor's irternal
components. The reactor vessel encloses and supnorts the
core, the primary sodium coolant system, and the internal
components. The vessel is located just inside the contain-
ment vessel. which is located below grade in the reactor
sito. The reactor vessel is made of 2-inch-thick, type 316
stainless steel. The reacton vessel is penetreted only in the
closure head. It 15 supported by the floor structure, and
the floot structure is supported by seismic 18olator beanngs
1o reduce horizontal movement during seismic events.

The reactor core is supported by a beam structure at the
bouom of the reactor vessel. The reactor vesss! also con-
Wins support for storing up o 30 spent frel and Hanket
assemblies. The upper head of the rearor vessel is the
closure head, consisting of 12-inch-thicl,, type 304 stain-
less steel. Tt would assist i mitigating (Le effects of hypo-
thetical core disruptive accidents (HCDA), The closure
head also supports the miermediate heat exphangers
(IHXs) and the ciecieomagnenc (EM) pumips, The reac-
tor vessel is about 62 feet high and just under 20 feet in
diameter,

Nuclear Steam Supply System (NS838)

The main componens nf the N5S8S i PRISM are the re-
actar module, primary sodium loop, EM pumps; THX, in-
wrmediate sodivm lcop and steam generators (5Cs)

The sochum in the primary loop circulates fram the core
outiet 1o the shell side of the [HX to the EM pump and
then to the core inlet. This primary sodium leop 15 con-
tained completely within the reactor vessel, which o -
metically sealed to grevent leakage of the primary coolant
The high sawraton temperature of sodium allows large
margitis to voiding and low system pressure during normal
operation. The EM pun:ps provide the primary sodium
cireulation. Conventional pump coastdown is not possible
because the EM pumps have no moving pans. Howvever, a
synchronous machine provides flow coastdown through
the EM pumps. Flow coastdown is very importart for pre-
venting sodium volding during & loss of power without re-
BCIOT SCram.

Reactor-generated heat in the primary foop 5 ransferred
through e IHX 0 the intermediate heat transcfer system

(IHTS). THTS sodium is circulated by a centrifugal pump.
The IHTS operates at a higher pressure than the primary
loop so that, if the THX breaks, the sodium would not flow
out of the reactor vessel. The 1ATS transiers heat 1o the
SG system, which provides saturated sieam at 965 psi 1o
the turbines. A sodium=water reaction protection system
mitigates the effects of reactions between sodium and
water in the SG.

Core and Fuel

The reference fuel for the ALMR s a uranium-pluio-
nium=girconium (U-Pu-Zr) alloy. The lerriuc alloy HTY is
used for viadding and channels (0 minimize swelling
caused by long burnups. The PRISM core is a heterogene-
ous arrangement of driver fuel and blankets. The PRISM
design has six control rods. The refueling schedule for
PRISM calis for replacing one-third of the core every 18
months. The fael designers cite negetive reactivity feed-
backs, beuer heat transfer properties, and competitive
costs as advantages of imelal tuel. However, a drawback is
that the metal fuel has a considerably lower mielting point
than wade fuel. Also, the neutramc design .employed to
achieve the negative feedbacks necessary for a highly de-
sirable passive shutdown feature results in an undesirable
positive void coefficient. However. the negative tempera-
ture coefficient and operation at temperatures well helow
sodium boiling are intended to make core vaiding a highly
unlikely event The Argonne Natuonal Laboratory (ANL)
18 continuing (o develop the metal fuel as pant of the Inte-
pral Fas Reactor (1FR) Fuel Program for the PRISM de-
Sigh.

