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1.0 INTRODUCTION

The purpose of this appendix is to provide details with regard to the
purpose, design, implementation and capabilities of the System 80+-
Hydrogen Mitigation System (HMS) in responding to a severe accident.
Additional detail on the HMS can also be found in Section 6.2.5.

2.0 BACKGROUND

The accident at TMI indicated that severe accidents can release large
quantities of hydrogen to containment. As it was further demonstrated,
this hydrogen can accumulate and undergo combustion potentially
threatening both the survivability of safety equipment and containment
integrity. As a consequence of these observations the NRC identified
beyond design basis hydrogen control as an unresolved safety issue (USIA-
48). This issue covers hydrogen control measures for recoverable
degraded-core accidents for all Mark I II and III boiling Water,

reactors and pressurized water reactors with an ice condenser containment.
At that time PWRs with large dry containments were excluded from USIA-48
and the issue for large dry PWRs was investigated as Generic Issue 121
(GI-121). USIA-48 was resolved by an amendment- to the 10CFR50.441,
" Hydrogen Control Systems", which required the subject reactor to
implement a hydrogen control system capable of " accommodating an amount
of hydrogen equivalent to that generated from the reaction of 75 % of the
fuel cladding with water, without loss of containment integrity."
Furthermore, the NRC reaffirmed its policy that . the " prevention of
excessive radiation doses to the public can best be assured by maintaining
a leak tight containment and that this, in turn, can be provided by
assuring that there is structural integrity with margin" and that
sufficient equipment will be available to establish and maintain safe
shutdown. At that time, the regulation was based on the lower limit for
hydrogen detonation to initiate at a hydrogen concentration of 13 volume
per-cent. If it could be demonstrated that the hydrogen concentration for
this level of oxidation would remain below 13 volume percent no active.
system would be required to prevent detonations. For future plants, this
issue was folded into the Containment- Performance Improvement (CPI)
Program and was defined in SECY-88-147 , SECY-90-01688 and SECY-93-0 87* .
These features were incorporated into the Code of Federal Regulations as
Post TMI rule 10CFR50.34 (f)5 In defining this regulation for advanced
LWRs the hydrogen control requirement was further tightened such that the
plants would be able to accommndate the amount of hydrogen equivalent to
that generated from the reaction of 100 % of the fuel active cladding with
water and maintain the hydrogen concentration in containment to below 10
volume percent hydrogen.

3.0 SYSTEM 80+ HYDROGEN CONCENTRATION

The System 80+ containment structure was sized to accommodate the hydrogen
requirements of the EPRI Utility Requirements Document'. These
requirements were consistent with the guidance in 10CFR50.4 5Consequently, the System 80+ containment was sized to over 3 million cubic
feet. Scoping calculations of the hydrogen concentration resulting from
a 75 % oxidation of the fuel cladding resulted in a containment volumetric
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hydrogen concentration of 10.2 %. In the context of the previous
regulation, System 80+, by design, would have passively eliminated the
hydrogen detonation threat. Several years later the hydrogen detonation
threat was redefined. The upper limit of oxidation to be accommodated by
the containment increased from 75 to 100 % of active cladding while
simultaneously, the minimum detonation limit dropped to 10 volume percent.
As a result of this redefinition of the hydrogen source, the System 80+
containment volumetric hydrogen concentration increased to 13.6 percent.
Thus, in order to meet the requirements set forth in 10CFR50.34 (f) an
active means of hydrogen control is required for the System 80+ design.
An ef fective and cost-efficient method for achieving this goal was by the
addition of a hydrogen igniter system.

4.0 CNERVIEW OF EXPERDENIAL RESEARCH REIATED 'IO HYDROGEN COMBUSTICN AND
00tffROL

This section provides an overview summary of the key experimental results
that were used in guiding the development of a hydrogen igniter system for
System 80+. Since the existing System 80+ containment design is
sufficiently robust to withstand containment threats associated with
deflagrations (see Section 19.11), the primary goal of the deliberate
ignition system required by 10CFR50. 34 (f) would be to preclude the
potential for a detonation. Therefore, this review has concentrated on
experiments that provided information on the following:

1. limits on detonability and the likelihood of detonation

2. . hydrogen mixing and d:is. rlbution

3. effectiveness and performance of deliberate ignition
systems in hydrogen control.

This information was used to help define igniter system design criteria
and performance goals for the System 80+ hydrogen igniter system design.
These issues are investigated in detail below.

4.1 SUMMARY OF RESEARCH ON THE LEAN FLAMMABILITY LIMIT FOR DE1DNATION

The purpose of the hydrogen igniter system for the System 80+ ALWR is to
provide a means of hydrogen control so that a hydrogen detonation within
the System 80+ containment could be averted even following the very low
probability severe core damage events. To place the purpose of this
system in perspective it is worthwhile to briefly consider the current
state of the art in our understanding of hydrogen detonation limits.

Studies regarding the estimation of the lower detonability limit for
hydrogen-air and hydrogen-air-steam mixtures have not as yet completely
defined this function. The history of detonability research spans many
decades. There are two ways in which a detonation can occur in a
detonable mi>.ture. One is direct ignition and the other is flame
acceleration. Based on estimates of the energy needed to ignite a
detonable mixture at 13 volume percent hydrogen, the National Academy of
Sciences (NAS) noted that direct ignition detonation within the
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containment is unlikely".2

The other means by which a detonation can occur is flame initiation and
acceleration. Flame acceleration can occur due to turbulence, changes in
geometry, obstacles and wall roughness. This process is termed
Deflagration-to-Detonation Transition (DDT).

As late as the 1950s the lower detonability limit of a hydrogen-air
mixture was estimated to be at 18 volume percent hydrogen. However, much
of the experimentation used to support this value were small scale and
employed relatively uncomplicated geometries (i.e., spheres, circular
tubes, etc.). As larger facilities were used for experimentation and a
wider range of geometries tested, evidence began to develop that
suggested that the actual detonability limit is lower than the 18 volume
per cent previously reported by Elbe' and others. Furthermore, the
importance of geometric features (size, obstacles, vents etc.) on
detonation began to become more apparent.

In the mid-1980's, in an effort to investigate the role of flame
acceleration on producing detonations in reactor geometries, DDT tests
were conducted by Sandia National Laboratory in the FLAME 31 and MINIFLAME
32 facilities. The FLAME facility consists of a 1:2 scale model of the
upper plenum volume of a PWR ice condenser containment. These tests
investigated DDT for hydrogen concentrations between 12 and 30 percent and
included several parametric studies regarding the importance of obstacles
and transverse venting on DDT. For all geometries tested no significant
flame acceleration was noted at hydrogen concentrations of 12%. DDT was
first observed at 15% hydrogen for tests with obstacles present and no
transverse venting. At the 25 to 30% hydrogen concentration, DDT was
observed without the presence of obstacles. Smaller scale experiments
were performed at the MINIFLAME facility. Because of the smaller size,
DDT was not observed at hydrogen concentrations of 20%.

Recently, with a carefully configured geometry Dorofeev" succeeded in
achieving a Deflagration Detonation Transition (DDT) at a hydrogen
concentration of only 12.5 volume percent.

Much of this experimental evidence has been reviewed and evaluated. An
independent review of the hydrogen detonation issue by the National
Academy of Sciences concluded that a hydrogen concentration of 13 volume
percent is a reasonable lower limit for expected hydrogen detonability in
a PWR containment atmosphere with small quantities of steam". .More
recently, Shepard, as a contractor for NRC, concluded that a conservative
lower bound for the hydrogen concentration would be 10 volume percent".

As can be seen from the above experimentation the lower hydrogen
detonation limit appear to be conservatively bounded by about 10 volume
percent hydrogen. This lower limit then replaced the previous 13 volume
percent considered in evaluating existing igniter systems for operating
plants. From its inception, the System 80+ design philosophy was to
overwhelm a potential problem by design. To this end it was a goal in the
system 80+ design to demonstrate that for a large amount of core damage
(equivalent to 75% zircaloy oxidation), the hydrogen concentration would
not be in the detonable range. In this effort a lower bound global
hydrogen concentration of 10 volume percent was achieved. This desire
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tactored in part to the large 3.4 million cubic feet System 80+
containment design. Thus, for all accident scenarios with a core melt
probability above 10-6, detonation is indeed passively precluded by
judicious design. The purpose of the ignition system then is to meet
regulatory guidance which to a large extent requires the ability of System
80+ to provide active systems to preclude a detonation in what would
otherwise be expected to be an unrecoverable core melt sequence. These
events have a cumulative occurrence frequency of less than 10-' per year.
Application to Ph7ts

One important outcome of the Sandia FLAME experiments was the development
of the Sherman/Berman qualitative detonability likelihood criteria' ". In
this system, the authors rated the detonation potential on a 5 point
scale, with 1 being most detonable and 5 being virtually undetonable. The
mixture detonability was based on two parameters: (1) the detonation cell
width (which is directly related to hydrogen concentration), and (2)
physical plant geometry. A review of all internal compartments for System
80+ suggests that System 80+ is a class 4 containment. This rating
implies containment conditions are not conducive to DDT and that the
potential for a detonation is unlikely to impossible. For completeness
a summary of the Sherman/Berman geometrical ratings for System 80+ is
presented in Table 4.1-1.

I
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TABLE 4.1-1
SHERMAN/BERMAN RANKING

Region Description Rank

1 containment upper dome 4,5

2 volume inside crane wall and above refueling 3,4
pool

3 annular region outside crane wall above 115 ft 3,4
elevation

4 HVAC distribution header 3

5 reactor cavity 3

6 cavity ventilation room 3,4

7 reactor cavity annular gap 2

8 refueling pool 4

9 steam generator compartments 2,3

10 pressurizer compartment 2

11 holdup volume 3

12 letdown heat exchanger room 3

13 regenerative heat exchanger room 3

14 volume inside crane wall between 91-9 and 115-6 3
elevations

Sherman/Berman Ranking Criteria

Class 1: Large partially confined geometry with obstacles in the path
of expanding unburned gases (geometry typically closed at one
end).

Class 2: Similar geometry to class 1, but " room" may be open at both
ends or transverse venting is available

Class 3: Open regions without obstacles
Class 4: Large volumes with few obstacles and significant venting
Class 5: Unconfined geometry

.
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4.2 REVIEN OF HYDROGEN MIXING AND DISTRIBUTION EXPERINDTIS

The ability of the hydrogen generated at the source to mix throughout the
containment is important to ensure that locally high hydrogen
concentrations will not develop. Overall results of hydrogen mixing
experiments suggest a propensity for good mixing within various
containment volumes, however mixing was found to be dependent on the
relative location of the source hydrogen to the volume under concern. On
microscopic levels, mixing at the point of the source is still expected
to produce very localized large concentration gradients. This section
summarizes some of the highlight information on hydrogen mixing.

The prim &ry processes which govern the mixing of gaseous mixtures are
forced and natural convection. The release of hydrogen and steam from
the reactor system in the form of a jet flow would cause forced convective
mixing. Buoyancy forces will induce natural convecting flows. During an
accident it is expected that mixing will be promoted by a combination of
forced and natural convection. The degree of mixing is dependent upon the
hydrogen / steam release rate, fluid movement and turbulence introduced due
to the flow.

A summary of hydrogen mixing tests are provided below.

Hanford Engineering Developnent Laboratory (HEDL) Mixing Tests"

Tests were performed to establish the hydrogen-steam / helium-steam mixing
capability within the lower compartment of the ice condenser . The test
facility consists of a 20 m high, 7.6 m diameter vessel. While results
of these tests are not directly applicable to large dry PWRs there does
exict some level of commonality. Key observations from the HEDL program
are summarized below.

1. The compartment was well mixed during the source release
period with the maximum helium or hydrogen concentration
differences of about 3 volume percent between points in the
test compartment. This results in a peak concentration to
average concentration ratio of less than 1.15.

2. Gas entrainment due to the high velocity jet was the dominant
mixing process during the release period. Mixing levels were
independent of the orientation of the source jet.

3. After termination of the source, the containment mixing was
supported by the natural circulation process.

Nevada Test Site (NTS) Continuous Injection Tests"

The Nevada Test Site facility was used to study hydrogen combustion and
mixing phenomena in a large scale (2100 m , 75,000 f t') spherical shell.2

As part of this test program continuous injection experiments were
included to study the hydrogen mixing process in the presence and absence
of combustion.

K-6
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A. Hydrogen Mixing in the Absence of Combustion !

i

At low pure hydrogen injection rates (about 0.4 kg/ minute) and a quiescent '

atmosphere in the NTS f acility was observed to fill with hydrogen from the |

top down. The location of the source was important to the gross hydrogen !mixing process. In the absence of mixing fans, the volume located above i

the hydrogen source was observed to have a hydrogen concentration twice
that of the volume below the source. The mixing process was markedly

,

improved by the operation of water sprays and uniform vessel conditions ,

were established "immediately".
,

'

Additional NTS experiments demonstrated that even in initially quiescent '
atmospheres, the injection of large quantities of steam along with the
hydrogen (even at low hydrogen injection rates) would rapidly produce a

,

{well mixed mixture within the facility. '

B. Hydrogen Mixing During Continuous Combustion

In this experiment, hydrogen and steam injection rates were 1.9 kg/ min and !
30 Kg/ min respectively and the atmosphere was initially quiescent with a j
steam concentration of 30 %. The injection process caused a rapid idispersion of hydrogen into the containment upper dome. Ignition occurred j
at the top of the facility. Shortly thereafter, the flame had become *

attached to the hydrogen source. At that. point incoming hydrogen was
efficiently consumed and global hydrogen concentrations were reduced.

CEA-SACEAY Hydrogen Simulant Mixing Experimant"
IA series of light gas mixing experiments were performed by the !

Commissariat a l'Energie Atomique in Saclay, France. The purpose of this
investigation was to estimate the potential for hydrogen stratification
within the containment following a severe accident. These experiments

|

~

were conducted on a small scale test apparatus with a volume of 240 ft 3 -

and a height of 7.5 ft. Helium was selected'.as a simulant mixing gas. |The test conditions and facility were scaled according to prototype Froude i

and Reynolds numbers. The Reynolds number for the injected flow varied
from 300 to 10,000 and bounded typical System 80+ hydrogen release rates. I

All experiments were conducted with the helium source located at the floor
!of the facility. The facility was instrumented to monitor the gas

concentration axially throughout the scaled containment. The transitory
mixing process was then measured as a function of several driving*

parameters including the source injection Reynolds number. These results
suggest that the hydrogen mixing process is very effective over a wide
range of Reynolds numbers. Asymptotic concentration gradients resulted
in maximum-to-average concentration ratios of typically less than 1.07.
Transitory mixing was also shown to approach an equilibrium quickly with

'

maximum-to-average concentration ratios in the vicinity of 1.15 tenq

minutes after the cessation of the injection.

HDR Hydrogen M4v4my Experimants"*33

The HDR (Figure 4.2-1) is a decommissioned reactor facility in Germany.
Over the past decade this facility has been used for a wide variety of
large scale reactor experiments. Recently, the HDR has been utilized in

i
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the investigation of hydrogen mixing phenomena. Unlike the experiments
described above which were single volume tests, the HDR containment is a
complex building with 72 sub-compartments with over 300 interconnecting
flowpaths. Consequently, this facility was intended to provide
experimental data on the long term gas transport behavior in a large
scale, multi-compartment facility in the presence of steam under natural
convection conditions. The total volume of HDR is 11,300 m with a height3

of 60 m. Several HDR experiments were performed. For purposes of safety,
the hydrogen gac injection was simulated by a 85/15 helium / hydrogen
mixture. While all the experiments are not readily available for review
several findings from the experiments are worthy of note.

i

|
i

A. Importance of Injection Location |
1
I

The HDR tests E11.2 and E11.4 illustrated the importance of injection '

location on hydrogen mixing and stratification. Both experiments
consisted of small break LOCAs with a delayed hydrogen release. In test j
E11.2 the hydrogen and steam sources are located at the 23 m elevation,

i

while for test E11.4 the sources were located much lower in the
containment at the +2 m elevation. Results of test E11.2 indicated that
the hydrogen distributed itself into two regions. Below the gas source ithe hydrogen simulant (" gas") concentration remained very low (below 5
volume percent) while above the source " gas" concentrations exceeded 20
volume percent (See Figure 4. 2-2) . Once this stratification was setup the ,

HDR atmosphere could not be homogenized by operational measures. In test |
E11.4, the low position of the gas release resulted in good mixing of the
hydrogen (See Figure 4.2-3) with typical local concentration gradients of
the hydrogen uninvestigate the effects of compartmentalized geometries
indicating a maximum-to-average concentration ratio of less than 1.2. One
arrives at similar conclusions even when one considers the concentration
gradient in the region above the 23 m source elevation.

The impact of a simulated large LOCA with gas injection at the 13 m
elevation was studied in Test T31.5. This experiment indicated the
potential for an initially stratified mixture to develop in HDR with
higher hydrogen concentrations in the dome. However, the difference in
hydrogen concentration was small. Af ter about 3 hours the dome and source
elevations had hydrogen concentrations within about 40 % of one another

|(maximum to containment average of about 1.2). After 10 hours the j
initially stratified mixture reached near uniformity. '

l
B. Effect of Spray on Hydrogen Concentr'ticn

|a

Test E11.2 indicated the effect of spraying into a stratified mixture can
cause a significant increase in the local steam concentration in the gas
rich region at the expense of a depletion of the gas in the low
concentration region. In essence, spraying could in that limited
situation make a bad situation worse. This behavior was a result of a
quiescent steam condensation driven flow to the upper compartment which
due to the poor natural convective patterns in the HDR and initial

,

stratified behavior could not readily remix with the rest of the |

containment. Similar testing performed for an initially well mixed
situation is designated test E11.4. For this test the condensation
process resulted in a uniform gradual rise in the gas concentration i

throughout the containment.
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| NUPEC Hydrogen Distribution Test"

A hydrogen distribution test facility has been developed by NUPEC
(Nuclear Power Engineering Corporation) to study hydrogen distribution in
prototypical containments. To accomplish this goal NUPEC designed a 1/4
linearly scaled steel containment with 25 compartments (each compartment *

representing a room in the actual containment). The NUPEC containment ;

vessel has a volume of 1600 m' , a diameter of 10 m and a height of 20 m. '

Hydrogen gas was simulated by helium. Tests included steam injection as !
well. Thirty five experiments were conducted through March of 1992.
Helium concentration was measured in every compartment and in several'

places within the upper dome. Details of these tests are currently
unavailable. However, based on preliminary information and summary '

reports from the experimenters the following conclusions were drawn. i

1. Several mixing loops were formed by natural convection. These
flows were sufficient to prevent local agas" concentration hot

s

spots provided the source of injection was the lower
compartment.

I2. Helium gas sampling in the dome (whose volume is 70 % of the
total facility volume) showed almost complete uniformity.

;

#

3. Containment spray operation enhances natural convection
processes. ;

,

i |

1 4.3 EXPERIMENTAL EVIDENCE SUPPORTING CONTROL OF HYDROGEN VIA DELIBERATE
'

IGNITION SYSTEMS
,

!

, Considerable experimentation has been performed with the intent of
i

| investigating the efficacy of using various forms of igniters in ;~

controlling the hydrogen concentration in hydrogen-air-steam mixtures. !

The overall goal of these tests were to validate the hydrogen igniter
system design selected by the ice condenser PWRs and General Electric Mark ,

'

III BWRs. These tests were conducted at varying scales with various i

degrees of simulation. Most tests focused on the GMAC-7G glow plugs. '

Table 4.3-1 summarizes the most significant of the igniter tests performed
in the United States. Additional supportive tests were also performed'

in Europe and Japan.
.

The test program provided valuable insights into the mechanisms associated
with hydrogen burning including information associated with hydrogen,

placement and combustion efficiency. Based on a review of these|j
'

experiments it was concluded that igniters can limit hydrogen
concentrations to the 4 to 7 volume percent condition. Furthermore,
several general rules were developed for igniter placement which were
adopted in the System 80+ Hydrogen Mitigation System design (See,

i Section 5).

SNL FITS TESTS"

These tests consisted of a series of 239 hydrogen: air: steam experiments
i performed at Sandia National Laboratory's (SNL's) 5.6 m* Fully

Instrumented Test Site (FITS). These experiments addressed the

K-9
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flammability limits of combustible atmospheres that might occur inside
containment during severe accidents. Tests investigated mixture responses
for hydrogen: steam: air mixtures with volume concentrations up to 70
volume percent hydrogen and about 56 volume percent steam.

These tests were highly successful in defining the hydrogen: air: steam
;

flammability triangle. In addition to the limit criteria, tests also
!

investigated combustion completeness issues, effects of mixture '

temperature and the resultant burn pressure rise. Pertinent conclusions
from this program were as follows:

1) Hydrogen: air: steam mixtures will be inert to combustion
provided the steam concentration exceeds 52%.

2) Pressures predicted using assumptions Adiabatic Isochoric j

Complete Combustion (AICC) bound experimental predictions.
|

3) Combustion of high volume percent hydrogen mixtures (up to 30 I
volume per-cent) was consistently observed to result in a
deflagration. In fact of 70 experiments performed at hydrogen
concentrations greater than 13 volume percent, no detonations |were observed.

SNL VGES TESTS" !
|

The Variable Geometry Experimental System (VGES) combustion chamber is
,

used extensively at SNL for studies of closed volume deflagrations of I

hydrogen: air mixtures. The purpose of these experiments were to establish |igniter performance and determine the effect of diluents and water sprays 1

on hydrogen deflagration. Three igniter designs were studied, these
included: exposed 300 W photolamp filament, a 30-J raised spark gap and
the GMAC 7G standard glow plug and the TAYCO Model 193-3442-4 helical |igniter. This later device is currently used for existing deliberate
ignition systems. j

Approximately 100 tests were performed in all. Of primary importance to
the e.e tests include observations with regard to igniter performance.
These findings are as follows:

1) Peak combustion pressures were observed to rise rapidly as |the hydrogen concentration reached 5 to 8%. Predictions of
these burns via AICC methods, suggest the combustion pressures
are bounded by AICC .

2) Igniter performance was found to have a significant influence
on all hydrogen concentrations below 8 volume percent.

3) Ideal gas inerting via nitrogen and carbon dioxide were
considered in various mixtures. Based on these studies the
diluent mixture for CO sufficient to inert the mixture was2

54%.

4) Tests of igniter performance in the presence of a water spray
and high velocity draughts, suggest that direct spray
impingement upon 53 1/m2 min can defeat the glow plug.

K-10
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NI'S TESTS"
.

A series of tests to investigate hydrogen. combustion in a large scale ,

facility were conducted by EG&G at the Nevada Test Site (NTS). These ;

tests investigated hydrogen mixing and survivability of safety related |'

equipment in postulated degraded core accident hydrogen burn environments.
|Tests included burns in premixed mixtures and -continuous injection

hydrogen sources. Approximately 40 experiments were performed. For [8 premixed tests, the mixture composition was varied over a range of 5 to i
13 % hydrogen and 4 to 40% steam. Ignition for these test was initiated -|

: by a GMAC 7G glow plug, located at various positions within the vessel. i
The NTS vessel was 15.85 m in diameter, with a volume of 2048 m'.

i

Test results provided considerable practical information on igniter
performance and placement. Tests clearly indicated that combustion

,

1 completeness is directly correlated with igniter placement. Location of
igniters towards the top of the vessal limited upward burning and shif ted !
the flammability limit to that of , inward burning which requires higher :.

hydrogen concentrations. It was also noted that the glow plug could ;

effectively ignite hydrogen mixtures as low as 5.2 volume per cent
;(provided steam concentrations are low) . Ignition above 8 volume per cent
,hydrogen consistently resulted in complete combustion.
!

; !

LLNL FYDROGEN IGNITER EXPERDENTAL PROGRAM"
r

This program consisted of an NRC directed effort to investigate the feffectiveness of glow plugs as effective deliberate ignition sources in :
hydrogen: steam: air mixtures. Approximately 100 experiments were ;

4

performed. Tests were conducted at a pressure of 1.4 MPa in a vessel with
|a 0.3 m' f ree volume. The facility investigated the GM AC 7G glow plug !

which was positioned at various locations within the test vessel.
|

These experiments provided additional confirmation that AICC prediction
methods would effectively bound hydrogen burn pressures for hydrogen burns '

up to 16 volume per cent hydrogen. Furthermore, hydrogen burns could be i

achieved at concentrations as low as 6 volume percent and that complete |combustion was expected at hydrogen concentrations of 8 volume percent.,

These igniter tests also noted that the GMAC 7G glow plug consistently
ignited mixtures at surface temperatures between 700 and 800 *C, with,

higher temperatures necessary to ignite steam mixtures, and "showed no
appreciable deterioration throughout the series of tests".

Experiments also confirmed that steam concentrations in excess of 50.
' volume percent can effectively inert the combustion process. Tests

performed in this test series investigated the combustion characteristics
; of an initially steam inerted mixture as the mixture condensed. These
, tests were performed with a 10% hydrogen concentration while the glow plug
i was activated. The condensation process was noted to result in the
j consumption of hydrogen without a consequent discrete pressure rise.
|-

: -
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| |
| WHITESHELL TESTS s,2o ji

'

|
The Electric Power Research Institute (EPRI) sponsored a series of over

,

300 premixed hydrogen combustion tests at the Whiteshell Nuclear Research
|Establishment in Pinawa, Manatoba. The program was focused in confirming

the effectiveness of a deliberate ignition system in controlling hydrogen
during a severe accident.

Tests were conducted in a 17 liter quasi-spherical facility. Two types
of glow plugs were studied: the GMAC 7G glow plug and the Tayco Model
193-3442-4 helical igniter.

These tests showed that either of the igniters could effectively ignite
dry hydrogen: air mixtures in quiescent conditions at 5.5 volume percent :
hydroger, down to 4.5 volume percent under turbulent conditions.
Furthermore, mixtures with as much as 55 voltme percent steam were ignited
in both quiescent and turbulent tests.

i

Assessment of combustion completeness indicate that for hydrogen mixtures |
greater than 9 volume percent burns were essencially complete. Combustion '

completeness was noted to also be dependent upon the steam concentration.
Significant reduction in combustion completeness was observed for steam

,

concentrations greater than 30 %. j
l

The Whiteshell experiments also investigated combustion in an initially |
inerted steam environment subject to steam condensation. In this !

experiment an initially inerted steam: hydrogen: air mixture was - mled to I
bring the mixture into the flammable range. Ignition was of cally !i

observed to occur once the mixture passed through the deflagration
ignition limit (See Figure 4.3-1). These ignitions occurred well in
advance of any potential detonation.

|
ACUREX TESTS' 'l

The Acurex corporation conducted a series of intermediate scale hydrogen
,

combustion experiments. The program was conducted in a 17.83 m' vessel. |
Both premixed and continuous hydrogen injection tests were performed. The I

specific objectives of these tests were to investigate effects of
injection rates (hydrogen and steam), igniter location and water sprays and
fogs on deliberate ignition.

These tests concluded that location of the igniter can affect the
effectiveness of the deliberate ignition system. Injection of hydrogen
above the igniter location will result in that igniter being bypassed.
Igniters located near the top wall of the vessel would ignite, however,
only af ter the hydrogen concentration reached the hydrogen concentration
suf ficient for downward flame propagation. The presence of sprays tended
to produce longer burns with a smaller pressure rise.

FEtMAL TEST '1

The Fenwal tests were performed for Westinghouse Electric Corporation and
several utilities to determine the effectiveness of glow plug igniters in

K-12
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a deliberate ignition system. The test f acility was a small scale 3.8 m 2 '

| spherical vessel. Tests included dry and wet hydrogen: air mixtures with !

both premixed and continuous injection hydrogen sources. Hydrogen ;concentrations ranged from 5 to 12 % by volume with steam concentration
|up to 40 volume percent. All tests were conducted with a GMAC 7G glow I

plug.

At low hydrogen concentrations, the effect of sprays and fans were to I

increase the hydrogen combustion pressure rise. This is presumably a 4

result of increased mixing withir the facility. .At hydrogen '

concentrations about 8 volume percent, che hydrogen burn was escentially ;
complete. '

;

The tests indicated that upward burns would propagate at hydrogen !

concentrations as low as 4 volume percent; at 6.5 % the burn will !
propagate sideways and at 8.5 % the burn propagates in all directions. j

;

NUPEC HYDROGEN IGNITER TESTS *8321 '

NUPEC has embarked on Containment Integrity Project for proving the
,

reliability of Reactor Containment Vessels. This project has been ongoing |since June 1987. This program includes both large (270 m') and small |(5 m') combustion experiments. Small scale tests were performed to 4

investigate hydrogen combustion phenomena and flame transition phenomena. '

Results from these tests were generally consistent with early data iobtained from similar programs in the United States. Large scale test i

data will simulate multicompartment features of an actual plant. |
.

UNIVERSITY OF PISA HYDROGEN I(MITER TESTS 22 ,

!

This test series was conducted by the Department of Mechanical and Nuclear .

Constructions at the University of Pisa and the ENEA (Comitato Nationale i

per la Ricerca e per lo Svilippo dell' Energia Nucleare e delle Energie ;
Alternative). These experiments were directed towards establishing
deflagration characteristics and examining the capabilities of igniters
for hydrogen control. Tests were conducted in the 0.5 m' Hydro-SC

|facility at the University of Pisa. Tests employed glow plug igniters
and included hydrogen concentrations from 4 to 16 volume percent with and

,

|without spray injection.

The Hydro-SC tests confirmed results of similar experiments performed in
the United States. The test further indicated that the igniter performed
its function in the presence of water sprays.

MARK III DEMESTRATION TEST s,23,2s.2s.27i

The Hydrogen Control Owners Group (HCOG) sponsored a 1/4 -Scale Mark III
Containment Combustion Hydrogen Program to determine the thermal
environment to which critical plant equipment in the Mark III containment

.

may be subjected to as a result of hydrogen combustion following a severe )accident. The tests were conducted by the Factory Mutual Research '

Corporation. The facility was designed using Froude Number scaling
4

techniques to simulate the details of the containment systems having an |
l
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important impact on the modeli'.g of the combustion phenomenon. These

i

features included a simulation of the HCOG deliberate ignition system, a i

model of the SRV sparger geometry and suppression pool, containment sprays
and fan coolers. |

IThe test simulated three types of transient hydrogen releases. Hydrogen
could be released via a simulated automatic depressurization system (ADS) ,
a stuck open relief valve into a sparger, or a LOCA event directly into
the containment. l

i

The experimental program, in essence, was a scaled demonstration of the
ef ficacy and practicality of a distributed deliberate ignition system for
use in degraded core and severe accident hydrogen control. Prior to the

,

onset of this program the experimenters believed that the igniter system |
would primarily control hydrogen accumulation via a series of discrete
deflagrations. It vas also recognized that steady diffusion flames may
develop for cert 9.a scenarios. Instead, the test program indicated that |
the dominant mode of combustion was the diffusion flame. Unburnt hydrogen '

was controlled to levels equivalent to 4.5 to 5 % by volume on a dry
basis. Diffusion flames were observed to be anchored to the surface of
the suppression pool. No significant pressure excursions were noted.
Consequently it was concluded that "the occurrence of successive :
deflagrations do not appear possible as a major mechanism of hydrogen I
consumption if a distributed ignition system is activated in the |
containment volume".

Tests were performed using two hydrogen release histories typical of core
degradation associated with a severe accident. These profiles were scaled 1

,

to represent an initially rapid hydrogen release over 1600 seconds with ia hydrogen release rate peak in the range of .24 to .48 kg/sec. A smaller '

tail hydrogen release rate was also modeled with prototypic constant
production rate of .07 kg/sec for 11,200 seconds. These values are
generally typical of a realistic core degradation process in System 80+.
In the system 80+ design the zircaloy content of the core is about 35,000
kg. Hydrogen will be rapidly released during a core degradation process
over a period of about one half hour. In this time between 30 and 50
percent of the core can be oxidized. Thus, hydrogen release rates will
be on the order of .26 to .43 kg/ sec. These hydrogen release rates
typical of the FMC test are in close agreement for a similar driving
function for System 80+.

Tests with Hydrogen Released Through the Suppression Pool

Several experiments were performed with hydrogen released through the
suppression pool. In these circumstances the original ignition was
observed at the HCU floor (ceiling above the suppression pool) The flame
ultimately anchored to the suppression pool surface as a steady diffusion
flame. As oxygen depleted from these regions the flame was observed to
lift to the HCU floor. Several aspects of these test observations are
consistent with System 80+. First the IRWST in System 80+ is expected to
ultimately be an oxygen depleted region. Consequently diffusion flames
on the pool surface per se are not expected. However, anchoring of
diffusion flames at the exit of the IRWST vents is expected. Should the
flame lif t f rom the IRWST vents, the flame will expand into the SG chimney
areas and be transported to the upper containment as a hydrogen depleted

K-14



CRUT
mixture. Diffusion flames were observed to maintain the containment

)concentration to about 5 volume percent. Steam concentrations during,

i

these tests were about 10-15 volume percent. '

l

!
Impact of Reduction in Igniter Availability '' I

HCOG test S-13 investigated the importance of the number of igniters on
the overall system performance. In this experiment only 18 of the 48
simulated system igniters were powered. Based on a comparison of S-13 to
its counterpart experiment the HCOG investigators concluded that
" deactivation of 29 igniters had no significant effect on...

....

combustion phenomena".

l
.

Observations Regarding Mixing 26

HCOG experiments resulted in " excellent" hydrogen mixing both before and
after hydrogen ignition. A review of the data showed no evidence of
localized hydrogen accumulations.

|
|
|

|

t

i

I
I

i

!
|
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TABLE 4.3-1 : SUNIERY OF PERTINENT IGNITER TEST INFORMATION
TEST MIXTURE VOLUME GLOW EXPERIMENTAL FINDINGS
SERIES (M') PLUG,

TEST-
ED

SNL H2/ AIR / 5.6 Y FULLY INSTRUMENTED TEST FACILITY (FITS) <

FITS STM
TEST OBJECTIVES:

ASSESS COMBUSTION CHARACTERISTICS AND FLAMMABILITY LIMITS OF SEVERE ACCIDENT
'

CONTAINMENT ATMOSPHERES

RESULTS:

1) DEFLAGRATIONS OBSERVED FOR HYDROGEN: AIR MIXTURES WITH UP TO A GREATER THA't 30
VOLUME PERCENT HYDROGEN CONCENTRATION.

i
NOTE: MORE THAN 70 HYDROGEN: AIR BURNS WERE OBSERVED AT CONCENTRATIONS GREATER4

THAN 13 V/O WITHOUT THE INITIATION OF A DETONATION. ,

j 2) DETAILED FLAMMABILITY CURVE DEVELOPED FOR H,t AIR STEAM MIXTURES. TESTS
'7 . INDICATED THAT STEAM CONCENTRATIONS GREATER THAN S2 V/O INSERTED BURNING

3) AICC PREDICTED PRESSURES BOUNDED OBSERVED PRESSURIZATION '

l

VGES H,/ AIR 5.1 Y VARIABLE GEOMETRY EXPERIMENTAL SYSTEM (VGES) [
.

TEST OBJECTIVE: "
3

PARAMETRICALLY STUDY CLOSED VOLUME DEFLAGRATIONS IN HYDROGEN: AIR MIXTURES,

1̂

RESULTS:

1) PREDICTED AICC PRESSURES BOUNDED ALL OBSERVED HYDROGEN BURNS (HYDRCGEN
j CONCENTRATION TESTED UP TO 24 V/0)
i

! 2. IGNITER LOCATION IS IMPORTANT FOR THE IGNITION OF HYDROGEN AIR MIXTURES BELOW
. 8 V/O. AT THESE LOWER CONCENTRATIONS MOVEMENT OF IGNITER UPWARD REDUCED BURN
1 COMPLETENESS IN THE VOLUME SINCE FLAME PROPAGATED UPWARD.
|
1

'

3. A GM.AC GLOW PLUG NEEDED A SURFACE TEMPERATURE OF ABOUT 1330 'F TO IGNITE A
: LEAN HYDROGEN AIR MIXTURE

! 4. -WATER SPRAYS GREATER THAN ABOUT 40 L/M2/ MIN CAN RENDER AN UNSHIELDED GLOW '
j PLUG INEFFECTIVE. GLOW PLUG PERFORMANCE CAN BE ASSURED BY SHIELDING THE PLUG

,'
,

; FROM DIRECT WATER IMPINGEMENT.

i m'
%f|K-16

,
,

;

. - - - , - - - - - . . .._ ~.__ --_--._ ..~. .,,....~._-- ~.,... ... -.__ - - . - _ ~. -.-. _,__ _ - m. --



. . .- .. - - -.. ._._ _ - - _ -- . _ . . .-- . - - _ - .. .______

f

TABLE 4.3-1 : SUMMARY OF PERTINENT IGNITER TEST INFORMATION
,

TEST MIXTURE VOLUME GLOW EXPERIMENTAL FINDINGS
SERIES (M') PLUG

TEST-
ED e

NTS H,/ air 2048 Y NEVADA TEST SITE (ir'S)
/stm

TEST OBJECTIVE:

STUDY HYDROGEN MIXING AND IGNITION PROCESSES AND THE SURVIVABILITY OF SAFETY
RELATED EQUIPMENT IN A LARGE SCALE FACILITY ASSOCIATED WITH BURNS IN A
HYDROGEN AIR STEAM MIXTURE

RESULTS

1 1) COMBUSTION COMPLETENESS IS ASSOCIATED WITH IGNITER PLACEMENT AT HYDROGEN
CONCENTRATIONS BELOW 7 V/O

i 2) GLOW PLUGS COULD EFFECTIVELY IGNITE MIXTURES DOWN TO 5.2 HYDROGEN VOLUME PER-
CENT r

3) IGNITION ABOVE 8 V/O WAS ASSOCIATED WITH COMPLETE CCMBUSTION

LLNL H,/ air 0.3 Y LLNL EXPERIMENTAL PROGRAM
/stm

TEST OBJE CIVE:

EVALUATE USE OF THE GM AC 7G GLOW PLUG AS A DELIBERATE IGNITION SOURCE FOR
; HYDROGENsAIR: STEAM MIXTURES
4

STUDY COMBUSTION PHENOMENOLOGY AND EFFECTS OF STEAP AND WATER FOGS + !

,

j RESULTS:

1) AICC PREDICIONS BOUNDED PRESSURES FOR ALL BURNS INCLUDING HYDROGEN3

j CONCENTRATIONS UP TO 16 V/O IN DRY AIR.
;

2) HYDROGEN BURNS WERE ACHIEVED AT CONCENTRATIONS ABOVE 6 V/O. COMPLETE BURNS
'

OCCURRED AT 8 V/O.

; 3) VOLUMETRIC STEAM CONCENTRATIONS IN EXCESS OF 50% CAN INERT THE BURNING '

PFOCESS2

1
I

4) CONDENSATION TESTS WITH 10 V/O HYDROGEN DID NOT RESULT IN A NOTICEABLE BURN
I EVEN THOUGH THE IGNITER CONSUMED THE HYDROGEN AS CONDENSATION PROCEEDED BELOW
! THE 50% THRESHOLD.

,

5) GM AC 7G GLOW PLUG CONSISTENTLY IGNITED MIXTURES AT SURFACE TEMPERATURES'
BETWEEN 700 AND 800 C AND SHOWED NO SIGNIFICANT DETERIORATION

*

;

K-17 %
i
|
:

.
. . . . . . . . . _ . . _ . . . . . . _ . _ . . _ _ . , _ . . . _ . . _ . . . . _ . _ . _ . . _ . . _ . . _ _ . . _ _ _ _ _ _ . . . . _ . . _ _ . _ . _ _ _ _ _ _ . . . _ _ _ _ . _ . .



. .- .. -______ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _._____ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ __-_ -__..__________ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE 4.3-1 :
SUMMARY OF PERTINE2Tr IGNITER TEST INFDRMATION

TEST MIXTURE VOLUME GLOW EXPERIMENTAL FINDINGSSERIES (M') PLUG
TEST-
ED

white- H,/ai r 17 Y TEST OBJECTIVEshell /stm liter

CONFIRM EFFECTIVENESS OF A DELIBERATE IGNITION SYSTEM IN CONTROLLING HYDROGENRELEASED DURING A SEVERE ACCIDENT

RESULTS:

1)
FOR DRY HYDROGEN AIR WITH MORE THAN 5.5 V/O UNDER QUIESCENT CONDITIONS.
DRY CONCENTRATIONS AS LOW AS 4 5 V/O COULD BE IGNITED UNDERTURBULENTCONDITIONS.

2)
GLOW PLUG IS CAPABLE OF IONITING MIXTURES AS MUCH AS 78 V/O HYDROGEN3)
PRESENCE OF STEAM REDUCES COMBUSTION COMPLETES PARTICULARLY

4)
STEAM CONDENSATION EXPERIMENTS INDICATED THAT DEFLAGRATIONS WILL OCCURTO REACHING A DETONABLE CONDITION PRIOR

ACUREX 17.8 TEST OBJECTIVE

INVESTIGATE EFFECTS OF HYDROGEN AND STEAM FLOWRATES, IGNITER LOCATION AND WATER
SPRAYS ON THE DELIBERATE IGNITION OF FLAMMABLE CONTAINMENT ATMOSPHERES.
RESULTS

1)
LOCATION OF IGNITER EFFECTED COMPLETENESS AND TIMING OF LOMBUSTION.
LOCATION OF IGNITERS AT THE BOTTOM AND TOP OF THE FACILITY PROVIDED DISCRETE

BOTH
BURNS WITH GREATER MAGNITUDE.
IN CONTINUOUS LOW PRESSURE BURNING OF HYDROGEN. LOCATION OF IGNITERS AT THE MID-SPAN RESULTED

FENWAL TEST OBJECTIVE

TEST OF THE PERFORMANCE AND DURABILITY OF THE GM AC 7G GLOW PLUG-SHIELD SYSTEM TOACT AS A DELIBERATE IGNITION SYSTEM.
PERCENT. HYDROGEN CONDITIONS RANGED FROM 5 TO 12 VOLUME

RESULTS

1)
AT LOW CONCENTRATIONS ( 4%) BURNS PROPAGATE DOWNWARD
AT 6% BURNS PROPAGATE SIDEWAYS
AT 8.5% BURNS PROCEED IN ALL DIRECTIONS

=
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TABLE 4.3-1 : SUMMARY OF PERTINENT IGNITER TEST INFORMATION
TEST MIXTURE VOLUME GLOW EXPERIMENTAL FINDINGS
SERIES (M') PLUG

TEST-
ED

Mark TEST OBJECTIVE
III

PROVIDE A SCALED DEMONSTRATION FOR THE APPLICABILITY OF A DELIBERATE IGNITION SYSTEMTO TIIE MARK III BWR CONTAINMENT,

RESULTS

1)
THE IGNITER SYSTEM WAS CAPABLE OF MAINTAINING THE ItYDROGEN CONCENTRATION IN
T*IE CONTAINMENT TO 4-5% (CN A DRY BASIS) EVEN WHEN TIIE OXYGEN LEVEL REDUCED
TO 7.2 VOLUME PER-CENT, REGARDLESS OF THE MAGNITUDE OF THE HYDROGEN RELEASE.

2)
IGNITION PRESSURE TRANSIENTS WERE MODEST. WITH NO PRESSURE EXCURSIONS AND
IGNITION USUALLY OCCURRED AT CONTAINMENT AVERAGE HYDROGEN LEVELS OF 1-2 %

*GM-AC 7G GLOW PLUG

_

%u.--
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GAS CONCENTRATION ATING STAIRCASE
Test showsconcentration differential between lower and upper ;

;HDR regions (above and below point of injection)
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5.0 HYDROGEN IGNITER PIACEMENT GUIDELINES FOR SYSTM 80+ ;

!
!'

This section sumrarizes the goals and guidance used in ertablishing .ne
4

design for the System 80+ Hydrogen Mitigation System (HMS). The HMS !

consists of a system of igniters installed in the containment to promote !

the combustion of hydrogen in a controlled manner so as to maintain the ;

average containment hydrogen concentration below the threanold value for +

potential detonation.
|

5.1 HMS DESIN GOAIS

The cost effectiveness of HMS for existing large dry PWRs (Zion and Surry) }
have been studied by the NRC. Based on these studies the hydrogen t

igniters were not found to be a cost effective accident mitigation measure !
for either plant. This conclusion was based on several factors including i

low zircaloy content in the core (limited hydrogen production potential), !
and relatively low core damage frequency for these rlants and requirements
associated with the "backfit rule" . Even stronger arguments regarding the
" low cost-benefit" of the HMS can be advanced for System 80+. System 80+

| has a core melt frequency (on the order of 1 x 10-' per reactor year) and
'

a low conditional containment failure probability (less than 0.10). ;
However, since System 80+ is an evolutionary ALWR the HMS is included in |
the plant design basis. !

i
In the design of the HMS a number of high level design goals were '

established. These goals were established so that the scope of the HMS .

could be clearly defined. The HMS design goals are: '
t

f

t

| 1. The igniter system is designed such that the global hydrogen |
| concentration will be below B v/o and local hydrogen concentrations

;| for containment volumes away from the hydrogen source can be !

maintcined below 10 v/o. >

In the event no detonations occur, containment integrity is assured
| since the peak AICC burn pressures is below the ASME service Level

C limit for the System 80+ containment (See CESSAR-DC Section
19.11.2).

2. In the event local concentrations in containment sub-volumes or
small rooms exceed 10 v/0 near the hydrogen source, the resulting
mixture is either

]

(a) not detonable (either via steam inerting or oxygen depletion)
or,

(b) a detonation in the region will not result in a threat to
i

containment integrity. |

The first criteria limits the global threat to the containment to well
within the structural capability. The second goal is intended to ensure
that containment integrity.is not compromised on a local basis,

i

Based on limited testing of the Mark III igniter system, the above -goals ;

appear to be easily achievable, and in fact, the actual HMS is expected !
to limit hydrogen coacentrations in the average range of 5 to 7 volume i
percent.

|
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5.2 HMS PIACEMENT CRITERIA

In order to design the HMS several issues were addressed to ensure that
! the system is (1) reliable (2) maintainable and (c) cost-effective.

,
"

Additional placement criteria were established based on observations of |
igniter and hydrogen distribution experiments described in Section 4 !
above. The HMS design criteria are summarized in Table 5.2-1 and are; j
briefly discussed below. -

,

i
i Reliability -|
1 j

j The issue of reliability includes system availability issues such as |

! alternate power supplies, and redundancy. Details of the Igniter System
1 can be found in Section 6.2.5 of the CESSAR-DC. To ensure the HMS is j

highly reliable, the following criteria were established: j
t

i

1. Igniters should be available in redundant pairs. |
1

Igniters are to be placed, in general, in regions with at least one i

pair of igniters in each designated region where hydrogen control is ;,

desired. Paired igniters will be powered from separate power supply'4

1

divisions. The intent of the redundant system is to control i
~ containment hydrogen concentration with only one-half of the HMS |

igniters operational.
,

i

2. HMS power will be diverse and redundant j

This is accomplished by providing power to the HMS igniters via
offsite power, emergency diesels and the combustion turbine
generator. A minimal subset of the HMS igniters (approximately 32
igniters) is to be powered off Class 1E Division batteries. j
Sufficient power is available in the station batteries to ensure !

operation of one-half of the HMS igniters for a period of four )
hours. As identified in Itex 1, partial operation of the HMS will
be adequate to accomplish the System 80+ hydrogen control objective,

j of preventing a potential detonation within the containment
'

following a severe accident.
1

s

j Maintainability

Experience on the Duke Ice Con ucc PWR units have demonstrated that
cost-efficiency of the HMS will * sociated with ability of the plant.

staff to maintain and test the .gniters. The System 20+ igniters have
been located with consideration of maintainability. Maintainability
criteria are associated with:

1. Locating igniters in accessible (and low radiation) areas and
on existing walls

,

4i

!2. Assuring that all igniters can be tested and replaced without
excessive manpower costs

i

i

3. limiting igniter placement in the IRWST

1

:
1

l
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Technical Placement Criteria j
!
'

The above criteria provide overall guidance in the general manner in which
the HIS igniters are to be placed. In this section the specific criteria

for placement of the igniters within the containment are defined along
with a brief discussion of the basis. i

I
1. Flowpath Requirements ;

,

The System 80+ igniter placement guidelines are defined in Table !
5.2-1. - Several criteria specifically relate to the placement of the ;

igniter with respect to the system flowpaths and sources. These |

criteria require the placement of igniters: '

i

1. along dominant flowpaths !

2. above hydrogen sources i
3. along secondary flowpaths j
4. at multiple burn levels j

These criteria are generally derived from a . combination of |
engineering judgement supported by experimental evidence and plant j
analyses. Hydrogen ignition tests discussed above have generally ;
indicated that to be effective igniters should be above the hydrogen i
source. This will maximize the hydrogen consumption while

''maintaining the global hydrogen concentration in the containment
low. This was observed in the Mark III 1:4 scale experiments as !
well as the large scale NTS facility. j

!

In addition the above criteria also suggest the importance of ,

identifying and providing ignition sources along important flow >

paths. The primary need for igniting these regions is to aid in the !

consumption of hydrogen which, either due to the initial igniter |
location or local steam inerting effects, is not initially burned. !

This hydrogen will be transported to upper containment _ regions. In i
the System 80+ design, the dominant flowpath for hydrogen transport f

will be up through the " chimney" created by the steam generator ;

enclosures. Secondary flowpaths may also develop which connect the ;

reactor cavity to the upper containment through the reactor-cavity 2

annulus and manway. Thus, ignition sources are to be provided along
these paths.

2. consideration of enclosures

Enclosures may become regions of high hydrogen concentration.
Typically enclosed regions are a concern if they can become the
source of a hydrrgen release. All enclosures in the System 80+
containment are vented. In order to ensure detonable _ hydrogen
accumulations do not develop all System 80+ enclosures will be
supplied with a pair of igniters.

3. igniter spacing and location below ceilings

General rules for igniter spacing and placement were established
based on a review of existing hydrogen ignition data. These rules
were:

a. igniters can be separated by 50-75 feet
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This allows a single igniter pair placement per floor in the steam
generator compartment and minimizes the number of igniters required
in the upper dome. NTS tests demonstrate that the hydrogen
concentration in large open regions can be controlled by a single

igniter. The typical volume in the NTS test facility was about
75,000 ft) with a diameter of about 50 feet.

b. igniters should be located 10 feet below the ceiling

This criteria encourages upward burning and maximizes the per
igniter hydrogen consumption in the vicinity of the source. This
recommendation is based on observations in various hydrogen ignition
tests which noted upward burning occurred at lower hydrogen
concentrations than either sidewards or downwards burning.
Consequently, when feasible igniters should be placed many feet
below obstructions (such as ceilings). Typically, 10 feet is
expected to allow sufficient to allow upward combustion to occur.

,
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TABLE 5.2-1: SUMMARY OF SPECIFIC IGNITER PLACEMENT AND DESIGN CRITERIA FOR SYSTEM 80+ PRIOR

NO. CRITERIA BASIS NOTES

1 IGNITERS PLACED ALONG DOMINANT SYSTEM 80+ IS DESIGNED WITH A SINGLE DOMINANT FIGURE 5-1 2

NATURAL CIRCULATION FLOW PATTERN CHIMNEY FLOWPATH WITH THE SG ENCLOSURES AND INTERIOR
PATHWAY. CRANE WALL SERVING AS THE LOW DENSITY RISER AND THE

OUTER CRANE ANNULUS SERVING AS THE DENSER FLUID A,I
RETURN DOWNCOMER. THE NATURAL CIRCULATION PATTERN
IS DRIVEN BY VERY LOW PRESSURE DIFFERENTIALS. SINCE
ALMOST ALL THE HYDROGEN WILL FLOW THROUGH THIS '

PATHWAY DOMINANT REGIONS IN THE UPFLOW PORTION OF
THE CHIMNEY ARE REQUIRED TO HAVE IGNITERS.

DOMINANT FLOWPATH CONFIRMED VIA DETAILED THERMAL
HYDRAULIC ANALYSIS.

2 IGNITERS ARE PLACED IN VICINITY AND TYPICAL EXPECTED SOURCES OF HYDROGEN INCLUDE ALL RCS A,B 1

ABOVE HYDROGEN SOURCES. PRIMARY PIPING, NON-ISOLABLE CONNECTING PIPING AND
IRWST VENTS

3 IGNITERS LOCATED IN CLOSED AND LESS DEAD REGIONS ALLOW POTENTIAL FOR HYDROGEN TO C ?

WELL VENTED REGIONS. ACCUMULATE.

4 MULTIPLE LEVELS OF BURNING IN MULTILEVELED BURNING WILL MINIMIZE THE RISK OF G 3

j DOMINANT FLOW PATHS. LOCALIZED STEAM INERTED REGIONS FROM PREVENTING
'

HYDROGEN COMBUSTION AT THE IGNITERS.

MULTILEVELED fRNS ALSO ALLOW BURNING OFF OF
ADDITIONAL HYLatOGEN THAT WAS NOT PREVIOUSLY BURNED
DUE TO INCOMPLETE COMBUSTION AT LOWER LEVELS.

THIS METHOD WILL ALSO RESULT IN HIGHER TEMPERATURES
IN THE DOMINANT UPFLOW PATHS AND INCREASE
CIRCULATION THROUGH THE MUTILEVELED FLOW PATHS.

5. AXIAL SPACING OF MULTI-LEVEL IGNITERS NTS DATA SUGGESTS THAT IGNITERS CAN CONTROL HYDROGEN 4

BASED ON FLOOR SPACING. CONCENTRATION IN VOLUMES WITH VERTICAL 'rfEIGHTS
' GREATER THAN 50 FEET. THIS DISTANCE If TYPICALLY

LARGER THAN THE SYSTEM 80+ FLOOR SEPARAsION.

! 6. HIGHLY RELIABLE POWER SOURCE FOR OPERATING EXPERIENCE SUGGESTS THAT IGNITER FAILURES F,J 16
*

MINIMUM IGNITER SET. MAY OCCUR DURING PLANT OPERATION. THEREFORE, POWER
TO BOTH THE MINIMUM AND SUPPLEMENTAL HYDROGEN SET
SHOULD BE HIGHLY RELIABLE TO PROVIDE REASONABLE
ASSURANCE THAT PERFORMANCE GOALS ARE ACHIEVED.

7. IGNITER LOCATIONS SUPPORTED BY AN THIS CRITERIA PROVIDES REDUNDANCY OF IGNITERS FOR E 13
IGNITER PAIR IN THE SAME GENERAL EACH GENERAL VICINITY, !

i VICINITY.
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TABLE 5.2-1: SUMMARY OF SPECIFIC IGNITER PLACEMENT AND DESIGN CRITERIA FOR SYSTEM 80+ PRIOR

NO. CRITERIA BASIS NOTES

8. ALL IGNITER PAIRS ARE POWERED VIA LOSS OF POWER TO ONE IGNITER SET WILL NOT COMPROMISE E 17
INDEPENDENT POWER SOURCES. REGIONAL COVERAGE.

9. IGNITERS LOCATED WITH REASONABLE TO ASSURE A FUNCTIONAL AND MAINTAINABLE SYSTEM K 9

EXPECTATIONS OF MAINTAINABILITY AND IGNITERS ARE USUALLY LOCATED ON WALLS OR SURFACES
SURVEILLANCE. ACCESSIBLE FOR SURVEILLANCE.

10. NO MORE IGNITERS PLACED THAN SYSTEM 80+ IS DESIGNED WITH A LARGE CONTAINMENT 10
REASONABLY NECESSARY. VOLUME. THEREFORE, TO MEET THE GENERAL GUIDANCE OF

CONTROLLING HYDROGEN TO BELOW 10 V/O GLOBAL, IT IS
REQUIRED THAT ONLY 25% OF THE HYDROGEN PRODUCED BY A
100 % OXIDATION OF ZIRCALOY ACTIVE CLADDING BE
REMOVED BY THE IGNITERS.

SHERMAN-BERMAN ASSESSMENT OF DETONABILITY WITHIN
SYSTEM 80+ IS LOW AND HYDROGEN CONTROL FOR PURPOSES
OF PREVENTING DETONABILITY WOULD HAVE LIMITED RISK
SIGNIFICANCE.

11, LIMITED USE OF IGNITERS IN IRWST. IGNITERS IN THE IRWST CAN PLAY A ROLE IN HYDROGEN
CONTROL FOR THOSE UNUSUAL CIRCUMSTANCES WHEN THE
HYDROGEN CONTENT IN THE IRWST IS COMBUSTIBLE. FOR
MOST SEVERE ""CIDENT SITUATIONS THE IRWST HYDROGEN
WILL BD NON-COMBUSTIBLE OR ONLY WEAKLY COMBUSTIBLE
DUE TO THE LACK OF OXYGEN OR STEAM INERTING. THE
NUMBER OF IGNITERS IN THE IRWST SHOULD BE LIMITED.
THIS IS IMPORTANT SINCE MAINTAINABILITY AND TESTING
IN IRWST DIFFICULT.

12 ALL IGNITERS PLACED ABOUT 10 FEET EXPERIMENTAL DATA INDICATES UPWARD BURNING TO H 5
BELOW A SOLID SURFACE (FLOOR,ETC.). INITIATE BETWEEN 4 AND 6 V/O H,. LOCATION OF

IGNITERS SEVERAL FEET BELOW SOLID FLOORS ENABLES
MORE EFFICIENT USE OF THE IGNITER TO CONTROL
CONCENTRATION AT THE LOWER END OF THE FLAMMABILITY
RANGE. y

NTS DATA INDICATES COMBUSTION EFFICIENCY IS HIGHER
AWAY FROM WALLS AND WHEN HYDROGEN CONCENTRATION IS A *

BELOW 7 V/O. BASED ON NTS (VOLUME 75,000 FT" WITH
ONE IGNITER LOCATED NEAR A WALL, COMBUSTION
EFFICIENCY AT 7 V/O IS ON THE ORDER OF 30 TO 50 %).

n
.s
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TABLE 5.2-1: SUMMARY OF SPECIFIC IGNITER PLACEMENT AND DESIGN CRITERIA FOR SYSTEM 80+ PRIOR

NO. CRITERIA BASIS NOTES

13. AVERAGE SUSTAINED CONCENTRATION OF EXPERIMENTAL DATA ON HYDROGEN MIXING SUGGESTS THAT J 14

CONTAINMENT HYDROGEN WITH A MINIMAL H, CONCENTRATIONS IN VOLUMES ABOVE THE SYSTEM RELEASE
IGNITION SYSTEM BE LESS titan 8 VOLUME POINT, WILL BE REASONABLY WELL MIXED TYPICALLY WITH
PERCENT. A MAX / AVG CONCENTRATION GRADIENT OF UNDER 1.3.

14. IGNITER SYSTEM SHOULD BE CAPABLE OF MAINTENANCE OF H, CONCENTRATIONS BELOW 10 V/O ON A J 15
BURNING OFF SUFFICIENT HYDROGEN TO GLOBAL AVERAGE PROVIDES REASONABLE CONFIDENCE THAT A
RENDER THE HYDROGEN CONCENTRATION IN LOCAL DETONABLE MIXTURE IN A SEVERE ACCIDENT
THE CONTAINMENT ATMOSPHERE TO BELOW ENVIRONMENT (UNDER 13 V/0) WILL NOT OCCUR.
10 V/O (GLOBAL AVERAGE)IN LESS TIIAN 4 THEREFORE, DETONATION THREATS TO CONTAINMENT WOULD
HOURS FOLLOWING COMPLETE OXIDATION OF BE UNLIKELY.
THE ZIRCALOY ACTIVE CLAD.

15. NO IGNITERS NEAR PSV/SDS PIPING. ALL PRA DOES NOT CONSIDER A SIMULTANEOUS FAILURE OF THE 12

RELEASES FROM THE PSV/SDS CHANNEL PSV/SDS VALVES AND DOWNSTREAM PIPING. PROBABILITY OF
INTO IRWST. ABOUT 10" PER YEAR

16. WITH THE EXCEPTION OF THE DOME REGION NTS EXPERIMENTS INDICATE THAT A SINGLE IGNITER CAN 5

IGNITERS IN THE DOMINANT FLOWPATI!S EFFECTIVELY CONTROL HYDROGEN CONCENTRATION IN A
SHOULD COVER A VOLUME OF LESS THAN 75,000 FT' SPHERE. THIS PLACEMENT CRITERIA IS WITHIN

850,000 FT . THE EXPERIMENTAL DATA BASE.

17. IGNITERS TO BE PLACED AT POSITIONS THIS PLACEMENT PROVIDES COVERAGE FOR FLOW AREAS D e

ASSOCIATED WITH SMALLER SECONDARY WHICH ARE NOT EXPECTED TO BE HYDROGEN RICH.
FLOW FATTERNS. HOWEVER, THEIR PRESENCE WILL CONTRIBUTE TO INCREASED

HYDROGEN COMBUSTION AND ASSURE ALL POTENTIAL
FLOWPATHS WILL HAVE IGNITER CAPABILITY REGARDLESS OF
ANTICIPATED FLOWPATHS.

18 MULTIPLE LEVELS OF BUD.NING IN INCREASES EFFECTIVENESS OF IGNITERS THAT BURN AT LOW 18
SECONDARY FLCW PATHS. CONCENTRATIONS

rs;

M
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NCrrES ON TABLE 5.2-1
A THIS CRITERIA IS INTERPRETED AS REQUIRING THE PLACEMENT OF IGNITERS ABOVE EACH OF THE

2 HOT LEGS, 4 RCP DISCHARGE LEGS AND 4 RCP SUCTION LEGS AND PRESSURIZER SURGE LINE.

ADDITIONAL PLACEMENT MAY ALSO BE REQUIRED IN VICINITY OF DVI LINES, CHARGING AND
LETDOWN, SHUTDOWN COOLING, DVI AND SIT LINES. ONLY LINE SIZES SUFFICIENT TO BE

,

CONSIDERED A SMALL LOCA CONSIDERED.

FOR PSV /SDS OPERATION HYDROGEN SOURCE TO THE CONTAINMENT WILL BE LOCATED AT IRWST
VENTS (ABOVE GROUND FLOOR 91-9" ELEVATION AND IN VICINITY OF OVERFLOW PIPE IN HOLDUP
VOLUME).

POST-VB HYDROGEN SOURCE TO THE CONTAINMENT IS VIA THE VESSEL BREACH SCENARIO. THIS
i INTRODUCES HYDROGEN INTO THE REACTOR CAVITY. THUS, IGNITERS WILL BE LOCATED IN

. REACTOR CAVITY AND AT THE DOMINANT EXITS OF THE REACTOR CAVITY (ASSUMING FLOODED
| CAVITY). (1 REQUIRED; 3 IGNITERS PER LOCATION SELECTED FOR BACKUP) .

B BECAUSE OF CLOSE PROXIMITY OF PRIMARY COOLANT PIPING AND SAFETY / CONTROL LINES, ONE
LOCATION MAY BE COVERED BY MORE THAN ONE IGNITER.

C SYSTEM 80+ HAS SEVERAL VENTED COMPARTMENTS. THESE INCLUDE THE RHR HX ROOM AND
LETDOWN HX ROOM. SINCE THESE ROOMS ARE LOCATED LOW IN THE CONTAINMENT AND ARE NOT IN
DIRECT PROXIMITY TO A HYDROGEN SOURCE THERE IS NO RECOMMENDATION FOR IGNITER
PLACEMENT.

4

THE PRESSURIZER HOUSING REPRESENTS A VENTED TUNNEL WITH MORE THAN 100 FT' AREA VENT,

LOCATED TOWARDS THE TOP OF THE COMPARTMENT. USING CRITERION 2 AN IGNITER WILL'BE
LOCATED AT THE EXITS OF THE HOUSING AND THEREFORE ADDITIONAL IGNITERS WITHIN THE

3 HOUSING IS NOT NECESSARY.

FOR POST VB RELEASE THE HYDROGEN RELEASED FOLLOWING VB IS VENTED TO THE LOWER
COMPARTMENT VIA THE CAVITY COOLING VENTILATION ROOM. THIS ROOM IS WELL VENTED.*

HOWEVER, AN IGNITER WILL BE PLACED IN THIS AREA BECAUSE IT REPRESENTS'A' HYDROGEN
SOURCE TO THE CONTAINMENT VIA CRITERION 2.

A SMALL REGION OF CONTAINMENT ADJACENT TO THE PRESSURIZER HOUSING APPEARS POORLY
.
'

VENTED AND SHOULD BE FITTED WITH IGNITERS DUE TO CRITERION 3.
2-

IN ORDER TO ENSURE A DOMINANT CHIMNEY FLOW PATTERN THE HVAC HEADER IS POORLY VENTED
(LEAVING THE LOW RESISTANCE PATHWAY THROUGH THE RCS GRATED REGIONS). THUS, IGNITERS

-WILL BE LOCATED IN THE HVAC HEADER REGION.

3 ,
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IUTES ON TABLE 5.2-1
D THESE IGNITERS ARE NOT PART OF MINIMAL SET AND NEED NOT HAVE BATTERY BACKUP.
E PAIRS LOCATED IN THE SAME GENERAL REGION, BUT MAY BE SEPARATED BY DISTANCE.

F A MINIMAL IGNITER SET WILL DE POWERED OFF BATTERIES, COMBUSTION TURBINE (CT), DIESEL
GENERATOR (DG) & OFFSITE SOURCE; A SUPPLEMENTAL IGNITER SET WILL BE POWERED OFF OF
CT, DG & OFFSITE SOURCE.

G MULTILEVEL BURNING IS PARTICULARLY IMPORTANT TO KEEP LOWER HYDROGEN CONCENTRATIONS
WHERE COMBUSTION COMPLETENESS IS EXPECTED TO BE LOW.

H NTS DATA INDICATES HYDROGEN CONTROL IN LARGE OPEN VOLUMES CAN BE PERFORMED WITH A
SINGLE IGNITER. IGNITER LOCATION HAS SOME IMPACT ON COMBUSTION COMPLETENESS AND
FLAMMABILITY LIMITS.

I IF NECESSARY ADDITIONAL IGNITERS WILL BE ADDED TO COVER BREAKS IN RCS CONNECTING
PIPING

J MINIMAL IGNITER SET INCLUDES 33 IGNITERS (JULY 6, 1993 DESI RECOMMENDATION).
K AN EXCEPTION TO THIS RULE IS EXPECTED TO BE THE DOME IGNITERS WHICH ARE TO BE

SUSPENDED 10 TO 15 FEET BELOW THE DOME INNER SURFACE.

.

. m
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6.0 DESCRIPTION OF THE SYSTEM 80+ HYDROGEN MITIGATION SYSTEM

This section provides the details with respect to the Hydrogen Mitigation
System (HMS) igniter design, placement and operaf. ion. The HMS is designed
to accommodate the hydrogen production from 1006 active fuel clad metal-
water reaction and limit the containment averac e hydrogen concentration
to 10 % in accordance with 10 CFR 50.34 (f) fc r a severe accident. A
detailed description of the System 80+ HMS is provided in Section 6.2.5.

6.1 IGNITER PIACEMENT

The System 80+ containment utilizes eighty (80) shielded GMAC model 7G
thermal igniter glow plug controlling hydrogen in roughly fortycontainment locations. This igniter glow plug has been extensively
tested, and is incorporated in the igniter system for the GE Mark III
containment and several Westinghouse PWRs with ice condenser containments.
Each igniter is powered by a 120/14 V step-down transformer designed to
provide a minimum surface temperature of 1700 F. The igniter assembly is
illustrated in Figure 6.1-1.

The System 80+ HMS employs 80 igniters, providing coverage for about 40
containment regions. This level of igniter coverage is typically -
consistent with the 90 employed in the Grand Gulf design and the 68
established for the Sequoyah ice condenser PWR. Hypothetical igniter
systems design for Zion and Surry large dry PWRs included 76 igniters.
Table 6.1-1 summarizes the System 80+ igniter placement. Detailed three
dimensional placement drawings for these igniters are presented in Figures
6.1-2 through 6.1-6.

6.2 IGNITER POKER SUPPLY

In order to assure high igniter availability, the igniters are powered
f rom several independent Class 1E power sources. All eighty igniters may
be powered via (1) offsite power source, (2) emergency diesel generators,
and (3) alternate AC power source (combustion turbine generator) . A
minimum of 32 igniters can be powered from station batteries (16 each via
each emergency bus as identified in Table 6.1-1. The station batteries
can provide four (4) hours of power for operation of these igniters. As
discussed in Section 7.0, MAAF analyses suggest that approximately two (2)
hours of igniter operation is sufficient to burn off enough hydrogen to
limit the global containment hydrogen concentration to below 10 volume
percent for a 100% active fuel clad oxidation severe accident scenario.

6.3 IRNST vet 7f SYSTEM

iIn addition to the igniter placement and power supply, another essential
feature of the HMS is the powered shut IRWST vent system. This system is
used to aid in the removal of hydrogen from the IRWST so that the hydrogen
passing through the tank may be burned elsewhere. The IRWST vent system

2

consists of several vents connecting the IRWST with the lower containment. -
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Four vents will be located within the steam generator wing walls. The
remaining vents will be distributed about the containment. These vents
occupy a total vent floor area of about 600 fta with a free flow area of

2400 ft. The dif ference between these two areas is the dense grating
which is required for floor structural integrity and protection of the
sump.

|
The 400 fta vent area is considered sufficient to maintain the hydrogen'

concentration in the IRWST freeboard space to about 10 volume percent.
The steam and oxygen concentrations within the IRWST would be such that I

even at higher hydrogen concentrations, the steam, air and hydrogen
mixture is not likely to be detonable.

The selection of the 400 ft2 IRWST vent area is based on maximizing the
venting capability of the IRWST while simultaneously minimizing the
adverse impact of larger vents on plant safety and operational aspects.
Specific factors that were of concern in limiting the vent size include:

(1) Cleanliness and Boration of IRWST Water

Leakage through the vents and/or failure of the vent to remain
closed can cause introduction of contaminants / debris and unborated
water into the IRWST. In addition, moisture escaping from the IRWST
through the vents can result in a corrosive atmosphere in the
containment. These effects can compromise the effectiveness of
the safety injection function and/or result in plant equipment
damage.

(2) Impact on Plant Operation / Maintenance

Since all containment flows are currently required to enter the
Hold':p Volume Tank for boration, the floor vents would require

I raised ledges to prevent leakage into the IRWST. These protrusions
'

could potentially obstruct free movement throughout the containment
and limit equipment laydown areas available for maintenance
operations.

(3) Reduction in Structural Capability

The structural strength of the IRWST top lid can be impacted due to
the number and size of the IRWST vents. Larger vent area could
adversely impact the structural strength of the lid.

!

As an alternative to the large IRWST venting described above, a i

combination of a smaller IRWST vent area and Passive Autocatalytici

| Recombiners (PARS) in the vicinity of the vents were considered as an
|

| optional design feature to maintain the hydrogen concentration within the !
! IRWST below 10%. I

The PARS would recombine the hydrogen and oxygen passively without
combustion. In this exothermic process heat generated within the PAR
would set up a density difference across the PAR to initiate significant
natural circulation flows near the vienity of the PAR. In the proposed
alternate option, a number of PARS (about 4) are located near the vicinity
of the IRWST vents which have a total area of about 150 ft . These vents2

will be distributed in four locations along the top lid of the IRWST. As
i

K-33 i
i

i



_ __

| DRAF*Ti % J
3 % , ..

j in the first option, the vents will powered shut with manual actions or
1 a loss of power causing their opening. As the PARS begin to recombine

hydrogen and oxygen, sufficient natural circulation flow between the IRWST
; freeboard space and the lower compartment of the containment will be
'

initiated. This flow will be adequate to maintain the IRWST hydrogen
concentration below 10%.;

,

; \

'

:

| 6.4 ICNITER ACCESSIBILITY AND MAINIEtGNCE |
e

!

| All hydrogen igniters have been evaluated for required access for
'

j testing and maintenance. The most inaccessible igniter locations
i are in the containment dome. These igniters can be reached from the
! polar crane with a temporary scaffolding / ladder arrangement.

;'

Igniters in the steam generator cubicles are placed to allow access
_ ;

] from existing platforms. Igniters in the IRWST utilize tubes in the
[~

IRWST roof to allow the igniter assembly to be retracted to the 91+9
;

elevation for testing and maintenance without requiring IRWST entry. ;

4 Igniters are generally located 7 to 10 feet above floors to allow
|

J easy access without impeding personnel passage or becoming a ;

j personnel safety hazard.

I.

|
I

|.

1

a
t.,

l

l
:
1 ,

i

l !

!

! !
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TABLE 6.1-1 '

.

SYSTEM 80+ HYDROGEN IGNITER LOCATIONS
;

'

TAG NO. LOCATION ELEVATION AZIMUTH RADIUS
(Centerline) (Degrees) (Ft & in)

| 1A* REACTOR 70'+0" 22 13'-0"
CAVITY ICI
AREA '

1B* REACTOR 70'+0" 314 13'-1"
CAVITY ICI
AREA

2A* IRWST AREA 88'+6" 44 44'-11"

2B' IRWST AREA 88'+6" 136 44'-11"
,

3 A* IRWST AREA 88'+6" 224 44'-11"

3 B' IRWST AREA 88'+6" 316 44'-11"
'

.

4A MAVEC AREA 89'+6" 355 28'-2" !

4 B* MAVEC AREA 89'+6" 351 35'-8"

5A* IRWST VENT 100'+0" 16 43'-7"
OUTLET

i5B IRWST VENT 100'+0" 342 44'-la ~

OUTLET
,

6A IRWST VENT 99'+0" 154 42'-6"
OUTLET

6B* IRWST VENT 99'+0" 206 42'-6" |OUTLET
!

7A* EL. 91'+9" 100'+0" 59 48'-2"
STEAM GEN. 2
WING WALL

7B EL. 91'+9" 100'+0" 73 52'-11"
STEAM GEN. 2
WING WALL

8A EL. 91'+9" 100'+0" 108 52'-7"
STEAM GEN. 2
WING WALL

8B* EL. 91'+9" 100'+0" 130 46'-11"
| STEAM GEN. 2
| WING WALL
|

|

|

|
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| TABLE 6.1-1 #

1 SYSTEM 80+ HYDROGEN IGNITER IOCATIONS
,

] s

| TAG NO. IOCATION ELEVATION AZIMUTH RADIUS ;

(Centerline) (Degrees) (Ft.& in),

9A* EL. 91'+9" 100'+0" 224 44'-11"
STEAM GEN. 1 |

1 WING WALL

9B EL. 91'+9" 100'+0" 252 52'-7" |
STEAM GEN. 1 i

WING WALL

) 10A EL. 91'+9" 100'+0" 287 52'-11"
STEAM GEN. 1

|
1 WING WALL i

t

10B' EL. 91'+9" 100'+0" 314 46'-9" 's

STEAM GEN. 1 '-

WING WALL i

11A LETDOWN HEAT 100'+0" 151 64'-8"
HX RM.

,

11B LETDOWN HEAT 100'+0" 178 56'-1"
HX RM. '

12A REGEN. HX RM. 100'+0" 199 59'-1" !

12B REGEN. HX RM. 100'+0" 206 62'-8"

13A* EL. 91+9 HVAC 105?+0" 30 82'-2" !

DIST. HEADER
,

13B EL. 91+9 HVAC 105'+0" 75 82'-2"
DIST. HEADER

|)
14A EL. 91+9 HVAC 105'+0" 120 82'-2"

DIST. HEADER

14 B* EL. 91+9 HVAC 105'+0" 165 82'-2"
DIST. HEADER

,

15A* EL. 91+9 HVAC 105'+0" 210 82'-2"
DIST. HEADER

1

ISB EL. 91+9 HVAC 105'+0" 255 82'-2" -,

'

DIST. HEADER

| 16A EL. 91+9 HVAC 105'+0" 300 82'-2"
! DIST. HEADER

16B* EL. 91+9 HVAC 105'+0" 345 82'-2"
DIST. HEADER

K-36
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TABLE 6.1-1 *%.-' -

SYSTEM 80+ HYDROGEN IGhTIER LOCATIONS '

' TAG NO. LOCATION ELEVATION AZIMOTH RADIUS;

(Centerline) (Degrees) (Ft.& in) !I

| 17A' L. 115+6 O.D. 125'+0' 25 69'-4"
CRANE WALL,

17B EL. 115+6 125'+0" 66 69'-4" iO.D. CRANE i

WALL
t

18A EL. 115+6 125'+0" 114 69'-4"
s

O.D. CRANE 1

WALL
i

18B EL. 115+6 125'+0" 152 69'-4"
O.D. CRANE i

WALL

19A EL. 115+6 125'+0" 205 69'-4" i
*

O.D. CRANE
WALL

i
"

19B' EL. 115+6 125+0" 246 69'-4" !
O.D. CRANE
WALL '

f

20A EL. 115+6 125'+0" 294 69'-4"
O.D. CRANE
WALL '

,

20B EL. 115+6 125'+0" 335 69'-4"
O.D. CRANE
WALL,

'

21A EL. 115+6 123'+6" 346 43'-1"
GRATING HATCH
AREA

;

21B EL. 115+6 123*+6" 13 43'-1"
GRATING HATCH i
AREA '

I
22A* STEAM GEN. 2 126'+3" 66 46'-3"

AREA
-[

,

22B STEAM GEN. 2 126'+3" 114 46'-3" -

AREA

23A STEAM GEN. 2 126'+3" 54 23'-6" i

AREA I

,

I
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TABLE 6.1-1
SYSTEM 80+ HYDROGEN IGNITER IOCATIONS

TAG NO. LOCATION ELEVATION AZIMUTH RADIUS
(Centerline) (Degrees) (Ft.& in)

23B' STEAM GEN. 2 126'+3" 127 23'-6"
AREA

24A* STEAM GEN. 1 126'+3" 294 46'-3"
AREA

24B STEAM GEN. 1 126'+3" 247 46'-3"
AREA

25A STEAM GEN. 1 126'+3" 307 23'-6"
AREA

25B* STEAM GEN. 1 126'+3" 234 23'-6"
AREA

26A* STEAM GEN. 2 164'+0" 66 46'-3"
AREA

26B STEAM CEN. 2 164'+0" 114 46'-3"
AREA

27A STEAM GEN. 2 164'+0" 43 28'-7"
AREA

27B* STEAM GEN. 2 164'+0" 137 28'-7"
AREA

a

28A* STEAM GEN. 1 164'+0" 294 46'-3" i
AREA

28B STEAM GEN. 1 164'+0" 246 46'-3"
AREA

29A STEAM GEN. 1 164'+0" 317 28'-7" |AREA 1

29B* STEAM GEN. 1 164'+0" 223 28'-7"
AREA

!

30A* REFUEL C'.VITY 154'+0" 45 22'-6"

30B REFUEL CAVITY 154'+0" 135 22'-6"

31A REFUEL CAVITY 154'+0" 315 22'-6"

31B' REFUEL CAVITY 154'+0" 225 22'-6"

32A PRESSURIZER 188'+10" 227 46'-9"

32B PRESSURIZER 188'+10" 248 50'-9"

K-38
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TABLE 6.1-1
SYSTEM 80+ HYDROGEN IGNITER LOCATIONS

TAG NO. IOCATICH ELEVATION AZIMUTH RADIUS
(Centerline) (Degrees) (Ft.& in)

33A PRESSURIZER 188'+10" 216 64'-8"

33B PRESSURIZER 188'+10" 252 64'-8"-

34A' EL. 146 I.D. 200'+0" 40 64'-8"
CRANE WALL

34B EL. 146 I.D. 200'+0" 77 64'-8"
CRANE WALL

35A EL. 146 I.D. 200'+0" 125 64'-8"
CRANE WALL

35B* EL. 146 I.D. 200'+0" 175 64'-8"
CRANE WALL

36A EL. 146 I.D. 200'+0" 310 64'-8"
CRANE WALL,

36B EL. 146 I.D. 200'+0" 355' 64'-8"
CRANE WALL

37A CONT. DOME 237'+0'' O 56'-7"
-

\37B CONT. DOME 237'+0" 45 56'-7" '

3 8 A* CONT. DOME 237'+0" 90 56'-7"

38B CONT. DOME 237'+0" 135 56'-7"

39A CONT. DOME 237'+0" 180 56'-7"

39B CONT. DOME 237'+0" 225 56'-7"
! 40A CONT. DOME 237'+0" 270 56'-7"

40B* CONT. DOME 237'+0" 315 56'-7"
i.

denotes igniters that can be powered by Class 1E batteries, in addition to offsite
i

*

power source, diesc1 generators, or alternate AC combustion turbine generator
|

.

1

a

a
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SPARGER PIPING

|N /

- '- -

\
TAG NO. 38 %f

t' l'. . / ' HYD. IGNITER
i ; \ TRG NO. 18

HYO. IGNITER
*' TRG NO. 4B %

(

100
~

j % ,

g. _
% 0=

'' % - NHYO. IGNITER
TAG NO. 4Rw

,

HYO. IGNITER
-.

TAG NO. IR

\
___

/
Q HYD. IGNITER

HYO. IGNITER TAG NO. 2R @

inG NO. 28 K [
\ - / TOTAL NO. OF IGNITERS_.

SHOVN FOR THIS AREA IS 0.
| -

--- PLAN OF IRVST AND REACTOR CAYITY RRER
FILENAMEeHYDS. HIT 90

.

FIGURE 6.1-2: SYSTEM 80+ HYDROGEN IGNITER LOCATION: PLAN VIEN OF IRWST AND CAVITY AREA
(IGNITER PAIRS 1,2,3 AND 4)
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7.0 ANALYTICAL VERIFICATION OF THE SYSTEM 80+ IGNITER SYSTEM

This section summarizes the highlights of the System 80+ MAAP 4
containment analyses performed to assess the System 80+ HIS. The MAAP 4
code was used to study hydrogen mixing and combustion in the System 80+
containment. The key goals of the study were to assess the potential for I

hydrogen build-up in the containment and to calculate the best-estimate ]
response of the hydrogen igniter system. :

MAAP 4 contains a state-of-the-art lumped parameter model for containment
thermal-hydraulics. The model was specially constructed to model natural j

circulation in advanced light water reactor containments. A complete i
description of the code is available in Reference 28. The key aspects of !

the model which bear on its use in the hydrogen calculations for system
80+ are as follows:

a. Mechanistic, semi-implicit models for gas, water, and energy .

transport between control volumes f
r

b. Models for both unidirectional and counter-current flow"
through containment junctions

*

c. Stable treatment of water-solid regions; these can develop in j

System 80+ calculations if the IRWST pool is sub-nodalized j

(this was done here) or if the cavity flooding system is
activated '

i
d. Flexible modelling of containment heat sinks ;

e. Advanced modelling of hydrogen combustion. Both non-global
burns initiated by the hydrogen igniters and global burns are :
treated using a single, unified framework. This model has |been successfully compared to a great variety of experiments". ;

i
b

7.1 CCNSTRUCTION OF PLANT MDEL f
!

A detailed (23 control volumes, 35 junctions, and - 37 heat sinks)
containment model was constructed as shown in Figures 7.1-1 and 7.1-2.
Considerable effort was taken to minimize artificial mixing which can be
caused by the limitations inherent in lumped parameter containment codes.

4

i
Calculations were performed using the number and location of the igniters j

| presented in Table 6.1-1. In addition the MAAP 4 simulations employed an i

IRWST vent area of 400 ft . |
2'

|

A recent international standard problem (ISP-29) tested the ability of
various lumped parameter codes to predict hydrogen concentrations in the
HDR containment during experiment E11.2. The results indicated that all
the codes tended to over-predict mixing": whereas, very little hydrogen
was measured below the elevation at which the hydrogen was injected, the
codes predicted substantial mixing.

Part of this tendency to over-predict mixing is a consequence of inherent
assumptions used in lumped parameter codes, i.e. the fact that control

K-46
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volumes are assumed to be well-mixed can lead to numerical diffusion.
However, these problems can at least be minimized by careful construction
of the containment model . For example, the ef fects of numerical dif fusion
were reduced in this study by employing a relatively large number of
nodes.

More important, in the original System 80+ model it was observed that a
null transient (no source of mass or energy to the containment) resulted ,

in persistent gas flow rates on the order of 1 kg/sec or more. This was i

found to be caused by the assumption of uniform density in each node if
the node boundaries of inter-connected nodes were defined in such a way
that they overlapped. By adjusting the control volume boundaries and
Junction elevations slightly, it was found possible to reduce these
" phantom flows" to less than 1 gram /second during null transients.

To confirm the success of the renodalization ef fort, a special case of the
System 80+ model was created that eliminated reactor vessel convective
heat transfer to the reactor cavity and which established a large return
flow path from the refuelling pool area to the lower compartment region.
The former was done to eliminate (physically reasonable) gas flows through
the cavity which are caused by the " chimney" affect that vessel heating
creates in the cavity. The second change allows the large hydrostatic
heads which develop between the steam generator compartments and the upper
compartment and refueling pool area (caused by convective heating and the
introduction of hydrogen) to cause return flows which do not involve the
lower cavity region. Both changes were intended to mimic the HDR
situation. For this case, a high degree of stratification was calculated
to be maintained between the bulk of containment -(above the hydrogen
injection point) and the lower reactor cavity (which lies below). This
is analogous to the behavior observed in experiment E11.2 and affords
added confidence in the results of the MAAP 4 calculations.

The use of a large number of control volumes also allowed the igniter
placement relative to the hydrogen igniter points to be represented in a
detailed fashion. More detail on the containment model can be found in
Reference 31.

7.2 IGfI'HODOIOGY

I A special version of MAAP 3.0B, which modelled features specific to the
System 80+ design, was used in the PRA to calculate primary system and
containment response during severe accidents (see section 19.11.5 of

| CESSAR-DC). To avoid the need to modify MAAP 4 to represent the special
'

features of the System 80+ primary system, hydrogen and steam flow rates,
and energy transfer rates from the primary system were calculated with
MAAP 3.0B and these were then fed into the MAAP 4 containment model. As
such, only MAAP 4's containment model was used for this work.

The procedure used to perform a calculation consisted of several steps:

1. A calculation was made using the standard MAAP 3.0B model for System
80+. Steam and hydrogen flow to the containment as well as
convective energy transfer between RCS heat sinks and the
containment were stored in a file as functions of time.

K-47
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2. For the purpose of these calculations, it was desired to introduce
a mass of hydrogen to containment equivalent to reaching 100 percent,

I of the active cladding (about 2400 lbm) . To generate the full 2400
lbm of hydrogen in the core, it was necessary to increase the MAAP-
predicted hydrogen generation by a factor between 1.5 and 1.75,
depending on the accident sequence. To accomplish this in a manner
which would not unduly distort the containment response, the period
of core damage was extended by adding a " tail" to the calculated

| hydrogen release curve. The hydrogen release rate during this
period was set equal to the average MAAP-calculated hydrogen release
over the period of core damage (- 0.2 kg/sec), and the length of the

| " tail" was determined by the total additional hydrogen mass that was
I needed to bring the in-vessel oxidation to 100 percent of the active

cladding. No steam was released during this interval, i.e. the
reaction was assumed to be steam-limited during this time, and
vessel failure was assumed to occur at the end of this extension.

3. These quantities were then fed into the MAAP 4 containment model.
Cases with igniters operational and igniters disabled were
considered separately. Hydrogen combustion in control volumes not
containing igniters was suppressed; this is quite conservative with
respect to hydrogen concentrations, since combustion initiating at
an igniter could easily propagate into horizontally-adjacent or
higher nodes bearing hydrogen concentrations in excess of about 6
percent".

4. At vessel failure, the entire debris mass was released to the cavity
(node 1) over a 10 second interval. The hydrogen, steam, and water
present in the RCS at vessel failure in the MAAP 3.0B calculations
were released into the cavity over a 30 second interval. The intent
was to capture approximately the impact of the blowdown on the
steam concentrations. Finally, the portion of the accumulator water
that was still in the accumulators at vessel failure in the MAAP
3.0B calculation was released to the cavity over a 60 second
interval.

,

|
!

|
The two representative accident sequences which were studied were a
station blackout (SBO) with activation of the safety depressurization

)system and a small break LOCA (SBLOCA) with no safety injection and no
depressurization system activation. Containment spray and igniter
availability were varied in all three sequences. That is, some of the

i

sequences are "SBO-like" insofar as the primary system is concerned, but I

containment sprays and igniters may still be available. Debris dispersal
was not modelled in these hydrogen distribution calculations, and ;

activation of the flooder was not considered. j

7.3 RESULTS OF CALCULATIONS

Several calculations were performed. To some degree, this reflects
changes in the IRWST vent area and location and the number and location
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,

of igniters that occurred while the analyses were being performed. A
variety of sensitivity calculations were also run.

;

!A few of the key calculations will be summarized in the subsections below. !

Key results of the base cases are presented in Tables 7.1-1 and 7.1-2.
{
:

!7.3.1 Model Verification Cases
)
,

As discussed above, two cases were run to verify the . containment
nodalization. The first was the null transient. This case was designed
to show that persistent flow would not develop in the absence of heat or ,

mass addition to containment. All of the containment nodes were !initialized to the same pressure, temperature, and humidity. The heat |sinks were also initialized to the same temperature. Also, the IRWST was 1

initialized without water to prevent evaporation from driving flow. As- :

expected for this case, the containment quickly reached equilibrium, and- (
gas flow was stopped.

.[
' t

The second case was an attempt to approximately simulate HDR-like j
experimental conditions in System 80+ to demonstrate the ability of the ;model to predict global stratification. As discussed previously, in this -|
case there was no convective heat input to containment, and the
hydrogen / steam source was introduced in a node above the cavity. The
upper portion of containment was calculated to be fairly well mixed, while
the cavity contained a much lower hydrogen concentration.
7.3.2 Small IDCA Cases

:
In these cases the primary system behaved as it would during a small break ,LOCA. Steam and hydrogen were released continuously to the lower steam !

generator area via a broken pipe. At vessel failure, a small mass of ;

remaining hydrogen in the reactor vessel was released to the reactor '

cavity. The total hydrogen released was equivalent to reacting 100% of
the active fuel cladding.

1. In the case without igniters available, there were no hydrogen
3burns. Prior to vessel failure, the hydrogen concentration in the )

bulk of containment was about 10%. In the node that contained the
LOCA, a hydrogen concentration peak of 11% was observed. The IRWST
behaved similar to the bulk of containment. There were no hydrogen
concentration spikes at vessel failure. After vessel failure, the
containment mixed fairly well to obtain a 8% hydrogen concentration
everywhere.

2. In the case with igniters available, a total of 500 kg of hydrogen.
was burned. Prior to vessel failure, the hydrogen concentration
outside the LOCA node was sustained at 6%. In the node which
contained the break peaks as high as 9% were' observed, while the
sustained concentration was closer to 7%. Prior to vessel f ailure,
the IRWST behaved similar to the bulk of containment. At vessel
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failure there were no hydrogen concentration spikes. The hydrogen
in the bulk of containment then mixed to a uniform 5% level; however
the concentration in the IRWST remained at 6%.

3. In the case with igniters and containment sprays available, a total
of 600 kg of hydrogen was burned. The sprays were started shortly
after the LOCA occurred; water from the IRWST was sprayed into the
dome at a rate of 200 kg/sec. The hydrogen concentration behavior

> was similar to the non-spray case, with two exceptions. In the node
containing the LOCA the peaks never exceeded 7% and the sustained '

value was 6%; and the IRWST concentration followed the node with the
;

break rather than the bulk of containment. This is attributed to |

the large sustained ir.ter-node flows driven by the sprays. '

!

7.3.3 Station Blackout with SDS Activation *

In these cases the primary system behaved as it would during an extended
SBO. Steam and hydrogen were released continuously to the IRWST via an
open pressurizer relief valve. The valve was opened at the time of-the *

first relief valve actuation, i.e. well before the core became uncovered.
At vessel failure, a small quantity of remaining hydrogen in the RCS was
released to the reactor cavity. The total hydrogen released' was
ecuivalent to reacting 100% of the active fuel cladding.
1. In the case without igniters available, there were no hydrogen

burns. Prior to vessel failure, the hydrogen concentration in the
bulk of containment built up to about 11%. In the nodes directly i

above the IRWST, the hydrogen concentrations were as high as 12%.
And in the IRWST, peaks of 30% were observed. Af ter vessel failure,
containment nodes mixed to obtain a final hydrogen concentration of
between 8% and 9%. The cavity, however, maintained a concentration
of 5%.

2. In the case with igniters available, a total of 650 kg of hydrogen
was burned. Prior to vessel failure, the hydrogen concentration
outside the IRWST built up to about 5%. In the IRWST, peak values
of just above 10% were observed, with an average value of about 7%.
Af ter vessel failure, containment hydrogen levels dropped to around
4% everywhere in containment.

Combustion at the igniters served to limit the hydrogen
concentrations in the IRWST. In the MAAP model, this requires that
steam concentrations be below about 55 percent and oxygen
concentrations be above 5 percent. Both of these requirements can
potentially limit igniter effectiveness. Of course, if the IRWST
does become inerted, there is no threat posed by hydrogen build-up,
assuming that the igniters remain operational when the atmosphere
becomes deinerted later.

Hand calculations indicate that, for all practical purposes, the
lower set of IRWST spargers would be utilized just as effectively as

,
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the upper set. Since the lower set of spargers are near the bottom
of the tank, it was assumed in these analyses that the bulk of the
IRWST would heat uniformly. This would also be promoted if the
containment sprays were in operation, since they draw from near the
bottom of the tank, or if IRWST cooling is operating.

For this reason, in these calculations oxygen concentrations limited
the rate of burning in the IRWST. It was found that oxygen could be

| cont-inuously supplied to the IRWST by natura;l convection at a rate
! sufficient to limit hydrogen concentrations to 10 percent or less.

This occurred by one of two mechanisms. If the convective heating
| of the containment by the steam generators in node 15 (see Figure
i 7.1-1) was small, hydrogen build-up in node 19 induced circulation

out of the IRWST on junction 29 and oxygen was brought in on
1 junction 28. If convective heating was made much larger, as it was
| in a sensitivity calculation, a large pressure dif ference developed

'

between nodes 13 and 15 in such a way that the flows to the IRWST|

| became reversed: oxygen was brought in on junction 29 and the
burned mixture was swept out on junction 28. In either case, enough
oxygen was brought in to limit peak hydrogen concentrations to

| values of about 10 percent.
,

! 3. In the case with both igniters and sprays available, a total of 625
| kg hydrogen was burned. As soon as the sprays were started, the
'

containment began to mix vigorously, and a hydrogen concentration of
| 4% - 5% was rapidly achieved. IRWST hydrogen concentration was

sustained at 5%. Af ter vessel failure, the ent. ire containment mixed
to a constant 4% in all nodes.

7.4 CQK'LUSIC2E

If igniters are provided in the containment, hydrogen concentrations
outside the IRWST are less than about 10 percent at all times. As
expected, hydrogen concentrations are lower than this away from the
control volumes containing the IRWST vents and the primary system break,
if any. If sprays are in operation, hydrogen concentrations are limited
to about 8 percent; this is attributed to the increase in effectiveness
of the igniters at low steam concentrations and the more effective
inter-node mixing promoted by the operation of the sprays and local
combustion.

Igniter effectiveness in the IRWST is sensitive to both steam and oxygen
concentrations. Both are considered somewhat uncertain, but the
uncertainties act in a direction that would make the mixture non-flammable
so as to not present a threat. In these calculations, combustion in the
IRWST was limited by oxygen availability. Natural convection of oxygen
to the IRWST was induced by the competing effects of hydrogen injection
to the IRWST and convective heating of the containment atmosphere above
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the IRWST. The calculated flow rates were sufficiently high to maintain
combustion at a level that would limit hydrogen concentrations to below
about 10 percent.

It is concluded that the System 80+ containment design can adequately
deal with even very severe hydrogen source terms without creating
conditions that would threaten its integrity.

]
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Table 7.1-1
System 80+ Hydrogen Concentration Cases t

Global Containment Values

Maximum Dome Maximum Dome Hydrogen Time to Burn 270* kg
secPressure Temperature Burned gec(from firs H,

burn)
SLOCA, No Igniters 2.75x105 385 0 N/A
SLOCA, Igniters 12.80x105 400 500

5.0 03

SLOCA, Igniters, Spray 1.0 42.25x105 375 600
4,5x 03

SBO+PORV, No Igniters 2.30x105 375 0 N/A
SBO+PORV, Igniters

f.82.25x105 375 680
0 03

!SBO+PORV, Igniters, Spray
2.40x105 380 600

3

, hydrogen mass to be burned to maintain containment global hydrogen concentration below 8%.*

t

i

!

| j,&
,
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Table 7.1-2
System 80+ Hydrogen Concentration Cases

Peak Hydrogen Concentration

Peak H2 Fracticn Steam
-

Cavity Dome r IRWST #2 IRWST #3Ge{compt #2

SLOCA, No Igniters 0.09 0.10 0.10 0.12 0.10 0.10

SLOCA, Igniters 0 *
0.06 0.06 0.06 0.06 0.060.0 **,

SLOCA, Igniters, Spray 0.06 0.05 0.06 0.06 0.05 0.06
_

SBO+PORV, No Igniters 0.30* 0.30*0.11 0.11 0.12 0.14
O.22** O.22**

SBO+PORV, Igniters 0.05 0.05 0.05 0.05 0.06 0.10-0.11

SBO+PORV, Igniters' 0.10+O.05 0.05 0.05 0.05 0.05Spray 0.08**
4

Spikes*

** Average Value

! D: %A
K-54
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8.0 ASSESSMENT OF THE SYSTEM 80+ HYDROGEN DEIONATION ISSUES I
5

This section addresses ancillary concerns associated with the design and1

operation of the System 80+ hydrogen igniter system. ;
.

;

8.1 LIFFLTHnOD OF DEIGNATION AND CONTAINMENT SURVIVABILITY |
.

As discussed in Section 3.0, even without the availability of a hydrogen {,

i igniter system, the accumulation of high concentrations of hydrogen in the i
! System 80+ containment is unlikely due to its large free volume. L

Furthermore, the basic geometric features of System 80+, are at worst !
" neutral" to the onset of a detonation via the DDT process and more likely |

,

are not conducive to DDT. Based on the simplified Sherman and Berman |*

Ranking Scheme a DDT condition is unlikely. This conclusion is particular i
true for situations with high steam availability in the containment |
atmosphere. Consequently, C-E does not believe that detonation within the !

System 80+ containment is credible. Given that as background, the !'

remainder of this section addresses several "what if" issues associated I
with the ability of the major containment structures to survive local {detonatien loadings, i

f

8.1.1 Containment Detonation '

,

1

During a severe accident, the RCS will release hydrogen at a relatively |
low point in the containment. All releases to the IRWST and late hydrogen |

releases via the reactor cavity will enter the bulk containment at or
{,

'
slightly above the 91-9 elevation. For direct containment releases via !
the RCS hydrogen will typically enter the containment below the 115 foot I

elevation. These elevations are sufficiently low so as to promote a well
mixed containment atmosphere throughout the event. Consequently,
concentration gradients are only expected in the vicinity of the source.

Sources of hydrogen are typically limited to:

1. RCS piping including pressurizer surgeline
j and,
4 2. IRWST vents

These sources are located within the crane wall. Consequently, the
potential for locally detonable mixtures will be in the vicinity of the
lower crane wall, pressurizer compartment and the lower portion of the
steam generator compartments. An assessment of local detonation loadings
for these structures have been performed using the approximate TNT
equivalent methodology defined in References 32 and 33. In this analysis,
the potential energy release associated with the detonation of a cloud of

;

hydrogen is related to an equivalent TNT point charge and the TNT
'

detonation characteristics are scaled for consideration of the properties |
of the propagating medium (compared to dry air) and distance of the ;

structure in question from the point source. In this evaluation the
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hydrogen gas cloud is assumed to be 50 f t in diameter. The loadings were
evaluated 25 feet from the point source. Local hydrogen concentrations
from 10 to 15 volume per-cent were considered. Estimated peak pressures,
pulse durations and integrated impulse are presented in Table 8-1.

The net impulse loading associated with localized detonations while
sufficient to cause damage the walls of the internal structures, the
massive supports residing within the IRWST are expected to continue to
perform their function. Since all potential detonations are anticipated
within the crane wall, no resultant threat to containment is expected
since the generated shock loadings will not directly impinge upon the
containment shell. Furthermore, the lower mode response frequencies of
the containment shell are more than an order of magnitude lower than that
associated with the impulse. Thus, dynamic damping of any imposed loading
is expected.

!

. I

I

| |
t

'

|

|

l
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TABLE 8.1-1: IOCAL HYDROGEN DEIGNATION PRESSURES: 'INf
EQUIVALENT ;

'HYDROGEN PEAK PRESSURE PULSE DURATION IMPULSE
VOLUME PERCENT (PSIA) (MSEC) (PSI-SEC)

10 230 65 0.478

13 280 7 0.5"9

15 310 7.7 0.669

,

h

i

1
i

|

|
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8.2 CCMMENIS ON THE PCfrENTIAL POR A CONDENSATION INDDCED f

DEIONATION l

!

One serious concern with regard to the operation of an igniter system, is fthe potential system response following a rapid spray induced condensation ;

of steam late in a severe accident scenario. This situation may arise as !
a consequence of spray recovery in a sequence where the steam inerting (
prevented proper operation of the igniter system. Thus, high hydrogen: i
air concentrations, will develop along with low steam concentration. !

; Ignition of this mixture is virtually assured via the HMS. )

Experimental evidence to date does not justify this concern. Hydrogen
combustion experiments performed in the presence of a condensing
environment indicate that igniters will initiate combustion in the form *

of a deflagration as the mixture passes through the mixture flammability
limit. While these experiments are not prototypical of System 80+, it is i

believed to be generally applicable to reactors provided the condensation
process is over a several minute (as opposed to several second) time
interval. Intervals of several minutes are nearly quasi-steady from the ,

viewpoint of combustion initiation. Analyses performed for System 80+
confirm that for the " worst case" limiting assumptions of a localized

tcondensation from a minimum inserted steam state, to a potentially
detonable state indicate the system will take over 3.5 minutes prior to
becoming minimally detonable. Consequently, deflagrations have i

sufficient time to precede detonations. I

!

I
:
t

i

!
!

|

|
1
I
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SR 3.1.1.1 Verify SDM is 2 [53)]% M/k. 24 hours
G.S

,

v

CG)@og \M Ibb

!

Mg~ t "** b'"''/ "'A Q: e L % g,- n C. $" 5&E 3E !.l.t! 4 I./. k- su s
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:

}
,

- , :

3.1 REACTIVITY CONTROL SYSTEMS

3.1.2 (5HUTDOWN MARGIN (SDM)-T s; 200 F (DigitalO {nexwd}
,

'

LCD 3.1.2 SDM shall be 2 [2.0]% & /k.
~

APPLICA TY: MODE 5. f|

ACTIONS :

CONDITION REQUIRED ACTION COMPLETION TIMEj

\ / \
A. SDM not within limit. A.1 nitiate boration to 15 minutes >

r ore SD&to within
>limi

/
/SURVEILLANCE REQUIREMENTS

/URVEILLANCE
F ENCY

SR 3.1.2 fy SDM is 2 [2.0]% & /k. 24 hours

i J
|

4

CEOG STS 3.1-2 P&R 09/20/93
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ReactivityBalancehgttaM)
'

J 1.J

o ::-

3.1 REACTIVITY CONTROL SYSTEMS

Reactivity Balance h t [3.1.3

'

LCO 3.1.3 The core reactivity balance shall be within 1% ok/k of
ipredicted values.

i

APPLICABILITY: MODES 1 and 2. i

|

ACTIONS !

CONDITION REQUIRED ACTION COMPLETION TIME

:

A. Core reactivity A.1 Re-evaluate core 72 hours i

balance not within design and safety
limit. analysis and

determine that the
reactor core is
acceptable for
continued operation.

AND

A.2 Establish appropriate 72 hours
operating
restrictions and SRs.

B. Required Action and B.1 Be in MODE 3. 6 hours
associated Completion
Time not met.

CEOG STS 3.1-3 P&R 09/20/93
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__

Reactivity Balance 4IheteM
3.1.3

-
;

, ..

SURVEILLANCE REQUIREMENTS

SURVFILLANCE FREQUENCY

:

SR 3.1.3.1 -------------------NOTES-------------------
1. The predicted reactivity values may be

adjusted (normalized) to correspond to
the measured core reactivity prior to ;

exceeding a fuel burnup of 60 ,

effective full power days (EFPD) after ;

each fuel loading. !

i

2. This Surveillance is not required to |
be performed prior to entry into ;

MODE 2. .

:_____________________..___.________...____.

.

Verify overall core reactivity balance is Prior to
within 1.0% ok/k of predicted values. entering MODE 1

after fuel -

loading !

i

AND 6

>

_.... NOTE----- I

Only required .

after 60 EFPD |
___.._-_-_....