Reactivity Contral and Shutdown Systems

There are siv cantre! rods in the main reactivity control
and shutdown system., laserting any one of the six will shut
the core dowt. The vontrol rods can be insented using (1)
the plan. control system (PCS), for normal insertion, (2)
the safely-grade reactor potéction system (RPSy for rapid
inserthor, and (31 gravity drop into the core. If this system
fails, the vperator gan send boron balls into the ceriral
location of the core which causes shutdown independently
of the control rods. The PRISM design also includes pas-
sive mechanismis for controlling reactivity: - three gas ex-
pansion modules (GEMs) consisting, ¢ rubes, closed at the
wp and oper: at the botom, filed with helaan, I the
pumps afe running, the static pressure is high, causing the
sodium level (o rise to a high point i the GEM. However,
with the puraps off, the static pressure and sodium leve!
drop. which increases neutron leakage. The reactivity
change from the GEMs between these two states is about
70 cents

Residual Heat Removal

Normal cooling through the non-safety-grade condenser is
used for residual heat removal (RHR). I the condenser
becaomes unavailable the salety-grade reactor vessel auxil-
fary cooling systemt (RVACS) 15 used for RHR. The
RVACUS operates through the direct natural ¢irculation air
cooling of the containment vessel. The design-basis acct
dent involves a losd of all RHR except the RVACS. Analy-
sis haes shown that the RVACS' heat removal rate s
sufficiert 10 maintain the lemperatures of the mternal
giructures ungder American Sociey of Mechamical Engi-
neers (ASME) Level € condivtons { 1200xF). The FRISM



design also contains the non-safety-grade auxiliary cooling
system (ACS) 10 assist the RVACS. The ACS uses natural
circulstion of the steam generator to remove heat indi-
recey from the reactor vessel. The ACS ~an be used in
combination with the RVACS to reduce the vooldown
lime.

The frequency, magnitude, and duration o! high tempera-
tures resched during RVACS accidernt scenarios may be of
concern 10 safety, Therelore, researchers will examine the
elfect of these temperatures on the life of internal compo-
nents in the PRISM prototype reactor. However, the sim-
plicity of the RVACS will make it difficult to defear. The
RVACS has two major classes of failure modes: the deg-
radation of RVACS suifaces to lower hest transfer capa-
hilities and the blockage of RVACS flow passages. For
flow blockage soenarios, the durstion of the flow blockage
will determine the outcome of these events.

Containment

The containment is unconventional, cansisting of the con-
tainment vessel (guard vessel) and a comtainment dome
above the reactor closure head. The containment system
5 2 low-leakage, pressure-retaining boundary separate
from the reactor vessel. The containment vessel is located
Just cutboard of the reactor vessel and has no penetra-
tions. A break in the reactor vessel wall will allow sodium
1o spill into the containment vessel, but the core will stii
remain covered. The atmospbere in the reactor vessel
above the sodium pool is hellum. However, the atmos-
phere in the comainment dome is normal air. The de-
signer performed a preliminary analysis 10 determine ra-
dicactive releases for HCDAs witt a simultanoous break in
the reactor vessel. However, the scurce term for the
PRISM design remains an open issue.

NRC Activities

On July B, 1986, the Commission published “Regulation
of Advanced Nuclear Power Plants, Statemem of Policy”
(81 FR 24643), and in June 1988, the NRC issued "De-
velopment and Utilization of the NRC Policy Statement on
the Repulation of Advanced Nuciear Power Plants.” The
Commission encouraged the NRC staff 1o interact early
with designers of advanced reacturs o establish licensing
guidance that applied to such designs. In accord with the
pulicy statement, the staff would review conceptual designs
before receiving any formal anplication for a coenstruction
permit or standard plant review and certification.

In November 1986, the NRC received the PRISM Prelimi-
nary Safety Information Document (PSID) for this preap-
plication review. The Office of Nuclear Regulatory Re-
search RES) reviewed the design in accordance with the
guidance of NUREG-1226, “Development and Utilization
of the NRC Policy Statzment on the Regulation of Ad-
anced Nuclear Power Plants,” and a draft Preapplication
Salety Evaluation Report (PSER) was issued to DOE in
Septemnber 1989 after it was reviewed by the Advisory
Committee on Reactor Safeguards (ACRS), although the
Commission did not give its formal approval of the draft
PSER. The NRC staff and the ACRS concluded that the
PRISM design provided several features for making a nu-
clear power plant safer and that design and development
should he continued. The draft PSER also identified a

number of conceras and open issues that needed 1o be
resolved before the design couk! be approved.