31 EFPD

,

f

!

t

CEDG STS 3.1-4 P&R 10/05/93
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MTC (

,. ,

3.1 REACTIVITY CONTROL SYSTEMS

3.1.4 Moderator Temperature Coefficient (MTC) ))

LCO 3.1.4 The MTC shall be maintained within the limits specified in
the COLR. and a maximum positive limit as specified below:

[0.5 E-dok/k/ Ff when THERMAL POWER is s; 70% RTP: anda.
-#

b. [0.0ok/k/FfwhenTHERMALPOWERis>70%RTP.

APPLICABILITY: MODES 1 and 2.

ACTIONS

CONDITION REQUIRED /CTION COMPLETION TIME :

A. MTC not within limits. A.1 Be in MODE 3. 6 hours

SURVEILLANCE REQUIREMENTS .

SURVEILLANCE FREQUENCY

SR 3.1.4.1 -------------------NOTE-------------------- i

This Surveillance is not required to be
performed prior to entry into MODE 2.
........................................... ,

Verify MTC within the upper limit specified Prior to
in the COLR. entering MODE I

after each fuel
loading

i

|

(continued)

!

CEOG STS 3.1-5 P&R 10/05/93



_ _ _ - _ - _ _ _ _ - _ _ - _ _ - _ . _ _ . _

_

MTC h h )
- s.1.4

* g :.

SURVEILLANCE REOUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.1.4.2 -------------------NOTES------------------- .

1. This Surveillance is not required to
be performed prior to entry into
MODE 1 or 2.

2. If the MTC is more negative than the
COLR limit when extrapolated to the
end of cycle. SR 3.1.4.2 may be
repeated. Shutdown must occur arior
to exceeding the minimum allowa)le
boron concentration at which MTC is
projected to exceed the lower limit.

___________________________________________

Verify MTC is within the lower limit
| specified in the COLR. Each fuel cycle

within
7 effective
full power days
(EFPD) of

| reaching
40 EFPD core

| burnup

AND

Each fuel cycle
within 7 EFPD
ofreaching$
of ex)ected
core aurnup

.

CEOG STS 3.1-6 P&R 09/20/93
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CEA Alignment k M
J.1.6

o :-

3.1 REACTIVITY CONTROL SYSTEMS ,

Control Element Assembly (CEA) Alignment hbtaD] f3.1.5

a ,. , , |

LCO 3.1.5 Allftgtlp9B CEAs shall be OPERABLE. and all full and :
.

parttefbrYCEAsshallbealignedtowithin[7 inches] i
(indicated position) of their respective groups.

|
!

APPLICABILITY: MODES 1 and 2.

ACTIONS !

CONDITION REQUIRED ACTION COMPLETION TIME

!

A. One or more regulating A.1 Reduce THERMAL POWER 1 hour i

CEAs trippable and in accordance with ;

misaligned from its Figure 3.1.5-1. j
group by > [7 inches] >

and s; [19 inches]. AND

@ A.2.1 Verify SDM is I bour
2: [5:0]% Ak/k. ,

One regulating CEA Cf j
trippable and @

'

misaligned from its
group by A.2.2 Initiate boration to I hour
> [19 inches]. restore SDM to within '

limit.

AND

A.3.1 Restore the 2 hours
misaligned CEA(s) to
within [7 inches]
(indicated position)
of its group.

2
(continued)

CEOG STS 3.1-7 P&R 09/20/93
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I

CEA Alignment ((DiImsU)
; 3.1.5 |

- r :

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

|

A. (continued) A.3.2 Align the remainder 2 hours
of the CEAs in the
group to within
[7 inches] (indicated i
position) of the )
misaligned CEA(s)
while maintaining the
insertion limit of ,

LCO 3.1.7.
" Regulating Control

,

Element Assembly ;

(CEA) Insertion
Limits."

i

B. One or more shutdown B.1 Reduce THERMAL POWER 1 hour
CEAs trippable and in accordance with
misaligned from its Figure 3.1.5-1.
group by > [7 inches]
and s [19 inches]. AND

@ B.2.1 Verify SDM is 1 hour
2 [ B ]% Ak/k.

One shutdown CEA c.s '

trippable and
.

@
misaligned from its ;

group by B.2.2 Initiate boration to I hour
> [19 inches]. restore SDM to within i

limit. ,

AND i

B.3 Restore the 2 hours j
misaligned CEA(s) to
within [7 inches] |

(indicated position) I

of its group.
1
i

(continued)

I

CEOG STS 3.1-8 P&R 09/20/93
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_

CEA Alignment M
3.1.3

,

- a z.-

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

i

C. One or more part C.1 Reduce THERMAL POWER 1 hour
St.n ap b % til CEAs misaligned in accordance with

ifrom its group by Figure 3.1.5-1.
> [7 inches] and

is [19 inches]. AND

2 C.2.1 Restore the 2 hours
stm misaligned CEA(s) to

OnepartlengthCEA within [7 inches] ,

(indicated position)misa.igned from its
group by of its group.

> [19 inches].
2

C.2.2 Align the remainder 2 hours
of the CEAs in the

,

-

group to within -

[7 inches] (indicated
position) of the ,

! misaligned CEA(s).
i
;

,

D. Required Action and D.1 Be in MODE 3. 6 hours
,

associated Completion
Time of Condition A.
Condition B. or >

Condition C not met.

E |

|

One or more full
Stren ?b W CEAs

untrippable.

B
Two or more CEAs
misaligned by
> [19 inches].

!

| CEOG STS 3.1-9 P&R 09/20/93
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1

CEA Alignment [[0Tg5AlB
d.1.5

9 L

SURVEILLANCE REQUIREMENTS i

-_

SURVEILLANCE FREQUENCY |

SR 3.1.5.1 Verify the indjcated position of each 12 hours
_

full and part'hyength CEA is within
[7 inches] of all other CEAs in its group.'

SR 3.1.5.2 Verify that. for each CEA. its OPERABLE CEA 12 hours
position indicator channels indicate within
[5 inches] of each other.

SR 3.1.5.3 Verify ful(Sienath;CLA freedom of movement 92 days
,

'

(tripgability) by moving each individual
full drd@Un CEA that is not fully inserted
in the core at least [5 inches]. -

SR 3.1.5.4 Perform a CHANNEL FUNCTIONAL TEST of each [18 months]
reed switch position transmitter channel.

SR 3.1.5.5 Verify each fu1(lbenath)CEA drop time Prior to
s [3.5) seconds and the arithmetic average reactor
of all fulfilenotb CEA drop times criticality.

,

s [3.2] seconds. after each
removal of the

Ireactor head
,

;

|

|

CEOG STS 3.1-10 P&R 09/20/93
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CEA Alignment J
J.1.5

. , z.

.....----_--_......- ...-----------NOTE------------------------------------
When core power is reduced to 60% RTP per Itcis limit curve further
reduction is not required by this Specification.
............. ...-- ....--.--............--.......--.----....---........ --

_. -

;

gf

,fia
d

Of.@,16 t l
,

@y
s

N j juj6 ;

/[n

r

;

|

NOT TO BE USED FOR OPERATION.
FOR ILLUSTRATION PURPOSES ONLY.

_ _

Figure 3.1.5-1 (page 1 of 1)
Required Power Reduction After CEA Leviation

CEDG STS 3.1-11 P&R 09/20/93
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CESSAR EnsricAm.
?- ,

r :.-

1

CEA Alignmant
'

3.1.5 i

|

i

NOTE
When core power is reduced to 60% RTP per thia limit curve, ,

further reduction is not required by this specification. |
"

I-
-

1 i i
'

,

i

i-

r

* |
O (60 MIN,30%)P 30 -

,O '

o

I >

t =w a -
*

w
i(60 MIN,20%)

O 20
! Sc '

'

k(O
>

i

O ,

;e c:
!

-

o u. 10 -

iOO '

E6 .

2
o
E O

-

;

i $ I I ' l

0 15 30 45 60

;_
-

TIME AFTER DEVIATION (MINUTES)'

,

CEA Misalignment for either Bank [3], Bank [P1], or Bank [P2].*

CEA Misalignment for any Bank not mentioned in the previous note. - - - . . . . _ , ,**
- . _ -

REQUIRED POWER REDUCTION AFTER CEA DEVIATION

FIGURE 3.1.5-1

.

SYSTEM 80+ 3.1-12

' Amendment Q
16.4-12 June 30,1993

... . ... .. - --
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|
|

Shutdown CEA Insertion Limits )a
a.i.o

. ,

3.1 REACTIVITY CONTROL SYSTEMS !

3.1.6 Shutdown Control Element Assembly (CEA) Insertion limits
:

LCO 3.1.6 All shutdown CEAs shall be withdrawn to 2 [145] inches.
|
t

APPLICABILITY: MODE 1.
MODE 2 with any regulating CEA not fully inserted.

----------------------------NOTE--------------------- -----
,

This LC0 is not applicable while performing SR 3.1.5.3. ;
,---.....---------------.---.------------------------------

;

ACTIONS

CONDITION REQUIRED ACTI.ON COMPLETION TIME

A. One or more shutdown A.1.1 Verify SDM 1 hour
CEAs not within limit. 2 [53)]% Ak/k.

G>5

A.1.2 Initiate boration to I hour i

restore SDM to within
limit. ]

AND

A.2 Restore shutdown 2 hours
CEA(s) to within
limit.

B. Required Action and B.1 Be in MODE 3. 6 hours
associated Completion
Time not met.

1

I
|

|

CEOG STS 3.1-12 P&R 09/20/93
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Shutdown CEA Insertion Limits (

, : 1.
,

1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY'

i

SR 3.1.6.1 Verify each shutdown CEA is withdrawn 12 hours '

2 [145] inches.
i

=
L

.I
I

?

!

!
!

?
!

!
>

?

!

!
>

b

.

.

i
'

i

i

k

i

k

'

;

1

CEOG STS 3.1-13 P&R 10/05/93
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]
Regulating CEA Insertion Limits [I6TraN.3

3.1.7

b o :*

i 3.1 REACTIVITY CONTROL SYSTEMS

| 3.1.7 Regulating CEA Insertion Limits Q%
4

LCO 3.1.7 The power de)endent insertion limit (PDIL) alarm circuit !

: shall be OPERABLE. and ;

a. With the Core Operating Limit Supervisory System (COLSS) :

in service. the regulating CEA groups shall be limited >
7 to the withdrawal sequence, insertion limits. and>

I associated time restraints specified in the COLR.
1

b. With COLSS out of service the regulating CEA groups ,
;
i shall be limited to the short term steady state >

'
insertion limit and associated time restraints specified*

in the COLR.'

!

!

|
'

APPLICABILITY: MODES 1 and 2.
i

----------------------------NOTE---------------------------- |
This LCO is not i..plicable while conducting SR 3.1.5.3 [or
during reactor po er cutback operation]. ;

-----------------..-----------------------------------------

|

ACTIONS

t0NDITION ht0UIRED ACTION COMPLETION TIME
|

'

A. Regulating CEA groups .A.1.1 Verify SDM 1 hour'

inserted beyond the n [ED]% Ak/k. !
'

'

transient insertion f.. e

limit with COLSS in @ |
service.

i A.1.2 Initiate boration to 1 hour
restore SDM to within
limit. |

AND

A.2.1 Restore regulating 2 hours '

CEA groups to within
limits.

2
(continued)

4

|

CEOG STS 3.1-14 P&R 09/20/93
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! i

RegulatingCEAInsertionLimits[bM
| 3.1./ >

j o u-

'

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME !

|
j :
'

A. (continued) A.2.2 Reduce THERMAL POWER 2 hours .!

to less than or equal
to the fraction of t-

'

RTP allowed by the
;

; CEA group position
4 and insertion limits .

! specified in the ;

1 COLR.
-

i

B. Regulating CEA groups B.1 Verify short term 15 minutes !
' inserted between the steady state '

long term steady state insertion limits are
insertion limit and not exceeded.
the transient .

'insertion limit for QR
*

> 4 hours per 24 hour :
! interval with COLSS in B.2 Restrict increases in 15 minutes !

service. THERMAL POWER to i

s 5% RTP per hour. !

!
"

:

E
,

C. Regulating CEA groups C.1 Restore regulating 2 hours !
inserted between the CEA groups to within4

1

long term steady state limits. I

insertion limit and
'

the transient
insertion limit for
intervals
> 5 effective full

' power days (EFPD) per
30 EFPD interval or
> 14 EFPD per 365 EFPD
interval with COLSS in
service.

(continued)

,

|

CEOG STS 3.1-15 P&R 09/20/93 |
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i

!

; Regulating CEA Insertion Limits [ 6 |
| 3.1.7 ~

'

|. , v

ACTIONS (continued) :
.

!

CONDITION REQUIRED ACTION COMPLETION TIME ;

D. Regulating CEA groups D.1.1 Verif SDM 1 hour
inserted beyond the 2 [ . ]% &/t.;

short term steady Gs !

l, state insertion limit @ ;
'with COLSS out of

service. D.1.2 Initiate boration to 1 hour ;

restore SDM to within |

| limit. '

AND ,

t

0.2.1 Restore regulating 2 hours .

ICEA groups to within
limits. j

i
'2

.

D.2.2 Reduce THERMAL POWER 2 hours I
to less than or equal i

to the fraction of- !
RTP allowed by CEA i

group position and |j) short term steady |
J state insertion limit j

specified in the .

COLR. |

| |

1 |
.

'
E. PDIL alarm circuit E.1 Perform SR 3.1.7.1. I hour !

; inoperable. !
i AND |

i;

Once per 4 hours ;
,

: thereafter ;

j i
1

; F. Reauired Actions and F.1 Be in MODE 3. 6 hours f
associated Completion
Times not met.

,

CEOG STS 3.1-16 P&R 09/20/93
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Regulating CEA Insertion Limits'
,
'

a v

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

'

SR 3.1.7.1 -------------------NOTE--------------------
This Surveillance is not required to be
performed prior to entry into MODE 2.
...........................................

:

Verify each regulating CEA group position 12 hours
: is within its insertion limits.

!
i

SR 3.1.7.2 Verify the accumulated times during which 24 hours :.

the regulating CEA groups are inserted
beyond the steady state insertion limits
but within the transient insertion limits.

1

SR 3.1.7.3 Verify PDIL alarm circuit is OPERABLE. 31 days ,

!

i

,

CE03 STS 3.1-17 P&R 09/20/93
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__

|

4

Par ;CEA Insertion Limits ( tw-zelb
f 3.1.8 ,

, :. ,.

3.1 REACTIVITY CONTROL SYSTEMS !

> Control Element Assembly (CEA) Insertion Limits (hI 3.1.8 Pa
' '

;

The par (@aenoth CEA groups shall be limited to the insertion
n .,

LCO 3.1.8 '

limits specified in the COLR.

APPLICABILITY: MODE 1 > 20% RTP.

.. .................._....--N0TE----------------------------
This LCO not applicable while exercising par @ nd hjCEAs.
............................................................

_

!

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME
i

A. Parhngth;CEAgroups A.1 Restore par 6 fths 2 hours
insertea Deyond the CEA groups to within
transient insertion the limit.
limit.

E i

A.2 Reduce THERMAL POWER 2 hours
to less than or equal
to that fraction of
RTP specified in the
COLR.

B. Par (Length;CEAgroups B.1 Restore pa(Egt) 2 hours
inserIeTTistween the CEA groups to within
long term steady state the long term steady
insertion limit and state insertion
the transient limit.
insertion limit for
intervals
2 7 effective full
power days (EFPD) per
30 EFPD or 2 14 EFPD
per 365 EFPD interval.

1 (continued)
>

CEOG STS 3.1-18 P&R 10/05/93
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i

Par h CEA Insertion Limits kn57)

, ::-

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Reduce THERMAL POWER 4 hours .

I associated Completion to s 20% RTP.
Time of Condition B
not met.

SURVEILLANCE REQUIREMENTS

| SURVEILLANCE FREQUENCY

SR 3.1.8.1 Verify par @nhCEA group position. 12 hours

,

i

|

|

|

CEOG STS 3.1-19 P&R 10/05/93
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STE - SDM
'

- . , t.

'
3.1 REACTIVITY CONTROL SYSTEMS

3.1.9 Special Test Exception (STE)-SHUTDOWN MARGIN (SDM) (Digital)
,

LCO 3.1.9 The SDM recuirements of LCO 3.1.1. " SHUTDOWN MARGIN
(SDMf-Tf;;:>-2962F1" and the regulating control element
assembly (RA) insertion limits of LCO 3.1.7. " Regulating'

Control Element Assembly (CEA) Insertion Limits." may be
suspended for measurement of CEA worth and SDM provided
shutdown reactivity equivalent to at least the highest

% estimated CEA worth (of those CEAs actually withdrawn) is
available for trip insertion.,

i

:

APPLICABILITY: MODES 2 and 3 during PHYSICS TESTS.

----------------------------NOTE----------------------------
Operation in MODE 3 shall be limited to 6 consecutive hours.
............................................................

:

ACTIONS i

CONDITION REQUIRED ACTION COMPLETION TIME

,

Anyful(ittenath)CEA A.1 Initiate boration to 15 minutes !jA.
not fully inserted and restore required
less than the required shutdown reactivity. !

shutdown reactivity i
available for trip |

insertion.

2
All fulhn h,CEAs
inserted and the i

reactor subcritical by
less than the above
required shutdown
reactivity equivalent.

CEOG STS 3.1-20 P&R 10/05/93
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,

STE -SDM

:

- o V ,

; SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

,

SR 3.1.9.1 Verify that the position of each CEA not 2 hours
| fully inserted is within the acceptance

criteria for available negative reactivity
j addition.
2 .

-
:

Verify each ful(hb bgt|D CEA not fully Within [7 days]SR 3.1.9.2
inserted is capable of full insertion when prior to

tripped from at least the 50% withdrawn reducing SDM to
position. less than the

limits of
,

LCO 3.1.1

i

t

1

i

CEOG STS 3.1-21 P&R 10/05/93
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f

STE-MODES 1 and 2
,

, v.

3.1 REACTIVITY CONTROL SYSTEMS ,

~

I3.1.10 Special Test Exceptions (STE)-MODES 1 and 2

LCO 3.1.10 During performance of PHYSICS TESTS. the requirements of: '

LCO 3.1.4. " Moderator Temperature Coefficient (MTC)": ,

LCO 3.1.5. " Control Element Assembly (CEA) Alignment":
LCO 3.1.6. " Shutdown Control Element Assembly (CEA) |

Insertion Limits": f

LCO 3.1.7. " Regulating Control Element Assembly (CEA)
InseJr 1'on_ Limits".

LCO 3.1.8. "ParQcengtf1)CEA Insertion Limits": !

LCO 3.2.2. " Planar Kaolal Peaking Factors"; and
LCO 3.2.3 " AZIMUTHAL POWER TILT (Tq)"

,

may be suspended. provided:

a. THERMAL POWER is restricted to the test power plateau,
which shall not exceed 85% RTP: and ,

,

b. SDM is 2 DEff]% Ak/k,'

6.5 ,

!
'

APPLICABILITY: MODES 1 and 2 during PHYSICS TESTS.

i

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Test power plateau A.1 Reduce THERMAL POWER 15 minutes
exceeded. to less than or equal

to the test power
plateau.

(continued)

i

!
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_

STE-MODES 1 and 2 M)
3.1.10

- , =

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. SDM is not within B.1 Initiate boration to 15 minutes
limit. restore SDM to within

limit.

AND

B.2 Suspend PHYSICS 1 hour
TESTS.

C. Required Action and C.1 Suspend PHYSICS 6 hours
associated Completion TESTS.
Time not met.

AND

C.2 Be in MODE 3.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.10.1 Verify THERMAL POWER equal to or less than 1 hour
the test power plateau.

SR 3.1.10.2 Verify SDM is 2 [59)]% Ak/k. 24 hours
(..r

CEOG STS 3.1-23 P&R 10/05/93
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d3.13 SPECIAL TFSF EXCEPTIONS - CEDMS mnNG16.4.10

STE-CEDMS
'

3.1. d

3.1 REACTIVITY CONTROL SYSTEMS
d

3.1.Jd Soecial Test Exception-CEDMS Testinc
.

LCO3.1.[l
i

'Ibe SHUTDOWN MARGIN 1%ww of Specification 3.1.1 nasy be suspended for
pre-startup tests to <tamnamrate the OPERABIUTY of the contml element drive
mechanism system (CEDMS) pmvided: h.

0 3 % 'b
a. No more than one CEA is withdrawn at any time. ? 2 s ;

'

2x %? i

b. No CEA is withdrawn more than (seven] inches. W %.s

$ L_ cur i : !

c. 6 W9 open] K,,.i shall be less than (0.99] prior to the start of testing, i
i ~

d. All other operations involving positive reactivity changes are =iW
during the testing.

,

APPLICABILITY: MODES 4 and 5.

ACTIONS
i

CONDITION REQUIRED ACTION COMPLETION TIME

A. Any of the above A.1 Suspend testing and initiate Immediately
requirements not boration to restore SDM to
met. within the limit of LCO 3.1.1.

!

|
,

i

L T
,w o e '

'I .k h '

i b) - i. : s,,
g

.Q
' "
- f |I'

"
a ; b i._ .

. h s c 3 ;..

e n |a ss
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STE-CEDMS Testing

3.1.)O ()

SURVEILLANCE REQMREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.h.1 Detensiitte SDM Once per 24 hours

Consider the foamving factors:*

1. RCS besn concentration
2. CEA pai, tion j
3. RCS sacage temperature i

i4. FuelInsup based on gross thermal energy generation
5. Xenoa concentration
6. Samam concentration

|
*
. |

? |. i

|

4

|

.

*

.,
SYSTEM 80+ 3.1-26

Amendment K
16.4-26 October 30,1992
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16.4.11 3.1.)( BORON DILUTION ALARMS,

Boron Dilution Alarm

3.1.){
j ~2. .;'

3.1 REACnVITY CONTROL SYSTEMS
s I.

3.1.11 Boron Dilution Alarms ,

F

tZ
LCO 3.1.p Both startup ch=nal high neutron flux alarms shall be operable.

.

J

APPLICABILITY: MODES 3*, 4, 5, and 6.
,

'
Within I hour after the neutron flux is within the startup range following a reactor shutdown.*

?

I

;

(1.13 '-:
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Boron Dilution Alarm

)
' 3.1. W

I2 |

t

ACTIONS
,

I

CONDITION REQUIRED ACTION COMPLETION TIME ,

A. One startup channel A.1 Initiate action to restore the Immarhately
.

high neutron flux inoperable channel to
alarm inoperable. OPERABLE status. .

!
|

M I

A.2 Deternune the RCS boron i=" +-ly I

enacentration when entering 1

Mode 3,4,5 or 6 or at the time M
the alarm is determmad ,

inoperable. Once per required
frequency it fied in |

Tables 3.la
through 3.1 5. i

B. Both startup channel B.1 Initiate action to restore a Immediately r

high neutron flux single channel to OPERABLE f
alarms inoperable. status.4

.

M i
i

l
.

i

B.2 Determme the RCS boron Immadiately !

concentration when entering
Mode 3,4,5 or 6, or at the M !

!

time both alarms are
determined inoperable. Once per required

frequency identified in

M Tables 3.1.N-1
ithrough 3.1.J -5. i'

Ih

B.3 Suspend all operations Immediately
involving CORE
ALTERATIONS or positive |
reactivity changes.

i

!

!

I

SYSTEM 80+ 3.1-28 i
i.

|
I

i Amendment Q
16.4 28 June 30,1993
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Boron Dilution Alarm
3.1.M-

t3
*

SURVEILLANCE REQUIREMENTSj

SURVEILLANCE
'

FREQUENCY
!

3.1.'lY.1 Perform a CHANNEL CHECK. Once per 12 hours"

3.1.yl.2 Perform a CHANNEL CALIBRATION Every 31 days of

| J ~2,
en=n1=*ive operation -

during shutdown.
!

When initially setting setpoints at the following times:"
,

a) One bour after a reactor trip

b) After a controlled reactor shutdown: Within I hour after the neutron flux is within
the startup range in Mode 3.

,

1

s

i

I ;

.

i

SYSTEM 80+ 3.1-29

.

Amendmmt K
<
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Boron Dilution Alann
3.1.I'f
*a

TABLE 3.1.51-1

REOUTRED MONTTORING FREOUENCIES FOR BACKUP BORON
DILUTION DETECTION AS A FUNCTION OF OPERATING

CHARGING PUMPS AND PLANT OPERATIONAL MODES FOR Km > 0.98 q

l

OPERATIONAL Number of Operatmg Chr.rging Pumps
MODE

O 1 ]

3 [12 hours] [1 hour]

4 not on SCS [12 hours] [1 hourl

5 not on SCS [8 hours] [1 hour]

4 & 5 on SCS [ONA] [ONA] l
l

1

12.
TABLE 3.1.62

REOUIRED MONTTORING FREOUENCIES FOR B ACKUP BORON DILUITON
DETECTION AS A FUNCTION OF OPERATING CHARGING PUMPS AND PLANT

OPERATIONAL MODES FOR 0.98 2 K_, > 0.97

OPERATIONAL Number of Operstmg Charging Pumps
MODE

O 1

3 [12 hours] [2.0 hours)

4 not on SCS [12 hours] [2.5 hours]

5 not on SCS [8 hours] [2.5 hours]

4 & 5 on SCS [8 hours] [0.5 hours]

Notes: SCS = Shutdown Cooling System
ONA = Operation Not Allowed

SYSTEM S0+ 3.1-30 ,

i
Amendment Q

16.4-30 June 30,1993

.



i_ _

i

CESSAR EnnnCAEN ;

!

.

r :--

+

1

I

|
:

Boron Dilution Alarm 1

3.1.ft i

i 12 - I
|;2-

TABLE 3.1.0-3 |
|

EEQUIRED MGifTORING FREOUENCIES FOR BACKUP BORON DILUTION
DETECTIOR AS A FUNCTION OF OPERATING CHARGING PUMPS i

AND Pi ANT OPERATIONAL MODES FOR 0.97 2 L > 0.% 1

I

_

OPERAlf0NAL Number of Opentag Charpng Pumps ;

M@E |
-a 0 1 1

~

3 [12 hours] [3.5 hours]

4 not on Sch [12 hours] [3.5 hours] !
I~

5 not on SS [8 hours] [3.5 hours]

4 & 5 on ES [8 hours] [1 hour]

|.
'

. 2.
4 TABLE 3.1.D-4
.

REOUIRED MannTORING FREOUENCIES FOR BACLTP BORON DILUTION i

DETECTIOF.AS A FUNCTION OF OPERATING CHARGING PUMPS
AND PLANT OPERATIONAL MODES FOR 0.% 2 K_. > 0.95

OPERA 1 TONAL Number of Operating Chargmg Pumps
MBE ;

0 1 1
.

I
3 [12 hours] [5 hours]

4 not on SCS [12 hours] [5 hours]

5 not on Sci 5 [8 hours] [5 hours] |

4 & 5 on ES [8 hours] [2 hours]
-

.-
.).

Notes: 3CS = Shutdown Cooling System

1

|
-

: 4

|

SYSTEM 80+ 3.1-31
.

-
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Amendment Q,
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Boron Dilution Alarm
3.1. D .

I 2.

12.
TABLE 3.1ff-5

REOUIRED hENETORING FREOUENCIES FOR BACLTP BORON DILUTION
DETECTIDN AS A FUNCTION OF OPERATING CHARGING PUMPS

Anm PI ANT OPERATIONAL MODES FOR K., s 0.95

..

OPERATE 3NAL Number of Operating Chargtng Pumps

O 1
;

j, *
3 [12 hours] [6 hours) (

'

4 not onSCS* [12 hours] [6 hours]' ~

f .4 5 not on K5* [8 hours] [6 hours]
o .

% a 4 & 5 onSC5' [8 houn] [2 hours] {

d 6 [24 hours] [8 hours]
r-

b~ u. .-I

:1 ,

Notes SC$i = Shutdown Cooling System
.e

7
3 ;

4

e
'N :

@ $
i

b|

..

g

|
|
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B 3.1.1
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B 3.1 REACTIVITY CDNTRDL SYSTEMS

B 3.1.1 SHUTDDWN MARGIN (SDM)['T;;;+-2004 (Digita])}

'

BASES -

'

BACKGRDUND The reactivity control systems must be redundant and capable
of holding the reactor core subtritical when shutdown under :

cold conditions, in accordance with GDC 26 (Ref. 1).
Maintenance of the SDM ensures that postulated reactivity '

events will not damage the fuel. SDM requirements 3rovide
sufficient reactivity margin to ensure that accepta)le fuel
design limits will not be exceeded for normal shutdown and

,

anticipated o)erational occurrences (AODs). As such. the i'

SDM defines t1e degree of subtriticality which would be
obtai a 'mmediately following the insertion of all !

!

full noth, ontrol element assemblies (CEAs), assuming the
single CEA of highest reactivity worth is fully withdrawn.

The system design requires that two independent reactivity |
control systems be provided, and that one of these systems
be capable of maintaining the core subcritical under cold
conditions. These requirements are provided by the use of
movable CEAs and soluble boric acid in the Reactor Coolant .

'

System (RCS). The CEA System can compensate for the
reactivity effects of the fuel and water temperature changes
accompanying power level changes over the range from
full load to no load. In addition. the CEAs. together with
the boration system. 3rovide the SDM during power operation
and are capable of macing the core subtritical rapidly

| enough to 3revent exceeding acceptable fuel damage limits.
assuming tlat the CEA of highest reactivity worth remains ,

fully withdrawn. L.a vu. r o e q"e w "':
*--my -'s yg ; ,a.% # cw .~ ~a -5=' m - - m - ~ . . .

The soluble boron system can compensate for fuel depletion i

during operation and all xenon burnout reactivity changes.
,

and maintain the reactor subcritical under cold conditions. |

During power operation. SDM control is ensured by operating
,

with the shutdown CEAs fully withdrawn and the regulating i
'CEAs within the limits of LCO 3.1.7. " Regulating Control

Element Assembly (CEA) Insertion Limits." When the unit is !
in the shutdown and refueling modes the SDM requirements
are met by means of adjustments to the RCS boron
concentration.

(continued)

CEOG STS B 3.1-1 P&R 10/05/93
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BASES (continued)

APPLICABLE The minimum required SDM is assumed as an initial condition
j SAFETY ANALYSES in safety analysis. The safety analysis (Ref. 2)

establishes an SDM that ensures specified acceptable fuel
design limits are not exceeded for normal operation and
A00s, with the assumption of the highist worth CEA stuck out

A ic h n mE us & following a reactor tripf - _ . . ..

at a M 4) w rumyy . . ,y.s.

s::a.t.J e r The acceptance criteria for the SDM*are that'specified
w .surne,h. acceptable fuel design limits are maintained. This is done
g a .3 by ensuring that:

| a. The reactor can be made subcritical from all operating
I conditions. transients and Design Basis Events;

b. The reactivity transients associated with postulated
accident conditions are controllable within accentable
limits (departure from nucleate boiling ratio (DNBR).
fuel centerline temperature limit A00s. and
s 280 cal /gpergy deposition fo the CEA ejection
accident)'/ D for

c. The reactor will be maintained sufficiently
subtritical to preclude inadvertent criticality in the
shutdown condition.

The most limiting accident for the SDM requirements are
based on a main steam line break (MSLB) as described in the
accident analysis (Ref. 2). The increased steam flow
resulting from a pipe break in the main steam system causes
an increased energy removal from the affected steam
generator (SG). and consequently the RCS. This results in a
reduction of the reactor coolant temperature. The resultant
coolant shrinkage causes a reduction in pressure. In the
presence of a negative moderator temperature coefficient,
this cooldown causes an increase in core reactivity. As RCS
temperature decreases, the severity of an MSLB decreases
until the MDDE 5 value is reached. The most limiting MSLB.
with respect to potential fuel damage before a reactor trip
occurs, is a guillotine break of a main steam line inside
containment initiated at the end of core life. The positive
reactivity addition from the moderator temperature decrease
will terminate when the affected SG boils dry, thus
terminating RCS heat removal and cooldgwn. Following the
MSLB. a post trip return to poweF 4 7dccur+ h;.- e . u . ou |,

-fuel um,6 e s u a oa a r esull vi the past trip ctern to-

(continued)
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B 3.1.1~

, &

BASES

w;il

APPLICABLE W. and THERMAL POWER #es not violate the Safety Limit
SAFETY ANALYSES (SL) requirement of SL 2.1.1.

(continued)
In addition to the limiting MSLB transient. the SDM

!reauirement must also protect against:

a. Inadvertent boron dilution:

b. An uncontrolled CEA withdrawal from a subcritical or i

low power condition:

c. Startup of an inactive reactor coolant pump (RCP): and

d. CEA ejection.

Each of these is discussed below.

In the boron dilution analysis, the required SDM defines the
reactivity difference between an initial subtritical boron
concentration and the corresponding critical boron
concentration. These values, in conjunction with the
configuration of the RCS and the assumed dilution flow rate,
directly affect the results of the analysis. This event is
most limiting at the beginning of core life when critical"

g 33 boron concentratjons are highest.
.etwC. Y

fik fra M.I 2._ -p>The withdrawal *of CEAs from subtritical or low power
conditions adds reactivity to the reactor core, causing both

PS .,M I_E the core power level and heat flux to increase with
corresponding increases in reactor coolant temperatures and
pressure. The withdrawal of CEAs also produces a time _

_ .

tm . v * * b F r, "
-

'

dependent redistribution of. core nower. . g-
-

- - /q,s guk % .
Depending on the systemditial con'ditions and reactivity

'

~

insertion rate. the uncontrolled CEA withdrawal transient is
terminated by either'a high power level trip a Mgh
pr r m er g m u m + M n. In all cases, power level. RCS
pressure, linear heat rate, and the DNBR do not exceed
allowable limits. |

The startup of an inactive RCP will not result in a " cold
water" criticality. even if the maximum difference in
temperature exists between the SG and the core. The maximum i

positive reactivity addition which can occur due to an
inadvertent RCP start is less than half the minimum required

(continued)

CEOG STS B 3.1-3 P&R 09/20/93
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B 3.1.1 !
t-

r r.

BASES |
!
!
i

APPLICABLE SDM. An idle RCP cannot therefore, produce a return to ;

SAFETY ANALYSES power from the hot, standby condition,
- ;

j

(continued) .r. *J**" f
The withdrawal of CEAs from subcritical or low power !
Conditions adds reactivity to the reactor core. causing both '

the core power level and heat flux to increase with :
corresponding increases in reactor coolant temperatures.and !
pressure. The withdrawal of CEAs also produces a j

time dependent redistribution of core power. g

[|LQ Ep n.e 2 g. he SDM satisfies Criterion 2 of the NRC Policy Statement.

B ?.1- b
,

S seu.Ne acadua .wo.ed w SJe r :
!

LCO Abb The MSLB Ref. 2) and the boron dilution *(Ref. 3)-nident:
&9 are the most limiting analyses that establish the SDM value
Fran of the LCO. For MSLB accidents, if the LC0 is violated.
Lee 5 there is a potential to exceed the DNBR limit and to exceed
o;: 10 CFR 100. " Reactor Site Criterion." limits (Ref. 4). For
63.t.2 the boron dilution accident, if the LCO is violated, then

the minimum required time assumed for operator action to ,

terminate dilution may no longer be applicable.
|
.

SDM is a core physics design condition that can be ensured !

_it 243 h u.au..., through CFA positioning (regulating and shutdown CEAs) and !"

{d63IS.5. 4
95 through tne soluble boron concentration.

'

w ;

W s |

| APPLICABILITY Ir MODE 5L3 % d 4 e 'DM requirements are applicable to |s
| provioe suT11clent negative reactivity to treet the .

| assumptions of the safety analyses discussed above. In |
MODES 1 and 2. SDM is ensured by complying with LCO 3.1.6. !
" Shutdown Control Element Assembly (CEA) Irisertion Limits." i

and LCO 3.1.7. If the insertion limits of LCO 3.1.6 or t

LCO 3.1.7 are not being complied with. SDM is not |
automatically violated. The SDM must be calculated by i
performing a reactivity balance calculation (mmidering :he ;

listed reactivity effects in Bases Section dR 3J.1.b !

"0Cf 5. E %J,
W O"i.3 In MODE 6. the shutdown rerictivity

requirements are given in LCO 3.9.1. " Boron Concentration." !

,

(continued)
2

CEOG STS B 3.1-4 P&R 09/20/93-
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| Shutdown Margin | .'

B 3.1.1

i

BASES
i

LCO ne accident analysis has shown that the required SDM is sufficient to avoid

I, er 3.1. 2 unacceptable consequences to the fuel or RCS as a result of the evenits
addressed above.l The zero power MSLB establishes this value. Shutdown
boron concentration reqmrementa ==== the highest worth CEA is stuck in

|
the fully withdrawn position to account for a posodatad inoperable or

'

untrippable CEA prior to reactor shutdown.

LCO 3.1.1 b.1 requires that the calculated critical position be within the
limits of Technical Specifications 3.1.6 and 3.1.7 when the reactor trip,

breakers are closed. Die ensures that the most adverse suberitical CEA.g g
J

i withdrawal event scenario is the inadvertent withdrawal of a regulatmg CEA*g
! bank, i.e. the reactor will not become critical due to the inadvertent.

# 1 withdrawal of a shutdown CEA bank.

LCO 3.1.1 b.1 also ensures that, if the RTCBs are closed, a CEA ejectioni .,.

;f , . { event postulated to be initiated at these conditions would result in less net
ip" i positive reactivity insertion than for a case initiated from a critical positica. ;

! If the RTCBs are open, LCO 3.1.1 b.2 requires that the value of k, must
,

'
-

'

| remam less than 1.0 when the highest worth CEA is excluded from the
'

calculation. This, latter, requirement ensures that the reactor would not i
j j reach criticality for a CEA ejection event postulated to be initiated under

| |
these conditions. Together, therefore, LCO 3.1.1 b.1 and LCO 3.1.1 b.2

| !
ensure that a CEA ejection event postulated to be initiated in MODE 2 ;

'

suberitical or MODES 3,4, or 5 would have less adverse consequences than j
| the event analyzed for a CEA ejection in MODE 1, which has been shown f
|

to have acceptable consequences (Ref. 2).

He LCO has been modified by a Note which states the CEA of highest
;

reactivity worth does not have to be assumed withdrawn when all CEAs are
g

verified inserted by two diverse position indicators. His means the worth ;

of the most reactive CEA does not have to be included in the calculation of
SDM thus eliminating unnecessary boration and dilution.

>

)
i

(continued)
.
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BASES (continued)

ACTIOf1S A1

If the SDM requirements are not met. boration must be
initiated promptly. A Completion Time of 15 minutes is
adequate for an operator to correctly align and start the J
required systems and components. It is assumed that '

boration will be continued until the SDM requirements are
met.

In the determination of the required combination of boration
flow rate and boron concentration there is no unique
requirement that must be satisfied. Since it is imperative -

to raise the boron concentration of the RCS as soon as ,

possible. the boron concentration should be a highly /
'

concentrated solution, such as that normally found in the / ,

boric acid storage tank or the borated water storage tank. -

The o>erator should borate with the best source available
for t1e plant conditions.

In determining the boration flow rate, the tim core life
must be considered. For instance, the most difficult time

in core life to increase the RCS boron concentration is at
the beginning of cycle, when the boron concentration may
approach or exceed 2000 ppm. Assuming that a value of
1: Ak/k must be recovered and a boration flow rate of
[ ] gpm. it is possible to increase the boron concentration

/ of the RCS by 100 ppm in approximately 35 minutes. If aAdgj boron worth of 10 pcm/ ppm is assumed this combination of
t

Mg;g " parameters will increase the SDM by 1% ok/k. These boration

;4/g/t ,t parameters of [ ] gpm and [ ] ppm represent typical values .

-|f and are provided for the purpose of offering a specific
example.s

SURVEILLAtJCE SR 3.1.1.1
REQUIREMEf1TS

SDM is verified by performing a reactivity balance j
' calculation. considering the listed reactivity effects:

|
|

a. RCS boron concentration

b. CEA positions;

c. RCS average temperature; l

!

(continued)

|
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BASES

SURVEILLANCE SR 3.1.1.1 (continued)
REQUIREMENTS

d. Fuel burnup based on gross thermal energy generation: .

e. Xenon concentration:

f. Samarium concentration; and

g. Isothermal temperature coefficient (ITC).

Using the ITC accounts for Doppler reactivity in this
calculation because the reactor is subtritical, and the fuel

temperature will be changing at the same rate as,,the RCS.

The Frequency of 24 hours is based on the generally:f
t!=c *

slow
change in required boron concentration, and@lso allows
sufficient time for the operator to collect the required
data which includes performing a boron concentration
analysis, and complete the calculation.

REFERENCES 1. 10 CFR 50. Appendix A. GDC 26.

2. FSAR. Section [15.4.2].

3. FSAR. Section [15.4.2].

4. 10 CFR 100.
|

l

|

| l

l-

1

!

I
'
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B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.2 Ouid iiARGIh (SDFU -T 5 200 F fnicital)) unava

BASES
_

BACKGROUND The reactivity control systems must be redundant and capable
\ of holding the reactor core subcritical when shut n under

\ cold conditions. in accordance with GDC 26 (Ref. ).
Maintenance of the SDM ensures that postulated activity\. events will not damage the fuel. SDM requirerjents ]rovide

,
'

| 'x sufficient reactivity margin to ensure that accepta)1e fu N ;

'

\ design limits will not be exceeded for normirl shutdown / t

anticipated operational occurrences (A00s)/. As such. DM ,

defines the degree of subcriticality which would be obtained
,immediately following the insertion of 11 control element
' assemblies (CEAs). assuming the sing CEA of highest
reactivity worth is fully withdrawn

The stem design requires that o independent reactivity
contrhl systems be provided, a 6 that one of these systems,

be capab,le of maintaining th ore subtritical under cold

4,\,\
conditiohs. These requiremen s are provided by the use of
movable CEAs and soluble bofic acid in the Reactor Coolant
System (RCS)x The CEA System can compensate for thep' reactivity effects of t

accompanying power leye$e fuel and water temperature changesl changes over the range from
full load to no lqade In addition, the CEAs, together with
the boration systeN' 3rovide the SDM during power operation
and are capable o_f' macing the are subcritical rapidly
enough to prevent exc'eeding 'he')acce] table fuel damage
limits. assuming that the C f higlest reactivity worth,

| remains fully withdrawn. y
| x

i

The soluble boron system ca'ntcompensate for fuel de]letion i

during operation and all xenon burnout reactivity c1anges. !
and maintain the reactor subcMtical under cold conditions. 1

During power operation. SDM conhrol is ensured by operating| |
' with the shutdown CEAs fully withdrawn and the regulating |

CEAs within the limits of LCO 3.1.7x " Regulating Control
Element Assembly (CEA) Insertion Limits." When the unit is
in the shutdown and refueling modes. the SDM requirements

| are met by means of adjustments to the CS boron
concentration.

's

(continued)
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BASES (continued) W
1

APPLICABLE The minimum required SDM is assumed as an initial condition
SAFETY ANALYSES in safety analysis. The safety analysis (Ref. 2) i

establishes an SDM that ensures specified acceptable fuel
'

design limits are not exceeded for normal operation and A00s ,

'

with the assumption of the hiahest worth rFAggtLnot - ) !follow'n a e to tripfSpecifically, for MODE 5. the
**'3'H :3rimary safety analysis that relies on the SDM limits is the 1
'WLM-' I goron dilution analysis. P ;

_ _

The acceptance criteria for the SDM requirements are that4

the specified acceptable fuel design limits are maintained. i

This is done by ensuring that:

a. The reactor can be made subtritical from all operating
conditions. transients. and Design Basis Events; ;

b. The reactivity transients associated with postu ti.ed
accident conditions are controllable within ecceptable
limits (departure from nucleate boiling ratio.
fuel centerline temperature limits for A00s. and-

s; 280 caUgm energy deposition for the CEA ejection ,

accident); and

c. The reactor will be maintained sufficiently
subtritical to preclude inadvertent criticality in the
shutdown condition.:

F An inadvertent boron dilution is a moderate Frequency 1
incident as defined in Reference 2. The core is initially

j subcritical with all CEAs inserted. A Chemical and Volume
q 7 Control System malfunction occurs which causes unborated

water to be pumped to the RCS via three charging pump $
M. to$?.14 "" '

The reactivity change rate associated with boron
p,4 -

ge.,,
g.__.___ ;. concentration changes due to inadvertent dilution is within {

- "

the capabilities of operator recognition and control. !

|The high neutron flux alarm on the startup channel !

instrumentation will alert the operator of the boron .

dilution with a minimum o_f 15 minutes remaining before h
co_re becomes critical.,

3 .
_- ,

L SDM satisfies Criterion 2 of the NRC Policy Statement. Even
though it is not directly observed from the control room.@ w t ?.t . i i

e SDM 1s considered an initial condition process variable !

k because it is periodically monitored to ensure that the unit e v3 - |N U 1 ' '.'%
} eratiny .veu.u 1.e Madt H ua accklent ml ti: "!!G"?t'ont |y

-

|_ -, - -_

(continued) '
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SDM-T , e 200 F (Digital) ;
B 3.1.2 !

IElriE b'
'

BASES [
^

i

:
APPLICABLE is operating within the bounds of accident analysis i

SAFETY ANALYSES assumptions. !
(continued) ;

|

i-

-- -

LCO wn that the required SDM is |
sufficient to avoid unacceptable consecuences to the fuel or ;

u _S as a result of the event L addressec above. a -
j

RC
-

!i

; _ -

L' The boron dilution (Ref. 2) accident initiated in MODE 5 is .i

A b D to E ?.1 1 the most limiting analysis which establishes the SDM value i
of the LCO. For the bcron dilution accident, if the LCO is :

D Lf Id violated. then the minimum required time assumed for [
,

operator action to terminate dilution may no longer be ,

applicable. j
>

i

SDM is a core physics design condition that can be ensured i

through CEA )ositioning (regulating and shutdown CEAs) and
through soluale boron concentration, v

| I
1 l

APPLICABILITY In MODE 5. the SDM requirements are applicable to provide {
sufficient negative reactivity to meet the assumptions of !
the safety analyses discussed above. In MODES 1 and 2. SDM :
is ensured by complying with LCO 3.1.6. " Shutdown Control ,

Element Assembly (CEA) insertion Limits." and LCO 3.1.7. If ii

| the insertion limits of LCO 3.1.6 or LC0 3.1.7 are not being ;

complied with. SDM is not automatically violated. The SDM t

must be calculated by performing a reactivity balance
calculation (considering the listed reactivity effects in !

! Bases Section SR 3.1.2.1). In MODES 1. 2. 3. and 4. the SDM ,

requirements are given in LCO 3.1.1. " SHUTDOWN MARGIN :

(SDM) - T., > 200 F. " In MODE 6. the shutdown reactivity ;

requirements are given in LCO 3.9.1. " Boron Concentration."
|

|

!ACTIONS A.]

If the SDM requiremcnts are not met, boration must be
initiated promptly. A Completion Time of 15 minutes is ,

adequate for an operator to correctly align and start the !
required systems and components. It is assumed that

,

!

(continued)
'
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BASES

ACTIONS A.1 (continued)

boration will be continued until the SDM requirements are -

met.
,

1

In the determination of the required combination of boration
flow rate and boron concentration, there is no unique
requirement that must be satisfied. Since it is imperative

I to raise the boron concentration of the RCS as soon as
| possible. the boron concentration should be a highly
' concentrated solution, such as that normally found in the
| boric acid storage tank or the borated water storage tank.

The operator should borate with the best source available'

| for the plant conditions.

In determining the boration flow rate the time core life -

| must be considered. For instance the most difficult time
in core life to increase the RCS boron concentration is at
the beginning of cycle \ when the boron concentration may
approach or exceed 2000xppm. Assuming that a value of
1% Ak/k must be recovered and a boration flow rate of
[ ] gpm. it is possible'to increase the boron concentration
of the RCS by 100 ppm in approximately 35 minutes. If a

boron worth of 10 pcm/ ppm is assumed this combination of
parameters will increase th SDM by 1% Ak/k. These boration

parameters of [/ ]for the purp se of offering a specific
gpm and [ ] ppm represent typical values

and are provided
example.

,

SURVEILLANCE SR 3.1.2.1
REQUIREMENTS - 4

(In MDDE 5 ~ he SDM is verified by performing a reactivity
B31a m olculation, considering the listed reactivity
effects:

a. RCS boron concentration:

b. / CEA positions;

c. RCS average temperature;

d. Fuel burnup based on gross thermal energy generation:

e. Xenon concentration: |

(continued)
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fBASES

SURVEILLANCE SR 3.1.2.1 (continued)
REQUIREMENTS

[.f. Samarium concentration: and |

g. Isothermal temperature coefficiente (ITC).
'

/
Using the ITC accounts for Doppler reactivity in this
calculation because the reactor is sobcritical, and the fuel

I
temperature will be changing at the.csame rate as that of the <

'

RCS.

The Frequency of 24 hours is based on the gen lly slow
change in required boron concentration, and 1 - lows
sufficient time for the operator to collect the required
data, which includes performing a boron concentration
analysis, and complete the calculation.

,

REFERENCES 1. 10 CFR 50. Appendix A. GDC 26.

2. FSAR. Section [15.2.4].

|

|

|

|

CEOG STS B 3.1-11 P&R 09/20/93

. . _ .



. - -

i

Reactivity Balance

'
, t.

B 3.1 REACTIVITY CONTROL SYSTEMS -

ReactivityBalanceIB 3.1.3

;

BASES !
!

!

BACKGROUND According to GDC 26. GDC 28. and GDC 29 (Ref. 1), reactivity !shall be controllable, such that. subtriticality is ;

maintained under cold conditions, and acceptable fuel design !
limits are not exceeded during normal operation and |
anticipated operational occurrences. Therefore, reactivity '

balance is used as a measure of the predicted versus
| measured core reactivity during power operation. The i

periodic confirmation of core reactivity is necessary to i
ensure that Design Basis Accidents (DBA) and transients

'

safety analyses remain valid. A large reactivity difference
could be the result of unanticipated changes in fuel. ,

control element assembly (CEA) worth or operation at |
Conditions not consistent with those assumed in the '

predictions of core reactivity, and could potentially result ;

in a loss of SDM or violation of acceptable fuel design '

limits. Comparing predicted versus measured core reactivity i
validates the nuclear methods used in the safety analysis i

and supports the SDM demonstrations (LCO 3.1.1 " SHUTDOWNl

MARGIN (SDM)7r@-C2DD"J") in ensuring the reactor can be ;

brought safely t cdld'. subcritical conditions.
,

When the reactor core is critical or in normal power
operation. a reactivity balance exists and the net
reactivity is zero. A comparison of predicted and measured
reactivity is convenient under such a balance, since
parameters are being maintained relatively stable under j
steady state power conditions. The positive reactivity

| inherent in the core design is balanced by the negative
i reactivity of the control components, thermal feedback,

neutron leakage, and materials in the core that absorb
neutrons. such as burnable absorbers producing zero net
reactivity. Excess reactivity can be inferred from the
critical boron curve, which provides an indication of the
soluble boron concentration in the Reactor Coolant System
(RCS) versus cycle burnup. Periodic measurement of the RCS
boron concentration for comparison with the aredicted value
with other variables fixed (such as CEA heig1t. temperature.
pressure. and power). provides a convenient method of
ensuring that core reactivity is within design expectations,
and that the calculational models used to generate the
safety analysis are adequate.

(continued) {
l
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Reactivity Balanc [0 [TtB P
.

"B 3.1.3 |
I-

o =
'

BASES
:
!

BACKGROUND In order to achieve the required fuel cycle energy output. i<

(continued) the uranium enrichment in the new fuel loading and in the i

i fuel remaining from the previous cycle, provides excess .:

; positive reactivity beyond that required to sustain j

: steady state operation throughout the cycle. When the :
4 reactor is critical at RTP and moderator temperature. the i

excess positive reactivity is compensated by burnable
j absorbers (if any). CEAs. whatever neutron poisons (mainly
- xenon and samarium) are present in the fuel, and the RCS ;

i boron concentration. '

1 i

! When the core is producing THERMAL POWER, the fuel is being
i depleted and excess reactivity is decreasing. As the fuel |

depletes. the RCS boron concentration is reduced to decrease |
j negative reactivity and maintain constant THERMAL POWER.

The critical boron curve is based on steady state operation
at RTP. Therefore deviations from the predicted boron ;

,

letdown curve may indicate deficiencies in the design !d

; analysis, deficiencies in the calculational models, or
abnormal core conditions, and must be evaluated. ;

!

APPLICABLE Accurate prediction of core reactivity is either an explicit
SAFETY ANALYSES or implicit assumption in the accident analysis evaluations. j

Every accident evaluation (Ref. 2) is, therefore, dependent !

upon accurate evaluation of core reactivity. In particular. I
'SDM. and reactivity transients. such as CEA withdrawal

accidents or CEA ejection accidents, are very sensitive to
accurate prediction of core reactivity. These accident-

analysis evaluations rely on computer codes that have been1

qualified against available test data. operating plant data.
! and analytical benchmarks. Monitoring reactivity balance

additionally ensures that the nuclear methods provide an3

accurate representation of the core reactivity.
3

,

Design calculations and safety analyses are performed for-
each fuel cycle for the purpose of predetermining reactivity
behavior and the RCS boron concentration requirements for
reactivity control during fuel depletion.

The comparison between measured and predicted initial core
reactivity provides a normalization for calculational models;

used to predict core reactivity. If the measured and
predicted RCS boron concentrations for identical core
conditions at beginning of cycle (BOC) do not agree then

(continued)
1
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Reactivity Balance fdP
B'3.1.3
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BASES

i
1

APPLICABLE the assumptions used in the reload cycle design analysis or |,

| SAFETY ANALYSES the calculational models used to predict soluble boron !
(continued) requirements may not be accurate. If reasonable agreement -.

between measured and predicted core reactivity exists at |
BOC. then the prediction may be normalized to the measured i

*

boron concentration. Thereafter. any significant deviations
in the measured boron concentration from the predicted j

critical boron curve that develop during fuel depletion may i

be an indication that the calculational model is not !

adequate for core burnups beyond BOC. or that an unexpected
.

change in core conditions has occurred. !

The normalization of predicted RCS boron concentration to i

| the measured value is typically performed after reaching RTP
| following startup from a refueling outage, with the CEAs in i

their normal positions for power operation. The :'

normalization is performed at BOC conditions, so that core
reactivity relative to predicted values can be continually

,

monitored and evaluated as core conditions change during the
,

cycle. ;

The reactivity balance satisfies Criterion 2 of the NRC
Policy Statement. !

I
f

LCu The reactivity balance limit is established to ensure plant
operation is maintained within the assumptions of the safety
analyses. Large differences between actual and predicted
core reactivity may indicate that the assumptions of the DBA .

and transient analyses are no longer valid, or that the i
uncertainties in the nuclear design methodology are larger |than expected. A limit on the reactivity balance of

1% Ak/k has been established, based on engineering
judgment. A 1% deviation in reactivity from that predicted
is larger than expected for normal operation and should
therefore be evaluated.

When measured core reactivity is within 1% Ak/k of the
predicted value at steady state thermal conditions. the core
is considered to be operating within acceptable design
limits. Since deviations from the limit are normally
detected by comparing predicted and measured steady state
RCS critical boron concentrations. the difference between
measured and predicted values would be approximately 100 ppm
(depending on the boron worth) before the limit is reached.

;

(continued)
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BASES |

l
'

LCO These values are well within the uncertainty limits for
(continued) analysis of boron concentration samples. 50 that spurious

violations of the limit due to uncertainty in measuring the -

RCS boron concentration are unlikely. |

I

APPLICABILITY The limits on ccre reactivity must be maintained during
MODES 1 and 2 because a reactivity balance must exist when :
the reactor is critical or producing THERMAL POWER. As the !
fuel depletes, core conditions are changing, and
confirmation of the reactivity balance ensures the core is
operating as designed. This Specification does not apply in
MODES 3. 4. and 5 because the reactor is shut down, and the
reactivity balance is not changing. ,

1

In MODE 6. fuel loading results in a continually changing j

core reactivity. Boron concentration requirements !

(LCO 3.9.1. " Boron Concentration") ensure that fuel
movements are performed within the bounds of the safety ;

analysis. An SDM demonstration is required during the first '

startup following operations that could have altered core
reactivity (e.g., fuel movement, or CEA replacement. or
shuffling) .

!

ACTIONS A.1 and A.2
,

1

Should an anomaly develop between measured and predicted I
'core reactivity, an evaluation of the core design and safety

analysis must be performed. Core conditions are evaluated
i to determine their consistency with input to design

calculations. Measured core and process parameters are
evaluated to determine that they are within the bounds of
the safety analysis, and safety analysis calculational
models are reviewed to verify that they are adequate for
representation of the core conditions. The required
Completion Time of 72 hours is based on the low probability
of a DBA occurring during this period and allows sufficient
time to assess the physical condition of the reactor and
complete the evaluation of the core design and safety ;

analysis. '

Following evaluations of the core design and safety |
analysis. the cause of the reactivity anomaly may be

(continued)
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BASES

ACTIONS A.] and A.2 (continued)

resolved. If the cause of the reactivity anomaly. is a .

mismatch in core conditions at the time of RCS boron i

concentration sampling. then a recalculation of the RCS '

boron concentration requirements may be performed to j

demonstrate that core reactivity is behaving as expected. |

If an unexpected physical change in the condition of the
core has occurred. it must be evaluated and corrected. if
possible. If the cause of the reactivity anomaly is in the :

calculation technique, then the calculational models must be
revised to provide more accurate predictions. If any of !
these results are demonstrated and it is concluded that the !

treactor core is acceptable for continued operation. then the
boron letdown curve may be renormalized. and power operation |
may continue. If operational restrictions or additional SRs i

are necessary to ensure the reactor core is acceptable for
continued operation. then they must be defined.

!

The required Completion Time of 72 hours is adequate for
preparing whatever operating restrictions or Surveillances
that may be required to allow continued reactor operation. ;

;

i

B.3
i
'

If the core reactivity cannot be restored to within the ;

1% ok/k. the plant must be brought to a MODE in which the ;

LCO does not apply. To achieve this status. the plant must. i
be brought to at least MODE 3 within 6 hours. If the SDM ;
for MODE 3 is not met, then boration required by SR 3.1.1.1 |would occur. The allowed Completion Time is reasonable,
based on operating experience, for reaching MODE 3 from full ,

power conditions in an orderly manner and without;

| challenging plant systems.

|
SURVEILLANCE SR 3.1.3.1
REQUIREMENTS

Core reactivity is verified by periodic comparisons of
measured and predicted RCS boron concentrations. The
comparison is made considering that other core conditions
are fixed or stable including CEA position. moderator
temperature. fuel temperature, fuel depletion. xenon
concentration, and samarium concentration. The Surveillance

(continued)
!
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BASES |

SURVEILLANCE SR 3.1.3.1 (continued)
REQUIREMENTS

is performed prior to entering MODE 1 as an initial check on .t
core conditions and design calculations at BOC. The SR is i

modified by three Notes. The first Note indicates that the t

normalization of predicted core reactivity to the measured !
value must take place within the first 63 effective full i

power days (EFPD) after each fuel loading. This allows
sufficient time for core cor,ditions to reach steady state. ;

but prevents operation for 6 large fraction of the fuel
'cycle without establishing a benchmark for the design

calculations. The required subsequent Frequency of 31 EFPD. !
following the initial 60 EFPD after entering MODE 1. is i

acceptable based on the slow rate of core changes due to i
'fuel depletion and the presence of other indicators (e.g..

OPTR) for prompt indication of an anomaly. A Note. "only
required after 60 EFPD." is added to the Frequency column to i
allow this. Another Note indicates that the performance of :

SR 3.1.3.1 is not required prior to entering MODE 2. This !

Note is required to allow a MODE 2 entry to verify core i

reactivity because Applicability is for MODES 1 and 2. [

i

)
REFERENCES 1. 10 CFR 50. Appendix A. GDC 26. GDC 28. and GDC 29. |

!

2. FSAR. Section [6 ]. I

i

:
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B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.4 Moderator Temperature Coefficient (MTC) (M i

BASES f

BACKGROUND According to GDC 11 (Ref.1), the reactor core and its
interaction with the Reactor Coolant System (RCS) must be i

designed for inherently stable power operation. even in the
possible event of an accident. In particular, the net -

reactivity feedback in the system must compensate for any '

unintended reactivity increases.

IThe MTC relates a change in core reactivity to a change in
reactor coolant temperature. A positive MTC means that
reactivity increases with increasing moderator temperature: i

conversely, a negative MTC means that reactivity decreases !

with increasing moderator temperature. The reactor is
designed to operate with a negative MTC over the largest
possible range of fuel cycle operation. Therefore, a
coolant temperature increase will cause a reactivity
decrease, so that the coolant temperature tends to return
toward its initial value. Reactivity increases that cause a
coolant temperature increase will thus be self limiting, and
stable power o>eration will result. The same characteristic
is true when t1e MTC is positive and coolant temperature

,

decreases occur. j

MTC values are predicted at selected burnups during the
;safety evaluation analysis and are confirmed to be
.

acceptable by measurements. Both initial and reload cores |
are designed so that the beginning of cycle (BOC) MTC is
less positive than that allowed by the LCO. The actual
value of the MTC is dependent on core characteristics such
as fuel loading and reactor coolant soluble boron
concentration. The core design may require additional C 1J-
distributed poisons Q.=pcd burnable poison assemblies) to
yield an MTC at the BOC within the range analyzed in the
plant accident analysis. The end of cycle (EOC) MTC is alsoi

limited by the requirements of the accident analysis. Fueli

cycles that are designed to achieve high burnups or that
have changes to other characteristics are evaluated to
ensure that the MTC does not exceed the EOC limit.

!

4

(continued)
1
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MTC (D94+1) '

B 3.1.4'

:7 , :..

BASES (continued)
| ;

!

APPLICABLE The acceptance criteria for the specified MTC are:
SAFETY ANALYSES i

a. The MTC values must remain within the bounds of those -

used in the accident analysis (Ref. 2): and :
:

i b. The MTC must be such that inherently stable power *

operations result during normal operation and during'

accidents. such as overheating and overcooling events.
.

Reference 2 contains analyses of accidents that result in
both overheating and overcooling of the reactor core. MTC
is one of the controlling parameters for core reactivity in
these accidents. Both the most positive value and most :

negative value of the MTC are important to safety, and both ;

values must be bounded. Values used in the analyses !

consider worst case conditions. such as very large soluble ;

boron concentrations, to ensure the accident results are
i

bounding (Ref. 3). |

Accidents that cause core overheating. either by decreased :'

heat removal or increased power production. must be !
evaluated for results when the MTC is positive. Reactivity ;
accidents that cause increased power production include the ,

:' control element assembly (CEA) withdrawal transient from
.

either zero or full THERMAL POWER. The limiting overheating i

event relative to plant response is based on the maximum i

difference between core power and steam generator heat
,

removal during a transient. The most limiting event with !

respect to a positive MTC is a CEA withdrawal accident from j
zero power. also referred to as a startup accident (Ref. 4).

|

Accidents that cause core overcooling must be evaluated for
results when the MTC is most negative. The event that
produces the most rapid cooldown of the RCS. and is

: therefore the most limiting event with respect to the
negative MTC is a steam line break (SLB) event. Following
the reactor trip for the postulated EOC SLB event, the large
moderator temperature reduction combined with the large
negative MTC may produce reactivity increases that are as
much as the shutdown reactivity. When this occurs a
substantial fraction of core power is produced with all CEAs
inserted except the most reactive one, which is assumed
withdrawn. Even if the reactivity increase produces
slightly subcritical conditions, a large fraction of core

7
' power may be produced through the effects of subtritical

neutron multiplication.

(continued).
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BASES

APPLICABLE MTC values are bounded in reload safety evaluations assuming |
SAFETY ANALYSES steady state conditions at BOC and EOC. A middle of cycle

,

(continued) (MDC) measurement is conducted at conditions when the RCS -

boron concentration reaches approximately 300 p)m. The
measured value may be extrapolated to project tie EOC value. j

in order to confirm reload design predictions. ,

The MTC satisfies Criterion 2 of the NRC Policy Statement.

1

LCO LCO 3.1.4 requires the MTC to be within the specified limits
of the COLR to ensure the core operates within the
assumptions of the accident analysis. During the reload '

'core safety evaluation, the MTC is analyzed to determine
that its values remain within the bounds of the original
accident analysis during o)eration. The limit on a positive
MTC ensures that core overleating accidents will not violate
the accident analysis assumptions. The negative MTC limit
for EOC specified in the COLR ensures that core overcooling
accidents will not violate the accident analysis
assumptions.

MTC is a core physics parameter determined by the fuel and
fuel cycle design and cannot be easily controlled once the
core design is fixed. During operation, therefore the LCO
can only be ensured through measurement. The surveillance
checks at BOC and MOC on an MTC provide confirmation that ;

the MTC is behaving as anticipated, so that the acceptance ;
criteria are met. !

.

APPLICABILITY In MODE 1. the limits on the MTC must be maintained to
ensure that any accident initiated from THERMAL POWER !
operation will not violate the design assumptions of the !
4Eploe,n1 1pitJated.from;JtU)4ALf0WERA)Deretf6t6wiAl devlr

df ndlath theMesfg6Miasmpt.ionroVttfe'{ accident analysis. In |k( "DDE 2. tne ilmits must also oe mamtained to ensure startup
and subcritical accidents. such as the uncontrolled CEA
assembly or group withdrawal. will not violate the
assumptions of the accident analysis. In MODES 3, 4. 5. '

and 6. this LC0 is not applicable. since no Design Basis
Accidents (DBAs) using t7e MTC as an analysis assumption are
initiated from these MODES. However, the variation of the
MTC. with temperature in MODES 3. 4. and 5. for DBAs

(continued)
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BASES

APPLICABILITY initiated in MODES 1 and 2. is accounted for in the subject
(continued) accident analysis. The variation of the MTC. with

temperature assumed in the safety analysis is accepted as -

valid once the BOC and MOC measurements are used for
normalization.

ACTIONS A.1

MTC is a function of the fuel and fuel cycle designs, and
cannot be controlled directly once the designs have been
implemented in the core. If MTC exceeds its limits. the
reactor must be placed in MODE 3. This eliminates the

,

potential for violation of the accident analysis bounds. *

i

The associated Completion Time of 6 hours is reasonable,
considering the probability of an accident occurring during

| the time period that would require an MTC value within the
i LCO limits. and the time for reaching MODE 3 from full power

conditions in an orderly manner and without challenging
plant systems.

,

SURVEILLANCE SR 3.1.4.1 and SR 3.1.4.2
REQUIREMENTS

The SRs for measurement of the MTC at the beginning and
middle of each fuel cycle provide for confirmation of the
limiting MTC values. The MTC changes smoothly from most
positive (least negative) to most negative value during fuel
cycle operation. as the RCS boron concentration is reduced
to compensate for fuel depletion. The requirement for
measurement prior to operation > 5% RTP satisfies the ^ 1 *85
confirmatory check on the most positive (least negatJveT MTC
value. The requirement for measurement, wit p #ffays after
reaching 40 effective full power days and a(jj/j core burnup,'

satisfies the confirmatory check of the most negative MTC
value. The measurement is performed at any THERMAL POWER so
that the projected EOC MTC may be evaluated before the
reactor actually reaches the EOC condition. MTC values may
be extrapolated and compensated to permit direct comparison
to the specified MTC limits.

SR 3.1.4.2 is modified by a Note that indicates performance
is not required prior to entering MODE 1 or 2. Although
this Surveillance is applicable in MODES 1 and 2. tne

(continued)
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BASES

SURVEILLANCE SR 3 1.4.1 and SR 3.1.4.2 (continued)
REQUIREMENTS

reactor must be critical before the Surveillance can be -

completed. Therefore. entry into the applicable MODE prior
to accomplishing the Surveillance is necessary.

SR 3.1.4.2 is modified by a second Note that indicates, if
extrapolated MTC is more negative than the EOC COLR limit,
the Surveillance may be repeated and that shutdown must
occur prior to exceeding the minimum allowable boron
concentration at which MTC is projected to exceed the lower
limit. An engineering evaluation is performed if the
extrapolated value of MTC exceeds the Specification limits.

REFERENCES 1. 10 CFR 50. Appendix A. GDC 11.

2. FSAR. Section [,5].

3. FSAR. Section [/5].

4. FSAR. Section [t5].
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B 3.1 REACTIVITY CONTROL SYSTEMS

ControlElementAssembly(CEA)Alignmenthihl[ !B 3.1.5
I
i

'
BASES -

1

!BACKGROUND The OPERABILITY (e.g.. trippability) of the shutdown and
regulating CEAs are initial assumptions in all safety ,

'analyses, which assume CEA insertion upon reactor trip.
Maximum CEA misalignment is an initial assumption in the
safety analyses which directly affects core power '

distributions and assumptions of available SDM.

The ap)licable criteria for these reactivity and power
distri)ution design requirements are 10 CFR 50. Appendix A. ;
GDC 10. GDC 26 (Ref. 1) and 10 CFR 50.46. Acceptance
Criteria for Emergency Core Cooling Systems for Light Water

;

Cooled Nuclear Power Plants (Ref. 2).

Mechanical or electrical failures may cause a CEA to become
inoperable or to become misaligned from its group. CEA i
ino)erability or misalignment may cause increased power !

peacing. due to the asymmetric reactivity distribution and a
,

reduction in the total available CEA worth for reactor >

shutdown. Therefore. CEA alignment and operability are '

related to core operation in design power peaking limits and
the core design requirement of a minimum SDM.

Limits on CEA alignment and operability have been
established, and all CEA positions are monitored and
controlled during power operation to ensure that the power
distribution and reactivity limits defined by the design '

power peaking and SDM limits are preserved.

| CEAs are moved by their control element drive mechanisms :
; CEDMs). Each CEDM moves its CEA one step (approximately |
| p'u inch) at a time. but at varying rates (steps per minute) '

| pending on the signal output from the Control Element |

Drive Mechanism Control System (CEDMCS).

The CEAs are arranged into groups that are radially
symmetric. Therefore, movement of the CEAs does not
introduce radial asymmetries in the core power distribution.
The shutdown and regulating CEAs provide the required
reactivity worth for immediate reactor shutdown upon a
reactor trip. The regulating CEAs also provide reactivity
(power level) control during normal operation and

(continued) ]
| |
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BASES !

BACKGROUND transients. Their movement may be autop:atically controlled
(continued) by the Reactor Regulating System. Partfotength)CEAs are not

credited in the safety analyses for shutting down the
| reactor as are the regulating and shutdown groups. The

par @tengthjCEAs are used seMir for ASI controlyg j
The axial )osition of shutdown and regulating CEAs is
indicated )y two separate and independent systems, which are

| the Plant Computer CEA Position Indication System and the
~

Reed Switch Position Indication System.

The Plant Computer CEA Position Indication System counts the
commands sent to the CEA gripper coils from the CEDMCS that '

moves the CEAs. There is one step counter for each group of '

CEAs. Individual CEAs in a group all receive the same
signal to move and should. therefore. all be at the same i

position indicated by the group step counter for that group.
The Plant Computer CEA Position Indication Syst pem ^rpp
considered highly precise ( one step or Finch). If ai

'

CEA does not move one step for each command signal. the step
counter will still count the command and incorrectly reflect
the position of the CEA.

| The Reed Switch Position Indication System provides a highly
| accurate indication of actual CEA position but at a lower
'

precision than the step counters. This system is based on
inductive analog signals from a series of reed switches
spaced along a tube with a center to center distance of
1.5 inches which is two steps. To increase the reliability |
of the system. there are redundant reed switches at each I

position. I
1

|

APPLICABLE CEA misalignment accidents are analyzed in the safety
| SAFETY ANALYSES analysis (Ref. 3). The accident analysis defines CEA

misoperation as any event, with the exception of sequential
group withdrawals. which could result from a single
malfunction in the reactivity control systems. For example.
CEA misalignment may be caused by a malfunction of the CEDM. !

CEDMCS. or by operator error. A stuck CEA may be caused by i
mechanical jamming of the CEA fingers or of the gripper.
Inadvertent withdrawal of a single CEA may be caused by
opening of the electrical circuit of the CEDM holding coil l

foraful(alengthlorpar@lengt%CEA. A dropped CEA !

(continued)
'
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BASES

APPLICABLE /\ subgroup could be caused by an electrical failure in the CEA
SAFETY ANALYSES goilpowerprogrammers. '

(continued) .

The acceptance criteria for addressing CEA inoperability or
misalignment are that there be no violations of: >

a. Specified acceptable fuel design limits:

b. Reactor Coolant System (RCS) pressure boundary
integrity: and

c. The core must remain subcritical after accident
transients.

Three types of misalignment are distinguished. During
movement of a group, one CEA may stop moving while the other
CEAs in the group continue. This condition may cause
excessive power peaking. The second type of misalignment
occurs if one CEA fails to insert upon a reactor trip and
remains stuck fully withdrawn. This condition requires an
evaluation to determine that sufficient reactivity worth is
held in the remaining CEAs to meet the SDM requirement with
the maximum worth CEA stuck fully withdrawn. If a CEA is
stuck in the fully withdrawn position its worth is added to
the SDM requirement, since the safety analysis does not take
two stuck CEAs into account. The third type of misalignment
occurs when one CEA drops partially or fully into the
reactor core. This event causes an initial power reduction
followed by a return towards the original power due to i

pos'itive reactivity feedback from the negative moderator !
temperature coefficient. Increased peaking during the power
increase may result in excessive local linear heat rates
(LHRs).

Two types of analyses are performed in regard to static CEA
misalignment (Ref. 4). With CEA banks at their insertion
limits. one type of analysis considers the case when any one-

CEA is inserted [ ] inches into the ccre. The second type
,

of analysis considers the case of a single CEA withdrawn
| [ ] inches from a bank inserted to its insertion limit.
V Satisfying limits on departure from nucleate boiling ratio

(DNBR) in both of these cases bounds the situation when a
CEA is misaligned from its group by [7 inches].

Another type of misalignment occurs if one CEA fails to
insert upon a reactor trip and remains stuck fully

(continued)

'
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BASES

APPLICABLE withdrawn. This condition is assumed in the evaluation to
SAFETY ANALYSES determine that the required SDM is met with the maximum

(continued) worth CEA also fully withdrawn (Ref. 5).

The effect of any misoperated CEA on the core power
distribution will be assessed by the CEA calculators, and an
appropriately augmented power distribution penalty factor
will be supplied as input to the core protection calculators

t (CPCs). As the reactor core responds to the reactivity
j changes caused by the misoperated CEA and the ensuingt

reactor coolant and Dop)ler feedback effects, the CPCs will
initiate a low DNBR or ligh local power density trip signal
if specified acceptable fuel design limits (SAFDLs) are
approached.

u-
r-Since the CEA drop incidents result in the most rapid ct WSu"

approach to SAFDLs caused by a CEA misopa ation. the C2 ^ M '"
accident analysis analyzed a single ful derihlb CEA drop.Ia #*6

/ single par @tengtrD CEA drop, and a 3ar6Feng CEA subgroup
drop. The most rapid approach to t7e DNBR SAFDL may be
caused by either a single ful(EeTiaTradrop or a par @rength]

uCEA subgroup drop depending upon initial conditions. lhe

[ y most rapid approach to the fuel centerline melt SAFDL is
f

( caused by a single parStenoIh> CEA drop.
, .t u prmn~sk cca Act

fin the case of the full @FndfTbCEA drop [a prompt decrease |n

| in core average power and a distortion in radial power are
| initially produced, which when conservatively coupled result |
'

in local power and heat flux increases, and a decrease in i
/ DNBR. For plant operation within the DNBR and local power I

density (LPD) LCOs. DNBR and LPD trips can normally be )
t, avoided on a dropped CEA. l

,wd a h w at +-a U ^ wing Je?I '

For a partMengtlDCEA subgroup drop" a distortion in power'

distribution an_d a_ decrease in core power are produced. As
the dropped parf$endIb CEA subgroup is detected. an |

appropriate power distribution penalty factor is supplied to |
|

the CPCs. and a reactnr trio sional on inw DNRP2 ||

| generMpardt#4nath3CEA drop. both core average
ower and three dimensional peak to aver ce_ power density

increase promptly. As the dropped par < _ngth CEA iso

(detected.corepowerandanappropriatelyaugmentedpowerdistribution penalty factor are supplied to the CPCs.

| CEA alignment satisfies Criteria 2 and 3 of the NRC Policy
Statement.

(continued)

CEOG STS B 3.1-26 P&R 09/20/93

|



- -.

CEA Alignment (Digital)
B 3.1.5

, >

BASES (continued)

LCO The limits on shutdown and regulating CEA alignments ensure
that the assumptions in the safety analysis will remain
valid. The requirements on OPERABILITY ensure that upon -

reactor trip, the CEAs will be available and will be
inserted to provide enough negative reactivity to shut down
the reactor. The OPERABILITY requirements also ensure that
the CEA banks maintain the correct power distribution and
CEA alignment.

The requirement to maintain the CEA alignment to within
[7 inches] between the highest and lowest CEAs in a subgroup
is conservative. The minimum misalignment assumed in safety
analysis is [19 inches], and in some cases, a total
misalignment from fully withdrawn to fully inserted is
assumed.

Failure to meet the requirements of this LCO may produce
unacceptable power peaking factors and LHRs. or unacceptable
SDMs. all of which may constitute initial conditions
inconsistent with the safety analysis.

APPLICABILITY The requirements on CEA OPERABILITY and alignmeat are
applicable in MODES I and 2 because these are the only MODES
in which neutron (or fission) power is generated, and the
OPERABILITY (e.g., trippability) and alignment of CEAs have
the potential to affect the safety of the plant. In
MODES 3. 4. 5. and 6. the alignment limits do not apply
because the CEAs are bottomed and the reactor is shut down
and not producing fission power. In the shutdown modes, the
OPERABILITY of the shutdown and regulating CEAs has the
potential to affect the required SDM. but this effect can be
compensated for by an i rease in the boron crgcentration of .

the RCS. See LCO 3.1.1.".;HUTDOWN MARGIN (SDMW4/g4r//#F. I
for SDM in MODES 3. 4. and 5. and LCO 3.9.1. Boron
Concentration. for boron concentration requirements during
refueling. :

ACTIONS A.I. A.2.1. A.2 2. A 3.1. and A 3.2 |
A CEA may become misaligned. yet remain trippable. In this
condition. the CEA can still perform its required function '

!

(continued)
4
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BASES

ACTIONS A.1. A.2.1. A.2.2. A.3.1. and A.3.2 (continued)
,

of adding negative reactivity should a reactor trip be .

,

necessary. !

If one or more regulating CEAs are misaligned by [7 inches] <

and s [19 inches] but trippable, or one regulating CEA
misaligned by > [19 inches] but trippable, continued
operation in MODES 1 and 2 may continue. provided. within
1 hour, the power is red,iuced in accordance with Figure
3.1.5-1. and SDM is 2 [S2T]% Ak/k and within 2 hours the
misaligned CEA(s) is aligned within [7 inches] of its group
or the misaligned CEA's group is aligned within [7 inches]
of the misaligned CEA(s).

,

,

Xenon redistribution in the core starts to occur as soon as
a CEA becomes misaligned. Reducing THERMAL POWER in
accordance with Figure 3.1.5-1 (in the accompanying LCO)
ensures acceptable power distributions are maintained
(Ref. 6). For small misalignments (< [19 inches]) of the !

CEAs. there is: '

a. A small effect on the time dependent long term power .

'distributions relative to those used in generating
LCOs and limiting safety system settings (LSSS)
setpoints;

b. A small effect on the available SDM: and
,

c. A small effect on the ejected CEA worth used in the i

accident analysis. ;

With a large CEA misalignment (2 [19 inches]). however, this |

misalignment would cause distortion of the core power
'distribution. This distortion may, in turn, have a

significant effect on:

a. The available SDM:

b. The time dependent, long term power distributions
relative to those used in generating LCOs and LSSS
setpoints: and

c. The ejected CEA worth used in the accident analysis.

|

(continued) l
J

|
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BASES

ACTIONS A.1. A.2.1. A 2.2 A.3.1. and A.3.2 (continued)
!Therefore this condition is limited to the single CEA

misalignment. while still allowing 2 hours for recovery.

In both cases, a 2 hour time period is sufficient to:

a. Identify cause of a misaligned CEA:

b. Take appropriate corrective action to realign the
CEAs: and

!

c. Minimize the effects of xenon redistribution.

In this condition. an additional allowance must be made for
the worth of the affected CEA when calculating the available
SDM. With one or more misaligned CEAs. SDM must be verified |

for CEAs at the existing nonaligned positions. SDM is
calculated by performing a reactivity balance calculation

,

according to procedure, considering the listed effects in |

SR 3.1.1.1. This is necessary since the OPERABLE CEAs must
still meet the single failure criterion. If additional
negative reactivity is required to provide the necessary
SDM. it must be provided by increasing the RCS boron ,

concentration. One hour allows sufficient time to perform
the SDM calculation and make any required boron adjustment
to the RCS.

B.1. B.2.1. B.2.2. and B.3

If one or more shutdown CEAs are misaligned by > [7 inches]
and s [19 inches] but trippable. or one shutdown CEA
misaligned by > [19 inches] but trippable. continued
operation in MODES 1 and 2 may continue. provided. within
I hour. the power is reduced in accordance with Figure
3.1.5-1. and SDM is 2 [5Wfj% Ak/k. and within 2 hours the

i

| misaligned CEA(s) is aligned within [7 inches] of its group.

I
l C.l. C.2.1. and C 2.2

If one or more partflenStb CEAs are misaligned _.byt

> [7 inches] and s [19 inches] or one part31ength CEA
misaligned by > [19 inches]. continued operation in MODES 1
and 2 may continue. provided power is reduced in accordance

|

|

| (continued)
1
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!

|

ACTIONS C 1. C.2.1. and C.2.2 (continued)

with the appropriate figure within 1 hour. and within
2 hours the misaligned CEA(s) is restored to within
[7 inches) of its group. or the misaligned CEA's group is .

aligned within [7 inches] of the misaligned CEA. )
1

Although a par 1(StTiength)CEA has less of an effe on core I

flux than a fulesttengtDCEA. a misaligned pa - ng - CEA
will still result in xenon redistribution and attect core
power distribution. Requiring realignment within 2 hours
minimizes these effects and ensures acceptable power
distribution is maintained. |

|
1

D.1 |
l

If a Required Action or associated Completion Time of
,

Condition A. Condition B. or Condition C is not met, one or
'

more regulating or shutdown CEAs are untrippable, or two or
more CEAs are misaligned by > [19 inches]. the unit is
required to be brought to MODE 3. By being brought to

,

MODE 3. the unit is brought outside its MODE of '

applicability.

When a Required Action cannot be completed within the j
required Completion Time. a controlled shutdown should be
commenced. The allowed Completion Time of 6 hours is
reasonable, based on operating experience for reaching
MODE 3 from full power conditions in an orderly manner and
without challenging plant systems.

.

l

If a CEA is untrippable, it is not available for reactivity
insertion during a reactcr trip. With an untrippable CEA.
meeting the insertion limits of LCO 3.1.6. Shutdown Control
Element Assembly (CEA) Insertion Limits, and LCO 3.1.7
Regulating Control Element Assembly (CEA) Insertion Limits,
does not ensure that adequate SDM exists. Therefore. the
plant must be shut down in order to evaluate the SDM
required boron concentration and power level for critical
operation.

Continued operation is not allowed in the case of more than
one CEA(s) misaligned from any other CEA.Jn its group by
> [19 inches]. or with one or more fulgdenoDtCEAs ,

'untrippable. This is because these cases are indicative of

(continued)
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ACTIONS D.1 (continued)
:

a loss of SDM and power distribution. and a loss of safety -

function, respectively. '

| !

SURVEILLANCE SR 3 1.5.1
REQUIREMENTS i

,

Verification that individual CEA positions are within i

[7 inches] (indicated reed switch positions) of all other !
CEAs in the group at a 12 hour Frequency allows the operator !
to detect a CEA that is beginning to deviate from its !
expected position. The specified Frequency takes into i

account other CEA position information that is continuously i
available to the operator in the control room so that :
during actual CEA motion, deviations can immediately be |
detected. !

SR 3.1. 5. 2

OPERABILITY of at least two CEA position indicator channels :
'

is required to determine CEA positions, and thereby ensure ;

compliance with the CEA alignment and insertion limits. The
CEA full in and full out limits provide an additional |
independent means for determining the CEA positions when the '

CEAs are at either their fully inserted or fully withdrawn
positions.

;

SR 3.1.5.3,

Verifying each ful6MbCEA is trippable would require
that macLCEA be tripped. In MODES 1 and 2 tripping each
ful6tpenat10CEA would result in radial or axi ower tilts.
or oscillations. Therefore individual ful c enat CEAs are
exercised every 92 days to provide increased confidence that
all fuleenatbCEAs continue to be trippable, even if they
are not regularly tripped. A movement of [5 inches] is
adequate to demonstrate motion without exceeding the
alignment limit when only one ful6denatTbCEA is being
moved. The 92 day Frequency takes into consideration other
information available to the operator in the control room'
and other surveillances being performed more frequently,
which add to the determination of OPERABILITY of the CEAs

(continued)
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BASES

|
SURVEILLANCE SR 3.1.5.3 (continued)
REQUIREMENTS

(Ref. 7). Between required performances of SR 3.1.5.3. if a ,

CEA(s) is discovered to be immovable but remains trippable
and aligned. the CEA is considered to be OPERABLE. At
anytime. if a CEA(s) is immovable a determination of the
trippability (OPERABILITY) of that CEA(s) must be made, and
appropriate action taken.

SR 3.1.5.4

Performance of a CHANNEL FUNCTIONAL TEST of each reed switch
position transmitter channel ensures the channel is OPERABLE

capable of indicating CEA position over the entirea

tRenot of the CEA's travel. Since this test must be '

performed when the reactor is shut down. an 18 month t

Frequency to be coincident with refueling outage was
selected. Operating experience has shown that these ;

components usually pass this Surveillance when performed at
a Frequency of once every 18 months. Furthermore. the
Frequency takes into account other surveillances being
performed at shorter Frequencies. which determine the
OPERABILITY of the CEA Reed Switch Indication System.

SR 3.1.5.5
,

Verification of fulMCEA drop times determines that
the maximum CEA drop time permitted is consistent with the
assumed drop time used in the safety analysis (Ref. 7).
Measuring drop times prior to reactor criticality after
reactor vessel head removal. ensures the reactor internals i

and CEDM will not interfere with CEA motion or drop time. |and that no degradation in these systems has occurred that
would adversely affect CEA motion or drop time. Individual
CEAs whose drop times are greater than safety analysis
assumptions are not OPERABLE. This SR is performed prior to
criticality due to the plant conditions needed to perform
the SR and the potential for an unplanned plant transient if
the Surveillance were performed with the reactor at power.

|

|
|
'

(continued)
1

CEOG STS B 3.1-32 P&R 09/20/93 )|

|
|

- -



_ . _.

_

.

CEA Alignment (9tgTtifi7
3 B 3.1.5
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BASES (continued)

REFERENCES 1. 10 CFR 50. Appendix A. GDC 10 and GDC 26.
1

2. 10 CFR 50.46. I
4

)
'

3. FSAR. Section [d ]. |

! 4. FSAR. Section [i5 ]. !
4

5. FSAR, Section [d ]. |
.

6. FSAR. Section [d ]. :
,

I 7. FSAR. Section D5 ]. !
4 i

a i

i

!

:
.

! ,

4

|

! !

.

I

i
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t
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Shutdown CEA Insertion Limits (BgygaYr
B 3.1.6

,

, :.

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.6 Shutdown Control Element Assembly (CEA) Insertion Limits (64gitadht'

<

BASES -

BACKGROUND The insertion limits of the shutdown CEAs are initial
assumptions in all safety analyses which assume CEA
insertion upon reactor trip. The insertion limits directly
affect core power distributions and assumptions of available
SDM. ejected CEA worth, and initial reactivity insertioni

rate.
.

1

The ap)licable criteria for these reactivity and power '

i distri)ution design requirements are 10 CFR 50. Appendix A.
! GDC 10. " Reactor Design." GDC 26. " Reactivity Limits"

(Ref.1), and 10 CFR 50.46. " Acceptance Criteria for
Emergency Core Cooling Systems for Light Water Nuclear Power
Reactors" (Ref. 2). Limits on shutdown CEA insertion have
been established. and all CEA positions are monitored and -

controlled during power operation to ensure that the ,

'reactivity limits. ejected CEA worth, and SDM limits are
preserved.

| The shutdown CEAs are arranged into grou)s that are radially
symmetric. Therefore movement of the slutdown CEAs does
not introduce radial asymmetries in the core power
distribution. The shutdown and regulating CEAs provide the
required reactivity worth for immediate reactor shutdown
upon a reactor trip.

The design calculations are performed with the assumption
that the shutdown CEAs are withdrawn prior to the regulating
CEAS. The shutdown CEAs can be fully withdrawn without the
core going critical. This provides available negative
reactivity for SDM in the event of boration errors. The
shutdown CEAs are controlled manually or automatically by
the control room operator. During normal unit operation,
the shutdown CEAs are fully withdrawn. The shutdown CEAs
must be completely withdrawn from the core prior to
withdrawing regulating CEAs during an apprcach to
criticality. The shutdown CEAs are then left in this
position until the reactor is shut down. They affect core
power burnup distribution, and add negative reactivity to
shut down the reactor upon receipt of a reactor trip signal.

(continued)
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ShutdownCEAInsertionLimits(Ctf(IW
B 3.1.6

. , v

BASES (continued) |

APPLICABLE Accident analysis assumes that the shutdown CEAs are fully
SAFETY ANALYSES withdrawn any time the reactor is critical. This en.sures '

that:
,

!

a. The minimum SDM is maintained: and |

b. The potential effects of a CEA ejection accident are
limited to acceptable limits.

CEAs are considered fully withdrawn at 145 inches. since
this position places them outside the active region of the .

core.

On a reactor trip. all CEAs (shutdown CEAs and regulating
CEAs), except the most reactive CEA. are assumed to insert
into the core. The shutdown and regulating CEAs shall be at
their insertion limits and available to insert the maximum
amount of negative reactivity on a reactor tri) signal. The
regulating CEAs may be partially inserted in tie core as
allowed by LCO 3.1.7. " Regulating Control Element Assembly

,

i

(CEA) Insertion Limits." The shutdown CEA insertion limit
is established to ensure that a sufficient amount of
negative reactivity is available to shut down the reactor
and maintain the required SDM (see LCO 3.1'.1. " SHUTDOWN
MARGIN (SDM)C0kuveWT) following a reactor trip from
full power. The combination of regulating CEAs and shutdown

~

CEAs (less the most reactive CEA. which is assumed to be
fully withdrawn) is sufficient to take t" -tor, from
full power conditions at rated tempera' tero power,
and to maintain the required SDM at -- ,oad
temperature (Ref. 3). The shutdr ition limit also
limits the reactivity worth o' anutdown CEA.

The acceptance criteria f- w ng shutdown CEA as well
as regulating CEA insertiva ilmits and inoperability or

;misalignment are that:
|

a. There be no violation of:

1. specified acceptable fuel design limits, or
2. Reactor Coolant System pressure boundary damage

integrity: and

b. The core remains subcritical after accident
transients.

(continued)
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Shutdown CEA Insertion Limits (Digitsl>
B 3.1.6

, :--

BASES

APPLICABLE The shutdown CEA insertion limits satisfy Criterion 2 of the
SAFETY ANALYSES NRC Policy Statement.

(continued) 1

LCO The shutdown CEAs must be within their insertion limits any
time the reactor is critical or approaching criticality. !

This ensures that a sufficient amount of negative reactivity
is available to shut down the reactor and maintain the
required SDM follcwing a reactor trip.

APPLICABILITY The shutdown CEAs must be within their insertion limits.
with tne reactor in MODES 1 and 2. The Applicability in
MODE 2 begin; any time any regulating CEA is not fully
inserted. Th1; ensures that a sufficient amount of negative

| reactivity is available to shut down the reactor and
' maintain the required SDM following a reactor trip. In

MODES I and 2. if shutdown CEAs are not within their :

insertion limits. then SDM will be verified by performing a
reactivity balance calculation (considering the listed
reactivity effects in Bases Section SR 3.1.1.1). In MODE 3.
4. 5. or 6. the shutdown CEAs are fully inserted in the core
and contribute to the SDM. Refer to LCO 3.1.1
tSQ2MSDf4ES&YhW&& far SDM
requirements in MODES 3. 4. and 5. 3.9.1. " Boron
Concentration." ensures adequcte SDM in MODE 6.

This LCO has been modified by a Note indicating the LCO
requirement is suspended during SR 3.1.5.5. which verifies

;

the freedom of the CEAs to move. and requires the shutdown
CEAs to move below the LCO limits. which would normally

|
<iolate the LCO.

|,

ACTIONS A 1 1. A.1 2. and A.2

Prior to entering this Condition. the shutdown CEAs were
fully withdrawn. If a shutdown CEA is then inserted into
the core. its potential negative reactivity is added to the

| core as it is inserted. If boron concentration is not
changed at this time. SDM should not change. This. however.
is verified within I hour, or boration is initiated to bring

(continued)
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| Shutdown CEA Insertion Limits /$ fute#
i B 3.1.6
|
' . , :

BASES

ACTIONS A.1.1. A.1.2. and A.2 (continued)

the SDM to within limit. if the CEA(s) is not restored to -

within limits prior to this time.

If the CEA(s) is not restored to within limits within 1 hour
and the SDM is within limit. then an additional I hour is
allowed for restoring the CEA(s) to within limits. The ,

2 hour total Com)letion Time allows the operator adequate j
time to adjust t1e CEA(s) in an orderly manner and is -

consistent with the required Completion Times in LCO 3.1.5.
" Control Element Assembly (CEA) Alignment." j

1

|
B.1

|

When Required Action A.1 or Required Action A.2 cannot be |met or completed within the required Completion Time, a >

controlled shutdown should be commenced. The allowed 1

Completion Time of 6 hours is reasonable, based on operating !
experience, for reaching MODE 3 from full power conditions
in an orderly manner and without challenging plant systems.

|

SURVEILLANCE SR 3.1.6.1
REQUIREMENTS

,inse u 1mits within 15 minutes prior to an app .

'criticality ei s that when the reactor.45tritical, or

; being taken critica . shutdowa4E'as will be available to
shut down the reactor. J uired SDM will be
maintained followirrgTreactor trip.

isSRandFrequency]ensureA. hat ~ the shutdown CEAs are withdrawr re the
_

Since the shutdown CEAs are positioned manually by the |
control room operator. a verification of shutdown CEA '

position at a Frequency of 12 hours is adequate to ensure
that they are within their insertion limits. Also. the
Frequency takes into account other information available to;

; the operator in the control room for the purpose of
| monitoring the status of the shutdown CiAs.

(continued)
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'

BASES (continued)

!
J REFERENCES 1. 10 CFR 50. Appendix A. GDC 10 and GDC 26. |

|

2. 10 CFR 50.46. !
'

3. FSAR. Section [ig]. f
|-

,

1

|

i
'

-

,

,
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!

i i
'
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|
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Regulating CEA Insertion Limits Qigd.a4 )
B 3.1.7 ,

|
. , : .

B 3.1 REACTIVITY CONTROL SYSTEMS

Regulating Control Element Assembly (CEA) Insertion Limits ggfhB 3.1.7

'

BASES

BACKGROUND The insertion limits of the regulating CEAs are initial
assumptions in all safety analyses that assume CEA insertion
upon reactor trip. The insertion limits directly affect
core power distributions, assumptions of available SDM. and
initial reactivity insertion rate. The applicable criteria
for these reactivity and power' distribution design :

'

requirements are 10 CFR 50. Appendix A. GDC 10. " Reactor
Design." GDC 26. " Reactivity Limits" (Ref. 1), and
10 CFR 50.46. " Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors"
(Ref. 2).

Limits on regulating CEA insertion have been established,
and all CEA positions are monitored and controlled during '

power operation to ensure that the power distribution and
reactivity limits defined by the design power peaking,
ejected CEA worth, reactivity insertion rate, and SDM limits
are preserved.

!

The regulating CEA groups operate with a predetermined
amount of position overla), in order to approximate a linear
relation between CEA wort 1 and position (integral CEA
worth). The regulating CEA groups are withdrawn and operate
in a predetermined sequence. The group sequence and overlap ,

limits are specified in the COLR. '

'The regulating CEAs are used for precise reactivity control
of the reactor. The positions of the regulating CEAs are
manually controlled. They are capable of adding reactivity

i very quickly (compared to borating or diluting).
1

The power density at any point in the core must be limited
to maintain specified acceptable fuel design limits.
including limits that preserve the criteria specified in
10 CFR 50.46 (Ref. 2). Together. LCO 3.1.7: LC0 3.2.4
" Departure from Nucleate Boiling Ratio (DNBR)" and
LCO 3.2.5. " AXIAL SHAPE INDEX (ASI)" provide limits on
control component operation and on monitored arocess
variables to ensure the core operates within _C0 3.2.1.
" Linear Heat Rate (LHR)": LCD 3.2.2. " Planar Radial Peaking
Factor (F )"; and (LCO 3.2.4. " Departure From Nucleatey

|(continued)
!
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Regulating CEA Insertion Limits 4B14tt1L)t
B 3.1.7

, t-

BASES

BACKGROUND Boiling Ratio (DNBR)" limits in the COLR. Operation within i
'

(continued) the LHR limits given in the COLR prevents power peaks that
would exceed the loss of coolant accident (LOCA) limits
derived by the Emergency Core Cooling System analysis.
Operation within the F,y and departure from nucleate boiling
(DNB) limits given in the COLR prevents DNB during a loss of
forced reactor coolant flow accident. In addition to the i

LHR. F,y and DNBR limits. certain reactivity limits are
preserved by regulating CEA insertion limits. The

,

regulating CEA insertion limits also restrict the ejected '

CEA worth to the values assumed in the safety analyses and |
preserve the minimum required SDM in MODES 1 and 2. j

The establishment of limiting safety system settings and r

LCOs require that the expected long and short term behavior
of the radial peaking factors be determined. The long term i
behavior relates to the variation of the steady state radial '

peaking factors with core burnup and is affected by the
i

amount of CEA insertion assumed, the portion of a burnup
cycle over which such insertion is assumed, and the expected ;

)ower level variation throughout the cycle. The short term
Jehavior relates to transient perturbations to the steady |
state radial peaks due to radial xenon redistribution. The
magnitudes of such perturbations depend upon the expected
use of the CEAs during anticipated power reductions and load j
maneuvering. Analysr.s are performed. based on the expected
mode of operation o' the Nuclear Steam Supply System (base

i

loaded, maneuvering, etc.). From these analyses. CEA I

insertions are determined and a consistent set of radial
peaking facters defined. The long term steady state and
short term insertion limits are determined, based upon the
assumed mode of operation used in the analyses. and provide
a means of preserving the assumptions on CEA insertions
used. The long and short term insertion limits of LCO 3.1.7
are specified for the plant, which has been designed for
primarily base loaded operation. but has the ability to i

accommodate a limited amount of load maneuvering. |

The regulating CEA insertion and alignment limits. ASI and
T,. are process variables that together characterize and
control the three dimensional )ower distribution of the
reactor core. Additionally, tie regulating bank insertion
limits control the reactivity that could be added in the i

event of a CEA ejection accident, and the shutdown and ,

(entinued)
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BASES

:

BACKGROUND regulating bank insertion limits ensure the required SDM is
(continued) maintained.

.

Operation within the subject LCO limits will prevent fuel
cladding failures that would breach the primary fission
product barrier and release fission products to the reactor
coolant in the event of a LOCA. loss of flow, ejected CEA.
or other accident requiring termination by a Reactor
Protection System trip function. '

;

APPLICABLE The fuel cladding must not sustain damage as a result of
SAFETY ANALYSES normal operation (Condition I) and anticipated operational |

occurrences (Condition II). The acceptance criteria for the
regulating CEA insertion. part$leiidth CEA insertion. ASI,
and T, LCOs preclude core power distributions from occurring )
that would violate the following fuel design criteria: i

|

a. During a large break LOCA. the peak cladding |

temperature must not exceed a limit of 2200 F.
10 CFR 50.46 (Ref. 2): '

l
b. During a loss of forced reactor coolant flow accident. |

there must be at least a 95% probability at a 95% |
confidence level (the 95/95 DNB criterion) that the

'

hot fuel CEA in the core does not experience a DNB
condition;

c. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal /gm (Ref 3):
and

d. The CEAs must be capable'of shutting down the reactor
with a minimum required SDM. with the highest worth '

CEA stuck fully withdrawn. GDC 26 (Ref. 1). I
!

Regulating CEA position. ASI, and T, are process variables I

that together characterize and control the three dimensional
power distribution of the reactor core.

Fuel cladding damage does not occur when the core is
operated outside these LCOs during normal operation. '

However. fuel cladding damage could result, should an
accident occur with simultaneous violation of one or more of
these LCOs. Changes in the power distribution can cause

'l

'

(continued)
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Regulating CEA Insertion Limits (B+9+t+ H
| B 3.1.7 ;
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BASES

APPLICABLE increased power peaking and corresponding increased local
'

SAFETY ANALYSES LHRs. |
(continued) -|

The SDM requirement is ensured by limiting the regulating ,

and shutdown CEA insertion -limits, so that the allowable -

inserted worth of the CEAs is such that sufficient '

r tivity is available in the CEAs to shut down the reactor :

to hot zero Jower with a reactivity margin that assumes the !
maximum wort 1 CEA' remains fully withdrawn upon trip
(Ref. 4). i

Operation at the insertion limits or ASI may approach the
maximum allowable linear heat generation rate or peaking i

factor, with the allowed T present. Operation at the
insertionlimitmayalsoiRdicatethemaximumejectedCEA i

worth could be equal to the limiting value in fuel cycles- :

that have sufficiently high ejected CEA worths.

The regulating and shutdown CEA insertion limits ensure that
safety analyses assum]tions for reactivity insertion rate.
SDM. ejected CEA wort 1 and power distribution peaking
factors are preserved (Ref. 5).

The regulating CEA insertion limits satisfy Criterion 2 of '

the NRC Policy Statement.

I
i

LCO The limits on regulating CEA sequence, overlap, and physical
insertion. as defined in the COLR. must be maintained
because they serve the function of preserving power

| distribution, ensuring that the SDM is maintained, ensuring
| that ejected CEA worth is maintained. and ensuring adequate

negative reactivity insertion on trip. The overlap betweent

i regulating banks provides more uniform rates of reactivity
insertion and withdrawal. and is imposed to maintain
acceptable power peaking during regulating CEA motion.

<

The power dependent insertion limit (PDIL)- alarm circuit is
required to be OPERABLE for notification that the CEAs are
outside the required insertion limits. -When the PDIL alarm
circuit is inoperable, the verification of CEA positions is
increased to ensure improper CEA alignment is identified
before unacceptable flux distribution occurs.

|

|

(continued)
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BASES (continued)

APPLICABILITY The regulating CEA sequence, overlap, and physical insertion '

limits shall be maintained with the reactor in MODES 1 >

and 2. These limits must be maintained. since they preserve -|
the assumed power distribution, ejected CEA worth. SDM. and |
reactivity rate insertion assumptions. Applicability in '

MODES 3. 4. and 5 is not required since neither the )ower i

distribution nor ejected CEA worth assumptions would ae ,

exceeded in these MODES, SDM is preserved in MODES 3. 4 .

and 5 by adjustments to the soluble boron concentration. |
6

This LCO is modified by a Note indicating the LCO
'

requirement is suspended during SR 3.1.5.3. This SR
verifies the freedom of the CEAs to move. and requires the !

regulating CEAs to move below the LCO limits. which would i

normally violate the LCO. The Note also allows the LCO to |

be not applicable during reactor power cutback operation.
,

which inserts a selected CEA group (usually group 5) during !

loss of load events. !
\

|
;

ACTIONS A 1.1. A.1.2. A.2.1. and A.2.2 i

Operation beyond the transient insertion limit may result in |
a loss of SDM and excessive peaking factors. If the !regulating CEA insertion limits are not met, then SDM must i

| be verified by performing a reactivity balance calculation. !
considering the listed reactivity effects in Bases SectionI

SR 3.1.1.1. One hour is sufficient time for conducting the
| calculation and commencing boration if the SDM is not within
'

limits. The transient insertion limit should not be
violated during normal operation: this violation, however,
may occur during transients when the operator is manually
controlling the CEAs in response to changing plant
conditions. When the regulating groups-are inserted beyond

I the transient insertion limits, actions must be taken to
| either withdraw the regulating groups beyond the limits or

to reduce THERMAL POWER to less than or equal to that
allowed for the actual CEA insertion limit. Two hours

| provides a reasonable time to accomplish this, allowing the
( operator to deal with current plant conditions while
| limiting peaking factors to acceptable levels.