I May 1990, DOE submitted Amendments 12 and 13 1o
the PSID 10 ¢ ddress the issues and concerns idemified in
the dralt PSER. Major design ¢} anges were made, inclid-
ing the following:

® adding a low-leakage, pressure<ret”ining containment
dome above the vessel head

¢ strengthening the core support andl vessel head pene-
tration structures to betier contain postulated severe
core~disruptive eventy

& adding a diverse reactivity shutdown system, using bo-
ron balls at the center of the core

® demonstrating a seismic capability of 0.5g peak
ground acceleration sbove the design-basis ground ac-
celeration of 0.3 adding three gas expansion mod-
ules (GEMy) at the core periphery for increased reac-
tivity margin during loss-of-flow events

The PRISM design 15 currently one of four preapplication
reviews being conducted by the Advanced Reactors Pro-
ject Directorate in NRR. The objectives of the preapplica-
tion reviews are Wentified in SECY-91-202 as follows;

® ldentify major issues that could require the Commis-
sion to provide policy guidance before the siaif tuiti-
ales acuons.

®  ldentify major techrical issues that the staff could re-
solve (n the context of existing re gulations and Com-
mission policy, and flor which additional Commission
guidance 15 not considered necessary.

® ldenufy research and development that is needed o
resolve noted issues,

Key technical and policy issues buing considered duning
the preapplication review include the following:

¢ Metallic Fuel Performance. The proposed reference
fuel design 18 a U-Pu-Zr metallic fuel with steel all~y
HTS ¢ladding. The staff needs more mformation on
the phase change ¢ high temperature, the fuel extru-
sionr during a significant overpower event, and the
eutectic formation and interaction with the cladding.
ANL is managing the DOE fuel research program
which 1s still in the development stages and requires
close monitoring.

® FPositive Void Coefficient. The sroposed core design

has a positive void ceefficient (nat could resuit i a
large positive reactivity addition should sodium boiling
occur in the center of the core. Redundant and di-
verse coolant flow pumps and GEMs were designed to
deal with this problem. The NRC staff 1s evaluating the
preventive and mitigative features ol the PRISM de-
sign to assess the safety sipnificance of this issue.

® Hypothetical Core Disruptive Accident (HCDA,,

Potential HCDA initiators include a lavge unprotected
reatuvity insertion from core voiding, The proposed
reactor vesses and containment are ench desipned to
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Enhancing Safety Using PRA and 1PI
lechniques and Results
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availabilit
tiens (
diesel reneration, and suxibary foedwuter. The region

from onlic e test Of maintenance) 10 the increase in risk
A% events per resctor yeat ). Region V exam-

the three safety systems for which uulives repont un-
duta 10 the Institne of Nuclear Power Operi-
1o high pressure safety injection, emsrgency

used & baseline CDF for the system, assutung 1o unavail
ability. The region compated the baseling CDF 10 CDFs
fes 8 1-percent sysem unavailatdity and (he system un-
availability as reported 10 INPO.

The study concluded the following:

2 The licensees for plants examined had not caleulated

riek for coie damage based upon the actual

Ririber of hours of unavailability. Accordingly, man-
agemcnt was not aware of (he true integrated rsk.

b.  wach plert has one system, or component, that
contributes the most o COF increase for each )
percent of unavailability.
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¢ The magniwude of o CDF increase for any system,
apsuming & 1-percent unavailability. varies widely
among plants (from a traction of & percent 1o about
20 purcent)

d  The maghitude of CDF increases throughoat the year
for each plant with the number of hours the safety
system s unataliable

Conclusion

The industry 15 establishing a technically defensible meth-
odology 10 minimize risk . wnprove reliability, and improve
safety in the selection and implementation of surveillance
fesling, corfective mal enunce, and preventive mairte-
nance activives. Much work remains 1o be done in this
area This effort can greatly improve overall plant safety.

IPE methodalogy and results can be apphed 1o & wide
racge of leenser organizations and activives. The chal:
lenge for the nuclear industry is o devise lechnically de-
fensible mechantsms to use IPE resuls 1 elfect real and
siensurable improvements ir. plant safery