!

!

(continued)

|
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B 3.1.7

. , :

BASES

ACTIONS B.1 and B.2
(continued) ,

If the CEAs are inserted between the long term steady state
insertion limits the transient insertion limits for
intervals > 4 hours per 24 hour period, and the short term
steady state insertion limits are exceeded. peaking factors
can develop that are of immediate concern (Ref. 6).

i Additionally, since the CEAs can be in this condition
|

without misalignment. penalty factors are not inserted in
the core protection calculators (CPCs) to compensate for the
developing peaking factors. Verifying the short term steady
state insertion limits are not exceeded ensures that the
peaking factors that do develop are within those allowed for
continued operation. Fifteen minutes provides adequate time
for the operator to verify if the short term steady state
insertion limits are exceeded. ;

Experience has shown that ra)id )ower increases in areas of
the core, in which the flux las Jeen depressed. can result
in fuel damage as the LHR in those areas rapidly increases.
Restricting the rate of THERMAL POWER increases to s 5% RTP ,

'per hour. following CEA insertion beyond the long term
steady state insertion limits. ensures the power transients !
experienced by the fuel will not result in fuel failure i

(Ref. 7). !

C.1 |

With the regulating CEAs inserted between the long term
steady state insertion limit and the transient insertion
limit. and with the core approaching the 5 effective full
power days (EFPD) per 30-EFPD. or 14-EFPD per 365-EFPD
limits, the core approaches the acceptable limits placed on
operation with flux patterns outside those assumed in the
long term burnup assumptions. In this case, the CEAs must

be returned to within the long term steady state insertion
limits, or the core must be placed in a condition in which

,

| the abnormal fuel burnup can not continue. A Completion
"ime of 2 hours is a reasonable time to return the CEAs to
within the long term steady state insertion limits.

The required Completion Time of 2 hours from initial
discovery of a regulating CEA group outside the limits until
its restoration to within the long term steady state-limits. l

(continued)
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Regulating CEA Insertion Limits biel)
B 3.1.7

, :.

BASES

ACTIONS C1 (continued)

shown on the figures in the COLR. allows sufficient time for
borated water to enter the Reactor Coolant System from the
chemical addition and makeup systems, and to cause the
regulating CEAs to withdraw to the acceptable region. It is

reasonable to continue operation for 2 hours after it is
discovered that the 5 or 14 day EFPD limit has been
exceeded. This Completion Time is based on limiting the
potential xenon redistribution. the low probability of an
accident. and the steps required to complete the action.

D.1.1. D.l.2. D.2.1. and 0.2.2

If the regulating CEA insertion limits are not met. then SDM
must be verified by performing a reactivity balance
calculation. considering the effects in SR 3.1.1.1 bases.
One hour is sufficient time for conducting the calculation
and commencing boration if the SDM is not within limits.

With the Core Operating Limit Supervisory System out of
service, operation beyond the short term steady state
insertion limits can result in peaking factors that could
approach the DNB or local power density trip setpoints.

| Eliminating this condition within 2 hours limits the
magnitude of the peaking factors to acceptable levels
(Ref. 8). Restoring the CEAs to within the limit or
reducing THERMAL POWER to that fraction of RTP that is
allowed by CEA group position, using the limits specified in
the COLR ensures acceptable peaking factors are maintained.

E.1

With the PDIL circuit inoperable. performing SR 3.1.7.1
within 1 hour and every 4 hours thereafter ensures improper
CEA alignments are identified before unacceptable flux
distributions occur.

F.1,

|
When a Required Action cannot be completed within the
required Completion Time, a controlled shutdown should be
commenced. The allowed Completion Time of 6 hours is

(continued)
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BASES
1 1

i j

'
ACTIONS F.1 (continued) i

|<

} reasonable, based on operating experience, for reaching - '

; MODE 3 from full power conditions in an orderly manner and
; without challenging plant systems.

,

j;

I

SURVEILLANCE SR 3.1.7.1
REQUIREMENTS

With the PDIL alarm circuit OPERABLE verification of each
4

! regulating CEA group position every 12 hours is sufficient
.

to detect CEA positions that may approach the acceptable
limits. and provide the operator with time to undertake the;

Required Action (s), should the sequence or insertion limits-

be found to be exceeded. The 12 hour Frequency also takes
into account the indication provided by the PDIL alarm
circuit and other information about CEA group positions :

available to the operator in the control room.

SR 3.1.7.1 is modified by a Note indicating that entry isi

' allowed into MODE 2 without having performed the SR. This ;

.
is necessary, since the unit must be in the applicable MODES ;

i in order to perform Surveillances that demonstrate the LCO -

j limits are met.
i j

| SR 3.1.7.2 |

|
'

Verification of the accumulated time of CEA group insertion I

between the long term steady state insertion limits and the !
; transient insertion limits ensures the cumulative time
; limits are not exceeded. The 24 hour Frequency ensures the

operator identifies a time limit that is being approached
before it is reached.

1

SR 3.1.7.3

Demonstrating the PDll alarm circuit OPERABLE verifies that
the PDll alarm circuit is functional. The 31 day Frecuency
takes into account other Surveillances being performec at
shorter Frequencies that identify improper CEA alignments.

4

(continued)
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B 3.1.7 |.
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BASES (continued)

REFERENCES 1. 10 CFR 50. Appendix A. GDC 10 and GDC 26.

!
2 10 CFR 50.46.

FSAR. Section [6 ]; jjhti05 [ h a g gct 6r( h ].3.

4. FSAR. Section [if].

5. FSAR. Section [>f ]. !

6. FSAR. Section [ ,$].

7. FSAR. Section [;',].

8. FSAR. Section [35].

;

}

[

|

!

t

|

|

1

|

!
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iCEA Insertion Limits p,0gligrga)4(gPar
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B 3.1 REACTIVITY CONTROL SYSTEMS
7

B 3.1.8 PartQength Control Element Assembly (CEA) Insertion Limits |

40ptdonalVd&tg5taH |

BASES

s

BACKGROUND The insertion limits of the par ngt CEAs are initial
assumptions in all safety analyses. e insertion limits
directly affect core power distributions. The applicable
criteria for these power distribution design requirements
are 10 CFR 50. Appendix A. GDC 10. " Reactor Design"
(Ref. 1), and 10 CFR 50.46. " Acceptance Criteria for
Emergency Core Cooling Systems f ght Water Nuclear
Plants" (Ref. 2). Limits on pa sSenath CEA insertion have
been established, and all CEA positions are monitored and
controlled during power o)eration to ensure that the power
distribution defined by t1e design power peaking limits is
preserved.

,

The regulating CEAs are used for precise reactivity control
of the reactor. The positions of the regulating CEAs are
manually controlled. They are capable of adding reactivity
very quickly (compared to barating or diluting).

The power density at any point in the core must be limited |
to maintain specified acceptable fuel design limits. )
including limits that preserve the criteria specified in |
10 CFR 50.46 (Ref. 2). Together. LC0 3.1.7. " Regulating
Control Element Assembly (CEA) Insertion Limits": LCO 3.1.8:
LCO 3.2.4. " Departure From Nucleate Boiling Ratio (DNBR)"; i

and LCO 3.2.5. " AXIAL SHAPE INDEX (ASI)." provide limits on '

control component operation and on monitored process
variables to ensure the core operates within the linear heat
rate (LHR) (LCO 3.2.1. " Linear Heat Rate (LHR)"); planar
peaking factor (Fxy) (LC0 3.2.2. " Planar Radial Peaking
Factors (F,y)"); and LCO 3.2.4 limits in the COLR.

Operation within the limits given in the COLR prevents power
| peaks that would exceed the loss of coolant accident (LOCA) ,

limits derived by the Emergency Core Cooling System i
analysis. Operation within the F,y and departure from
nucleate boiling (DNB) limits given in the COLR prevents DNB
during a loss of forced reactor coolant flow accident.

The establishment of limiting safety system settings and
LCOs requires that the expected long and short term

(continued)
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BASES

BACKGRDUND behavior of the radial peaking factors be determined. The
(continued) long term behavior relates to the variation of the steady

state radial peaking factors with core burnup; it is .:
affected by the amount of CEA insertion assumed, the portion i

of a burnup cycle over which such insertion is assumed and ;
the expected power level variation throughout the cycle. :
The short term behavior relates to transient perturbations |

'

to the steady state radial peaks due to radial xenon
redistribution. The magnitudes of such perturbations depend ,

!

upon the expected use of the CEAs during anticipated power ''

reductions and load maneuvering. Analyses are performed.
based on the ex3ected m n of operation of the Nuclear Steam
Supply System ()ase loaded maneuvering. etc.). From these j

analyses. CEA insertions are determined, and a consistent
set of radial peaking factors are defined. The long term

| (steady state) and short term insertion limits are ,

determined. based upon the assumed mode of operation used in
the analyses: they provide a means of 3 reserving the :

assumptions on CEA insertions used. T1e long and short term
insertion limits of LC0 3.1.8 are specified for the plant,
which has been designed primarily for base loaded operation,
but has the ability to accommodate a limited amount of load
maneuvering.

APPLICABLE The fuel cladding must not sustain damage as a result of ,

SAFETY ANALYSES normal operation (Condition I) and anticipated operational
occurxences (Condition II). The regulating CEA insertion,
paCNength' CEA insertion. ASI. and T, LCOs preclude core
power m1cributions from occurring that would violate the ;

following fuel design criteria:

a. During a large break LOCA. the peak cladding ;

l temperature must not exceed 2200 F (Ref. 2);
|

| b. During a loss of forced reactor coolant flow accident.
| there must be at least a 95% probability at a 95%
1 confidence level (the 95/95 DNB criterion) that the

hot fuel CEA in the core does not experience a DNB
condition:

c. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal /gm (Ref. 3);
and

(continued)
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BASES

APPLICABLE d. The CEAs must be capable of shutting down the reactor
SAFETY ANALYSES with a minimum required SDM. with the highest worth

(continued) CEA stuck fully withdrawn. GDC 26 (Ref. 1).

Regulating CEA position. par Dength,CEA position. ASI. and
T, are process variables that tog c ter characterize and
control the three dimensional power distribution of the
reactor core.

Fuel cladding damage does not occur when the core is
operated outside these LCOs during normal operation.
However, fuel cladding damage could result, should an
accident occur with simultaneous violation of one or more of
these LCOs. Changes in the power distribution can cause
increased power peaking and corresponding increased local
LHRs.

The regulating CEA insertion limits satisfy Criterion 2 of
the NRC Policy Statement..

The limits on pa M CEA insertion, as defined in theLCO
COLR. must be maintained because they serve the function of i

preserving power distribution. |

'

APPLICABILITY The pa ngl)insertionlimitsshallbemaintainedwith
the reattor in MODE 1 > 20% RTP. These limits must be
maintained, since they preserve the assumed power
distribution. Applicability in lower MODES is not required. |
since the power distribution assumptions would not be j
exceeded in these MODES. !

!

This LCO has been modifiai by a Jbteapspending the LCO i

requjgement while exercising pattWngth CEAs. Exercising i

pa@Jength CEAs may require moving tnem'outside their
inse W imits. J

ACTIONS A.1. A.2. and B.1
,-

Ifthepa(tEngthCEAgroupsareinsertedbeyondthe
transient liisertTofi limit or between the long term

(continued)
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ACTIONS A.1. A 2. and B.1 (continued)

(steady state) insertion limit and the transient limit for
7 or more effective full power days (EFPD) out of any
30-EFPD period, or for 14-EFPD or more out of any 365-EFPD
period flux patterns begin to develop that are outside the
range assumed for long term fuel burnup. If allowed to
continue beyond this limit the peaking factors assumed as

iinitial conditions in the accident analysis may be
invalidated (Ref. 4). Restoring the CEAs to within limits
or reducing THERMAL POWER to that fraction of RTP that is
allowed by CEA group position, using the limits specified in
the COLR. ensures that acceptable peaking factors are
maintained.

Since these effects are cumul + ve, actions are provided to
limit the total time the pa ngth;CEAs can be out of
limits in any 30-EFPD or 365-treu period. Since the
cumulative out of limit times are in days an additional
Completion Time of 2 hours is reasonable for restoring the
pa(tStlength;CEAs to within the allowed limits.

I

C.1

When a Required Action cannot be completed within the
required Completion Time. a controlled shutdown should

,

| commence. A Completion Time of 4 hours is reasonable based |

on operating experience, for reducing power to s; 20 RTP from 1

full power conditions in an orderly manner and without i

challenging plant systems.

SURVEILLANCE SR 3 1.8.1
REQUIREMENTS

Verification of each pahngth, CEA group position every |
s

12 hours is sufficient to cetect CEA positions that may
| approach the limits, and provide the operator with time to

undertake the Required Action (s). should insertion limits be
found to be exceeded. The 12 hour Frequency also takes into
account the indication provided by the power dependenti

insertion limit alarm circuit and other information about
| CEA group positions available to the operator in the control

room.

(continued)
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BASES (continued)

REFERENCES 1. 10 CFR 50. Appendix A. GDC 10 and GDC 26.

2. 10 CFR 50.46.

3. FSAR. Section [6].

4. FSAR. Section [6].
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B 3.1 REACTIVITY CONTROL SYSTEMS i
:

B 3.1.9 Special Test Exceptions (STE)-SHUTDOWN MARGIN (SDM) (jfidi1(a@f
i

BASES
|

!|BACKGROUND The primary purpose of the SDM STE is to permit relaxation
of existing LCOs to allow the performance of certain PHYSICS 1

TESTS. These tests are conducted to determine the control r

element assembly (CEA) worth and SDM.

Section XI of 10 CFR 50. Ap)endix B. " Quality Assurance |
Criteria for Nuclear Power )lants and Fuel Processing ;
Plants" (Ref.1). requires that a test program be
established to ensure that structures, systems, and
components will perform satisfactorily in service. All :

functions necessary to ensure that specified design, ,

I conditions are not exceeded during normal operation and ;

anticipated operational occurrences must be tested. Testing
~

'

is required as an integral part of the design, fabrication. ;

construction and operation of the power plant. '

Requirements for notification of the NRC. for the purpose of
conducting tests and experiments are specified in
10 CFR 50.59. " Changes. Tests, and Experiments" (Ref. 2). i

The key objectives of a test program are to (Ref. 3): |

a. Ensure that the facility has been adequately designed;

b. Validate the analytical models used in design and
analysis:

c. Verify assumptions used for predicting plant response:

d. Ensure that installation of equipment in the facility
has been accomplished, in accordance with the design;
and

e. Verify that operating and emergency procedures are
adequate.

To accomplish these objectives, testing is required prior to
initial criticality, after each refueling shutdown, and
during startup, low power operation, power ascension, and
at power operation. The PHYSICS TESTS requirements for
reload fuel cycles ensure that the operating characteristics

(continued)
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| BACKGROUND of the core are consistent with the design predictions and
'

(continued) that the core can be operated as designed (Ref. 4).
.

PHYSICS TESTS procedures are written and approved. in
accordance with established formats. The procedures include
all information necessary to permit a detailed execution of
testing required to ensure that the design intent is met.
PHYSICS TESTS are performed in accordance with these
procedures and test results are approved prior to continued
power escalation and long term power operation. Examples of
PHYSICS TESTS include determination of critical boron
concentration. CEA group worths, reactivity coefficients,
flux symmetry. and core power distribution.

APPLICABLE It is acceptable to suspend certain LCOs for PHYSICS TESTS
SAFETY ANALYSES because fuel damage criteria are not exceeded. Even if an

accident occurs during PHYSICS TESTS with one or more LCOs
suspended fuel damage criteria are preserved because
adequate limits on power distribution and shutdown
capability are maintained during PHYSICS TESTS.

Reference 5 defines the requirements for initial testing of
the facility, including PHYSICS TESTS. Recuirements for
reload fuel cycle PHYSICS TESTS are definec in

,

| ANSI /ANS-19.6.1-1985 (Ref. 4). PHYSICS TESTS for reload
I fuel cycles are given in Table 1 of ANSI /ANS-19.6.1-1985.

Although these PHYSICS TESTS are generally accomplished
,

I within the limits of all LCOs. conditions may occur when one
! or more LCOs must be suspended to make completion of PHYSICS

TESTS possible or practical. This is acceptable as long as
the fuel design criteria are not violatsd. As long as the;

; linear heat rate (LHR) remains within its limit, fuel design
j criteria are preserved.

In this test. the following LCOs are suspended:

a. LCO 3.1.1 " SHUTDOWN MARGIN (SDM)Afff(4 /f//$"; and |5

)
b. LCO 3.1.7. " Regulating Control Element Assembly (CEA) |

Insertion Limits." ,
.

| Therefore, this LCO places limits on the minimum amount of
'

CEA worth required to be available for reactivity control
when CEA worth measurements are performed.

(continued)
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1

APPLICABLE The individual LCOs cited above govern SDM CEA group height.
.'SAFETY NALYSES insertion, and alignment. Additionally, the LCOs governing

(cont 1oued) Reactor Coolant System (RCS) flow, reactor inlet temperature -,

Tc, and pressurizer pressure contribute to maintaining .

departure from nucleate boiling (DNB) parameter limits. The j
initial condition criteria for accidents sensitive to core '

power distribution are preserved by the LHR and DNB >

parameter limits. The criteria for the loss of coolant ,

accident (LOCA) are specified in 10 CFR 50.46. " Acceptance
Criteria for Emergency Core Cooling Systems for Light Water
Nuclear Power Reactors" (Ref. 6). The criteria for the loss .

of forced reactor coolant flow accidents are specified in |
Reference 7. Operation within the LHR limit preserves the |
LOCA criteria: operation within the DNB parameter limits '

preserves the loss of flow criteria. '

1

SRs are conducted as necessary to ensure that LHR and DNB j
parameters remain within limits during PHYSICS TESTS.
Performance of these SRs allows PHYSICS TESTS to be
conducted without decreasing the margin of safety. I

Requiring that shutdown reactivity equivalent to at least I

the highest estimated CEA worth (of those CEAs actually
,

withdrawn) be available for trip insertion from the OPERABLE '

CEAs provides a high degree of assurance that shutdown
capability is maintained for the most challenging postulated
accident, a stuck CEA. Since LCO 3.1.1 is suspended, i
however, there is not the same degree of assurance during i

this test that the reactor would always be shut down if the i

highest worth CEA was stuck out and calculational
uncertainties or the estimated highest CEA worth was not as
expected (the single failure criterion is not met). This
situation is judged acceptable, however. because specified
acceptable fuel damage limits are still met. The risk of
experiencing a stuck CEA and subsequent criticality is
reduced during this PHYSICS TEST exception by the
requirements to determine CEA Jositions every 2 hours; by.

the trip of each CEA to be wit 1 drawn within 24 hours prior|

to suspending the SDM: and by ensuring that shutdown
reactivity is available. equivalent to the reactivity worth i

of the estimated highest worth withdrawn CEA (Ref. 5).

PHYSICS TESTS include measurement of core parameters or
exercise of control components that affect process
variables. Among the process variables involved are total
planar radial peaking factor. total integrated radial

; (continued)
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'

i

APPLICABLE peaking factor. Ta. and ASI. which represent initial :
'

SAFETY ANALYSES condition input (power 3eaking) to the accident analysis.
(continued) Also involved are the slutdown and regulating CEAs which '

-

affect power peaking and are required for shutdown of the
.

reactor. The limits for these variables are specified for t

each fuel cycle in the COLR. !

; PHYSICS TESTS meet the criteria for inclusion in the
Technical Specifications since the components and process :
variable LCOs suspended during PHYSICS TESTS meet -

Criteria 1. 2. and 3 of the NRC Policy Statement.

LCO This LC0 provides that a minimum amount of CEA worth is !

immediately available for reactivity control when CEA worth ;

measurement tests are performed. This STE is required to
permit the periodic verification of the -

actual versus predicted core reactivity condition occurring
as a result of fuel burnup or fuel cycling operations. The4

' SDM requirements of LCO 3.1.1 and the regulating CEA
insertion limits of LCO 3.1.7 may be suspended. -

|;

t

I

l
APPLICABILITY This LCO is applicable in MODES 2 and 3. Although CEA worth I

testing is conducted in MODE 2. sufficient negative i

reactivity is inserted during the performance of these tests
to result in temporary entry into MODE 3. Because the
intent is to immediately return to MODE 2 to continue CEA
worth measurements. the STE allows limited operation to
6 consecutive hours in MODE 3 as indicated by the Note.
without having to borate to meet the SDM requirements of ,

LCO 3.1.1. ;

:

:
,

ACTIONS A.1
;

i With any CEA not fully inserted and less than the minimum j
' required reactivity ecuivalent available for insertion, or j

with all CEAs insertec and the reactor subtritical by less :

than the reactivity equivalent of the highest worth '

withdrawn CEA restoration of the minimum SDM requirements :

must be accomplished by increasing the RCS boron
concentration. The required Completion Time of 15 minutes

(continued)
,
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ACTIONS A.] (continued)

for initiating boration allows the operator sufficient time -

to align the valves and start the boric acid pumps. and is
consistent with the Completion Time of LCO 3.1.1.

.

SURVEILLANCE SR 3.1. 9.1
REQUIREMENTS

Verification of_ita position Loeach partially or fully
withdrawn fulleJength)or parfstenoD CEA is necessary to
ensure that the minimum negative reactivity requirements for
insertion on a trip are preserved. A 2 hour Frequency is
sufficient for the operator to verify that each CEA position
is within the acceptance criteria. t

SR 3.1.9.2

Prior demonstration that each CEA to be withdrawn from the
core during PHYSICS TESTS is ca3able of full insertion, when
tripped from at least a 50% wit 1 drawn position ensures that
the CEA will insert on a trip signal. The [7 day] Frequency
ensures that the CEAs are OPERABLE prior to reducing SDM to
less than the limits of LCO 3.1.1.

|

REFERENCES 1. 10 CFR 50. Appendix B. Section XI.
I

2. 10 CFR 50.59.

3. Regulatory Guide 1.68. Revision 2. August 1978.

4. ANSI /ANS-19.6.1-1985. December 13. 1985.

5. FSAR, Chapter 14.

6. 10 CFR 50.46. !

7. FSAR. Chapter 15.
*

.

|

|

I

|
;

,

1
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B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.10 Special Test Exceptions (STE)-MODES 1 and 2 (IMEt(Dg '

BASES -|
i

BACKGROUND The primary purpose of these MODES 1 and 2 STEs is to permit !

relaxation of existing LCOs to allow the performance of !

certain PHYSICS TESTS. These tests are conducted to i

determine specific reactor core characteristics.

Section XI of 10 CFP,50. Ap]endix B. " Quality Assurance !

Criteria for Nuclear Power Plants and Fuel Processing |

Plants" (Ref.1), requires that a test program be ;
|

established to ensure that structures, systems..and |r

components will perform satisfactorily in service. All *

functions necessary to ensure that specified design
conditions are not exceeded during normal operation and ;

anticipated operational occurrences must be tested. Testing
is required as an integral part of the design. fabrication. ;

construction, and operation of the power plant. ;
'

Requirements for notification of the NRC. for the purpose of
conducting tests and experiments, are specified in ;

10 CFR 50.59. " Changes. Tests. and Experiments" (Ref. 2). )
,

The key objectives of a test program are to (Ref. 3):
1

a. Ensure that the facility has been adequately designed: I

| <

b. Validate the analytical models used in design and )
.

analysis:
|

| c. Verify assumptions used for predicting plant response:
1

d. Ensure that installation of equipment in the facility
has been accomplished. in accordance with design: and

e. Verify that operating and emergency procedures are
adequate.

To accomplish these objectives. testing is required prior to'

initial criticality, after each refueling shutdown. and i

during startup, low power operation, power ascension. and !
at power operation. The PHYSICS TESTS requirements for i
reload fuel cycles ensure that the operating characteristics i

of the core are consistent with the design predictions and |
that the core can be operated as designed (Ref. 4).

(continued) ;
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BACKGROUND PHYSICS TESTS procedures are written and approved in
(continued) accordance with established formats. The procedures include

all information necessary to permit a detailed execution of .

testing required to ensure that design intent is met. ;

PHYSICS TESTS are performed in accordance with these
procedures and test results are approved prior to continued
power escalation and long term power operation. '

Examples of PHYSICS TESTS include determination of critical
boron concentration. CEA group worths. reactivity
coefficients, flux symmetry, and core power distribution.

APPLICABLE It is acceptable to suspend certain LCOs for PHYSICS TESTS
SAFETY ANALYSES because fuel damage criteria ara not exceeded. Even if an

accident occurs during PHYSICS TESTS with one or more LCOs ,

suspended. fuel damage criteria are preserved because the
limits on power distribution and shutdown capability are
maintained during PHYSICS TESTS. !

Reference 5 defines requirements for initial testing of the
facility. including PHYSICS TESTS. Requirements for reload
fuel cycle PHYSICS TESTS are defined in ANSI /ANS-19.6.1-1985
(Ref. 4). Although these PHYSICS TESTS are generally
accomplished within the limits of all LCOs. conditions may :

occur when one or more LCOs must be suspended to make ;

completion of PHYSICS TESTS possible or practical. This is ;

acceptable as long as the fuel design criteria are not i

violated. As long as the linear heat rate (LHR) remains
within its limit. fuel design criteria are preserved.

In this test. the following LCOs are suspended:

LCO 3.1.4. " Moderator Temperature Coefficient (MTC)":
LCO 3.1.5. " Control Element Assembly (CEA) Alignment":
LCO 3.1.6. " Shutdown Control Element Assembly (CEA)

! Insertion Limits":
| LCO 3.1.7. " Regulating Control Element Assembly (CEA)

Insey.tjan Limits (FL)";'

LC0 3.1.8. "Parteenotb Control Element Assembly (CEA)
Insertion Limits":

LCO 3.2.2, " Planar Radial Peaking Factors"; and
LCO 3.2.3. " AZIMUTHAL POWER TILT (T,)."

,

(continued)
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j
APPLICABLE The safety analysis (Ref. 7) places limits on allowable ;

SAFETY ANALYSES THERMAL POWER during PHYSICS TESTS and requires that the LHR
'

(continued) and the departure from nucleate boiling (DNB) parameter be
_ maintained within limits. The power plateau of < 85% RTP

and the associated tri3 setpoints aro r@wed to ensureL61utet wascu muo ,

) SDM shall se maintained 2 [*/ S]% Ak/k. ;
'

,Ip,ein.. V m n he. be ou 6s
Ssve ry wqsc m u The individual LCOs governing CEA group height, insertion

ectkuS equiwar and alignment. ASI. total planar radial peaking factor.
Turcwq ?HtStcS f total integrated radial peaking factor and To. preserve the

.

LHR limits. Additionally, the LCOs governing Reactor
. M * * #jd' Coolant System (RCS) flow, reactor inlet temperature (Tc).

-

4NEr Mc**d* and pressurizer pressure contribute to maintaining DNB
w,.u o augmb t e parameter limits. The initial condition criteria for

accidents sensitive to core power distribution are preserved<

t"'? by the LHR and DNB parameter limits. The criteria for the=- =

loss of coolant accident (LOCA) are specified in
10 CFR 50.46. " Acceptance Criteria for Emergency Core
Cooling Systems for Light Water Nuclear Power Reactors"
(Ref. 6). The criteria for the loss of forced reactor
coolant flow accident are specified in Reference 7.
Operation within the LHR limit preserves the LOCA criteria;

.
operation within the DNB parameter limits preserves the

i loss of flow criteria. <

'

During PHYSICS TESTS. one or more of the LCOs that normally :

preserve the LHR and DNB parameter limits may be suspended.
The results of the accident analysis are not adversely
impacted, however, if LHR and DNB parameters are verified to-

,

be within their limits while the LCOs are suspended. '

Thorefore. SRs are placed as necessary to ensure that LHR
6nd DNB parameters remain within limits during PHYSICS
TESTS. Performance of these Surveillances allows PHYSICS,

TESTS to be conducted without decreasing the margin of4

safety.

PHYSICS TESTS include measurement of core parameters or
exercise of control components that affect process
variables. Among the process variables involved are total
planar radial peaking factor, total integrated radial
peaking factor. To. and ASI. which represent initial !;

' condition input (power Jeaking) to the accident analysis.
Also involved are the slutdown and regulating CEAs. which '

affect power peaking and are required for shutdown of the
reactor. The limits for these variables are specified for |

each fuel cycle in the COLR.

.

(continued)

CEOG STS B 3.1-60 P&R 10/05/93

, . -



. _ _ . . _ _ _

STE-MODES I and 2 BVgmaW
B 3.1.10

,

, :..

BASES,

1

APPLICABLE PHYSICS TESTS meet the criteria for inclusion in the
SAFETY ANALYSES Technical Specifications. since the component and process

(continued) variable LCOs suspended during PHYSICS TESTS meet '.

Criteria 1. 2. and 3 of the NRC Policy Statement.

1
i

LCO This LCO permits individual CEAs to be positioned outside of
! their normal group heights and insertion limits during the
| performance of PHYSICS TESTS. such as those required to:

| a. Measure CEA worth:

| b. Determine the reactor stability index and damping
| factor under xenon oscillation conditions:

c. Determine power distributions for non normal CEA

|
configurations:

| d. Measure rod shadowing factors: and
,

e. Measure temperature and power coefficients.

Additionally, it permits the center CEA to be misaligned ?
,

| during PHYSICS TESTS required to determine the isothermal
temperature coefficient (ITC). MTC. and power coefficient.

The requirements of LCO 3.1.4 LCO 3.1.5. LCO 3.1.6.
LCO 3.1.7. LCO 3.1.8. LCO 3.2.2. and LCO 3.2.3 may be
suspended during the performance of PHYSICS TESTS provided:

a. THERMAL POWER is restricted to test power plateau,
which shall not exceed 85% RTP: and ,

|

b. SDM shall be 2 [4S]% Ak/k.
G. 5

i '

l APPLICABILITY This LCO is applicable in MODES 1 and 2 because the reactor
must be critical at various THERMAL POWER levels to perform
the PHYSICS TESTS described in the LCO section. Limiting
the test power plateau to < 85% RTP ensures that LHRs are -

maintained within acceptable limits.

(continued)
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] BASES (continued) i

ACTIONS A1
:

; If THERMAL POWER exceeds the test power plateau in MODE 1. .'
THERMAL POWER must be reduced to restore the additional

4

thermal margin provided by the reduction. The 15 minute
j Completion Time ensures that prompt action shall be taken to
j reduce THERMAL POWER to within acceptable limits. ;

I
; B.1 and B.2

5
'

If the SDM requirement is not met. boration must be
initiated promptly. A Completion Time of 15 minutes is ;.

J adequate for an operator to correctly align and start the ;
'required systems and components. The operator should begin

boration with the best source available for the plant !

conditions. Boration will be continued until the SDM is !

within limit.

: Suspension of PHYSICS TESTS exceptions requires restoration ;

j of each of the applicable LCOs to within specification. |
:,

:
C.1 and C.2

,

If Required Actions A.1 or B.1 cannot be completed within
the recuired Completion Time. PHYSICS TESTS must be
suspenced within 1 hour, and the reactor must be brought-to
MODE 3. Allowing 1 hour for suspending PHYSICS TESTS allows !
the operator sufficient time to change any abnormal CEA
configuration back to within the limits of LCO 3.1.5. ;

LCO 3.1.6. and LCO 3.1.7. Bringing the reactor to MODE 3
within 6 hours increases thermal margin and is consistent |
with the Recuired Actions of the power distribution LCOs. j,

The requirec Completion Time of 6 hours is adequate for J

performing a controlled shutdown from full power conditions
in an orderly manner and without challenging plant systems.
and is consistent with the power distribution LC0 Completion-

Times.-

.

SURVEILLANCE SR 3.1.10.1
REQUIREMENTS

Verifying that THERMAL POWER is equal to or less than that
allowed by the test power plateau as specified in the

(continued) |
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STE-MODES 1 and 2 (F/gdaik1

B 3.1.10
|

, :--

; BASES

SURVEILLANCE SR 3 1.10.1 (continued)
REQUIREMENTS

PHYSICS TEST procedure and required by the safety analysis. t

ensures that adequate LHR and departure from nucleate
boiling ratio margins are maintained while LCOs are
suspended. The I hour Frequency is sufficient, based upon
the slow rate of power change and increased operational
controls in place during PHYSICS TESTS. Monitoring LHR
ensures that the limits are not exceeded.

!

SR 3.1.10.2 *

|

The SDM is verified by performing a reactivity balance
calculation, considering the following reactivity effects:

a. RCS boron concentration;
i

b. Control bank position:
,

c. RCS average temperature:
i

d. Fuel burnup based on gross thermal energy generation:
i

e. Xenon concentration; and
|

'

f. ITC.
i

!
Using the ITC accounts for Doppler reactivity in this
calculation because the reactor is subtritical and the fuel 1

temperature will be changing at the same rate as the RCS.

The Frequency of 24 hours is based on the generally slow
change in required boron concentration and on the low '

probability of an accident occurring without the required
SDM. ;

REFERENCES 1. 10 CFR 50. Appendix B. Section XI.
.

|

2. 10 CFR 50.59. !

3. Regulatory Guide 1.68. Revision 2. August 1978.

4. ANSI /ANS-19.6.1-1985. December 13, 1985.

(continued)
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r

STE-MODES 1 and 2 /D

q t'*

BASES
,

REFERENCES 5. FSAR. Chapter [14]. ;

(continued)
6. 10 CFR 50.46. ;

7. FSAR. Section [15.3.2.1].

:

l
i

|

|

|

!

I

I

|

1

I

I
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CESSAR EMEnem
- !

r :-

Il
16A.4.7 B 3.1.{0 SPECIAL TEST EXCEETIONS - CEDMS TESTING

Special Test Exception - CEDMS Testing i

'B 3.1.9
11

B 3.1 REACTIVITY CONTROL SYSTEMS ,

st )

B 3.1.$T Special Test Exception - CEDMS Testine
i

BASES ;

BACKGROUND CEDMS testing is perfornaed startup to verify the operability of the control !

element drives. Since this test requires the withdrausi of CEAs, the j

shutdown margtn is reduced. In order that the test may be performed, this j

special test exception is provided since the requuements of LCO 3.1.1 would
'

be too restrictive to allow performance of the test. |

!

APPLICABLE In Ref.1, the conditions of the CEDMCS testing were analyzed. It was |

SAFETY ANALYSIS found that sufficient suberiticality is maintamed in case of a CEA ejection i

accident. This is from the fact that prior to testing K(n-1) must be less than
0.99. 'Ibe margm will preclude inadvertent .riticality.

~

:

!
LCO Suspension of the shutdown margin i%wt of LCO 3.1.1 may be

suspended for pre-startup testing of the CEDMS if four conditions are met.
First, only one CEA may be withdrawn at a time. Second, no CEA may be j

withdrawn more than seven inches. "Ihird, with RTCBs open, K(n-1) must ;

be less than 0.99 before the start of testing. Fourth, all other opwations
which involve a reactivity increase must be suspended during testmg.

11

APPLICABILITY LCO 3.1.liDis applicable during MODES 4 and 5 sita t these are the modes
during which CEDMS testing is performed. |

|,

l !

!

ACTIONS M
i

If any of the four requirements are not met then testing most be suspended

and the shutdown marF n must be restored to the limit of LCO 3.1.1. Thisi
action is necessary for the prevention of an inadvertent criticality.

)

,

(continued)

'

SYSTEM 80+ B 3.1-42

a' Amendment O
16A.4-42 May 1.1993
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CESSAR SE%"icim.
.

p L'.

i

Special Test Exception - CEDMS Testing~ .

B 3.1.$ i

BASES

Ii

SURVFTTIANCE SR 3.1.M.1 {
REQUIREMENTS |

4

Deterannation of the shutdown margm ensures that CEDMS testing is being i

performed tmder conditions that would prevent an inadvertent criticality. b I

freqwf of 24 hours is based upon operaung experience and the fact that )
other adminientive controls exist to prevent imenthnrized reactivity |

mm,
.

i

REFERENCES 1. Safety Evaluation by the Office of NRR, Docket no. STN 50-530,
January 26,1988.

2. CESSAR-DC, Section 19.8, ' Shutdown Risk Assessment".
'

t

|

|

|

.

|

|

l

SYSTEM 80+ B 3.1-43
4 ;

Amendment O i

16A.4-43 May 1,1993 |
.
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CESSAR 8Enemu.
.

r v-

12. ,

16A.4.8 B 3.14 BORON DILUTION ALARMS j
i

|

Boron Dilution Alarms -

B 3.1.(
> t.-

B 3.1 REACTIVITY CONTROL SYSTEMS
12 -

B 3.1/W Boron Dilution Alarms

BASES

BACKGROUND 'Ibere are two startup channel high neutron flux alarms in the System 80+
design. These alarms exist for the purpose of alerting the operator to an
inadvertent boron dilution and subsequently the prevention of an inadvertent
criticality. |

IAPPLICABLE In Ref.1, it is mentioned that the use of two high neutron flux alarms
SAFETY ANALYSIS provide proper redundancy for the detection of a boron dilution event. A

single alarm failure will still leave the operator with voquate high neutron
flux detection capability.

LCO The LCO requires that both startup channel high neutron flux alarms shall be
operable.

t*2_
APPLICABILITY LCO 3.1.5 is applicable during MODES 3,4,5, and 6. Since the reactor is

critical in MODE 1 and also is critical (or approaching critical) in MODE 2,
this LCO does not apply in MODES 1 and 2.

ACTION A.1 and A.2

With one startup channel high neutron flux alarm inoperable, action must be
immediately taken to restore the inoperable channe.1 to operable status. Also
the RCS boron concentration must be determined when entering MODE 3,
4,5, or 6 or at the time the alarm is determined inoperable. This second
action is to be perf ^ ed immediately[ nee per the frequency given in
the LCO tables 3. through 3.1 - / These actions ensure that an
attemate means is available for the detection of an inadvertent boron dilution
event.

(continued),

SYSTEM 80+ B 3.1-44
e

Amendment O
16A.4-44 May 1,1993
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CESSAR neincin:n
-

|
t

I
!< 5'-

i

d i

|

|
Boron Dilution Alarms '

B3.13 :

12.
BASES |

ACTION B.1. B.2. and B.3
.

(contmuod)
With both startup channal high neutron flux alarms inoperable, action umst
be immadiataly taken to restore a single channel to operable etatus. Also the .

RCS boron concentration must be determmed when entering MODE 3, 4, 5, |
6 or at the time of alann is determmed inoperable. This second action is to i
be pJv, pmmadiately@ per the frequency given in the LCO
Tables 3. :: gh 3. 2-5 Tmmediate suspension of all operations
(continued myolving core tions or positive reactivity changes is also i

required. These actions will help prevent the loss of shutdown zcargm and {
return to criticality should an inadvertent boron dilution occur. :

SURVFTT_TANCE SR 3.1. M .1
. !n

i
|

A channel check shall be performed on each startup channel once per 12
hours to ensure proper operation. He frequency is based upon operating
experience and =dmini*ative controls. '

12.
SR 3.1.$.2

A channel calibration shall be performed on each startup channel every 31
,

days of cumulative operation during shutdown. He frequency is based upon |
operstmg experiences.

I
REFERENCES 1. PVNOS Technical Specification Bases, 3/4.1.2.7. l

2. CESSAR-DC, Section 19.8 * Shutdown Risk Assessment *.

|

I

.

SYSTEM 80+ B 3.1-45

4
Amendment O

16A.4-45 May 1,1993
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LHR M}$gf.ttL)c
3.2.1

- , =

3.2 POWER DISTRIBUTION LIMITS

3.2.1 Linear Heat Rate (LHR) (DigitMt)

LCO 3.2.1 LHR shall not exceed the limits specified in the COLR.
4

>

APPLICACILITY: MODE 1 with THERMAL POWER > 20% RTP. 1

!

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Core Operating Limit A.1 Restore LHR to within 1 hour
Supervisory System limits.

,

(COLSS) calculated
core power exceeds the
COLSS calculated core
power operating limit
based on LHR.

I

l

B. LHR not within region B.1 Restore LHR to within 4 hours
of acceptable limits.
operation when the '

COLSS is out of
service.

C. Required Action and C.1 Reduce THERMAL POWER 6 hours
associated Completion to <; 20% RTP.
Time not met. |

!

|

CEOG STS 3.2-1 P&R 10/05/93

1

!
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:

,

~

LHR (DTydelt !
3.2.1 '

-
, t.

SURVEILLANCE REQUIREMENTS |

SURVEILLANCE FREQUENCY !

|
-

,

SR 3.2.1.1 -------------------NOTE--------------------
Only applicable when COLSS is out of
service. With COLSS in service. LHR is
continuously monitored. '

...........................................

Verify LHR. as indicated on each OPERABLE 2 hours
local power density channels, is

;

s[13./kW/ft].

,

SR 3.2.1.2 Verify the COLSS margin alarm actuates at a 31 days *

THERMAL POWER equal to or less than the
core power operating limit based on LHR. !

;

'
,

!
:
i

.

!
,

!

I

i

|

;

.

CEOG STS 3.2-2 P&R 09/20/93
l
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F,y ( Dwt '"
3.2.2

, s.

3.2 POWER DISTRIEUTION LIMITS

3.2.2 Planar Radial Peaking Factors (F,y) (Dmitei4-

LC0 3.2.2 The measured Planar Radial Peaking Factors (F;y) shall be -

equal to or less than the Planar Radial Peaking Factors
(F; ) . (These factors are used in the Core Operating Limit
Sup,ervisory System (COLSS) and in the Core Protection
Calculators (CPCs)).

I
!

APPLICABILITY: MODE 1 with THERMAL POWER > 20% RTP.

i

ACTIONS I

CONDITION REQUIRED ACTION COMPLETION TIME,

!

A. F;y > F ;, . A.1.1 Adjust addressable 6 hours
CPC constants to
increase the
multiplier applied to |

)lanar radial Jeaking |
)y a factor 2 Ty/F;y.

AND

A.1.2 Maintain a margin to 6 hours
the COLSS operating
limits of
[(F;y/F;y)-1.0)
x 100%.

@

A.2 Adjust the affected 6 hours
F; used in the COLSS
an"d CPCs to a value
greater than or equal
to the measured F;y.

E
A.3 Reduce THERMAL POWER 6 hours

to :s; 20% RTP.

CEOG STS 3.2-3 P&R 09/20/93
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F (0jgit:" |y

3.2.2 \
1

,

, :.

SURVEILLANCE REQUIREMENTS
i

SURVEILLANCE FREQUENCY |
1

|
' '

SR 3.2.2.1 Verify measured Fiy obtained using the Once after each
Incore Detector System is equal to or less fuel loading 1

than the value of Fiy used in the COLSS and with THERMAL )
CPCs. POWER > 40% RTP |

but prior to ,

0)erations I
a)ove 70% RTP

AND

31 EFPD
thereafter*

,

i

*
|

!
!

|

!

!
1

|
|

!

|

s

CEOG STS 3.2-4 P&R 09/20/93
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T, (Diastal).

3.2.3 ;

- ,

'

3.2 POWER DISTRIBUTION LIMITS

3.2.3 AZIMUTHAL POWER TILT (T,) (Ci, ;;l)

LCO 3.2.3 The measured T, shall be less than or equal to the T, -

allowance used in the core protection calculators (CPCs).

APPLICABILITY: MODE 1 with THERMAL POWER > 20% RTP.

ACTIONS

CONDITION REQUIRED A.CTION COMPLETION TIME

A. Measured To greater A.1 Restore measured T,. 2 hours
than the allowance
used in the CPCs and QB
s 0.10.

A.2 Adjust the T, 2 hours
allowance in the CPCs
to greater than or
equal to the measured
value.

B. Measured T, > 0.10. ------------NOTE------------- )
All subsequent Required i

Actions must be completed if ;

power reduction commences
prior to restoring T, to
s 0.10.
__________ __________________

l
B.1 Reduce THERMAL POWER 4 hours l

to s 50% RTP.

AND

(continued)

CEOG STS 3.2-5 P&R 09/20/93
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:

T,$398.a]1 [
3.2.3 <

'
, :.--

ACTIONS ;

CONDITION REQUIRED ACTION COMPLETION TIME !

i

B. (continued) B.2 Reduce Linear Power 16 hours .

Level-High trip
.

setpoints to |
5 55% RTP. :|

AND f
i

. B.3 Restore the measured Prior to
'

T to less than the T, increasing !o

allowance used in the THERMAL POWER j
CPCs.

.....-NOTE------
Correct the
cause of the out ;

of limit
condition prior |
to increasing ;

THERMAL POWER.
'

Subsequent power |
operation '

> 50% RTP may
proceed provided
that the

is !
measured T,0.10verified s i

at least once i

per hour for !
12 hours, or )
until verified ;

at 2: 95% RTP
................

,

I

C. Required Actions and C.1 Reduce THERMAL POWER 6 hours
associated Completion to s 20%.
Times not met.

CEOG STS 3.2-6 P&R 10/05/93 |
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T, (CticM =2-)
3.2.3

< :.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.2.3.1 -------------------NOTES------------------- -

Only applicable when COLSS is out of
service. With COLSS in service. this i

parameter is continuously monitored. !
...........................................

Calculate T, and verify it is within the 12 hours
limit. !

!

SR 3.2.3.2 Verify COLSS azimuthal tilt alarm is 31 days
actuated at a T value less than the T,a

value used in the CPCs.

31 M (eSR 3.2.3.3 Independently confirm the validity of the
COLSS calculated T, by use of the incore
detectors.

CEOG STS 3.2-7 P&R 09/20/93
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!

DNBR (fkf.t@d ,

3.2.4 |

. ,
. I

3.2 POWER DISTRIBUTION LIMITS

!

DepartureFromNucleateBoilingRatio(DNBR)j%ggl[3.2.4

LCO 3.2.4 The DNBR shall be maintained by one of the following :
methods:

a. Maintaining Core Operating Limit Supervisory System-

(COLSS) calculated core power less than or equal to
COLSS calculated core power operating limit based on
DNBR (when COLSS is in service. and either one or both

i control element assembly calculators (CEACs) are
OPERABLE): !

;.

b. Maintaining COLSS calculated core power less than or
equal to COLSS calculated core power operating limit ;

based on DNBR decreased by 13.0% RTP (when COLSS is in
i

service and neither CEAC is OPERABLE):
'

c. Operating within the region of acceptable operation of
Figure 3.2.4-1 specified in the COLR using any operable
core protection calculator (CPC) channel (when COLSS is-

,

out of service and either one or both CEACs are
OPERABLE): or

:

d. Operating within the region of acceptable operation of ;

Figure 3.2.4-2 specified in the COLR using any operable t

i CPC channel (when COLSS is out of service and neither
'

CEAC is OPERABLE).

APPLICABILITY: MODE 1 with THERMAL POWER > 20% RTP.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. COLSS calculated core A.1 Restore the DNBR to I hour
power not within within limit.
limit.

(continued)

CEOG STS 3.2-8 P&R 10/05/93

. _ . _ _ __ _ _ _ _ __ _ ..



. . _ _ _ _ _ _

DNBR LDtgita M l

3.2.4
, e.

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. DNBR outside the B.1 Restore DNBR to 4 hours
region of acceptable within limit.
operation when.COLSS
is out of service.

C. Required Action and C.1 Reduce THERMAL POWER 6 hours
associated Completion to s 20% RTP.
Time not met.

I

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.2.4.1 -------------------NOTE--------------------
Only applicable when COLSS is out of
service. With COLSS in service, this
parameter is continuously monitored.
...-.......................................

Verify DNBR. as indicated on all OPERABLE 2 hours
DNBR channels, is within the limit of

;Figure 3.2.4-1 or 3.2.4-2 of the COLR. as '

applicable.

SR 3.2.4.2 Verify COLSS margin alarm actuates at a 31 days
THERMAL POWER level equal to or less than
the core power operating limit based on
DNBR.

CEOG STS 3.2-9 P&R 09/20/93
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ASI Org m t)
3. T. 5 ;

o :-

3.2 POWER DISTRIBUTION LIMITS

3.2.5 AXIALSHAPEINDEX(ASI)JbgfigE

LCO 3.2.5 ASI shall be within the limits specified in the COLR.: -

APPLICABILITY: MODE 1 with THERMAL POWER > 20% RTP.

ACTIONS
:

| CONDITION REQUIRED ACTION COMPLETION TIME

: '

l

A. Core average ASI not A.1 Restore ASI to within 2 hours
within limits. limits. |

|

i

a

B. Required Action and B.1 Reduce THERMAL POWER 4 hours !
associated Completion to s; 20% RTP. i

Time not met.

,

!

SURVEILLANCE REQUIREMENTS
,

SURVEILLANCE FREQUENCY

SR 3.2.5.1 Verify ASI is within limits. 12 hours

i

|

I

l

CEOG STS 3.2-10 P&R 09/20/93 |
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.

LHR (DigtteM-- .

B 3.2.1 |
|

!, 2.

'

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.1 Linear Heat Rate (LHR) (Digital) -

BASES
!

BACKGROUND The purpose of this LCO is to limit the core power ;

distribution to the initial values assumed in the accident
analyses. Operation within the limits imposed by this LCO |
limits or prevents potential fuel cladding failures that

'

could breach the primary fission product barrier and release :

fission products to the reactor coolant in the event of a ,

loss of coolant accident (LOCA). loss of flow accident. !
'

ejected control element assembly (CEA) accident. or other
postulated accident requiring termination by a Reactor |
Protection System (RPS) trip function. This LCO limits the !

damage to the fuel cladding during an accident by ensuring t
ithat the plant is operating within acceptable bounding

conditions at the onset of a transient.

Methods of controlling the power distribution include: ;

a. Using full o' part CEAs to alter the axial |
power distribution;

b. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or |
misoperation of the unit) that cause margin i
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (e.g.. CEA
insertion and alignment limits) the power distribution does
not result in violation of this LCO. The limiting safety

,

. system settings and this LCO are based on the accident i

analyses (Refs.1 and 2), so that specified acceptable fuel l

design limits are not exceeded as a result of anticipated
operational occurrences (A00s). and the limits of acceptable

i consequences are not exceeded for other postulated
'

accidents.
1

Limiting power distribution skewing over time also minimizes !

xenon distribution skewing, which is a significant factor in (
controlling the axial power distribution.

(continued)
1
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BACKGROUND Power distribution is a product of multiple parameters.
(continued) various combinations of which may aroduce acceptable power

distributions. Operation within t1e design limits of power
distribution is accomplished by generating operating limits
on the LHR and departure from nucleate boiling (DNB).

Proximity to the DNB condition is expressed by,.th parture
from nucleate boiling ratio (DNBR). defined ps the ratio of
the cladding surface heat flux required toftause DNB to the !

actual cladding surface heat flux. The m(nimum DNBR value
during both normal operation and A00s i# calculated by the
CE-1 Correlation (Ref. 3) and corrected for such factors as
rod bow and grid spacers. It is accepted as an appropriate |

margin to DNB for all operating conditions. :

There are two systems that monitor core power distribution ;

online: the Core Operating Limit Supervisory System (COLSS)
and the core protection calculators (CDCs). The COLSS and
CPCs that monitor the core power distribution are capable of
verifying that the LHR and the DNBR do not exceed their
limits. The COLSS performs this function by continuously
monitoring the core power distribution and calculating core
power operating limits corresponding to the allowable peak
LHR and DNBR. The CPCs perform this function by
continuously calculating an actual value of DNBR and local
power density (LPD) for comparison with the respective trip
setpoints.

,

A.DNBR penalty factor is included in both the COLSS and CPC
DNBR calculations to accommodate the effects of rod bow.
The amount of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnup experience
a greater magnitude of rod bow. Conversely. fuel assemblies
that receive lower than average burnup experience less rod
bow. In design calculations for a reload core each batch
of fuel is assigned a penalty applied to the maximum
integrated planar radial Jower peak of the batch. This
penalty is correlated wit 1 the amount of rod bow determined
from the maximum average assembly burnup of the batch. A
single net penalty for the COLSS and CPCs is then determined
from the penalties associated with each batch that comprises
a core reload, accounting for the offsetting margins due to
the lower radial power peaks in the higher burnup batches.

1

!

(continued) ;

!
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BACKGROUND The COLSS indicates continuously to the operator how far the ,

(continued) core is from the operating limits and provides an audible
alarm if an operating limit is exceeded. Such a condition .

signifies a reduction in the capability of the plant to
withstand an anticipated transient. but does not necessarily ;

imply an immediate violation of fuel design limits. If the
margin to fuel design limits continues to decrease the RPS
ensures that the specified acceptable fuel design limits are
not exceeded during A00s by initiating reactor trips.

The COLSS continually generates an assessment of the
calculated margin for specified LHR and DNBR limits. The
data required for these assessments include measured incore
neutron flux. CEA positions, and Reactor Coolant System .

'

(RCS) inlet temperature, pressure. and flow.

In addition to the monitoring performed by the COLSS. the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that
indicate CEA positions. In this case. the CPCs assume a
minimum core power of 20% RTP because the power range excore

'

neutron flux detecting system is inaccurate below this power
'level. If power distribution or other parameters are

perturbed as a result of an A00, the high LPD or low DNBR
trips in the RPS initiate a reactor trip prior to the
exceeding of fuel design limits.

The LHR and DNBR algorithms are valid within the limits on !
'

ASI . F,, and T,. These limits are obtained directly from
initial core or reload analysis.

APPLICABLE The fuel cladding must not sustain damage as a result of
SAFETY ANALYSES normal operation or A00s (Ref. 4).

The power distribution and CEA insertion and alignment LCOs
prevent core power distributions from reaching levels that
violate the following fuel design criteria:

a. During a LOCA. peak cladding temperature must not
exceed 2200 F (Ref. 5):

|
1(continued)
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APPLICABLE A During a loss of flow accident. there must be at least
SAFETY ANALYSES 95% probability at the 95% confidence level (the 95/95 DNB

j#
criterion) that the hot fuel rod in the core does not -(continued)
experience a DNB condition (Ref. 4);

|
,

c. During an ejected CEA accident, the fission energy-

h input to the fuel must not exceed 280 cal /am
(Ref. gfM): and

~

t- 6
d. The control rods must be capable of shutting down the

reactor with a minimum required SDM with the highest
worth control rod stuck fully withdrawn (GE/Sh",
Ref. /'d ) .

,

The power density at any point in the core must be limited
| to maintain the fuel design criteria (Refs. 4 and 5). This

is accomplished by maintaining the power distribution and'

reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the :

accident analyses (Ref. 1) with due regard for the
| correlations between measured quantities, the power
I distribution. and uncertainties in determimng the power
I distribution.

Fuel cladding failure during a LOCA is limited by
restricting the maximum linear heat generation rate so that
the peak cladding temperature does not exceed 2200 F ,

(Ref. 5). Peak cladding temperatures exceeding 2200 F cause
.

severe cladding failure by oxidation due to a Zircaloy water
| reaction.

The LCOs governing the LHR. ASI. and RCS ensure that these
criteria are met as long as the core is operated within the

| [ASIandF, limits specified in the COLR. and within the T,
| / limits. Yhe latter are process variables that characterize :

the three dimensional power distribution of the reactor !I

| I$- Jcore.

03eration within the limits for these variables ensures that
t1eir actual values are within the ranges used in the
accident analyses.

j Fuel cladding damage does rot occur from conditions outside I

the limits of these LCOs & ing normal operation. However.
fuel cladding damage coul 2sult if an accident occurs from
initial conditions outside the limits of these LCOs. This

(continued)

CEOG STS B 3.2-4 P&R 10/05/93



_ _

LHR (Ee M .
B 3.2.1

. , :

BASES !

i

APPLICABLE potential for fuel cladding damage exists because changes in !

SAFETY ANALYSES the power distribution can cause increased power peaking and :

(continued) can correspondingly increase local LHR.

The LHR satisfies Criterion 2 of the NRC Policy Statement.

LCO The power distribution LCO limits are based on correlations
between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO limits are provided in the COLR. The
limitation on LHR ensures that in the event of a LOCA the
peak temperature of the fuel cladding does not exceed
2200 F.

i

| APPLICABILITY Power distribution is a concern any time the reactor is
critical . The power distribution LCOs. however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs

,

are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS which then calculates the operating limits, are
inaccurate due to the poor signal to noise ratios a't
relatively low core power levels; and

b. As a result of this inaccuracy. the CPCs assume
minimum core power of 20% RTP when generating LPD and
DNBR trip signals. When core power is below 20% RTP.
the core is operating well below its thermal limits
and the resultant CPC calculated LPD and DNBR trips
are highly conservative. 1

ACTIONS A.1

Operation at or below the COLSS calculated power limit based
on the LHR ensures that the LHR limit is not exceeded. If
the COLSS calculated core power limit based on the LHR
exceeds the operating limit. restoring the LHR to within
limit in 1 hour ensures that prompt action is taken to
reduce LHR to below the specified limit. One hour is a
reasonable time to return LHR to within limits when the

(continued)
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ACTIONS A.1 (continued)

limit is exceeded without a trip due to events such as a
dropped CEA or an axial xenon oscillation.

B.1

If the COLSS is not available the OPERABLE LPD channels are
monitored to ensure that the LHR limit is not exceeded.
Operation within this limit ensures that in the event of a
LOCA the fuel cladding temperature does not exceed 2200 F.
Four hours is allowed for restoring the LHR limit to within
the region of acceptable operation. This duration is
reasonable because the COLSS allows the plant to operate
with less LHR margin (closer to the LHR limit than when

.

'

monitoring the CPCs).
2 Lons7

Also, when operating with the COLSS out of service there is
a possibility of a slow undetectable transient that degrades
the LHR slowly over the 4 hour period and is then fqilowed -

by an A00 or an accident. To remedy this. the CPC E *

calculated values of LHR are monitored every 15 M e) whe
the COLSS is out of service. Also, a maximum elivacuTe .- ,

change in the CPC calculated LHR ensures that further r
*

degradation requires the operators to take immediate action
to reduce reactor power to comply with the Technical
Specifications (TS). Implementation of this procedure
ensures that reductions in core thermal margin are quickly
detected and if necessary results in a decrease in reactor
power and subsequent compliance with the existing COLSS

,

out of service TS limits.
|

Four hours is allowed to restore the LHR to within limits if
the COLSS is not restored to OPERABLE status. This duration
is reasonable because the Frequency of the CPC determination
of LHR is increased but. With the operation maintained
steady the likelihood of exceeding the LHR limit during the

/i JLdditional 2 hoursW s not increased. Also, the likelihood I

$e1 of iriduceliTERior transients from an early power reductionr. I
! ,p 8 is decreased during this period.

j
.

s o m 1. m w ,2 .. u u-

(continued)
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ACTIONS C.1
(continued) ;

If the LHR cannot be returned to within its limit or the LHR .

cannot be determined because of the COLSS and CPC
inoperability. core power must be reduced. Reduction of !
core power to < 20% RTP ensures that the core is operating
within its thermal limits and places the core in a
conservative condition based on the trip setpoints generated
by the CPCs. which assume a minimum core power of 20% RTP.
The allowed Completion Time of 6 hours is reasonable, based
on operating experience, to reach 20% RTP in an orderly
manner and without challenging plant systems.

.

SURVEILLANCE SR 3.2.1.1 .

REQUIREMENTS (
With the COLSS out of service the operator must monitor the '

LHR with each OPERABLE local power density channel. A
2 hour Frequency is sufficient to allow the operator to
identify trends that would result in an approach to the LHR
limits.

This SR is modified by a Note that states that the SR is
applicable only when the COLSS is out of serv".ce.
Continuous monitoring of the LHR is provided by the COLSS.
which calculates core power and core power o)erating limits
based on the LHR and continuously displays t1ese limits to
the operator A COLSS margin alarm is annunciated in the
event that the THERMAL POWER exceeds the core power ;
operating limit based on LHR.

SR 3.2.1.2 ,

Verification that the COLSS margin alarm actuates at a
THERMAL POWER level equal to or less than the core power
operating limit based on the LHR in units of kilowatts per
foot ensures the operator is alerted when conditions
approach the LHR operating limit.

The 31 day Frequency for performance of this SR is
consistent with the historical testing frequency of reactor
protection and monitoring systems. The Surveillance
Frequency for testing protection systems was extended to

(continued)
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SURVEILLANCE SR 3.2.1 2 (continued)
| REQUIREMENTS

92 days by CEN 327. Monitoring systems were not addressed,

in CEN 327. therefore this Frequency remains at 31 days.'

REFERENCES 1. FSAR. Section [15].

2. FSAR. Section [6].

3. CE-1 Correlation for DNBR.

4. 10 CFR 50.46. Appendix A. GDC 10.

S. 10 CFR 50.46.

[ 7. N/ Io C R So.M ,SPPOjDh S, 6bC. 2(s.

(, . (SM, .Ccc No" D 5] ,

:

|
.

!
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'

BACKGROUND The purpose of this LCO is to limit the core power
distribution to the initial values assumed in the accident
analyses. Operation within the limits imposed by this LCO'

either limits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and. ,

release fission products to the reactor coolant in the event
of a loss of coolant accident (LOCA). loss of flow accident.

: ejected control element assembly (CEA) accident, or other
postulated accident requiring termination by a Reactor
Protection System (RPS) trip function. This LC0 limits-

damage to the fuel cladding during an accident by ensuring
] that the plant is operating within acceptable conditions at
' the onset of a transient.

Methods of controlling the power distribution include:

i a. Using full or part enatbCEAs to alter the axial
power distribution;

b. Decreasing CEA insertion by boration, thereby
improving the radial power distribution; and

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that, in
conjunction with other core operating parameters (CEA
insertion and alignment limits), the power distribution does
not result in violation of this LCO. Limiting safety system
settings and this LCO are based on the accident analyses
(Refs.1 and 2). so that specified acceptable fuel design
limits are not exceeded as a result of anticipated

'operational occurrences (A00s), and the limits of acceptable
consequences are not exceeded for other postulated
accidents.

1

Limiting power distribution skewing over time also minimizes '

xenon distribution skewing. which is a significant factor in
controlling axial power distribution. Power distribution is
a product of multiple parameters. various combinations of

(continued) j
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BACKGROUND which may produce acceptable power distributions. Operation
(continued) within the design limits of power distribution is

accomplished by generating operating limits on linear heat !I -

rate (LHR) and departure from nucleate boiling (DNB). [

Proximity to the DNB condition is expressed by the departure
from nucleate boiling ratio (DNBR). defined as the ratio of
the cladding surface heat flux required to cause DNB to the ,

actual cladding surface heat flux. TheminigumDNBRvalue
during both normal operation and A00s isQlM as calculated
by the CE-1 Correlation (Ref. 3) and corrected for such
factors as rod bow and grid spacers, and it is accepted as
an appropriate margin to DNB for all operating conditions. j

!
There are two systems that monitor core power distribution !

online: the Core Operating Limit Supervisory System (COLSS)
and the core protection calculators (CPCs). The COLSS and ,

CPCs that monitor the core power distribution are capable of '

verifying that the LHR and the DNBR do not exceed their
,

! limits. The COLSS performs this function by continuously
,

| monitoring the core power distribution and calculating core
power operating limits corresponding to the allowable peak ;

LHR and DNBR values. The CPCs perform this function by !
continuously calculating actual values of DNBR and local
power density (LPD) for comparison with the respective trip

I
setpoints. ;

DNBR penalty factors are included in both the COLSS and CPC
DNBR celculations to accommodate the effects of rod bow.

iThe am>>unt of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnup experience
greater rod bow. Conversely, fuel assemblies that receive
lower than average burnup experience less rod bow. In
design calculations for a reload core each batch of fuel is
assigned a penalty applied to the maximum integrated
planar radial power peak of the batch. This penalty is
correlated with the amount of rod bow determined from the
maximum average assembly burnup of the batch. A single net
penalty for the COLSS and CPCs is then determined from the
penalties associated with each batch that comprises a core
reload, accounting for the offsetting margins due to the
lower radial power peaks in the higher burnup batches.

The COLSS indicates continuously to the operator how near
the core is to the operating limits and provides an audible

(continued)
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BACKGROUND alarm if an operating limit is exceeded. Such a condition
(continued) signifies a reduction in the capability of the plant to

withstand an anticipated transient. but does not necessarily
imply an immediate violation of fuel design limits. If the
margin to fuel design limits continues to decrease. the RPS

; ensures that the specified acceptable fuel design limits are
not exceeded for A00s by initiating a reactor trip.

1

The COLSS continually generates an assessment of the
calculated margin for LHR and DNBR specified limits. The ,

data required for these assessments include measured incore
neutron flux. CEA positions. and Reactor Coolant System
(RCS) inlet temperature, pressure. and flow.

In addition to monitoring performed by the COLSS. the RPS
(via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors.
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP. This threshold is set at
20% RTP because the power range excore neutron flux
detecting system is inaccurate below this power level. If

power distribution or other parameters are perturbed as a
result of an A00. the high LPD or low DNBR trips in the RPS
initiate a reactor trip before fuel design limits are

|exceeded.

The limits on ASI. F . and T represent limits within which itheLHRandDNBRalgEithmsa9evalid. These limits are |
obtained directly from the initial core or reload analysis.

APPLICABLE The fuel cladding must not sustain damage as a result of,

SAFETY ANALYSES normal operation or A00s (Ref. 4). The power distribution i

and CEA insertion and alignment LCOs prevent core power |
distributions from reaching levels that violate the |
following fugl design criteria: !

MW
a. During a'LOCA. peak cladding temperature must not

exceed 2200 F (Ref. 5):

b. During a loss of flow accident. there must be at least
95% probability at the 95% confidence level (the

(continued)
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APPLICABLE 95/95 DNB criterion) that the hot fuel rod in the core |

SAFETY ANALYSES does not experience a DNB condition (Ref. 4):
(continued) '

c. During an ejected CEA accident the fission energy ,

input to the fuel must not exceed 280 cal /gm |
|7); and(Ref. 7
'

d. The control rods must be capable of shutting down the
reactor with a minimum required SDM with the highest

| worthcontrolrodstuckfullywithdrawn(&Jff/

| Ref.I4ff/f) .07'

The power density at any point in the core must be limited
to maintain the fuel design criteria (Refs. 4 and 5). This
result is accomplished by maintaining the power distribution
and reactor coolant conditions so that the peak LHR and DNB

! parameters are within operating limits supported by the
| accident analyses (Ref. 1) with due regard for the
I correlations between measured quantities. the power
i

distribution, and the uncertainties in the determination of
power distribution.

| Fuel cladding failure during a LOCA is limited by
restricting the maximum linear heat generation rate so that
the peak cladding temperature does not exceed 2200 F
(Ref. 5). Peak cladding temperatures exceeding 2200 F cause
severe cladding failure by oxidation due to a Zircaloy water
reaction.

The LCOs governing LHR. ASI. and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and F limits specified in the COLR. and within the T
limits. Ee latter are process variables that characteriz8
the three dimensional power distribution of the reactor
core. Operation within the limits for these variables
ensures that their actual values are within the ranges used
in the accident analyses.

Fuel cladding damage does not occur because of conditions
during

However.fuelcladdingdBa.andTgeres81tsif
outside the limits of these LCOs for ASI. F
normal operation.
an accident occurs from initial conditions outside the .

limits of these LCOs. This potential for fuel cladding |
damage exists because changes in the power distribution can :'

cause increased power peaking and correspondingly increased
LHR.

(continued)
,
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APPLICABLE F satisfies Criterion 2 of the NRC Policy Statement. !
SAFETY ANALYSES #Y !

(continued) -'

! i
i

i LCO The power distribution LCO limits are based on correlations
between power peaking and certain measured variables used as
inputs to the LHR and DNBR operating limits. The power
distribution LCO limits are provided in the COLR.

Limiting of the calculated Planar Radial Peaking Factors ,
<

(Fly) used in the COLSS and CPCs to values' equal to or
greater than the measured Planar Radial Peaking Factors >

<

(Fiy) ensures that the limits calculated by the COLSS and .

CPCs remain valid. !

>

APPLICABILITY Power distribution is a concern any time the reactor is
critical. The power distribution LCOs. however. are only i
applicable in MODE I above 20% RTP. The reasons these LCOs j
are not applicable below 20% RTP are: ;

~

'

a. The incore neutron detectors that provide input to the
COLSS. which then calculates the operating limits, are -

,

inaccurate because of the poor signal to noise ratio
,

that they experience at relatively low core power !

levels; and-

'
b. As a result of Isis inaccuracy, the CPCs assume a

1 minimum core power of 20% RTP when generating the LPD
and DNBR trip signals. When the core Dower is below
20% RTP. the core is operating well below its thermal
limits, and the resultant CPC calculated LPD and DNBR
trips are highly conservative.

'

ACTIONS A.1.1 and A.1.2
'

When the Fly valuesexceedtheFly values used in the COLSS
and CPCs. nonconservative operating limits and trip
setpoints may be calculated. In this case, action must be

taken to ensure that the COLSS operating limits and CPC trip,

setpoints remain valid with respect to the accident

(continued)
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ACTIONS A.1.1 and A.1.2 (continued)

analysis. The operator can do this by performing the -
.

Required Actions A.1.1 and A.I.2. The 6 hour Completion
,

j Time piovides the time required to calculate the required -

multipliers and make the necessary adjustments to the CPC .

addressable constants. During this period the DNBR and LHR !
'

setpoints may be slightly nonconservative but DNBR and LHR
are still within limits. Therefore. 6 hours is an ;-

!acceptable Completion Time to perform these actions
considering the low probability of an accident occurring i

during this time period. !

A.2 .

t

As an alternative to Required Actions A.1.1 and A.1.2, the i
!operator may adjust the affected values of Fly used in the

COLSS and CPCs to values 2: Fm The 6 hour Completion Time ixy.

. provides the time required to calculate the required
1 multipliers and make the necessary adjustments to the CPC ;

; addressable constants. During this period the DNBR and LHR
| setpoints may be slightly nonconservative but DNBR and LHR ;

are still within limits. Therefore, 6 hours is an'

acceptable Completion Time to perform these actions ,

'considering the low probability of an accident occurring
during this time period.

,

!
'

A.3

! If Required Actions A.1.1 and A.I.2 or A.2 cannot be
.

accomplished within 6 hours, the core power must be reduced. t

Reduction to 20% RTP or less ensures that the core is
operating within the specified thermal limits and places the j
core in a conservative condition based on the trip setpoints i

generated by the COLSS and CPC operating limits; these ;
limits are established assuming a minimum core power of
20% RTP. Six hours is a reasonable time to reach 20% RTP in j

an orderly manner and without challenging plant systems. <

1

(continued)

CEOG STS B 3.2-14 P&R 09/20/93 !
!

!
_ _ _ _ _ _ _ _



_ _

:

Fxy (Di;;i olT
B 3.2.2

. , -

BASES (continued)

SURVEILLANCE SR 3.2.2.1
| REQUIREMENTS

This periodic Surveillance is for determining, using the -

| Incore Detector System. that Fiy value.saresFly values
| used in the COLSS and CPCs. It ensures that the Fly values

used remain valid throughout the fuel cycle. A Frequency of
31 EFPD is acceptable because the power distribution changes'

only slightly with the amount of fuel burnup. Determining
the Fiy values after each fuel loading when THERMAL POWER
is > 40% RTP. but prior to its exceeding 70% RTP. ensures
that the core is properly loaded.

REFERENCES 1. FSAR. Section [15].

2. FSAR. Section [6].

3. CE-1 Correlation for DNBR. '

4. 10 CFR 50.46. Appendix A. GDC 10.

5. 10 CFR 50.46.

7b. Io LFS 50, A F?Lnbit A, Goc 26-

L 6 F5u, Eccu co Q5],

4

|
|
!
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,

BACKGROUND The purpose of this LCO is to limit the core power
distribution to the initial values assumed in the accident
analyses. Operation within the limits imposed by this LCO
either limits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and
release fission products to the reactor coolant in the event
of a loss of coolant accident (LOCA). loss of flow accident.
ejected control element assembly (CEA) accident, or other
postulated accident requiring termination by a Reactor
Protection System (RPS) trip function. This LCO limits the
amount of damage to the fuel cladding during an accident by
ensuring that the plant is operating within acceptable
conditions at the onset of a transient.

Methods of controlling the power distribution include:
.,w

a. Using full or par ength)CEAstoaltertheaxial !
Ipower distribution:

b. Decreasing CEA insertion by boration, thereby
|improving the radial power distribution: and

|
' c. Correcting off optimum conditions. (e.g.. a CEA drop
; or misoperation of the un't) that cause margin
| degradations.

The core power distribution is controlled so that, in
'

conjunction with other core operating parameters (e.g. . CEA
insertion and alignment limits), the power distribution does
not result in violation of this LCO. The limiting safety
system settings and this LC0 are based on the accident

i analyses (Refs.1 and 2). so that specified acceptable fuel
| design limits are not exceeded as a result of anticipated

operational occurrences (A00s) and the limits of acceptable'

consequences are not exceeded for other postulated i

accidents. !

Limiting power distribution skewing over time also minimizes
xenon distribution skewing, which is a significant factor in ;

controlling axial power distribution.

(continued)
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BACKGROUND Power distribution is a product of multiple parameters. |
(continued) various combinations of which may aroduce acceptable power

distributions. Operation within t1e design limits of power -

distribution is accomplished by generating operating limits
on the linear heat rate (LHR) and the departure from
nucleate boiling (DNB).

.C3M
Proximity to the DNB condition is expressed by tfie departure
from nucleate boiling ratio (DNBR). definedgs the ratio of
the cladding surface heat flux required to/cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and A00s is'' calculated by the ]
CE-1 Correlation (Ref. 3) and corrected for such factors as
rod bow and grid spacers, and it is accepted as an
appropriate margin to DNB for all operating conditions.

|
There are two systems that monitor core power distribution i

online: the Core Operating Limit Supervisory System (COLSS)
;

and the core protection calculators (CPCs). The COLSS and
CPCs that monitor the core power distribution are capable of
verifying that the LHR and the DNBR do not exceed their
limits. The COLSS performs this function by continuously ;

monitoring the core power distribution and calculating core i

power operating limits corresponding to the allowable peak
LHR and DNBR. The CPCs perform this function by
continuously calculating actual values of DNBR and local
power density (LPD) for comparison with the respective trip
setpoints.

A DNBR penalty factor is included in the COLSS and CPC DNBR
;

calculation to accommodate the effects of rod bow. The i

amount of rod bow in each assembly is dependent upon the i

average burnup experienced by the assembly. Fuel assemblies
that incur higher than average burnup experience greater

; magnitude of rod bow. Conversely, fuel assemblies that
| receive lower than average burnup experience less rod bow.

In design calculations for a reload core. each batch of fuel
is assigned a penalty a) plied to the maximum integrated
planar radial power peat of the batch. This penalty is
correlated with the amount of rod bow that is determined
from the maximum average assembly burnup of the batch. A
single net penalty for the COLSS and CPCs is then determined

i

,

from the penalties associated with each batch that comprises '

a core reload accounting for the offsetting margins caused
by the lower radial power peaks in the higher burnup
batches.

(continued)
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BACKGROUND The COLSS indicates continuously to the operator how far the
(continued) core, is from the operating limits and provides an audible

alarm if an operating limit is exceeded. Such a condition
signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily
imply an immediate violation of fuel design limits. If the
margin i ) fuel design limits continues to decrease the RPS!

ensures that the specified acceptable fuel design limits are
not exceeded for A00s by initiating a reactor trip.

The COLSS continually generates an assessment V the
calculated margin for LHR and DNBR specifia > oits. The
data required for these assessments inclu' .e sured incore
neutron flux data. CEA positions, and Reauoc moolant System
(RCS) inlet temperature, pressure. and flow.

In addition to the monitoring performed by the COLSS. the
RPS (via the CPCs) continually infers the core power
distribution and thermal margins by processing reactor
coolant data, signals from excore neutron flux detectors.
and input from redundant reed switch assemblies that
indicates CEA position. In this case, the CPCs assume a

! minimum core power of 20% RTP. This threshold is set at ,

'

20% RTP because the power range excore neutron flux
detection system is inaccurate below this power level. If

power distribution or other parameters are perturbed as a
result of an A00, the high local power density or low DNBR
trips in the RPS initiate a reactor trip prior to exceeding
fuel design limits.

The limits on the ASI. F . and T represent limits withiny o
which the LHR and DNBR algorithms are valid. These limits
are obtained directly from the initial core or reload
analysis. j

|

APPLICABLE The fuel cladding must not sustain damage as a result ofi

| SAFETY ANALYSES operation and A00s (Ref. 4). The power distribution and CEA
| insertion and alignment LCOs preclude core power
' distrjbutions that violate the following fuel design

criteria:

a. During a LOCA. peak cladding temperature must not 4

exceed 2200 F (Ref. 5):
l

(continued)
|~
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APPLICABLE b. During a loss of flow accident. there must be at least i

SAFETY ANALYSES 95% probability at the 95% confidence level (the
(continued) 95/95 DNB criterion) that the hot fuel rod in the core

does not experience a DNB condition (Ref. 4);

c. During a CEA ejection accident, the fissim energy
input to the fuel must not exceed 280 cal /gm
(Ref.t_/h3); andc

d. The control rods must be capable of shutting down the
reactor with a minimum required SDM with the h est
worth control rod stuck fully withdrawn (Ref., ).

The power density at any point in the core must be limited
to maintain the fuel design criteria (Ref.1). This result
is accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analysis (Ref. 2) with due regard for the
correlations between measured quantities. the power
distribution. and uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is limited by
restricting the maximum linear heat generation rate so that
the peak cladding temperature does not exceed 2200 F
(Ref. 1). Peak cladding temperatures exceeding 2200 F cause
severe cladding failure by oxidation due to a Zircaloy water
reaction.

The LCOs governing LHR. ASI. and RCS ensure that these
criteria are met as long as the core is operated within the '

ASI and F,*he latter are process variables that characterize
limits specified in the COLR. and within the T,

limits. T
the three dimensional power distribution of the reactor
core. Operation within the limits of these variables
ensures that their actual values are within the range used
in the accident analyses.

Fuel cladding damage does not occur from conditions outside
the limits of these LCOs during normal operation. However,
fuel cladding damage could result if an accident occurs due
to initial conditions outside the limits of these LCOs. The
potential for fuel cladding damage exists because changes in
the power distribution can cause increased power peaking and
correspondingly increased local LHRs.

(continued)
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APPLICABLE T, satisfies Criterion 2 of the NRC Policy Statement.
SAFETY ANALYSES

(continued) -

;

.-

LCO The power distribution LCO limits are based on correlations
between power peaking and certain measured variables used as :

inputs to the LHR and DNBR operating limits. The power
distribution LCO limits are provided in the COLR.

The limitations on the T, are provided to ensure that design
operating margins are maintained. T > 0.10 is not
expected. If it occurs, the actions,to be taken ensure that
operation is restricted to only those conditions required to
identify the cause of the tilt. It is necessary to
explicitly account for power asymmetries because the radial !

| peaking factors used in the core power distribution
calculations are based on an untilted power distribution.|

,

| APPLICABILITY Power distribution is a concern any time the reactor is
! critical . The power distribution LCOs. however. are only
I applicable in MODE 1 above 20% RTP. The reasons these LCOs

are not applicable below 20% RTP are: ;

a. The incore neutron detectors that provide input to the |
COLSS. which then calculates the operating limits, are ;

inaccurate due to the poor signal to noise ratio that
they experience at relatively low core power levels.

b. As a result of this inaccuracy the CPCs assume a !
minimum core power of 20% RTP when generating LPD and !

DNBR tri) signals. When the core aower is below this
level.11e core is operating well Jelow its thermal,

'

limits and the resultant CPC calculated LPD and DNBR
trips are highly conservative.

!

|

ACTIONS A 1 and A.2 i

i

If the measured T is greater than the T, allowance used in
the CPCs but s 0.10. nonconservative trip setpoints may be
calculated. Required Action A.1 restores T, to within its

(continued)
|

CEOG STS B 3.2-20 P&R 09/20/93
i

i

. - - , , ~ ,,



- ..

T, (Di;ML
B 3.2.3

, u.

BASES

3

ACTIONS A.1 and A.2 (continued)

specified limits by repositioning the CEAs. and the reactor -

may return to normal operation. A Completion Time of
2 hours is sufficient time to allow the operator to
reposition the CEAs because significant radial xenon
redistribution does not occur within this time.

If the T cannot be restored within 2 hours, the T
allowance in the CPCs must be adjusted, per Requir,ed

o

Action A.2. to be equal to or greater than the measured

maintained, to ensure that the design safety margins arevalue of T

B.1. B.2. and B.3

Required Actions B.1. B.2. and B.3 are modified by a Note
that requires all subsequent actions be performed if power
reduction commences prior to restoring T, s 0.10. This
requirement ensures that corrective action is taken before
unrestricted power operation resumes.

If the measured T > 0.10. THERMAL POWER is reduced to
s50%RTPwithin% hours. The 4 hours allows enough time to

take action to restore T, ion with a power distribution out
prior to reducing power and limits

the probability of operat
of limits. Such actions include performing SR 3.2.3.2.
which provides a value of T that can be used in subsequento
actions.

!
'

Also in the case of a tilt generated by a CEA misalignment.
the 4 hours allows recovery of the CEA misalignment, because
a measured T, > 0.10 is not expected. If it occurs,

continued operation of the reactor may be necessary to
discover the cause of the tilt. Operation then is
restricted to only those conditions required to identify the
cause of the tilt. It is necessary to explicitly account '

|

for power asymmetries because the radial power peaking,

; factors used in the core power distribution calculation are
based on an untilted power distribution.|

If the measured T, is not restored to within its specified
limits. the reactor continues to operate with an axial ~ wer
distribution mismatch. Continued operation in this
configuration may induce an axial xenon oscillation. Anich

(continued)
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ACTIONS B.I. B.2. and B.3 (continued)

results in increased linear heat generation rates when the -

xenon redistributes. If the measured T, cannot be restored
to within its limit within 4 hours, reactor power must be

reduced. Reducing THERMAL POWER to < 50% RTP within 4 hours
provides an acceptable level of protection from increased 1

power peaking due to potential xenon redistribution while
maintaining a power level sufficiently high enough to allow
the tilt to be analyzed.

The Linear Power Level-High trip setpoints are reduced to
s 55% RTP to ensure that the assumptions of the accident
analysis regarding power peaking are maintained. After
power has been reduced to s 50% RTP. the rate and magnitude
of changes in the core flux are greatly reduced. Therefore,
16 hours is an acceptable time period to allow for reduction !

of the Linear Power Level-High trip setpoints. Required
Action B.2. The 16 hour Completion Time allowed to reduce
the Linear Power Level-High trip setpoints is required to ;

perform the actions necessary to reset the trip setpoints. >

THERMAL POWER is restri .ted to 50% RTP until the measured T,
is restored to within its specified limit by correcting the
out of limit condition. This action 3revents the operator
from increasing THERMAL POWER above t7e conservative limit ,

| when a significant T, has existed, but allows the unit to !

| continue operation for diagnostic purposes..
|

| The Completion Time of Required Action B.3 is modified by a
| Note governing subsequent power increases. After a THERMAL
| POWER increase following restoration of T,, operation may

proceed provided the measured T, is determined to remain!

within its speci fied limit at the increased THERMAL POWER
level.

The provision to allow discontinuation of the surveillance
after verifying that T s 0.10 is within its specified limito
at least once per hour for 12 hours or until T is verifiedo
to be within its specified limit at a THERMAL POWER
2 95% RTP provides an acceptable exit from this Action after
the measured T, has been returned to an acceptable value.

(continued)
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ACTIONS C.1 j

(continued)
If the measured T, cannot be restored or determined within -

its specified limit. core power must be reduced. Reduction ,

of core power to < 20% RTP ensures that the core is {operating within its thermal limits and places the core in a j
conservative condition based on the trip setpoints generated
by the CPCs. which assume a minimum core power of 20% RTP.
Six hours is a reasonable time to reach 20% RTP in an
orderly manner and without challenging plant systems.

SURVEILLANCE SR 3.2.3.1 i
l

REQUIREMENTS
Continuous monitoring of the measured T by the incoreo
nuclear detectors is provided by the COLSS. A COLSS alarm
is annunciated in the event that the measured T, exceeds the
value used in the CPCs. |
With the COLSS out of service, the operator must calculate

T) and verify that it is within its specified limits. The
1 hour Frequency is sufficient to identify slowly
developing T,'s before they exceed the limits of this LCO.
Also, the 12 hour Frequency prevents significant xenon
redistribution.

|
,

SR 3.2.3 2
1

Verification that the COLSS T, alarm actuates at a value'

less than the value used in the CPCs ensures that the,

! operator is alerted if T, approaches its operating limit. |
The 31 day Frequency for performance of this SR is
consistent with the historical testing frequency of reactor

, protection and monitoring systems. The Surveillance
| Frecuency for testing protection systems was extended to
| 92 cays by CEN 327. Monitoring systems were not addressed

in CEN 327. therefore this Frequency remains at 31 days.!

SR 3.2.3.3

Independent confirmation of the validity of the COLSS
calculated T, ensures that the COLSS accurately identifies
T,'s.

(continued)
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SURVEILLANCE SR 3.2.3.3 (continued) '

REQUIREMENTS
- .n j,>

The dayjrequency for performance of this SR is
-

-

: cons 1s t with the historical testing frequency of reactor
4 3rotection and monitoring systems. The Surveillance

recuency for testing protection systems was extended toc ,

92 cays by CEN 327. Monitoring systems were not Aaassed :

j inCEN327.thereforethisFrequencyremainsatEldays)
1
1

REFERENCES 1. FSAR. Section [15].

2. FSAR. Section [6].;

i 3. CE-1 Correlation for DNBR.

4. 10 CFR 50.46. Appendix A. GDC 10.

5. 10 CFR 50.46.

6. 10 CFR 50. Appendix A. GDC 26.

7. FEAIt ge ction to J.

| |
;,

i

1

|
:
!

|.,

|

|

j

j
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B 3.2 POWER DISTRIBUTTON LIMITS

B 3.2.4 Departure from Nucleate Boiling Ratio (DNBR) (IL64Q3 p ,w./
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!

BACKGROUND The purpose of this LCO is to limit the core power j

distribution to the initial value assumed in the accident '

analyses. Specifically, operation within the limits imposed
by this LCO either limits or 3revents potential fuel i

cladding failures that could areach the primary fission
product barrier and release fission products to the reactor
coolant in the event of a loss of coolant accident (LOCA),

loss of flow accident. ejected control element assembly
(CEA) accident. or other postulated accident requiring i

termination by a Reactor Protection System (RPS) tri)
function. This LCO limits the amount of damage to tie fuel .

cladding during an accident by ensuring that the plant is i

operating within acceptable conditions at the onset of a
transient. t

'Methods of controlling the power distribution include:

Using full or partfength'CEAs to alter the axiala. ;
power distribution:

b. Decreasing CEA insertion by boration, thereby
improving the radial power distribution: and

,

c. Correcting off optimum conditions (e.g.. a CEA drop or
misoperation of the unit) that cause margin
degradations.

The core power distribution is controlled so that. in
conjunction with other core operating parameters (e.g., CEA
insertion and alignment limits), the power distribution does
not result in violation of this LCO. The limiting safety
system settings and this LCO are based on the accident
analysis (Refs. I and 2). so that specified acceptable fuel
design limits are not exceeded as a result of anticipated
operational occurrences (A00s) and the limits of acceptable
consequences are not exceeded for other postulated
accidents.

Limiting power distribution skewing over time also minimizes
the xenon distribution skewing. which is a significant
factor in controlling axial power distribution.

(continued)
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BACKGROUND Power distribution is a product of multiple parameters.
(continued) various combinations of which may 3roduce acceptable power

distributions. Operation within tie design limits of power )
distribution is accomplished by generating operating limits j,

| on the linear heat rate (LHR) and the departure from ;

nucleate boiling (DNB). l

Proximity to the DNB condition is expressed by the DNBR.
defined as the ratio of the cladding surface heat flux )
required to cause DNB to the actual cladding surface heat '

flux. The minimum DNBR value during both normal operation
and A00s is [pt as calculated by the CE-1 Correlation
(Ref. 3) and corrected for such factors as rod bows and grid
spacers and it is accepted as an appropriate margin to DNB
for all operating conditions.

There are two systems that monitor core power distribution
online: the Core Operating Limits Supervisory System
(COLSS) and the core protection calculators (CPCs). The
COLSS and CPCs that monitor the core power distribution are
capable of verifying that the LHR and DNBR do not exceed
their limits. The COLSS performs this function by
continuously monitoring the core power distribution and
calculating core power operating limits corresponding to the
allowable peak LHR and DNBR. The CPCs perform this function
by continuously calculating an actual value of DNBR and LPD
for comparison with the respective trip setpoints.

A DNBR penalty factor is included in both the COLSS and CPC
DNBR calculation to accommodate the effects of rod bow. The ;

amount of rod bow in each assembly is de3endent upon the
average burnup experienced by that assem]ly. Fuel
assemblies that incur higher than average burnup experience
a greater magnitude of rod bow. Conversely, fuel assemblies ;

that receive lower than average burnup experience less rod
bow. In design calculations for a reload core, each batch
of fuel is assigned a penalty that is applied to the maximum
integrated planar radial Jower peak of the batch. This
penalty is correlated wit 1 the amount of rod bow that is
determined from the maximum average assembly burnup of the i

1batch. A single net penalty for the COLSS and CPCs is then
determined from the penalties associated with each batch
that comprises a core reload, accounting for the offsetting 1

margins due to the lower radial power peaks in the higher I
burnup batches. |

|
4

(continued)
___
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BACKGROUND The COLSS indicates continuously to the cperator how far the
(continued) core is from the operating limits and provides an audible i

alarm when an operating limit is exceeded. Such a condition
,

signifies a reduction in the capability of the plant to '

withstand an anticipated transient, but does not necessarily ;

imply an immediate violation of fuel design limits. If the
margin to fuel design limits continues to decrease, the RPS
ensures that the specified acceptable fuel design limits are
not exceeded during A00s by initiating a reactor trip. |

The COLSS continually generates an assessment of the
,

calculated margin for LHR and DNBR specified limits. The >

data required for these assessments include measured incore
neutron flux. CEA positions. and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow.

In addition to the monitoring performed by the COLSS. the i

RPS (via the CPCs) continually infers the core power !

distribution and thermal margins by processing reactor i

coolant data, signals from excore neutron flux detectors,
and input from redundant reed switch assemblies that

l.
indicates CEA position. In this case, the CPCs assume a
minimum core power of 20% RTP because the power range excore
neutron flux detecting system is inaccurate below this power -

'level. If power distribution or other parameters are
| perturbed as a result of an A00, the high local power

density or low DNBR trips in the RPS initiate a reactor trip -

prior to the exceeding of fuel design limits.

The limits on ASI. F . and T represent limits within which |the LHR and DNBR algdfithms a9e valid. These limits are !

obtained directly from the initial core or reload analysis.

APPLICABLE The fuel cladding must not sustain damage as a result of
SAFETY ANALYSES normal operation or A00s (Ref. 4). The power distribution

and CEA insertion and alignment LCOs prevent core power
distributions from reaching levels that violate the
following fuel design criteria:

| a. During a LOCA. peak cladding temperature must not
exceed 2200 F (Ref. 5):

b. During a loss of flow accident, there must be at least
95% probability at the 95% confidence. level (the

(continued) )
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APPLICABLE 95/95 DNB criterion) that the hot fuel rod in the core
SAFETY ANALYSES does not experience a DNB condition (Ref. 4):

(continued) -

c. During an ejected CEA accident, the fission energy
input to the fuel must not exceed 280 cal /gm (Ref. 6);
and

.

d. The control rods must be capable of shutting down the
reactor with a minimum required SDM with the highest
worth control rod stuck fully withdrawn (Ref. 7).

The power density at any point in the core must be limited
to maintain the fuel design criteria (Ref. 4 .). This is
accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations between measured quantities, the power
distribution, and uncertainties in the determination of

power distribution.

Fuel cladding failure during a LOCA is limited by
restricting the maximum linear heat generation rate so that

'the peak cladding temperature does not exceed 2200 F
(Ref. 4). Peak cladding temperatures exceeding 2200 F may
cause severe cladding failure by oxidation due to a
Zircaloy water reaction.

The LCOs governing LHR ASI. and RCS ensure that these -

criteria are met as long as the core is operated within the |

ASI and Fxylimits specified in the COLR. and within the T
| limits. The latter are process variables that characteri3e

the three dimensional power distribution of the reactor
,

core. Operation within the limits for these variables
ensures that their actual values are within the range used I
in the accident analyses (Ref. 1). ;

\

Fuel cladding damage does not occur from conditions outside |
the limits of these LCOs during normal operation. However. <

fuel cladding damage could result if an accident occurs from
initial conditions outside the limits of these LCOs. This
potential for fuel cladding damage exists because changes in
the power distribution can cause increased power peaking and
correspondingly increased local LHRs.

DNBR satisfies Criterion 2 of the NRC Policy Statement.

(continued)

CEOG STS B 3.2-28 P&R 09/20/93

_ _ _ _ _ - _ - _ _ _ _ _. - - .-



- .-

:

DNBR dt(J dahd
i B 3.2.4

, 1.

BASES (continued)
1

!

LCO The power distribution LCO limits are based on correlations !
between power peaking and certain measured variables used as '

inputs to the LHR and DNBR operating limits. The power .

distribution LCO limits are provided in the COLR.

With the COLSS in service and one or both of the Control
Element Assembly Calculators (CEACs) OPERABLE. the DNBR will
be maintained by ensuring that the core power calculated by 1

the COLSS is equal to or less than the permissible core
power operating limit calculated by the COLSS. In the event
that the COLSS is in service but neither of the two CEACs is
OPERABLE. the DNBR is maintained by ensuring that the core
power calculated by the COLSS is equal to or less than a
reduced value of the permissible core power operating limit :

calculated by the COLSS. In this condition the calculated
operating limit must be reduced by 13.0% RTP.

In instances for which the COLSS is out of service and
either one or both of the CEACs are OPERABLE. the DNBR is
maintained by operating within the acceptable region 1

specified in the COLR as shown in Figure 3.2.4-1. in the
COLR. and using any OPERABLE CPC channel. Alternatively,
when the COLSS is out of service and neither of the two
CEACs is OPERABLE. the DNBR is maintained by operating
within the acceptable region specified in the COLR for this
condition as shown in Figure 3.2.4-2. in the COLR. and using
any OPERABLE CPC channel.

With the COLSS out of service. the limitation on DNBR as a
function of the ASI represents a conservative envelope of
operating conditions consistent with the analysis
assumptions that have been analytically demonstrated
adequate to maintain an acceptable minimum DNBR for all
A00s. Of these. the postulated loss of flow transient is
the most limiting. Operation of the core with a DNBR at or
above this limit ensures that an acceptable minimum DNBR is
maintained in the event of a loss of flow transient.

I

APPLICABILITY Power distribution is a concern any time the reactor is
critical . The power distribution LCOs. however, are only

l(continued)
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APPLICABILITY applicable in MODE 1 above 20% RTP. The reasons these LCOs
(continued) are not applicable below 20% RTP are: ;

a. The incore neutron detectors that provide input to the
COLSS which then calculates the operating limits. are
inaccurate due to the poor signal to noise ratio that '

they experience at relatively low core power levels.
1

b. As a result of this inaccuracy, the CPCs assume a ;
minimum core power of 20% RTP when generating the <

local power density (LPD) and DNBR trip signals. When
the core power is below this level the core is -|

operating well below the thermal limits and the i
resultant CPC calculated LPD and DNBR trips are highly- I
conservative.

ACTIONS A.1

Operating at or above the minimum required value of the DNBR
ensures that an acceptable minimum DNBR is maintained in the
event of a postulated loss of flow transient. If the core
power as calculated by the COLSS exceeds the core power
limit calculated by the COLSS based on the DNBR. fuel-design
limits may not be maintained following a loss of flow, and
prompt action must be taken to restore the DNBR above its
minimum Allowable Value. With the COLSS in service. I hour

| is a reasonable time for the operator to initiate corrective
| actions to restore the DNBR above its specified limit.
'

because of the low probability of a severe transient
occurring in this relatively short time.

B.1
.

i

If the COLSS is not available the OPERABLE DNBR channels are
monitored to ensure that the DNBR is not exceeded. |
Maintaining the DNBR within this specified range ensures
that no postulated accident results in consequences more
severe than those described in the FSAR. Chapter 15. A i

4 hour Frequency is allowed to restore the DNBR limit to
within the region of acceptable operation. This Frequency

|

is reasonable because the COLSS allows the plant to operate I

with less DNBR margin (closer to the DNBR limit) than when
monitoring with the CPCs.

(continued)
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ACTIONS B1 (continued)

Also. when operating with the COLSS out of service there is -

a possibility of a slow undetectable transient that degrades '

the DNBR slowly over the 4 hour period and is then followed
by an antici)ated operational occurrence or an accident.-

/(l Therefore. t1e CPC calculatea values of DNBR are monitored
~

q when the COLSS is out of service. Also, aever
f/ 1 mum aiiundoie change in the CPC calculated DNBR ensures

that further degradation requires the operators to take --

immediate action to reduce reactor power to comply with the
technical specifications. Implementation of this

1Lu rs requirement ensures that potential reductions in core
thermal margin are quickly detected and. if necessary, cause
a decrease in reactor power and subsequent compliance with
the existing COLSS out of service Technical Specification ,

limits.

Four hours is allowed for restoring the DNBR to within
limits if the COLSS is not restored to OPERABLE status.
This duration is reasonable because the Frequency of the CPC i

determination of DNBR has been increased, and, with the !

operation maintained steady. the likelihood of exceeding the
DNBR limit during the additional 2 hours is not increased.
Also, the likelihood of induced reactor transients from an

early power reduction is decreased.

El

If the DNBR cannot be restored or determined within the
allowed times of Conditions A and B. core power must be
reduced. Reduction of core power to < 20% RTP ensures that
the core is operating within its thermal limits and places
the core in a conservative condition based on trip setpoints
generated by the CPCs. which assume a minimum core power of
20% RTP.

The allowed Completion Time of 6 hours is reasonable, based
on operating experience. to reach 20% RTP from full power

, conditions in an orderly manner and without challenging
I plant systems.

!

i

i

(continued)
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1

SURVEILLANCE SR 3.2.4.1
REQUIREMENTS

'

With the COLSS out of service. the operator must monitor the -

DNBR as indicated on any of the OPERABLE DNBR channels of
the CPCs to verify that the DNBR is within the specified
limits, shown in either Figure 3.2.4-1 or 3.2.4-2 of the
COLR. as applicable. A 2 hour Frequency is adequate to
allow the operator to identify trends in conditions that
would result in an approach to the DNBR limit.

This SR is modified by a Note that states that the SR is
only applicable when the COLSS is out of service.
Continuous monitoring of the DNBR is provided by the COLSS.
which calculates core power and core power operating limits
based on the DNBR and continuously displays these limits to
the operator. A COLSS margin alarm is annunciated in the
event that the THERMAL POWER exceeds the core power
operating limit based on the DNBR.

SR 3.2.4.2
,

: Verification that the COLSS margin alarm actuates at a power
level equal to or less than the core power operating limit.
as calculated by the COLSS. based on the DNBR. ensures that
the operator is alerted when operating conditions approach
the DNBR operating limit. The 31 day Frequency for
performance of this SR is consistent with the historical
testing frequency of reactor protection and monitoring
systems. The surveillance frequency for testing protection
systems was extended to 92 days by CEN 327. Monitoring
systems were not addressed in CEN 327: therefore, this
Frequency remains at 31 days.

l

REFERENCES 1. FSAR Chapter [15].

2. FSAR, Chapter [6].

3. C-E 1 Correlation for DNBR.

4. 10 CFR 50. Appendix A. GDC 10.

5. 10 CFR 50.46.

(continued)
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REFERENCES 6. FSAR. Section [,5]. :
(continued) !

7. 10 CFR 50. Appendix A. GDC 26.

|

:
!

t

!

!

I

i

;

I
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l B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.5 AX1AL SHAPE INDEX (ASI) (Mpitg L fs

JE MNBASES -

BACKGROUND The purpose of this LCO is to limit the core power
distribution to the initial values assumed in the accident
analysis. Operation within the limits imposed by this LC0
either limits or prevents potential fuel cladding failures
that could breach the primary fission product barrier and
release fission products to the reactor coolant in the event '

of a loss of coolant accident (LOCA). loss of flow accident.
ejected control element assembly (CEA) accident. or other

|

i postulated accident requiring terminatian by a Reactor
Protection System (RPS) trip function. This LCO limits the
amount of damage to the fuel cladding during an accident by
ensuring that the plant is operating within acceptable
conditions at the onset of a transient.

Methods of controlling the power distribution include:

a. Using full or par engtbCEAstoaltertheaxial
power distribution;

i

b. Decreasing CEA insertion by boration, thereby ,

improving the radial power distribution; and
,

c. Correcting off optimum conditions (e.g., a CEA drop or
misoperation of the unit) that cause margin >

degradations. !

The core power distribution is controlled so that, in
conjunction with other core operating parameters (CEA

,

insertion and alignment limits), the power distribution does t

not result in violation of this LCO. The limiting safety
system settings are based on the accident analyses (Refs. 1
and 2). so that specified acceptable fuel design limits are
not exceeded as a result of anticipated operational ;

occurrences (A00s) and the limits of acceptable consequences j
are not exceeded for other postulated accidents.

|

| Minimizing power distribution skewing over time also
minimizes xenon distribution skewing, which is a significant'

factor in controlling axial power distribution.

1

(continued)
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BACKGROUND Power distribution is a product of multiple parameters.
(continued) various combinations of which may 3roduce acceptable power

distributions. Operation within t1e design limits of power -

distribution is accomplished by generating operating limits
on the linear heat rate (LHR) and the departure from
nucleate boiling (DNB).

Proximity to the DNB condition is expressed by the departure
from nucleate boiling ratio (DNBR). defined as the ratio of
the cladding surface heat flux required to cause DNB to the
actual cladding surface heat flux. The minimum DNBR value
during both normal operation and A00s is [1.t1 as calculated
by the CE-1 Correlation (Ref. 3), and corrected for such ;

factors as rod bow and grid spacers, and it is accepted as
an appropriate margin to DNB for all operating conditions.

| There are two systems that monitor core power distribution
I online: the Core Operating Limit Supervisory System (COLSS)
| or the core protection calculators (CPCs). The COLSS and

CPCs monitor the core power distribution and are capable of
verifying that the LHR and DNBR do not exceed their limits.
The COLSS performs this function by continuously monitoring
the core pwer distribution and calculating core power
operating limits corresponding to the allowable peak LHR and
DNBR. The CPCs perform this function by continuously
calculating actual values of DNBR and local power density
(LPD) for comparison with the respective trip setpoints.

A DNBR penalty factor is included in both the COLSS and CPC i
DNBR calculations to accommodate the effects of rod bow.
The amount of rod bow in each assembly is dependent upon the
average burnup experienced by that assembly. Fuel
assemblies that incur higher than average burnua experience
greater rod bow. Conversely, fuel assemblies tlat receive
lower than average burnup experience less rod bow. In
design calculations for a reload core, each batch of fuel is
assigned a penalty that is applied to the maximum integrated
planar radial Jower peak of the batch. This penalty is
correlated wit 1 the amount of rod bow that is determined
from the maximum average assembly burnup of the batch. A !

single net penalty for the COLSS and CPC is then determined i

from the penalties associated with each batch that comprises
a core reload. accounting for the offsetting margins due to
the lower radial power peaks in the higher burnup batches. !

(continued)
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; BACKGROUND The COLSS indicates continuously to the operator how far the [
(continued) core is from the operating limits and provides an audible !

alarm if an operating limit is exceeded. Such a condition !

signifies a reduction in the capability of the plant to
withstand an anticipated transient, but does not necessarily [

.

imply an immediate violation of fuel design limits. If the i4

margin to fuel & sign limits continues to decrease. the.RPS
ensures that the specified acceptable fuel design limits are
not exceeded for A00s by initiating a reactor trip.

l The COLSS continually generates an assessment of the :

calculated margin for LHR and DNBR specified limits. The
,

data required for these assessments include measured incore
neutron flux. CEA positions. and Reactor Coolant System
(RCS) inlet temperature, pressure, and flow. ;

In addition to the monitoring performed by the COLSS. the
RPS (via the CPCs) continually infers the core power,

distribution and thermal margins by processing reactor '

coolant data, signals from excore neutron ' lux detectors.
and input from redundant reed switch assemblies that
indicates CEA position. In this case. the CPCs assume a
minimum core power of 20% RTP because the power range excore
neutron flux detecting system is inaccurate below this power

;

; level. If power distribution or other parameters are <

perturbed as a result of an ADO. the high local power
density or low DNBR trips in the RPS initiate a reactor trip,

prior to the exceeding of fuel design limits. '
4

The limits on ASI. F . and T represent limits within which
theLHRandDNBRalgdfithmsaFevalid. These limits are
obtained directly from the initial core or reload analysis.

!

'
APPLICABLE The fuel cladding must not sustain damage as a result of
SAFETY ANALYSES operation or A00s (Ref. 4). The power distribution and CEA

insertion and alignment LCOs prevent core power
distributions from reaching levels that violate the
following fuel design criteria:

a. During a LOCA. peak cladding temperature must not
exceed 2200 F (Ref. 5):

b. During a loss of flow accident. there must be at least
95% probability at the 95% confidence level (the

(continued)
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APPLICABLE 95/95 DNB criterion) that the hot fuel rod in the core
SAFETY ANALYSES does not experience a DNB condition (Ref. 4):

(continued) -

c. During an ejected CEA accident. the fission energy
input to the fuel must not exceed 280 cal /gm (Ref. 6);

d. The control rods must be capable of shutting down the
reactor with a minimum required SDM with the highest
worth control rod stuck fully withdrawn (Ref. 7).

The power density at any point in the core must be limited
to maintain the fuel design criteria (Refs. 4 and 5). This
is accomplished by maintaining the power distribution and
reactor coolant conditions so that the peak LHR and DNB
parameters are within operating limits supported by the
accident analyses (Ref. 1) with due regard for the
correlations among measured quantities, the power
distribution. and uncertainties in the determination of
power distribution.

Fuel cladding failure during a LOCA is limited by
restricting the maximum linear heat generation rate so that
the peak cladding temperature does not exceed 2200 F
(Ref. 5). Peak cladding temperatures exceeding 2200 F may ;

cause severe cladding failure by oxidation due to a
Zircaloy water reaction.

The LCOs governing LHR, ASI. and RCS ensure that these
criteria are met as long as the core is operated within the
ASI and Fxylimits specified in the COLR, and within the T l

limits. The latter are process variables that characteri9e !

the three dimensional power distribution of the reactor
core. Operation within the limits for these variables
ensures that their actual values are within the range used
in the accident analysis.

l

Fuel cladding damage does not occur from conditions outside !
these LCOs during normal operation. However fuel cladding |

damage results when an accident occurs due to initial
conditions outside the limits of these LCOs. This potential
for fuel cladding damage exists because changes in the power
distribution can cause increased power peaking and
correspondingly increased local LHRs.

The ASI satisfies Criterion 2 of the NRC Policy Statement.

(continued)

CEOG STS B 3.2-37 P&R 09/20/93



_ ._

.

ASI JD16FrdLk
B 3.2.5

- ,
--

BASES (continued)

LCO The power distribution LCO limits are based on correlations
between power peaking and certain measured variables used as
inputs to LHR and DNBR operating limits. The power -

distribution LCO limits are provided in the COLR.

The limitation on ASI ensures that the actual ASI value is
maintained within the range of values used in the accident
analysis. The ASI limits ensure that with T at its maximum
upper limit. the DNBR does not drop below th8 DNBR Safety
Limit for A00s.

APPLICABILITY Power distribution is a concern any time the reactor is
critical . The power distribution LCOs. however, are only
applicable in MODE 1 above 20% RTP. The reasons these LCOs
are not applicable below 20% RTP are:

a. The incore neutron detectors that provide input to the
COLSS. which then calculates the operating limits. are
inaccurate due to the poor signal to noise ratio that
they experience at relatively low core power levels.

b. As a result of this inaccuracy, the CPCs assume a
minimum core power of 20% RTP when generating the LPD
and DNBR trip signals. When the core power is below
this level, the core is operating well below the
thermal limits and the resultant CPC calculated LPD
and DNBR trips are strongly conservative.

ACTIONS A.1

The ASI limits specified in the COLR ensure that the LOCA
and loss of flow accident criteria assumed in the accident

, analyses remain valid. If the ASI exceeds its limit. a
| Completion Time of 2 hours is allowed to restore the ASI to

within its specified limit. This duration gives the
ffopestor_sR icient time to reposition the regulating or

part3tenoth CEAs to reduce the axial power imbalance. The
magnitude of any potential xenon oscillation is
significantly reduced if the condition is not allowed to
persist for more than 2 hours.

(continued)
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ACTIONS B.1
(continued)

If the ASI is not restored to within its specified limits -

within the required Completion Time. the reactor continues
to operate with an axial power distribution mismatch.
Continued operation in this configuration induces an axial
xenon oscillation. and results in increased linear heat

,

generation rates when the xenon redistributes. Reducing i

thermal power to s; 20% RTP reduces the maximum LHR to a
value that does not exceed the fuel design limits if a i
design basis event occurs. The allowed Completion Time of

,

4 hours is reasonable, based on operating experience, to
reduce power in an orderly manner and without challenging
plant systems.

SURVEILLANCE SR 3.2.5.1
REQUIREMENTS

The ASI can be monitored by both the incore (COLSS) and
1excore (CPC) neutron detector systems. The COLSS provides !

the operator with an alarm if an ASI limit is approached.
,

|

Verification of the ASI every 12 hours ensures that the
operator is aware of changes in the ASI as they develop. A
12 hour Frequency for this Surveillance is acce) table ,

,

because the mechanisms that affect the ASI. suc1 as xenon
redistribution or CEA drive mechanism malfunctions, cause
slow changes in the ASI. which can be discovered before the

,

limits are exceeded.
t

REFERENCES 1. FSAR. Chapter [15]. |
2. FSAR. Chapter [6]. |

'
,

3. CE-1 Correlation for DNBR.

4. 10 CFR 50. Appendix A. GDC 10.
|

5. 10 CFR 50.46.

(continued)
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REFERENCES 6. FSAR. Section [ 5 ].
(continued) ;

7. 10 CFR 50. Appendix A. GDC 26. .|
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9.0 AUITLIARY SYSTEMS

9.1 FUEL STORAGE AND HANDLING
|

9.1.1 NEW FUEL STORAGE'

9.1.1.1 Desien. Bases

The following design bases are imposed on the storage of new fuel
assemblies: g
A. Accidental criticality sh 1 be prevented for the most

reactive arrangement of av fuel stored. For normal
operation and postulated ccident conditions identified in
Section 9.1.1.3.1.1 A, C nd D, K.cz shall be maintained less
than 0.95. For the post lated accident condition identified
in Section 9.1.1.3.1. K.cz shall be maintained less than |

,

0.98.

B. All requirements of Regul'atory Guide 1.13 are met excluding
those regarding the spent fuel pool water supply, since new
fuel storage is dry.' The new fuel storage area is designed
to ensure that any light load, when handled over the fuel
racks, will not exceed the design impact energy of the rack
if the load is postulated to fall from its operating height.
In addition, all heavy loads are prevented from travel over
the new fuel racks by the use of mechanical and electrical
interlocks on the cask handling hoist. The new fuel '

handling hoist incorporates load limiting devices to {
preclude fuel damage during handling.

C. The storage racks and f acilities are (See Section 9.1.1.3.3)
qualified as Seismic Category Ig per Rybtor3 Gude.1.19.

D. Storage is typically provided for 121 fuel assemblies. This
capacity, which represents 50% of the fuel assemblies in the
core, envelops any reload batch size that would occur for
refueling cycle lengths up to and including 24 months.

E. The fuel handling equipment located in the new fuel storage
area meets the requirements of ANS 57.1. The new fuel racks
meet the requirements of ANS 57.3.

F. The New Fuel Storage Racks are designed to meet the |
requirements of SRP 3.8.4 Appendix D which addresses
appropriate combinations of seismic and dropped loads with
allowable stress / deformation limits.

Amendm Q
9.1-1 J so, 1993
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C. Providing positive hoist travel limits and interlocks to
; ensure proper equipment operation and sequencing.

D. Limiting the insertion loads when installing fuel into the |
| new fuel racks by load measuring devices or hoist underload

interlocks.

| E. Designing the new fuel racks for Safe Shutdown Earthquake
| (SSE) conditions and dropped fuel assembly conditions,
! considered separately.

Designing the new fuel handling hoist to preclude the hoist,
or any part thereof, from falling into the new fuel handling |F.

area.
|

| G. Providing a drain line at the bottom of the storage cavity
I to direct any fluid to the floor drain sump. The drain

incorporates a non-return check valve.

H. Designing the building with no water source in the immediate
! area of the new fuel storage racks. The fixed fire fighting
l water supply standpipes are seismically designed (SSE).

! I. Restricting the lifting capacity of the new fuel handling
hoist that is used to remove new fuel assemblies from the
new fuel rack by either adjusting the motor stall torque or
using load limiting devices. (See Paragraphs 9.1.1.3.1.1.D
and 9.1.4.2.1.7.B). Therefore excessive uplifting force
cannot be applied.

J. Locating the new fuel storage racks at the opposite end of
the fuel building from the spent fuel pool to eliminate the
possibility of moving heavy loads near the new fuel storage
area. Movement of heavy loads over the fuel racks is
restricted by the use of electrical interlocks on the cask
handling hoist. g

'

K. Locating the new fuel storage r eks in a concrete vault at
the opposite end of the fuel ayea of the nuclear annex from |
the spent fuel pool area togreclude passage of the speet,
fel Mi;;ig cask eusehees hoist over the new fuel racks |
during the handling operations associated with spent fuel
inspection, handling, and shipping. This location minimizes
the number of systems or structures located in the vicinity
of the new fuel storage f acility. All systems or structures
in the vicinity will be designated as Seismic category II to
preclude their failure and entry into the new fuel storage
area.

|
t Amendme Q

9.1-4 Jun 0, 1993
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9.1.1.3.3 Seismic Classification

The New Fuel Storage Racks, Storage Vault, and the Rack Restraint <

System are qualified as Seismic Category I. The seismic category ;
of other building components associated with handling fuel '

assemblies is noted in Table 3.2-1. Those items in the immediate
vicinity of the new fuel storage area that are not qualified as
Seismic Category I are designed such that their failure will not

! result in damage to the fuel racks or fuel (See Section
'

9.1.1.3.1.1.J).

9.1.1.3.4 Storage Capacity
I

Storage is typically provided for a total of 121 new fuel
assemblies in two 50% density 11x11 racks.

9.1.2 SPENT FUEL STORAGE

9.1.2.1 Desien Bases

The following design bases are imposed on the store;e of fuel I

within the spent fuel pool:

A. Accidental criticality shall be prevented for the most |
reactive arrangement of stored spent fuel by avoiding a K,u !

'greater than 0.95. This design basis shall be met under any
normal operation and postulated accident conditions
identified in Section 9.1.2.3.1.1.

d % l ll T Q Dd 1.l O
B. The requirements of Regulatory Guides 1.13khall be met. The

spent fuel pool area is designed to prevent a loss of water
in the fuel pool from uncovering the fuel, prevent heavy
loads frcm traversing over the fuel racks when the racks
contain fuel assemblies, withstand the impact of a fuel
assembly or a handling tool or a combination of both falling
from the maximum handling elevation, incorporate components
meeting the seismic classification designated in Table
3.2-1,and incorporate water level and radiation monitoring
instrumentation.

C. The storage racks and facilities shall be Seismic
category I.

D. Storage shall be provided for up to 907 spent fuel
assemblies. All components within the area of the fuel
racks meet the requirements of Table 3.2-1 to preclude rack
damage.

E. The racks shall not be anchored to the pool floor or wall.
Clearances shall be allowed for rack tipping but the rack
design and loading shall preclude rack overturning.

Amenda Q
9.1-7 J 0, 1993
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9.1.2.3 Safety Evaluation ;

i

The spent fuel pool storage rack design and location, discussed
in Section 9.1.2.2, provides assurance that design bases of
Section 9.1.2.1 are met as noted in the following sections.

9.1.2.3.1 criticality safety

9.1.2.3.1.1 Postulated Accidents

The following postulated accidents are considered in the design
of the spent fuel pool storage racks:

A. A load dropped on the losded fuel racks whose impact energy,
if dropped from the operating elevation, will not exceed the

,

'

impact energy of the postulated dropped fuel handling tool
or the combination of the dropped fuel handling tool, fuel
assembly, and any other fuel handling component supported by |
the hoist cabling.

\
B. Tensile load on the rack of 5000 pounds (limited by

adjustment of the motor stall torque or load-limitina dsvice
of the crane used to load fuel into the racks). (Se.e
Sec. ton 9.1.9.':L.\.Mc. A fuel assembly accidentally located in either a blocked off
fuel storage cavity or adjacent to the outside of the fuel
rack.

Although the above accident conditions have been postulated, the
fuel handling equipment, fuel racks, and the building arrangement
are designed to minimize the possibility of these accidents or
the effects resulting from these accidents by:
A. Providing positive =echanical travel hoist limits and

interlocks to ensure proper equipment operation and
sequence.

B. Limiting the handling of loads when installing fuel into or
removing fuel from the fuel rack.

C. Designing the fuel racks for (1) SSE conditions and (2) a
dropped fuel assembly handling tool or the combination of
the dropped fuel handling tool, fuel assembly, and any other i
component supported by the hoist cable (conditions (1) and '

(2) considered separately).

D. Designing the fuel handling machine as a seismic category II
to preclude the fuel handling machine, or any part thereof,
from falling into the spent fuel pool,

l

Amendr Q
9.1-10 Ju 0, 1993
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E. Meeting regulatory positions C.1 and C.2 of Regulatory Guide i

1.29 and regulatory positions C.1 and C.6 of Regulatory
Guide 1.13, as these positions relate to the ability of the
components to withstand the effects of earthquakes.

Examples of compliance are demonstrated by the assignment of
the various Seismic Categories to the building structures,
fuel handlir.g equipment, and other components as noted in
Table 3.2-1 and the design of the equipment and components
meeting these requirements. Fuel handling equipment that
moves over the reactor core and spent fuel racks is also
provided with seismic restraints to ensure that the
components do not become disengaged from their operating
rails and fall into the pool during a seismic event. j

F. Meeting regulatory positions C.1, C.2 and C.3 of Regulatory
Guide 1.13; ANS 57.1/ ANSI-N028, ANS 57.2/ ANSI-N210,
NUREG-0554, and NUREG-0612 as they relate to radioactive
release as a result of fuel damage. j

i

Examples of compliance are demonstrated by the design of the
fuel building which precludes movement of the spent fuel
cask handling hoist over the new and spent fuel storage ,

racks when they contain fuel assemblies, designation of load |
paths for all heavy lifts, limiting the weight and lift ;
height of any load that is moved over the fuel racks such
that its i= pact energy, if dropped, will not exceed the
design impact energy of the fuel racks (See Section
9.1.2.3.1.1.G) or fuel pool, and ensuring that the lift i
height of the spent fuel shipping cask does not exceed 30 !
feet which limits the cask from being raised above the '

operating floor elevation.

G. Permitting no load to be carried over the loaded fuel racks |whose impact energy, if dropped from the operating i

elevation, will exceed the impact energy of the postulated !' dropped fuel handling tool, fuel assembly, and any other !

handling component supported by the hoist cabling when
lifting fuel assemblies. The Technical Specification
incorporates the requirement that the impact energy of all
loads carried over the loaded fuel racks will not exceed
this condition.

9.1.2.J.1.2 Criticality Safety Assumptions

The following assumptions are made in evaluating criticality
safety:

A. No control element assemblies (CEAs) are assumed to be
present in the fuel assemblies.

Amendme Q
9.1-11 Jun 1993,
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conditions (e.g., variations in fuel rack pitch, rack steel
thickness, spent fuel pool water temperature) and calculational
uncertainties. Including all uncertainties, the maximum K.cr for
Region I is less than 0.95.

For Region II, K,gg is calculated for various combinations of fuel
enrichments and fuel burnups, with allowance for uncertainties
due to deviations from nominal conditions and calculational
uncertainties. The initial enrichments range up to and including I

'
5 wt.% U-235. These results conservatively establish the minimum
cumulative burnup as a function of initial enrichment for Region i

II fuel necessary tu maintain K,gg less than 0.95. (For !

conservatism, the minimum -umulative burnup represents 0.85 of
the actual fuel burnup.)

a

The three-dimensional Monte Carlo Computer code KENO-IV
(Reference 2) is used to calculate K.cr for the postulated accident
condition of a dropped fuel assembly in Region II. The dropped
fuel assembly is conservatively assumed to be a fresh fuel I

assembly with 5.0 wt.% U-235 initial enrichment. The assumed i

boron concentrations are significantly conservative (less than I
one half of the minimum boron concentration required by the i
Technical Specifications) with respect to the actual boron |

concentrations that could occur during the postulated dropped
fuel assembly accident. With these assumed boron concentrations,
the maximum K.cr (including uncertainties) for the postulated
dropped fuel assembly accident condition is substantially less'

] than 0.95.

A
g Thus, for normal operation and postulated accident conditions, K.cz
- is shown to be less than 0.95. The K.cr values are substantially

below the limiting values allowed by ANS/ ANSI 51.1-1983 and
provide adequate margin for calculation uncertainty. |

|
The spent fuel storage area is protected from the effects of |
missiles or natural phenomena by a seismic Category I structure, I
as discussed in Section 3.5.

9.1.2.3.2 Compliance with Regulatory Guide 1.13
% rf $ to d h h e, Q $ d ellh c 5

The spent fuel storage facility corplic: cith t..a int;nt of
Regulatory Guide 1.13. >

9.1.2.3.3 Seismic Classification

The spent fuel storage racks, the spent fuel pool concrete
structure, the spent fuel rack support system, and the pool liner
are Seismic Category I. Refer to Table 3.2-1 for a tabulation of
the designated seismic categories for the fuel handling and
nuclear annex components related to fuel handling.

Amendme Q
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9.1.2.3.4 Storage Capacity

Storage is provided for up to 907 spent fuel assemblies. This
provides storage for approximately 10 years of unit operation.

|
9.1.2.3.5 Fuel Assembly Cooling

The spent fuel pool storage racks are designed to prevent
extensive bulk boiling in the racks as well as maintain
fuel cladding temperatures well below 650*F for the following
collective conditions:

A. Natural convection water circulation within the spent fuel
pool,

B. Maximum pool water temperature of 150*F at the fuel rack
inlet flow passages, and

C. Maximum fuel pool heat load as described in Section 9.1.3.

9.1.2.3.6 Compliance with ANS 57.2

M OM'the $ldchhc5The design of the Spent Fuel Storage facility m r*- +h- ir.tu.; of
paragraph 5.4 of ANS 57.2. As an example, the facility
incorporates monito:-ing systems to verify pool water temperature ito insure adequate fuel assembly cooling, radiation detectors to idetermine if radiation levels exceed predetermined setpoints and !
alarms to notify plant personnel of abnormal conditions.

l

The features include:

A. A radiation monitor with audible alarm on the spent fuel
handling machine adjacent to the operator control console.

,

i
B. Radiation monitors, including a continuous air monitor,

within the spent fuel pool area. At least one monitor
indicates and alarms in the control room.

C. Uninterruptible communications by the use of sound powered
)phones or a separate communication system. j

D. Redundant alarm and actuation system for the pool
ventilation system during those periods it is not in use.

E. Ventilation sampling provisions.

To facilitate use, all monitoring systems are capable of being
calibrated.

Amen Q
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9.1.1.3.1.2 Criticality Safety Assumptions |

The following assumptions are made in evaluating criticality
safety:

4 fin.te 'Ii

A. Under postulated conditions of complete f oding
by| ,

unborated water, the storage array is treated as r 1. fir.it.
array of assemblies having an infinite fuel length.

;

B. Under postulated conditions of envelopment by aqueous foam !
or mist, a range of foam or mist densities is examined to [
ensure that the maximum reactivity of the array is i

established. The foam or mist is assumed to be pure water.;

,

C. The poisoning effects of rack structure are neglected.
Prior calculations have shown this to be a conservative
assumption, where the degree of conservatism depends on the '

exact rack structure design. It is also assumed th s.t no ,

supplemental fixed poisons are utilized in the ste.sge ;

array.

!
D. A concrete storage cavity is utilized for new fuel storage. !

Two 11x11 rack modules are located in the cavity with cell -

blockers installed in alternate cells to limit new fuel
storage to 121 fuel assemblies.

,

The criticality analyses for the new fuel racks assume a
close-fitting, 2-foot thick concrete reflector on.all six ,

sides of the new fuel rack array. In actuality, the I

concrete walls surrounding the new fuel racks are separated
from the racks by several inches, with the floor and
material above the fuel also several inches away from the4

'
racks. A close fitting, thick concrete wall provides better
neutron reflection than both the reflector consisting of a
concrete wall separated from the array by several inches and
the reflector consisting of the actual materials above the
active fuel. Therefore, the configuration assumed for the
criticality analyses is conservative with respect to the
actual configuration of the new fuel rack array.

E. The rack is assumed to be filled to design capacity with
fuel assemblies.

F. No burnable poison shims or other supplemental neutron
poisons (e.g., CEAs) are assumed to be present in the fuel
assemblies.

Amendae N
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9.1.4 FUEL HANDLING SYSTEM
T

9.1.4.1 Desian Bases

9.1.4.1.1 System
-

The fuel handling system is designed for the handling and storage
of fuel assemblies and control element assemblies (CEAs). I

Associated with the fuel handling system is the equipment used
for assembly, disassembly, and storage of the reactor closure
head and internals. As appropriate, the fuel handling equipment
includes interlocks, travel-limiting features, and other
protective devices to minimize the possibility of mishandling or
equipment malfunction that could result in inadvertent damage to
a fuel assembly and potential fission product release.

The refueling water provides the coolant medium during spent fuel
transfer. The spent fuel pool is provided with a cooling and
cleanup system.

All spent fuel transfer and storage operations are designed to be
conducted underwater to' ensure adequate shielding during '

refueling and to permit visual control of the operation at all
times.

,

9.1.4.1.2 Fuel Handling Equipment

IThe principal design criteria for the fuel and CEA handling
equipment (refueling machine, fuel transfer equipment, spent fuel
handling machine, CEA change platform, new fuel elevator, and CEA
elevator) are as follows:

A. For non-seismic operating conditions, the bridges, trolleys,
hoist units, hoisting cable, grapples, and hooks conform to
the requirements of Crane Manufacturing Association of
America Specification #70.

B. For seismic design, the combined dead loads, live loads, and
i seismic loads do not cause any portion of the equipment to

disengage from its supports and fall into the pool.
'

C. Grapples and mechanical latches which carry fuel assemblies
or CEAs are mechanically interlocked against inadvertent
opening.

D. All loose components are either removed from equipment in
the reactor building and the fuel area of the nuclear annex |

OR @ are seismically restrained during equipment operation.
Fuel handling procedures require that lanyards be used for
loose components that are brought onto the equipment for a
particular short term application such as repair tooling.

Amendment Q
9.1-28 June 30, 1993

j



_ _ _

M

!- CESSAR niWicuiu
.

!

!

|
,

All permanently installed components are secured with
locking devices or restraints to prevent them from becoming .

loose and falling into the refueling pool or the spent fuel !
pool.

i ;

E. A positive mechanical stop is provided to prevent the fuel
from being lifted above the minimum safe water cover depth
and it will not cause damage or distortion to the fuel or
the refueling machine when engaged at full operating hoist
speed.

F. The fuel hoists are provided with load-measuring devices and !
interlocks to interrupt hoisting if the load increases above :

the overload setpoint and to interrupt lowering if the load '

decreases below the underload setpoint.
I

G. In the event of loss of power, the equipment and its load |
remain in a safe condition. '

i

H. Equipment located within the reactor building during plant |
operation is capable of withstanding, without damage, the

| internal building test pressure.

| I. Electrical interlocks are provided to ensure the reliability
! of system components, to simplify the performance of
| sequential operations, and to limit travel and loads such

that design conditions will not be exceeded. In no case
will they be utilized to prevent inadvertent criticality or
the reduction of the minimum water coverage for personnel
protection. No single interlock failure will result in a
condition which will allow equipment malfunction, damage to
the fuel, or the reduction of shielding water coverage.
Where these results are considered possible, redundant
switches, mechanical restraints, and physical barriers are 1

employed as well as limiting the hoist stall torque and
loading capability to values below those which would result
in damage to the fuel.

ktEnd. ShoiQ,_.Notu T o EXFeel tu.42.___g Overhead Hoists and Cent *4ement9.1.4.1.3
i Polar Crane

The fuel related hoists in the nuclear annex, i.e., the cask |
handling hoist and the new fuel handling hoist, are used to
handle equipment, tools, and fuel assemblies from the receipt of

l the new fuel containers to the shipment of the spent fuel cask.
| A description of these hoist is contained in Section 9.1.4.2.1.7.

The reactor building polar crane is used to handle the reactor |
vessel head, reactor vessel internals, and other equipment
located within the reactor building. A description of the
reactor) polar crane is contained in Section 9.1.4.2.1.8.

'

SOIL D i*
!
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well as a cooling medium for removal of decay heat. Boric acid
is added to the spent fuel pool (SFP) water in the quantity
required to assure subcritical conditions.

The major components of the system are the refueling machine
(Figure 9.1-4), the CEA change platform (Figure 9.1-5), the fuel
transfer system (Figures 9.1-6a and 9.1-6b), the spent fuel
handling machine, the CEA elevator (Figure 9.1-7), the new fuel
elevator (Figure 9.1-8), nuclear annex overhead cranes and the
reactor building polar crane. The refueling machine moves fuel

l assemblies into and out of the core and between the core and the
transfer system. The CEA change platform is used to move the
CEAs within the upper guide structure (UGS) or between the UGS
and the CEA elevator. The CEA elevator is used to assemble and
introduce new CEAs into the refueling pool and to hold the spent i

CEAs while they are being disassembled for disposal. The fuel
, transfer system moves the fuel between the reactor building and!

| thie te.actoC annex through the transfer tube. The spent fuel
| handling machine transports fuel between the transfer system, the

spent fuel storage racks, the new fuel elevator, and the spent
fuel shipping cask. The new fuel elevator is used to introduce
new fuel into the spent fuel pool so that it can be moved to the
spent fuel storage racks or the transfer system by the spent fuel
handling machine. 'Ihe cask handling hoist is used to transfer i

the spent fuel shipping cask between the cask laydown area, cask
wasEdowii~afea~, and' ~the7 feel 4u i 1M Ing; loading bay. The fuel|

handling hoist is used for handling the new fuel container and
new fuel assemblies during transfer from the new fuel shipping I

container to the new fuel elevator, the new fuel storage racks, |
or the new fuel inspection station.

The fuel handling hoist and the cask handling hoist are mounted
on the same trolley assembly.

An intermediate fuel storage rack is located within the refueling
cavity for the temporary storage of fuel assemblies if required,
during the refueling operation. Any stored assemblies are
removed from the rack prior to reinstallation of the reactor
vessel internals. A storage rack for holding the ICI/CEA !

transport container during ICI and CEA disposal operations is I

also located within the refueling cavity. Since the transport |
container is essentially the same size as a fuel assembly for
compatibility with the transfer system, the rack is designed to
contain a fuel assembly in the event a fuel assembly is
inadvertently placed within it.

Special tools and lift rigs are also used for disassembly of
reactor components.

Major tools and servicing equipment utilized for refueling are
listed in Table 9.1-1.

Amendment Q
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information to allow the operator to deduce that an interlock has !
~

malfunctioned. The interlock functions required by ANS 57.1 are
included in the fuel handling equipment design.

The fuel and CEA handling machines do not fully fall within the !
framework of an overhead or gantry crane as described in OSHA

; Subpart N, Materials Handling and Storage, of 29 CFR 1910,
Section 1910.179. However, this document has been used for
guidance. More than 95% of the fuel handling machine does
conform to the OSHA regulations. Both machines have additional
features to protect the safety of the operator and facility, and-

the features are a part of appropriate operational procedures. -

- i

The two cavity transfer system fuel carrier, the reactor building :

intermediate fuel storage rack and the transport container4

storage rack are designed to meet the same criticality,

considerations as the spent fuel storage racks (Section 9.1.2).'

The design of the Fuel Handling System limits the impact energy
of postulated dropped loads on the new fuel storage racks, the

! spent fuel storage racks, the fuel transfer system fuel carrier,
| and the spent fuel pool. The spent fuel shipping cask is ,

'~

prevented from travelling over the new fuel storage racks and the
spent fuel storage racks by mechanical stops and electrical
interlocks. The defined load path prevents the shipping cask
from traveling within 15 feet of the edge o( p e spent fuel pool
and d^c met requird that the shipping casRoperating floor elevation.THris RGSmc ak;be lif ted above theo ru TWe 1.iFT H eb6
? w." t w o 6 s - Jess,9Cg ev mie Sherit+ C,w K our n Tpe g_p g g_ scKr,

All loacs that may 'be Mndliid ovsr the new fue.i. scorage rauts,
'

the spent fuel storage racks, the spent fuel pool and the fuel !

transfer system fuel carrier are limited in weight and lift"

height such that, if they fall, the resultant impact energy will
not exceed the design impact energy of the fuel storage racks and
the spent fuel pool. The design impact energy shall be equal to
the postulated drop of a fuel assembly, its handling tool or a .

combination of both the tool and the fuel assembly, and any other l

fuel handling component attached to the hoisting cable during
fuel assembly handling, from their maximum lifted elevation above
the fuel racks during normal handling. The elevation to which
the fuel assembly may be lifted is limited by interlocks on the
spent fuel handling machine and the new fuel handling hoist
(Section 9.1.4.2.1) and the design of the handling tools. The
weight that my be lifted is limited by load interlocks and/or
hoist motor stall torque. ,

9.1.4.2.1.1 Refueling Machine
!

The following identifies and describes the functions of the '

interlocks which will be contained in the refueling machine.
,

i

Amendment Q
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The hner-operatB will prepare and implement administrative !
controls to restrict operation of the fuel transfer tube valve ;

during fuel handling operations. '

9.1.4.2.1.3 Spent Fuel Handling Machine
:

The spent fuel handling machine will be a refueling machine
adapted for use in the spent fuel pool area. It will contain the
same interlock features as described in Section 9.1.4.2.1.1, ;

except as noted below for the Spent Fuel Handling Machine
Translation Zone Interlock:

.

!

A. Zone interlocks protect against running the load into walls
or the gate of the storage area.

B. If these interlocks fail, the spent fuel handling machine i

mast will protect the fuel assembly from damage in the event ;

of wall or gate contact. I

!
9.1.4.2.1.4 New Fuel Elevator

'

The following identifies and describes the functions of the
interlocks that are part of the new fuel elevator. The new fuel
elevator controls are located on the spent fuel handling machine
control console.

A. New Fuel Elevator Hoist Cable-Slack Interlock

Stops the elevator motor should the cable become slack. ;

If this interlock fails, the operator can stop the elevator '

motion from the spent fuel handling machine console.

B. New Fuel Elevator Hoist Lock-Out Interlock

| Prevents raising of the elevator with a fuel assembly in the
elevator box. This interlock is a backup for the
administrative control, which prohibits the placement of a
spent fuel assembly in the new fuel elevator.

C. New Fuel Elevator Hoist Limit Interlock j
|Interrupts hoisting when "up" or "down" limits are reached.

9.1.4.2.1.5 CEA Elevator

The following identifies and describes the functions of the
interlocks that are part of the CEA elevator.

l

I Amendment Q
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A. CEA Elevator Hoist Cable-Slack Interlock !
;

Stops the elevator motor should the cable become slack. |
>

B. CEA Elevator Hoist Lock-Out Interlock
|

Prevents raising of the CEA elevator with a fuel assembly in
the elevator support rack above the minimum safe water level
for shielding water coverage. This interlock is a backup
for the administrative control, which prohibits the
placement of a spent fuel assembly in the CEA elevator.

.

t

''

9.1.4.2.1.6 CEA Change Platform

. The following identifies and describes the function of the
interlocks that are part of the CEA change platform. j

' ;

A. CEA Change Platform Hoist Up-Stop Interlock |

This interlock interrupts hoisting of a CEA assembly when
the correct (full-up) vertical elevation is reached. A |
mechanical up-stop has also been provided to physically i
restrain the hoisting of a CEA assembly above the elevation .

! which would result in less than the minimum shielding water I

coverage.

B. CEA Change Platform Hoist Overload Interlock

This interlock interrupts hoisting of a CEA if the load
increases above the overload setpoint. The hoisting load is
visually displayed so that the operator can manually
terminate the withdrawal operation if an overload oc 'rs and
the hoist continues to operate.

C. CEA Change Platform Hoist Underload Interlock

Interrupts insertion of a CEA assembly if the load decreases
below the underload setpoint. The insertion load is
visually displayed so that the operator can manually
terminate the insertion operation if an underload occurs and
the hoist continues to operate.

lo k Yverhead Cranes9.1.4.2.1.7 Oc S

A. Cask Handling Hoist

The cask handling hoist is used to unload and transport new
fuel shipping containers from the receiving bay area to the
new fuel shipping container laydown area. It is also used
for movement of the empty spent fuel cask from the
truck / rail car unloading area to the cask laydown area and
for the return of the loaded cask. The unloading area has

Amendment Q
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sufficient room to permit the cask to be upended with the .

cask transporter locked in place. The hoist is equipped ;

with a continuously variable speed hoist controller. ;
,

The hoist accesses the spent fuel pool area during building ;

construction to facilitate construction and the installation |
of the spent fuel storage racks. After the fuel racks have !

'
been installed, and before the fuel assemblies are placed in
the racks, mechanical stops are installed on the bridge
rails to prohibit the hoist from traveling over the spent
fuel pool area. coupled *N 06 *J "/"F<

m,,,, and,mu/ec% '

The hoist is also provided with electri al interlocks to
control bridge, trolley, and hoist trav 1 and to minimize
possible damage to the spent fuel shi ping cask and the

t

spent fuel pool during cask handling. The interlocks also'

prevent movement of the spent fuel c k over the new fuel4

c()se thoub WoceT) oles,'DTw-@oTTom
Wt STRicr T11E M c;167tr '%+T! racks. TttE

CN GF A17 9-Y) T6 S45uCL- oF T)tf C W ICTrna t A5K

dhwNba lYng bt cA --

^B. -

4

The new fuel handling hoist is used to move new fuel.from
the new fuel unloading area to the new fuel storage racks, |
the new fuel inspection stand, and the new fuel elevator.
The hoist is provided with electrical interlocks to control
the transfer path of the new fuel assemblies and to restrict
fuel handling loads by either limiting the hoist motor stall
torque or incorporation of load limiting. devices. The hoist ,

'is restricted mechanically from- allowing movement of new*

fuel over the spent fuel racks.

k6ntrtR hos udi +
9.1.4.2.1.8 cont 4-Enassat Polar Crane

The polar crane is mounted on a circular crane wall and travels
360 degrees. The reactor building polar crane has a main hoist

i

and an auxiliary hoist to handle the various loads during an'

outage. Provisions are made _to ensure safe _ load handling. These(4psinomaan provisions include + automatic upper and +1ower hoist limits,
overload limits, slow speed hoist operation, and a load handlingy

; path to prevent damage to any safety-related equipment from a
heavy load drop. The polar crane is used to move the reactor4

vessel head and reactor vessel internals between the reactor
vessel and various storage areas during outages, as described in
Section 9.1.4.2.3.3. The polar crane hoist is able to operate at i,

fast speed with an empty hook.

i s GtG5M ich ero Trn= 1,11:7 rf e wT- PRec t oo e5 - 9 eSs et.: ').
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Figure 9.1-14 shows the lift rig in the configuration provided
for removal of the upper guide structure assembly. In this ;

configuration, the spreader beam supports three columns providing *

attachment points to the upper guide structure assembly.
'

Attachment to the upper guide structure assembly is accomplished
manually from the working platform. Correct positioning is.

assured by attached bushings that mate to the reactor vessel,

guide pins. j

i

The clevis assembly, tie rod assembly, and spreader beam assembly i

which are common to this and the core support barrel lifting rig, | i
Iare installed prior to lifting of the structure by the crane

hook. The working platform also incorporates the' holding
fixtures for the extension shafts and CEAs. !

;

9.1.4.2.2.8 Spent Fuel Handling Machine

The spent fuel handling machine as shown on Figure 9.1-23 is a |
refueling machine modified for use in the nuclear annex. The j i

major differences are the longer bridge span and the interlocks
~

to protect the equipment during movement within the pool, canal
'

and cask laydown area.

9.1.4.2.2.9 Nw Fuel Elevator

A fuel e2 mt.n as shown on Figure 9.1-8 is utilized to lower new
fuel from the operating floor to the bottom of the pool where it
is grappled by the spent fuel handling tool. The elevator is
powered by a cable' winch and fuel is contained in a simple

,

support structure whose wheels are captured in two rails. New '

fuel is loaded into the elevator by means of the new fuel l

e m M d crane and new fuel handling tool.
'

tihr0% ttetsT
A manually operated handwheel is provided for elevator operation
in the event of a power loss.

9.1.4.2.2.10 Underwater Television

A closed circuit television system as shown on Figure 9.1-15
! monitors the fuel handling operations within the refueling

cavity. The camera is mounted on the refueling machine fuel |
hoist box (see Figure 9.1-4) so that the fuel assembly can be
sighted prior to and during grappling and removal from the core.
The system may also be used to initially align the refueling ,

machine position indication system with the actual core location I

of the fuel assemblies. A monitor is provided at the refueling
machine control console. The camera, if required for remote
surveillance, or inspection, can be removed from its mount on the
fuel hoist and handled separately. It is also used for core
mapping after core loading before upper guide structure
installation to confirm and record loaded core.

Amendment Q
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9.1.4.2.2.14 In-core Instrumentation and CEA Cutters ,

A portable underwater hydraulic cutter similar to that shown on :

Figure 9.1-16 is provided to cut the expended CEAs into lengths !'

necessary to permit transfer to the spent fuel building in the
transport container. A second cutter is used for disposal of the ,

'

incore instrumentation leads.

9.1.4.2.2.15 Gripper Operating Tool ;

This tool is approximately seventeen feet long and consists of a
'

two concentric tubes with a funnel at the end to facilitate
engagement with the CEA extension shafts. When installed, pins
attached to the outer tube are engaged with the extension shaft.
The inner tube of the tool is then lifted and rotated relative to
the outer tube which compresses a spring allowing the gripper to
release, thus separating the extension shaft from the control-

element assembly.

9.1.4.2.2.16 Cask Handling Hoist
tTof F

The cask handling hoist is capable of servicing the truck and
rail car loading / unloading ay area, new fuel shipping container

hdown area, the cask
fuel assemblies h gggydown area and

,

laydown area, the cask w
t::n placed inthe spent fuel pool, te

the spent fuel racks, mechanical stops are installed on the hoist !
bridge rails to prevent passage of the hoist over the spent fuel | !

pool. The hoist has a minimum capacity of 150 tons and
incorporates a variable speed hoist and electrical interlocks to
control bridge and trolley travel. The major load handling paths
of the cask handling hoist are shown on Figure 9.1-20.

!

9.1.4.2.2.17 New Fuel Handling Hoist | j

The new fuel handling hoist is capable of servicing the new fuel |
shipping container laydown area, the new fuel storage area, and*

the new fuel elevator. The hoist has a minimum capacity of 10
tons and incorporates electrical interlocks to control the
transfer path of the new fuel assemblies and to restrict fuel
handling loads. The hoist is mechanically restricted from
passing over the spent fuel racks. The major load handling paths
for the hoist are shown on Figure 9.1-20.

:Ex uk;+ f ?
9.1.4.2.2.18 containment' Polar Crane<

The reactor building polar crane is capable of servicing all |
major components requiring movement during a refueling outage.
It incorporates, as a minimum, a 225 ton main hoist for handling
the reactor vessel head and a 25 ton auxiliary hoist for lighter
load handling. The hoist incorporates automatic upper and lower
travel limits, overload limits and low speed operation to insure
safe load handling. Crane control is from a trolley-mounted cab.,

Amendment Q
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The major load handling paths for the crane are shown on Figure
9.1-19. |

!
9.1.4.2.3 System Operation

9.1.4.2.3.1 New Fuel Transfer
i

After arrival of the new fuel shipping containers, the container i
covers are removed and the fuel assembly strongback raised to the .

vertical position and locked. The new fuel handling tool, !

attached to the new fuel handling hoist, is then locked to the | :

fuel assembly, the fuel assembly clamping fixtures removed and :

fuel assembly removed from the shipping container. Next, the ;

protective wrapping is removed and the fuel assembly is moved '

over to the new fuel storage racks where it is placed into its !

designated cavity. New fuel may be inspected by a new fuel !
inspection device before placement into the new fuel racks. The

'

tool is unlocked from the assembly and the operation repeated i
until all assemblies have been placed in the racks. During |
initial core loading, all or a portion thereof of the new fuel '

assemblies may be placed into Region I of the spent fuel storage ;

racks. |
|

Prior to reactor refueling operations, the new fuel is removed !

from the new fuel storage racks and transferred to the new fuel
'

elevator by using the fuel handling -orene_ and the short fuel3 '' " 5 'handling tool. ncs

The new fuel elevator lowers the fuel assembly into the spent
fuel pool to allow the spent fuel handling machine to transfer
the fuel assembly to the spent fuel racks in Region I of the ;

'

'

spent fuel pool or to the transfer system upender.

During reactor refueling operations, the new fuel assembly is
placed in the upending mechanism, a spent fuel assembly is

,

| removed from the other position of the fuel carrier and
transferred to a designated position in the spent fuel storage
racks using the spent fuel handling machine and the spent fueli

] handling tool. The new fuel is then transferred to the reactor |
j building.

9.1.4.2.3.2 Spent Fuel Transfer

Spent fuel transfer during refueling is discussed in Section
9.1.4.2.3.3.

The spent fuel handling machine transfers the spent fuel
assemblies from the storage racks to the spent fuel shipping

.'

cask. This operation will be implemented when the spent fuel
shipping cask loading pit is filled with spent fuel pool water
and the gate between the spent fuel pool and the spen'c fuel'

shipping cask laydown area is opened. When the spent fuel |

Amendment Q
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_- utg Overhead Cranes and Cssi. i e t9.1.4.3.1
Polar Crane

The reactor building polar crane, the cask handling hoist, and | :

the new fuel handling hoist are designed to prevent the drop of
a heavy load such as the reactor vessel head or the spent fuel
shipping cask. In addition, predetermined load paths for major
lifts (see Figures 9.1-19 and 9.1-20), operator training, and
regular crane maintenance minimize the possibility of load
mishandling. The owner-Operator']D operating procedures will
control the load paths a d height of the reactor vessel closure
head, the core support b rrel and the upper guide structure above
the pool floor.

Col. G#LicWs
Limit switches, electrical interlocks and mechanical interlocks ,

prevent improper crane and hoist operations which might result in |
a fuel handling accident. This is also discussed in Section
9.1.4.2.1.7. The cask handling hoist is restricted from movement |
over the new and spent fuel storage areas when the fuel racks |

contain fuel assemblies. The new fuel handling hoist is
restricted from movement over the spent fuel storage area when i

the spent fuel racks contain fuel assemblies.

The spent fuel cask laydown area is separated from the spent fuel i,

pool by a gate and a structurally reinforced concrete wall. The
gate is closed, sealed, and locked during all cask handling ;

operations. The floor in the laydown area has been designed to
withstand the impact of a shipping cask dropped from a height of
30 feet without broaching the integrity of the floor plate. The
spent fuel pool gates are designed to open into the pool area so
that they will be maintained closed by the water pressure when
either the transfer system canal or the cask laydown area is
drained. I

Any small water loss as a result of local damage to the laydown
area wall liner cannot be communicated to the spent fuel pool due
to the closed gate and the integrity of the independent spent
fuel pool liner. Damage to the gate is prevented during cask
handling by stops on the bridge crane rail that limit cask travel
and by the recessed gate design. ;

;

In accordance with the regulatory position of Regulatory Guide
'

1.13 and General Design Criterion 61 of Appendix A to 10 CFR 50,
the hoists are also restricted from passing over the spent fuel
pool cooling system for ESF systems which could be damaged by
dropping the load.

Set points for the hoist interlocks are set to p.: event falling or
tipping of the loads into the fuel storage areu.

Amendment Q
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Administrative controls prepared by the Cowner-operat6D preclude ,

movement of heavy loads within the reactor building refueling *

cavity when the refueling machine contains a fuel assembly.
,

During heavy load movement, the fuel transfer tube valve is 1
'

closed to avoid water level changes in the spent fuel pool in the
nuclear annex during postulated accident conditions such as
dropping the heavy load on the reactor vessel pool seal.,

; , J. m s:n y y ci. n e r o f
The nuclear annex hoists related to fIel handling and the reactor i

building polar crane ta=t the intent 5D Regulatory Guide 1.29,
Positions C.1 and C.2 and Regulatory Guide 1.13, Positions C.1

| and C.6 as they relate to the ability of the cranes to withstand i

j the effects of earthquakes. With respect to radioactiv'e release !
as a result of fuel damage, the cranes C _t-tne-intent so :

'
Regulatory Guide 1.13, Positions C.1 and C.2, and 57.1/ SI-N208,
ANS 57.2/ ANSI-N210, NUREG-0554, and NUREG-0612.

'
-

-_ ---. - -

* * ~ "dd '" d '"9.1.4.3.2 Fuel Handling

A failure modes and effects analysis is described in Table 9.1-2.
!

Direct voice and/or electronic communication between the control |
room and the refueling machine console and the spent fuel
handling machine console is available whenever changes in core
geometry are taking place. The communications will be
independent of other communications channels to the control room.
This provision allows the control room operator to inform the
refueling machine operator of any impending unsafe condition
detected from the main control board indicators during fuel l

Imovement.

operability of the fuel handling equipment including the bridge
and trolley, the lifting mechanisms, the upending machines, the
transfer carriage, and the associated instrumentation and
controls is assured through the implementation of preoperational
tests and routines. Prior to the first actual fuel leading, the
equipment is cycled through its operations using a dummy fuel
assembly. In addition to the interlocks described in Section
9.1.4.2.1, the equipment has the following special features:

A. The major systems of the fuel handling system are
;
^

electrically interlocked with each other to assist the
operator in properly conducting the fuel handling operation.
Failure of any of these interlocks in the event of operator
error will not result in damage to more than one fuel
assembly.

B. Miscellaneous special design features which facilitate
handling operations include:

Amendment Q
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t_o radioactive release as a result of fuel damage, the machines ;

Cmeet-the intent-- 5h Regulatory Guide 1.13, Positions C.3 and C.5, i
,

ANS 57.1/ ANSI-N208, ANS 57.2/ ANSI-N210, NUREG-0554, and NUREG-
0612.

9.1.4.3.3 Reactor Vessel Closure Head Handling

The reactor vessel closure head lif t rig is designed, tested, and '

inspected to meet NUREG-0612 and the design criteria of ANSI
N14.6. Analyses for the postulated head drops is performed to !

assure that the reactor vessel support system and shutdown ;

cooling supply flow paths remain functional, that the core will
remain in a coolable configuration, and that the k.tr of the core !
will remain below 0.95. The reactor vessel closure head drop is. ,

the worst case load drop accident. | ;

:

The reactor vessel closure head lift rig and the reactor vessel ',internals lift rigs meets Regulatory Guide 1.29, Positions C.1 |
and C.2 and Regulatory Guide 1.13, Positions C.1 and C.6 as they '

relate to the ability of the lift rigs to withstand the effects
of earthquakes. With respect to radioactive release as a result |
of fuel damage, the lif t rigs (Eeet-the-intent-e9 Regulatory Guide ,

1.13, Positions C.3 and C.5, ANS 57.1/ ANSI-N208, ;

ANS 57.2/ ANSI-N210, NUREG-0554, and NUR G-0612. f,4 , ,, m A
'

;

v1 N I 2 d , ,, , e s :s t s of9.1.4.4 Testina and Inspection Requirements1

During manufacture of the fuel and CEA Handling Equipment at the
vendor's plant, various in-process inspections and checks are ,

required including certification of materials and heat treating,
'

and liquid-penetrant or magnetic-particle inspection of critical'

welds. Following completion of manufacture, compliance with
design and specification requirements is determined by assembling ;

and testing the equipment in the vendor's shop. Utilizing a '

dummy fuel assembly having the same weight, center of gravity,
,

exterior size and end geometry as an actual assembly, all
equipment is run through several complete operational cycles. In

: addition, the equipment is checked for its ability to perform
under the maximum limits of load, fuel mislocation and
misalignment, and static and dynamic load conditions. All
traversing mechanisms are tested for speed and positioning
accuracy. All hoisting equipment is tested for vertical
functions and controls, rotation, and load misalignment.

Hoisting equipment is also tested to 125% of specified hoist
i capacity. Fuel handling tools are proof tested to 150% of the

maximum handling load. Setpoints are determined and adjusted and
the adjustment limits are verified. Equipment interlock

*

function, and backup systems operations are checked. Those
functions having manual operation capability are exercised
manually.

Amendment Q
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| Plant operating procedure guidelines will require appropriate
1 operation training /and crane inspections.- The guidelines will ',

also require the Coperator-owner) to prepare operating procedures ;

for preoperational load testing and checkouts of interlocks, ,

i brakes, hoisting cables, control circuitry and lubrication of

| fuel handling equipment.
;

;
,
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FAX i
I

!

TO: Robert Palla |
i USNRC - NRR :

Mail Stop 10E4 !

Phone (301)504-1095' ,

?Fax (301)504-2260;
'

.

-

,

f !
^

FROM: David Finnicum j
FABB-CE
i

Phone (203)285-3926
Fax (203)285-5881 j

i

1 XC: J. J. Herbst (w/o) |

] R. E. Jaquith (w/o) ;
'

~ Adel El-Bassioni (USNRC)'
Nick Saltos (USNRC)
Matt Jacob

i R. E. Schneider
J. Iengo Jr. (w/o) ;

S. E. Ritterbusch ~ _~ |
l 9424 Files (w/0) i

d 9612 files |
i

i DATE: October 12, 1993 i

a

hE1BER: OPS-93-0821 |
'

.

!i SUBJECT: Transmittal of Response to Action Items from the September 2.1993 PRA
Meetine,

1

'
I am providing ABB-CE's response to two of the level 2 action items from the September 2,
1993 meeting between ABB-CE and the NRC on the PRA Open Items. If you have any
questions on this information, please call me at (203)285-3926.

1
4

2
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ACTION ITEM:
,

) Provide a reference to a Westinghouse reassessment of temperature induced SGTR performed j

'.
for the Swedish Ringhals plant. ;

i

RESPONSE:

d The reference is: WCAP-11910; " Creep Rupture Failure of Primary Coolant Piping Prior _ ;

i to Reactor Vessel Failure for Severe Accident"; Lutz, R. J.; WPSD; ;

July,1988. ;

i
,

i
t

ACTION ITEM: |4

f Provide an assessment of the contribution of temperature-induced SGTR events to core !
damage frequency and risk.

;

|
RESPONSE:

|
Temperature-induced SGTRs have been postulated to occur as a result of the natural i,

! circulation of very high temperature steam just prior to vessel during a high presseure severe !

! accident sequence. Thus, temperature-induced SGTR events do not contribute to core !
damage frequency.

,.

Releases due to temperature-induced SGTR events were not directly modeled in the System !,

; 80+ PRA because they were felt to be of low frequency and, provided a sustained failure of *

1 the Main Steam Safety Valves (MSSVs) does not occur, also of low consequence. A :

3
temperature-induced SGTR event occurs as a result of creep rupture of an SG tube due to |
the natural circulation of very high temperature steam from the core. SG tube failure occurs
as a result of high temperature material creep at'high pressure very near the time of vessel !,

I failure. A temperature-induced SGTR event will only occur if the RCS pressure is still at !
'

or near the Primary Safety Valve (PSV) setpoint at the time of vessel failure. This means
i that the RCS pressure at the onset of core damage is at the PSV setpoint and that the RCS is
2 not depressurized prior to vessel failure.
I

) For System 80+, Plant Damage States (PDSs) for which the RCS pressure was at the PSV
J setpoint at the onset of core damage have a total core damage frequency of 5.06E-07 per i

| year. In the System 80+ PRA, the probability for failure to depressurize the RCS prior to
*

'

vessel failure using the RDS was calculated to be 0.2. Thus, the probability that the RCS
q pressure is at the PSV setpoint just prior to vessel failure is 1.01E-07. In NUREG-1150,
! the probability of a temperature induced tube rupture given that the RCS pressure is at the i
i PSV setpoint just prior to vessel failure was given as 0.014. More recent research !
#

performed by Westinghouse for the Ringhals plant (see reference in the previous response)
; indicates that the probability is closer to 1.0E-04 to 1.0E-05. Using the NUREG-1150 ;l

] probability, the frequency for a temperature-induced SGTR is 1.42E-09 per year. Using the i

i

I

i

[

f
I



.

Westinghouse conditional probability value, the frequency for a temperature-induced SGTR is
1.01E-11 per year.

As previously stated, if a temperature-induced SGTR occurs, it will occur just prior to vessel
failure. At this time, almost all of the RCS inventory has been discharged into the IRWST
through the PSVs. This includes most of the noble gases and the volatile Iodines and
Cesiums. At the time of the SGTR, the RCS will begin to depressurize into the affected SG.
The SG pressure will increase and the Main Steam Safety Valves (MSSV) will lift. This
will result in a short release without a lot of noble gases or volatile lodines and Cesiums.
However, the vessel will fail shortly thereafter. This will result in a very rapid
depressurization of the RCS and the affected SG. As the pressure in the affected SG
decreases, the MSSVs will reseat. There would be a long term uncontrolled release only if
one of the MSSVs failed to reseat. It is estimated that only the first bank of two MSSVs
would lift to relieve the secondary pressure. Per data presented in the EPRI ALWR PRA
Key Assumptions and Groundmles document, the probability that an MSSV will fail to
reclose is 7.0E-03 per valve. Thus, the total probability that an MSSV on the affected SG
will fail to rescat is 2 * 7.0E-03 = 1.4E-02. Therefore, the probability of an uncontrolled
alease due to a temperature-induced SGTR is 2.0E-11 if NUREG-1150 data is used or
1.41E-13 if the more recent Westinghouse data is used. This is about two orders of
magnitude below the 1.0E-09 filter value used in the System 80+ PRA

.

1

|

l
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FAX

To: Robert Palla
USNRC - NRR
Mail Stop 10E4
Phone (301)504-1095
Fax (301)504-2260

1

FROM: Rupert Weston
ABB-CE
Phone (203)285-3262
Fax (203)285-5881

XC: D. J. Finnicum
J. J. Herbst
R. E. Jaquith
Adel El-Bassioni (USNRC)
Nick Saltos (USNRC)
J. Longo Jr.
S. E. Ritterbusch
9424 Files
9612 files

DATE: September 28,1993

NUMBER: OPS-93-0798

SUBJECT: Transmittal of Response to Additional Ouestion on ABB-CE's Responses to
Ouestion 6 Not Directiv Related to DSER Open Items

I am providing ABB-CE's response to " Additional Question on ABB-CE's Responses to
Question 6" not directly related to DSER Open Items, as documented in your fax of September
23, 1993. If ou have any questions on this information, please call me at (703) 285-3262 or
D. Finnicum at (203) 285-3926.

1

Page 1 of 5mem.,i
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Additional Ouestion on ABB-CE's Response to Ouestion 6 !
.

1. In ABB-CE's Response to Question 6 regarding CSET end state frequency quantification it
j is stated that "this model (the containment spray Dow mode) is version of PGOB01BX in which
: . failure of CSAS was deleted because only manual actuation was credited." The fault tree |
; model for containment spray Dow is also attached in ABB-CE's response. However, an ;

!examination of the attached fault tree model shows that the requirement of CSAS has not been
deleted (i.e., PFCN01 A1 on Page 11 and PFCN01BX on Page 21 of PGOB01SA.CAF). Please
clarify and explain this discrepancy. t

;

2. The data presented in Table 19.12.1-4 of the updated PRA shows that the probability of j*

losing containment heat removal (CHR) with containment spray (SC) available is extremely !

small. The ration os CSS end state C (which is with CHR unavailable but with CS available) i

to CSS end state A (which is with both CHR and CS available) is about 0.0003. However, the
results of the system (fault tree) analysis presented in Section 19.6.3.13 of the System 80+ PRA |,

show that one of the most dominant contributor to system unavailability for containment heat i

removal tusing containment spray system) is the common cause failure (CCF) of the containment
spray heat exchanger outlet component cooling water (CCW) motor operated valves (MOVs).
It contributes 29.2% to the total system unavailability. this seems to indicate that there is a !

fairly high probability of having CS but with CHR unavailable (due to loss of heat exchanger |
;
'

cooling by CCW) and does not seem to be consistent with the result presented in Table 19.12.1-
,

4. Please explain this discrepancy. Also, please note that there is a I2 vel 1 question on the !

failure probability used in the PRA for MOVs. Resolution of that issue may affect the results
obtained here (another dominant contributor to the total system unavailability, 29.2%, is the
CCF of the containment spray header isolation MOVs). !

,

Response to Pan 1 of Additional Ouestion on ABB-CE's Response to Ouest!on 6
;

!
j The CAFTA code is used to develop and quantify the fault tree models including

PGOBOISA.CAF. One feature of this code is the ability to use logic flags to enable or disable |,

(prune) certain " branches" of the fault tree. By setting the logic flag to "TRUE" the branch of
i concern will be included in the quantification, while by setting the logic flag to " FALSE" the
'

branch will be pmned from the model and will not be included in the quantification.

On page 12 of fault tree model PGOB0lSA.CAF, logic flags (AAALOCA, AASLOCA, &
AAMLOCA) are included to enable or prune PFCN01A1 and PFCN01B1 from the model as
desired. PFCN01A1 and PFCN01B1 ponions of the fault tree model include failure of the'

actuation signal from CSAS trains A and B, respectively. In quantifying PGOBOISA.CAF, each
of the logic flags was set to " FALSE" which causes gates PGOB18BX and PGOB20BX to be
pmned from the model. Under this condition, only gate PGOB19BX feeds into gate
PGOB16BX. Similarly, only gate PGOB21BX feeds into gate PGOB17BX. Thus CSAS was-

eliminated and only manual actuation of the Containment Spray System was credited.

i

Response to Part 2 of Additional Ouestion on ABB-CE's Response to Ouestion 6

|
'

The data presented in Table 19.12.1-4 of the System 80+ PRA was provided in response to
NRC request and the values were not used in the quantification of the Plant Damage States'

Page 2 of 5
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. .

(PDSs). The quantification of the PDSs depends significantly on the status of the suppon !
systems and the transient or accident that lead to core damage. Given that core damage has
occurred, any one of the six end states of the containment safeguard event tree can occur.
Therefore, the probability of the six end states must sum to unity. End states "B" through "F"
(Refer to Figure 19.12.1-1) were quantified using fault tree linking approach without considering
the transient or accident that lead to core damage. End state "A" was quantified as the !

,

'
complement of the sum of end states "B" through "F". Since the containment safeguard ;

mitigating systems share support systems with the core damage mitigating systems, the results
; presented in Table 19.12.1-4 are meaningless if the support systems are not properly accounted :

| for. This is the case wht.n the end states for the containment safeguard event tree are calculated
without considering the transiem or accident that lead to core damage. Therefore, the values ;

presented in Table 19.12.1-4 are not used in quantifying the PDSs. In quantifying the Plant
'

Accident Sequences (PASS) which are then mapped into the PDSs, fault tree linking approach
was used to properly account for the common support systems utilized by the core damage i

mitigating systems and the containment safeguard systems. !

End state "C" of the containment safeguard event tree represents failure of containment heat
removal while containment spray flow is available. The probability of this end state is 3.0E-04
as presented in Table 19.12.1-4. The logic for the combinations of failures that lead to this
conditions is shown as Figure I to this response. As shown in Figure 1, the ways in which !

containment heat removal can be lost but containment spray is available include common cause |
ffailure of the CCW cutlet valves to the CSS heat exchangers or failure to remove heat from the

i individual trains. Loss of heat removal from the individual CSS train can resuh from failure of
the CCW valve to the CSS heat exchanger or loss of flow in the CSS train. Based on Figure :

1, the probability expression for loss of containment heat removal is as follows:

! P(CHR*CS ) P(HXVCCF) + P(CSI) * P(HX2CCWV) + P(CS2) * i
=

P(HX1CCWV) + P(HX1CCWV) * P(HX2CCWV)
4

where,

i P(CHR*CS ) Probability of loss of containment heat removal and=S

containment spray is available

P(HXVCCF) Common cause failure probability of CCW valves=

to CSS heat exchangers (2.0E-04)

P(CSI)*P(HX2CCWV) Probability of loss of flow from CSS train I and=.

Failure probability of CCW valve to CSS train 2"

heat exchanger (3.2E-05)

P(CS2)*P(HXICCWV) Probability of loss of flow from CSS train 2 flow=

Failure probability of CCW valve to CSS train 1 i

heat exchanger (3.2E-05)

1,

Y
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|

P(HX1CCWV)*P(HX2CCWV) = Failure probability of CCW valve to CSS train 1 i

heat exchanger and Failure probability of CCW
valve to CSS train 2 heat exchanger (1.6E-05) ;

i
'

Figure 1 shows that loss of containment spray flow in both trains is a possible cutset. However, |
this cutset was eliminated from the above expression because it does not directly cause a loss
of containment heat removal while containment spray is available. The values for the above
probabilities were obtained from the fault tree analysis presented in Section 19.6.3.13. :
Substituting these values in the above expression, the probability for loss of containment heat |

removal and containment spray is available becomes: i

2.0E-04 + 3.2E-05 + 3.2E-05 + 1.6E-05P(CHR*CSa) =
;

1 2.8E-04.=

This value is consistent with the value presented in Table 19.12.1-4 for end state "C".
:

The unavailability of the Containment Spray System (CSS) is due to loss of containment heat
|

removal or loss of containment spray flow. The results of the fault tree analysis presented in i

| Section 19.6.3.13 indicate that the conditional failure probability for loss of containment heat
: removal given that the CSS has failed is approximately 41 %. (This probability was obtained by

,

isumming the individual probabilities for the cutset that lead to loss of containment heat removal
and then dividing by the total CSS failure probability. This includes common cause failure of ;

the CCW containment spray heat exchanger outlet valves.) Conversely, the conditional failure !
probability for loss of containment spray given that CSS has failed is approximately 59%. It is j
therefore meaningless to compare these values with the values shown for the end states of the ;

containment safeguard event tree. !
!

The question regarding the failure probability of MOVs used in the Level 1 PRA pertains to the
Rapid Depressurization Valves (RC406, RC-407, RC-408, RC-409). These valves will be '

tested less frequently than other types of MOVs. Therefore, the failure probability for the RDVs |
was increased to reflect an 18 months test interval (Refer to Table 19.5-2, sheet 22 of 22). The
failure probability for other types of MOVs, including the CCW containment spray outlet valves,

; will remain unchanged because these MOVs will be tested on a quarterly basis.

4

i

i
i

i

!

J

J
,

!
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: TO: Robert Palla >
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! Mail Stop 10E4 ,

i Phone (301)504-1095
Fax (301)5M-2260

a i

| FROM: David Finnicum .

ABB-CE
Phone (203)285-3926

-

,

i

Fax (203)285-5881
3

!

XC: J. J. Herbst (w/o) .

R. E. Jaquith (w/o)-
I Adel El-Bassioni (USNRC)

,

i Nick Saltos (USNRC)
Matt Jacob

! R. E. Schneider ;

f J. Longo Jr. (w/o) |
i

S..E_Ritterbusch -*

9424 Files (w/0) j

|j 9612 files
-

;
,

| DATE: October 13, 1993 :

!

!
' '

NUMBER: OPS-93-0824 ;
;
r

; SUBJECT: Transmittal of Response to Action Items from the September 2.1993 PRA ;
'

Meeting

|

I am providing ABB-CE's response to an additional three of the level 2 action items from the
1 September 2,1993 meeting 'octween ABB-CE and the NRC on the PRA Open Items. If you

have any questions on this :nformation, please call me at (203)285-3926.
,

1

!
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ACTION ITEM:

Perform an additional sensitivity analysis to explore the effect of SDS Operation and hot
'

leg / surge line failure on CCFP.
.|

|

|
'

RESPONSE:
1;

.

Sensitivity studies on the Effect of SDS operation and hot leg / surge line failure on CCFP ,
:

.

were performed as part of the initiel level 2 sensitivity analyses for the System 80+ PRA. |

} They are documented in sections 19.14.1.6 and 19.14.1.7 of CESSAR-DC. i

),

i

!
! ;

ACTION ITEM: !
.

j Clarify and confirm the appropriateness of ABB-CE's treatment of credit for sembbing of !
revaporization releases by containment sprays in SGTR events. ;

i

! RESPONSE: ;

; f
a i

With the containment sprays operating, containment pressure is maintained low prior to i
d

vessel breach. The RCS pressure will be higher than containment pressure because of the
presence of the corium in the reactor vessel. At vessel breach, the hole in the vessel lower

,
.

head will allow a steam flow from the higher pressure RCS to the lower pressure j
containment. The depressurization and high exiting steam flow from the RCS will lead to |

; revolitization of fission products and carryout of these products into the conta'mment. De
fission products which revolitize after the vessel breach will tend to be swept into
containment by the fact that the RCS will be at higher pressure than the containment due to i

the availability of containment heat removal. Once in containment, these revolitized fission [
products would be scrubbed from the containment atmosphere by the containment spray. ;

; Thus, the containment spray system is effective in scrubbing revolitization fission products !

] for SGTR events. S80SOR, a modified version of ZlSOR, was used to calculate all i

releases. S80SOR did not credit containment spray scrubbing of revolitization releases ori

any other releases for SGTR events.

i
e

*

!

4

i

'

;
.
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!

,

I.

;

i

i
;

I ACTION ITEM:
;

Confirm t e appropriateness of ABB-CE's assumptions that: (1) feedwater is available in ;h

virtually all SGTR PDSs retained in the level 2 analysis, and (2) the secondary side water {
level will always be maintained above the elevation of the SGTR.- ,

! ,

RESPONSE: ;

!

(1) The availability of feedwater was determined directly from the accident sequence |
;

' definitions for all sequences that comprise a given PDS. Thus the j
: :

!

(2) In responding to an SGTR event, ABB-CE's Emergency Procedure Guidelines call for1

isolating the ruptured SG when it is identified and conditions established such that the
MSSVs will not lift. This is will generally occur at about thirty minutes into the

Once the ruptured SG has been isolated, the primary to secondary leakage willevent.e

be the only source of inventory for the mptured SG. Because the SG is isolated, the
SG level will gradually increase. When the SG level reaches the high level setpoint, ;'

the procedures direct the operators to reduce the level to the low level setpoint by .

;

i opening an ADV to steam the ruptured SG or by using the blowdown system to drain .

! of some inventory. Both the high level and low level setpoints are above the top of |
the tube bundle, so for the case where the SG is isolated, the SG level will be above |

i
! the elevation of the SGTR.

i

: If an MSSV lifts and fails to rescat, or an ADV fails to reclose, the inventory in the |
ruptured SG will continue to be steamed to the atmosphere. If it is assumed that the j

.

operators had initiated isolation of the ruptured SG, th:re will be no EFW flow
;

available for secondary inventory makeup to the ruptured SG. Thus, the primary to
secondary leakage will be the only source of inventory makeup for the ruptured SG.

,

With a stuck open valve, the ruptured SG pressure will be at or near atmospheric'
,

pressure. The primary to secondary leak rate will be high due to the high differential ;
:

t

! pressure between the primary system and the secondary system. For this scenario,
'

even with the high primary to secondary leak rate, there is the possibility that the
upper portion of the tube bundle would be uncovered. Thus, the probability that the

i

j rupture would be uncovered is a function of the location of the rupture. If the rupture
is low in the tube bundle, it will be covered. If the rupture is at the top of the tube
bundle, it would probably be uncovered. Thus, for this scenario, the secondary level

,

will not always be above the elevation of the SGTR. To address this, the
probabilities for the basic event SG-SCRU'B in section 19.12.2.2.8.3.2.1 (pag,19.12-

'

97) have been redefined. For SGTRs with an isolation failure, the probability for SG-

!
SCRUB will be set to 0.5. For SGTR events with isolation, the probability for SG-

! SCRUB is set to 1.0. SG-SGRUB is not applicable to other events. The marked up
copy of page 19.12-47 is attached. As a result of this modification, the frequency for
release classes RC4.4E, RC4.12E and RC4.18L will be cut in half and three

|
additional release classes, RC4.22E, RC4.30E and RC4.36L, will be added. These
new release classes will have the same frequency as the revised release classes

|
1

<

__. _ _ . - - ~ . - _



|

1-

RC4.4E, RC4.12E and RC4.18L. This change will not affect overall risk because in
j calculating releases for SGTR events, S80SOR does not credit fission product '

sembbing by any residual inventory in the ruptured SG. Thus, the releases for the
new release classes will be the same as for the original release classes.

There are six plant damage states involving SGTR events that do not involve an ,

unisolable leak in the ruptured SG (PDSs 181,184,193,196,218, and 220). In the
CET, it is assumed that there is a potential for a containment isolation failure for all
PDSs (Top event ISOL). For SGTR events, it was assumed that the isolation failure I

,

would be a stuck open MSSV. In the CET, "In-Vessel Fission product sembbing" is
modeled for both isolation failures and non-isolation failures using the same model.
For the fraction of these PDSs without isolation failure, the value for SG-SCRUB
should be 1.0, and for the fraction of these PDSs involving isolation failure, the value
for SG-SCRUBB should be 0.5. Ilowever, the isolation status is not given in the
definition of the PDS for the six PDSs (it is a function of the CET), and only one
value can be set for the variable SG-SCRUBB for each PDS. To resolve this, six
new PDSs will be created, PDS181 A, PDS184A, PDS193A, PDS196A, PDS218A,
and PDS220A. These PDSs will be identical to the original PDSs except that they
will be defined to have an isolation failure. The CET basic event values will be !

changed such that the isolation failure probability will be set to 1.0, the PDS
frequency will be reduced by a factor of 4.0E-02, the original isolation failure
probability, and the value for SG-SCRUBB will be set to 0.5. The CET basic event
values for the original PDSs will be modified to set the isolation failure probability to
0.0, to reduce the PDS frequency by the frequency of the appropriate companion
event, and to set the value for SG-SCRUBB to 1.0.

;

I



CESSAR EEncm2,.

.

19.12.2.2.8.3.2 FP-SEC Secondary Systems Scrub Fission
1 Product Release

This element defines the probability for secondary systems to scrub
fission product releases from an otherwise intact RCS. Two
potential sources of secondary scrubbing are considered. These are '

the residual secondary side water inventory above the SGTR break
elevation (SG-SCRUB) or the water pool in the condenser (CONDEN-
SCRUB).

19.12.2.2.8.3.2.1 SG-SCRUB SG Water Level Above SGTR
Elevation

This element is defined as follows:
$,5 i$o Ia IYo .1
l<tf for all SGTRs without the-e-inulton;cusP(SG-SCRUB) =

loss of-f;;fx;tcr (thimrrespendW ,

,virtalal2FsHa6GTRs = included-in,the-BDSe} '

1.0 for all SGTRs with isolationP(SG-SCRUB)
'

=

P(SG-SCRUB) 0.0 for all other PDSs=

19.12.2.2.8.3.2.2 CONDEN-SCRUB F.P. Release Via Condenser

This event covers cases where the fission products are released i
from the SGTR to the atmosphere via the main condenser. If the |

fission products were released via this path, they could be !
scrubbed by water remaining in the condenser. This element is !

included for completeness only. Its probability is defined to be
0.0 for all PDSs. Thus:

i

P(CONDEN-SCRUB) 0.0 for all PDSs. |
=

|

19.12.2.2.9 Top Event 6: VRP Vaporisation Release Prevented j

|

This top event determines if the corium debris bed is coolable in
the reactor cavity. If the debris bed is not coolable, it will
react with the concrete in the cavity kesulting in a vaporization.

release with high tellurium content. Core-concrete interaction is
presumed to occur if the corium discharged from the reactor vessel
remains in the cavity, and the core debris bed in the cavity is not
cooled. This event was quantified using the supporting logic model i

presented in Figure 19.12.2-10. The basic events in this model are
WETCAVITY and NOCOOLG. These elements are discussed in Sections
19.12.2.2.6.4.1.1.1 and 19.12.2.2.7.1.2.2.1.2.2, respectively.

19.12.2.2.10 Top Event 7: Revaporization Release Prevented

This event determines if a revaporization release occurs late in '

the accident sequence significantly increasing the amount of

i

Amendment N
19.12-97 April 1, 1993

i

!
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| TO: Nick Saltos j

; USNRC - NRR |

j Mail Stop 10E4 |
Phone (301)504-1072 ;

'

Fax (301)504-2260
!

| !

| FROM: David Finnicum !
- ABB-CE :

| Phone (203)285-3926 |
I Fax (203)285-5881 i

:t j
i

XC: J. J. IIerbst (w/o)
'

r

R. E. Jaquith (w/o)
Adel El-Bassioni (NRC) |

;

J.1Ango Jr.(w/o) {
| F. L. Carpentino ;

j M. Jacob
'

i E. Jageler
' ;S;EZ.Ritterbusch;
i 9424 Files (w/o) -,

9612 files !
!

i

DATE: October 1,1993 ;

ir

; 1

)! NUMBER: OPS-93-0784

SUBJECT: Sunnlemental Response to Second Follow-on Ouestion For DSER Open item
19.1.2.1.1.3-1

j
. t

Per our discussions at our meeting on September 2, I am providmg you with a supplemental |
response to the second follow-on question for DSER open item 19.1.2.1.1.3-1. This !

2response provides the results of an evaluation of peak clad temperature for an 0.03 ft
,

j

medium LOCA. This analysis demonstrates that the peak clad temperture at the hot node in
the core does not exceed 2200 degrees F. If you have any questions on this information,
please call me at (293)285-3926.

.

W

! Page1 of 9
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I

DSER Open Item 19.1.2.1.1.3-1
I
IIssue: Low-end of a Medium LOCA Break Size Sufficient for Decay Heat Removal Via the

Break Only.

CE Fax #: OPS-93-0581 (Subject: Response to RAI on DSEh Open Item 19.1.2.1.1.3-1;
Dated 7-22-93){See also OPS-93-0631, Dated August 23,1993} |

|

NRC Comments and Followup Ouestions: CE's transient analysis indicates that the reactor I

core is uncovered to a depth of approxiniately 6 inches for approximately 7 minutes. CE ;-

interpreis this result as showing that adequate core heat removal can be achieved via the
break so that secondary heat removal is not required. Ilowever, the staff believes that
additiomt information is needed to make this determination. In PRA analyses, it is assumed
that a core damage has occurred if part of the active fuel has been uncovered and a fuel
cladding temperature of 2200 deg. F or higher is reached in any node of the core (see EPRI
URD App. A, Vol. II, PRA Key Assumptions and Groundrules). Since a part of the active
core is uncovered in this transient analysis, the next step should be to estimate clad
temperatures vs time in order to determine whether or not core damage must be assumed in
the PRA. The final determination should be made by taking into account, in addition to the
maximum estimated clad temperature, also uncenainties in the calculations and models (part
of best estimate computer code) as well as the values of the operating parameters used in the
best estimate thermal-hydraulic transient analysis.

Supplemental Response: ABB-CE had performed a best-estimate tiansient analysis for a
0.03 ft medium LOCA to demonstrate that secondary side heat removal via delivery of main2

or emergency feedwater was not required to prevent core damage. For this best estimate
transient analysis, it was assumed that the normal control systems were in automatic and
functioning properly immediately prior to the initiation of the transient. Therefore, the initial
RCS pressure was 2250 psia, the initial pressurizer level was 26 ft., the initial steam
generator level was 40.46 ft., and the initial steam generator pressure was 1000 psia. At
T=0, an 0.03 ft RCS break was initiated. Reactor trip occurred almost immediately.2

Main Feedwater was terminated on reactor trip and all emergency feedwater pumps were
disabled. All but one of the safety injection pumps were also disabled. Thus, only one
safety injection pump was available to respond to this accident. The analysis showed that the
core uncovered slightly, staning at about 600 seconds. The uncovery lasted for about 1800
seconds with a maximum depth of uncovery of about 1.6 feet. Based on a review of the
small LOCA analyses in section 6.3.3.3 of CESSAR-DC, ABB-CE concluded that there )
would be adequate cooling to prevent the peak clad temperature from exceeding 2200 degrees !

F at the hottest node in the core. |
1

On September 2,1993, ABB-CE and the NRC held a meeting in Windsor to discuss the
System 80+ PRA. During this meeting, the NRC indicated that they felt there were enough
differences between the small break LOCA cases presented in section 6.3.3.3 of CESSAR-
DC and the 0.03 ft medium LOCA case presented above that the NRC could not positively2

conclude that peak cladding temperature would not exceed 2200 degrees F during the core
1

l

|
1

I
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4

uncovery. ABB-CE agreed to run an analysis of the peak cladding temperature for the 0.03
2ft medium LOCA.

I
In preparing to mn the hot rod cladding temperature analysis, it was determined that a more i

conservative break location and scenario could be selected for the analysis. In the initial |
analysis, the selected break was a 0.03 ft break in the bottom of the hot leg. For this break,2

two of the four RCPs were tripped and two were ieft running. The analyses presented in
section 6 of CESSAR-DC show that cold leg breaks for which the RCPs are tripped at the
time of reactor trip are limiting. Hot leg breaks are more advantageous because they have I

no injection flow spillage and better steam venting through the break. Keeping the pumps
running provides a short term inventory distribution advantage by keeping the core supplied
with inventory. Therefore, a new 0.03 ft medium LOCA analysis was performed. This2

analysis was for an 0.03 ft break in the bottom of the cold leg. Consistent with the chapter2

6 analyses, all four RCPs were tripped at the time of reactor trip It was assumed that the
normal control systems were in automatic and functioning properly immediately prior to the
initiation of the transient. Therefore, the initial RCS pressure was 2250 psia, the initial
pressurizer level was 26 ft., the initial steam generator level was 40.46 ft., and the initial
steam generator pressure was 1000 psia. Main Feedwater was terminated on reactor trip and
all emergency feedwater pumps were disabled. All but one of the safety injection pumps
were also disabled. Thus, only one safety injection pump was available to respond to this
accident. This is conservative with respect to the section 6 analyses which credit two HPSI
pumps for all medium break LOCAs except for a DVI line break for which only one HPSI
pump is credited. For licensing LOCA analyses, the worst single failure, given the
assumption of a loss of offsite power, is the failure of one diesel generator which disables
two Injection pumps. Thus, for most LOCAs, two Injection pumps are available to respond
to the LOCA. However, for a DVI line break, it is assumed that the break occurs in the |

DVI line for one of the two opcotiag injection pumps and that the flow from that pump is I

lost out the break. Thus, only one Injection pump can deliver flow to the RCS. The DVI
lines are 5 feet higher than the cold legs. Given that only one Injection pump is credited, the
cold leg break used for this analysis is more limiting than the DVI line break because it is
lower and thus results in more coolant inventory loss.

2The results of this new 0.03 ft medium LOCA analysis show that the core initially uncovers
at about 1800 seconds and recovers at about 5200 seconds. The total uncovery time was
about 3400 seconds. The maximum uncovery depth was about 2.5 feet. (See attached

,

figure 3. In this plot, the 0 foot level is set as 1.5 feet below the bottom of the active fuel i

and the top of the core is at 14 feet.)

2After the transient analysis was completed for the 0.03 ft cold leg break, a hot rod cladding
temperature analysis was performed to determine the peak fuel cladding temperature at the
hot spot in the core. The following pages provide a description of that analysis and the
results of the analysis. This analysis shows that the peak cladding ter7 Tature at the hottest
node does not exceed 1100 degrees F. j

|

. - .
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ANALYSIS OF FUEL ROD CLADDING TEh1PERATURE RESPONSE FOR AN 0.03 FT2
SBLOCA

1

PURPOSE

This System 80+ analysis calculates the fuel rod cladding temperature response for a
2SBLOCA transient with a break area of 0.03 ft in the RCP discharge leg. This SBLOCA is

specified to be the smallest break size not dependent on auxiliary feedwater delivery to the
steam generator secondary heat sink to mitigate the consequences of the accident with one
ECCS safety injection deliveg train available. The core pressure, reactor vessel two-phase
mixture level, reactor vessel liquid mass, and the core power are used as boundary conditions
for this hot rod peak cladding temperature (PCT) calculation. The purpose of this analysis is
to show that the calculated fuel rod response for this transient does not exceed the ECCS
Acceptance Criteria of 10CFR50.46.

COMPUTER CODES

The fuel cladding temperatures are calculated using the PARCH /REh1 computer code.
PARCH / REM is part of the ABB-CE Small Break LOCA Realistic Evaluation Model or
REM. The REM is designed for NSSS licensing calculations in the context of the September
16, 1988 revision of the ECCS Rule (10CFR50.46). The PARCH / REM code is a second-
generation successor to the 1974 EM version of the PARCH code, specifically modified to
perform realistic fuel rod temperature calculations for a SBLOCA transient. The REM !
version of PARCH is documented in CEN-373-P Vol.1, which was submitted to NRC for ;

review in April 1988, and is re-documented in CEN-420-P Vol.1 Pt.1, which was submitted
to NRC for review in February 1993.

1

The PARCH / REM model evaluates on a closed channel basis the hot rod peak cladding
'

temperatures and local oxidation percentages using boundary conditions supplied by a
ithermal-hydraulics NSSS model such as CEFLASH-4AS/ REM or CENTS. The code solves

the one-dimensional radial conduction equation for the fuel pellet, gap, and cladding at
different axial positions along the fuel rod. The fuel rod model includes variable gap
conductance as well as cladding swelling and rupture. The heat transfer correlations cover
the forced convection and pool boiling regimes.

The mechanisms for convective heat transfer for the uncovered fuel rod are pool boiling
below the two-phase fluid surface and convection and radiation to steam above the two-phase
fluid surface. The mass flow rate of steam in the steam region is determmed from the
boiloff and flashing rates from the two-phase region computed for the average rod in the fuel
rod assembly. Therefore, the steam flow rate calculated in PARCH / REM for cooling the hot
rod represents the fuel assembly average steaming rate. An energy balance is performed

*

over the steam region of the hot rod assuming no radial mixing and an axially uniform steam
distribution. The cladding temperature during the boiloff time period is calculated using a
three region radial conduction model for the fuel pellet, gap, and cladding. |

The core pressure, reactor vessel two-phase mixture level, reactor vessel liquid mass, and the

- - - - , .
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core power boundary conditions are provided by the CENTS thermal-hydraulic NSSS
systems transient simulation code. CENTS is an interactive simulator for PWRs based on
ABB CE's best-estimate, realistic, and licensing codes. CENTS is used for a wide variety of
transients and plant conditions ranging from operational maneuvers through accidents and
severe core uncovery. CENTS is documented in a series of topical reports and technical
users manuals, as CENPD-282-P, and was submitted in 1992 for NRC review as a licensing
tool.

INPUT PLANT PARAMETERS AND CONDITIONS

The input plant parameters and conditions for PARCII/ REM are calculated using the Limit
Value Approach (LVA). The LVA is documented in CEN-373-P Vol. 2, which was
submitted to NRC for review in December 1988. In the LVA, plant conditions and input
parameters with a significant effect on peak cladding temperature (PCT) are set
simultaneously at their Limit Value. The Limit Value is that value in the range of a
parameter which maximizes the PCT. The resulting Limit Value PCT is higher than a PCT
calculated with nominal (realistic) plant parameters. The Limit Value PCT includes all the
uncertainty due to plant conditions and input parameters by assuming all the adverse-bound
values of these parameters occur simultaneously instead of assuming a statistical distribution
(within their range) of the values of these parameters. The following plant conditions and
input parameters are represented using LVA: ,

Core Power - 3992 MWt. The core power Limit Value is the rated thermal power
plus 2% power to allow for calorimetric uncertainty.

Peak Linear Heat Generation Rate - 14.7 kw/ft. This value of PLHGR is increased
by 1 kw/ft over the specified maximum value (13.7 kw/ft) to cover uncertainty in the i

representation of the hottest rod in the core.

Decav Heat - 1979 ANS + 2 Sigma. A two sigma increase applied to the nominal
values of the decay heat fraction provides an upper bound of greater than 95%
probability.

Pin-to-Box Ratio - 1.0811. This input parameter sets the power of the assembly.
containing the hot rod for defining the steam flow rate during core uncovery. This is
the value for the time-in-life occurrence of peak power for the highest powered fuel
red.

Axial Power Shane - ASI = -0.3. This value represents the most negative axial l

shape index allowed. The most adverse axial power shape has the maximum pin peak i

power at the highest elevation uncovered during the transient. In the SBLOCA
analysis, this axial distribution is transformed, over time, into a somewhat flatter axial
distribution which is representative of decay heat production during the core boiloff
period of the transient. This Limit Value approach to def~ ming the axial power shape
produces an axial peaking factor of 1.629 at the 85% elevation from the bottom of the
core.

___.._ __. __ __ __
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2The boundary conditions for PARCH / REM are calculated for a 0.03 ft break in the bottom
'

of the cold leg using the CENTS code. The input plant parameters and conditions for
CENTS are nominal in all aspects except for the decay heat which, as described above, is
conservatively taken as the 1979 ANS decay heat plus two sigma. To conservatively bound
this scenario, the RCPs are tripped at the same time as reactor trip and steam generator
isolation. For cold leg break locations, this leads to the most limiting depth and duration of ,

core uncovery compared to other break locations where RCPs are allowed to continue
running. To further conservatively bound this scenario, only one HPSI pump delivery is
allowed. For S80+, HPSI delivery is by direct vessel injection. Therefore, even with single
failure conditions, two HPSIs would normally be credited for the cold leg break transient.

'RESULTS

The results of this PARCH / REM calculation are as follows:
Peak Cladding Temperature = 1051 "F
Peak I.ocal Cladding Oxidation Percentage = 0.299 %
Peak Core-Wide Cladding Oxidation Percentage = < 0.058 %

The cladding temperature transient for the hot spot (Node 21,100% elevation from bottom
of core) is shown in Figure 1. Figure 2 shows the cladding temperature transients for the
nodes below the hot spot (Node 17,80% elevation, Node 18,85% elevation, Node 19,90% <

elevation, and Node 20, 95% elevation). The core pressure, reactor vessel two-phase level,
reactor vessel liquid mass, and the core power used as boundary conditions are shown in
Figure 3.

As described above, the Limit Value PCT result includes the uncenainty due to plant
parameters and plant conditions. This temperature of 1051*F (including the uncertainties) is
well below the 2200 F limit on PCT prescribed by the Acceptance Criteria of 10CFR50.46.
Similarly, the peak local cladding oxidation percentage of 0.299% is well below the 17%
limit prescribed by 10CFR50.46. The REM uses the hot rod oxidation results as a
conservative indication of the core-wide oxidation. Based on this assumption, the peak core-
wide oxidation is less than the value based on the hot rod. The peak core-wide cladding
oxidation percentage of <0.058% is well below the 1% limit prescribed by 10CFR50.46.

J
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FAX
1

TO: Nick Saltos
USNRC - NRR
Mail Stop 10E4
Phone (301)504-1072
Fax (301)504-2260

FRO 31: David Finnicum
ABB-CE
Phone (203)285-3926
Fax (203)285-5881

XC: J. J. Herbst (w/o)
R. E. Jaquith (w/o)
Adel El-Bassioni (NRC)
J. Longo Jr.
S. E| Ritterbusch :
9424 Files
9612 files

DATE: October 7,1993

NU31BER: OPS-93-0814

SUBJECT: Transmittal of Supplemental Response to Follow-on Ouestion for DSER Open
Item 19.1.2.1.1.3-2

Per our discusions at our meeting of September 2, I am providing a supplemental response
to the follow-on question to DSER Open Item 19.1.2.1.1.3-2 as documented in your fax of
June 14,1993. This supplemental response provides addtional details on the initial
conditions for the transient analysis and some additional timing information. If you have any
questions on this information, please call me at (203)285-3926.

!
Page1 of 3 !

|

|

l
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DSER Open Item 19.1.2.1.1.3-2

NRC Comments and Follow-up Ouestions: This open item concerns the feasibility of
using the damaged steam generator for ASC to reduce RCS pressure below the SCS pump
shutoff head before the core is uncovered. It also requires an assessment of the radioactivity
release through the ADV during the cooldown period. ;

The applicant cited a few references in the updated System 80+ PRA (References 9-11 of !
System 80+ PRA) to argue that if ASC is initiated within about 15 minutes of an SGTR
event, the core will remain covered and the SCS can successfully provide RCS inventory

,

control. The applicant also used the analysis results performed in the PRA for a small '

LOCA evant as additionaljustification. As for the radioactivity release, the applicant used
the results in CESSAR-DC for a SGTR event with a loss of offsite power and stuck open,

'
ADV to argue that the radiological release for the present case would be within 10CFR100
limits. |

Although the accident events whose analysis results are used in the above arguements are not

| the same as that of interest here, they do seem to provide some relevant information for the ;
"

I issues raised here. IIowever, as can be seen from the referenced small LOCA analysis
| (Figure 1 of Response to Open Item 19.1 2.1.1.3-1), the water level in the core region drops
! to near the top of the active fuel soon after the RCPs are tripped. The top of the active fuel

remains barely covered throughout the rest of the transient even after the contents of the SITS
'

are discharged (at RCS pressure of about 600 psia and t=1100 seconds). This may not be a
big concern for a small LOCA event, but for an SGTR event, signincantly larger

| radioactivity may be released directly to the environment if pan of the core is uncovered, ;

! even for a short period of time. Furthennore, the performance of a damaged SG may not be |
as effective as an intact SG, the ASC used in an SGTR event may not be as effective as that

| in a small LOCA event, and it is likely that much longer time will be required for RCS
pressure to drop to 600 psia when the SITS can start to inject. The main concern, therefore,

;

is that whether the core can remain covered for the whole time period. To eliminate the !

| above concerns, an analysis specifically prepared for SGTR is desired. We also noted that,
based on Egure 3 (of the Response to Open Item 19.1.2.1.1.3-1), core exit Guid temperature
drops from 565 T to 415 T in about 17.5 minutes after ASC is staned. This raises the ;|
question about whether the reactor will become critical again.

'
The success of ASC for SGTR requires the operator to properly diagnose the need of ASC
and initiate ASC actions within about 15 minutes of accident initiation. The probability used
in the updated System 80+ PRA for the operator to fail to perform ACS for SGTR is 0.07.
Although SGTR recovery procedures were mentioned in the PRA, details of the procedures
(or whether the procedures had already been prepared), are not provided. Since ASC
involves actions that are contradictory to standard actions required for SGTR recovery (e.g., !

isolation), and also involves the opening of a release path of core radioactivity to the
environment, the SGTR recovery procedure must provide sufficient information for the
operator to make a correct and timely decision, consistent with the failure probability used in
the PRA. This point should be emphasized in the preparation of the procedure. From the i

data presented in the updated PRA, ASC seems to play a very important role in the t

;

: ,

._.
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determination of the total CDF of SGTR events. The leading SGTR sequence (SGTR-17)
| involves the failure of ASC. Its frequency of 2.73E-7/ year constitutes 95% of total SGTR
; CDF (2.87E-7/ year).
I

Resr>onse: ABB-CE provided an initial response to this follow-on question on August 26,
1993 via fax number OPS-93-0641. This response presented the results of a transient
analysis which demonstrated that if an aggressive secondary cooldown was initiated within 15
minutes of an SGTR with failure of Safety Injection (SI), the RCS could be successfully
depressurized to the point at which the SCS pumps could be used for injection without

,

uncovering the core. On September 2,1993, ABB-CE and the NRC met in Windsor to
discuss the System 80+ DSER PRA open items. At that time, the NRC requested that ABB-

|
i CE provide additional detail on initial conditions for the transient analysis and and some !

additional detail on the timing of the transient. ;

i

A best estimate transient analysis was performed to demonstrate that ASC could be |
successfully accomplished for an SGTR. For this analysis, it was assumed that the normal

'

.

control systems were in automatic and functioning properly immediately prior to the initiation
of the SGTR. Thus, normal operating parameters were at or near their normal setpoints.
Initial pressurizer pressure was 2252 psia and initial pressurizer level was 26.2 feet. Initial
steam generator pressure was 1017 psia and initial pressurizer level was 39.5 feet. The
initial cold leg temperature was 567 degrees F and the initial hot leg temperature was 621
degrees F. At time zero, a double ended guillotine break of one Steam Generator (SG) tube
was initiated. All four SI pumps were disabled and both charging pumps were disabled. .

At 771 seconds, the reactor tripped on low pressurizer pressure (1825 psia.). Within 5 i
;

seconds, the main feedwater ramped back to 5% flow with flow being delivered to both
steam generators. The Turbine Bypass Control System opened the Turbine Bypass Valves to I

deliver steam from both SGs to the condenser. At 780 seconds, the pressurizer drained. At
1200 seconds, a manual MSIS was generated and the steam lines from both generators were
isolated. This terminated Turbine Bypass steam flow. At this time one ADV on each steam ;

generator was opened. Five percent feedwater flow was delivered to both steam generators. p"
(This is equivalent to the flow from one EFW pump per generator.) At 1240 seconds, two
RCPs were manually tripped per procedures due to low RCS pressure (< 1200 psia). At !
1270 seconds, Reactor Vessel Upper IIead (RVUll) void formation began and at 1670 i

seconds, the hot leg saturated. At 1680 seconds, the RVUII was empty and the reactor ;,,

vessel node began to void. At about 2400 seconds the lowest level in the reactor vessel,
,

approximately 28 feet, was reached At this time the RCS pressure reached 600 psi and the
,

SITS began to inject. All four SITS were assumed to be available for injection. The reactor d
vessel level was recovered and subcooling in the hotleg was regained at about 2600 seconds. 1

l
The radioactivity released during the transient was calculated using the standard chapter 15 j
dose calculation methodology and and the conservative assumptions used for the SGTR dose i

calculation for chapter 15. The calculated 2 hour GIS thyroid dose was 15 Rem and the
whole body dose was 0.585 Rem. The calculated 2 hour PIS thyroid dose was 43.7 Rem [
and the PIS whole body dose was 0.5 Rcm.. Both of these calculated releases are well~

within the 10CFR100 limit of 300 Rem..
!

_ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _
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FAX

To: Nick Saltos
USNRC - NRR
Mail Stop 10E4
Phone (301)504-1072
Fax (301)504-2260

,

FROM: David Finnicum
ABB-CE
Phone (203)285-3926
Fax (203)285-5881

XC: J. J. IIerbst (w/o)
R. E. Jaquith (w/o)
Adel El-Bassioni (NRC)
J. Iengo Jr.(w/o)
S. E. Ritterbusch
9424 Files (w/o)
9612 files

DATE: October 11, 1993

NL31BER: OPS-93-0818

SUBJECT: Responses to Requests for Additional Information (RAIs) Related to the PRA-
Based Seismic Margins Analysis (SMA)

I am providing you with ABB-CE's response to RAI 8 related to the PRA-Based Seismic
Margin Assesment as documented in your fax of August 31,1993. If you have any
questions on this information, please call me at (203)285-3926.

Page 1 of 3
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Ouestion 8: It is stated in the submitted analysis that although the HCLPFs for some SSCs
were assessed to be less than 0.6g, a design commitment is made by CE to achieve HCLPF
values of at least 0.6g. It is clear that a failure to achieve this goal would result in a plant

'

HCLPF lower than 0.6g. Please indicate how this goal can be achieved. For each SSC that
a design commitment is made, please provide a brief description of the physical parameters
and other characteristics that can be changed, as well as the way they can be changed, to
achieve the goal. For example, in recent meeti>gs with the NRC staff, CE indicated that
the design of the steel containment vessel will be modified to provide positive connection
between the vessel and the concrete base as well as the internal concrete structures Please
describe the failure mechanism that limits the steam generator supports HCLPF value to
0.6g. Are there any mexures being considered to prevent this failure mechanism and thus
increase the HCLPF value? Please use the results and insights drawn from this analysis as a
potential input to ITAAC, as applicable.

Response: In the initial guidance on Seismic Margins Assessments (SMAs) for advanced
light water reactors provided by the NRC staff, the staff indicated that a plant HCLPF of
0.6g was the required goal for advanced light water reactors. (Note: The commission
recently issued a policy statement that said that ALWRs would be required to demonstrate a|

plant HCLPF of 1.67 times the design basis earthquake of 0.3g. Thus, the plant HCLPF
required for ALWRs is 0.5g.) As indicated in the first SMA question of your fax of August
31, 1993, existing SMA guidance accepts the adequacy of the CDFM HCLPF when the
CDFM approach is used. In performing the SMA for System 80+, ABB-CE used the
CDFM approach for calculating HCLPF values for stmetures and components. The HCLPF
values for the systems and the overall plant HCLPF were calculated using the min-max
approach consistent with use of the CDFM HCLPF values. It is ABB-CE's intent to
demonstrate compliance with the NRC's HCLPF goal for advanced light water reactors based
on the CDFM HCLPF values and all design commitments were based on CDFM HCLPF
values. Because ABB-CE wanted to maintain the capability to extend the PRA-based SMA
to a full seismic PRA in the future, HCLPFw values were calculated from the CDFM
HCLPF value for each component and structure and the results of the SMA were presented
in terms of the HCLPFw values. The HCLPFw values are a factor of 1.2 lower than the
CDFM HCLPF values.

The dominant seismic failure mode for the containment was seismically induced
slipping / overturning. ABB-CE made a design commitment to achieve a HCLPF of at least
0.6g by providing a positive connection between the containment shell and the concrete
embedment. It was intended that this commitment was to achieve a CDFM HCLPF of 0.6g.
Three design alternatives, including Nelson studs and shear bars, were considered.
Preliminary evaluations indicated that all three options would provide a CDFM HCLPF of
greater than 0.6g for seismically induced slipping / overturning of the containment shell. The
option that was selected was to install shear bars on the containment shell. The CDFM
HCLPF calculated for the containment structure with the addition of the shear bars is 0.73g.
The HCLPFw value is 0.61g. Thus, the design commitment was met by addition of the
shear bars.

.
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The initial IICLPFw value calculated for the steam generator supports was 0.56g . This was
based on a CDFM IICLPF of 0.67g. The dominant failure mode was seismically induced !

I failure of the SG snubber lever assembly. The calculated llCLPF value was based on the |
'

'strength of a snubber assemby procured for an existing System 80 plant. The liCLPF value
has been recalculated based on additional information for the SG snubber. The most recent
CDFM IICLPF calculated for the SG is 0.73g. The llCLPFw value is 0.61g. Thus, the SG
supports meet the design commintment. ;
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FAX |,

|

! i

i To: Buck Saltos |

| USNRC - NRR
Mail Stop 10E4 ,

1 Phone (301)504-1072 ;

Fax (301)SO4-2260 i

:

FROx: Eric Siqpnann
i

ABB-CE '

Phone (203)285-2958 e

] Fax (203)285-5881 ;
;

XC: J. J. Herbst (w/o) |
2

R. E. Jaquith (w/o)
| Adel El-Bassioni (NRC)
j D. J. Finnicum j

J. Longo Jr..,
"

S. E. Ritterbusch |
: 9424 Files

9612 files

DATE: October 13, 1993<
<

NUMBER: OPS-93-0825
,

j

SUBJECT: Transmittal of Resoonse to Follow-on Ouestion for DSER
'

i ODen Item 19.1.2.3-1 ;
i

!

i I am sending you ABB-CE's response to the follow-on question for
DSER Confirmatory Item 19.1.2.3-1. This response is consistant I

with our discussions of 10/5/93. If you have any additional '

] questions on this item, please call me at (203)285-2958. |
,

I

1

-

;
;

!

(Page 1 of 14)
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CESSARnah m

D. The concept of defense in depth applies to shutdown modes as
well as Mode 1. The more ways that the operator can maintain

_, coolant inventory and remove decay heat, the lower the risk.
- The presence of SIS capability in shutdown is an example ofd''"' 'yy added defense in depth.~

- ---g
'~ s of DHR Insichts

3pbPJ1

$ A. Reduced inventory is the most critical operation. The
operator should be aware of this and plant activities should
be scheduled accordingly. Use of nozzle dams is encouraged as
a method of limiting the time spent in this mode.

B. The operator must have procedures and training to align the
SCS train to the IRWST and use it to makeup inventory or do a
feed and bleed operation.

C. Failure of the standby SCS train for either DHR or feed
operation is dominated by f ailure of control valves and MOVs.
An aggressive valve testing and maintenance program on the SCS
and CSS would reduce shutdown risk.

D. The use of the CVCS system to makeup inventory is an important
recovery action in reduced inventory operatien. It also acts
as a temporary (about 12 hours) cooling technique. The
operator should have procedures and training on its use.

E. Safety injection for feed and bleed is an important DHR method
in shutdown modes. Having two of the four SIS trains
available during most shutdown modes is an important new
technical specification.

F. The CSS pumps are designed as an installed spare to the SCS.
The operator must have procedures and training on its
alignment and operation. Again, valve maintenance and testing
is important for shutdown risk reduction.

LOCA Insichts

A. SCS feed is an important makeup method for a LOCA. Training'

and procedures are required.

B. The dominant failure mode for SCS feed is failure of control
valves and MOVs. A valve maintenance program is important.

C. . Safety injection using the SIS is important for LOCAs. Since
manual actuation is required, training and procedures are
required.

,

|

D. The CVCS system is another important makeup method that should
be available with training and procedures.

Amendment M
19.8-3 March 15, 1993

_- -_____________ _
-~



.

)
l

DSER Open Item 19.1.2.3-1

Issue: Submit Risk Analysis For Shutdown And Low Power Operation

CE Submittal:Amm. M to CESSAR; Includes Response to staff RAIs on
,

the risk analysis for shutdown and low power operation and i

submittal of revised analysis; Dated 3-15-93

NRC Comments And Follow-up Ouestion:
|

|

Ouestion 5. The shutdown flood analysis addresses only the |
floods that are the result of LOCAs. With the reduced redundancy '

and the impact of shutdown related activities on the operability
of flood barriers, floods from sources other than the primary
system should be incorporated into the shutdown flood analysis.

|

REVISED RESPONSE 5. As noted in the assumptions (Page 19.8-39),
great care has been taken in the design of the plant to minimize,

flood potential. Secondary flooding sources located in the
turbine building are confined to that building. Station service
water and component cooling water heat exchangers are located
outside of the nuclear annex. These and other features limit the 1

volume of water available in the nuclear annex. These features
'

have been added to Section 19.15, assumptions and insights.

,

The following insights (Insert 6) will be added to the general
insights in Section 19.8.1.2:

F. There are two trains of SCS and it is important that the COL
applicant maintains a configuration management system for
maintenance activities on the SCS and its support systems.
Configuration control is important because all plant risks,
all accidents and incidents, and all accident precursors
arise because of critical configurations which have
occurred. If configurations were managed so that critical,
high-risk configurations did not occur, then the risks would
be small and accidents or incidents would occur rarely.
Table 19.8.3.1-4 (developed from the more extended
dependency Table 19.6.1-1) is an example of the systems that
support each SCS train. The COL applicant should identify
the systems, structures and components (SSCs) that support
DHR (as well as other safety functions). The COL applicant
should consider the overall effect of removing SSCs
identified above from service on the DHR safety functt.on.
The COL applicant should limit normal maintenance on
combinations of equipment so that an additional single or
common cause failure would not cause total loss of DHR. A
configuration management system should help to insure the
availability of the standby SCS.



|

9

G. If one train is lost because of fire, flood, of random
component failure, it is important that the other train have
the highest possible availability. The COL applicant should
develop procedures and a configuration management strategy
to handle the period of time when one of the two DHR paths
is unavailable. In this case (a technical specification I

violation) the operator should suspend the maintenance and |
testing activities on equipment that support the operating |
SCS train. Given failure of one train, the operator should '

restore any systems that support the other train and are out
for maintenance.

|
:
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TABLE 19.8.3.1-4

EXAMPLE OF SYSTEM DEPENDENCIES FOR THE suuruviism COOLING SISTEM

j SSC TRAIN 1 SSC TRAIN 2

4.16 KV SAS201 4.14 KV SBS201'

480 V MCC TRAIN A 480 V MCC TRAIN B
480 V MCC TRAIN C 480 V MCC TRAIN D'

125 VDC SA0801 125 VDC SB0801 ,

CCWS TRAIN 1A or 1B CCWS TRAIN 2A or 2B ,

j SIS TRN 1 (DVI VALVES) SIS TRN 2 (DVI VALVES) |
!IRWST (SOURCE, INJEC.) IRWST (SOURCE, INJECTION)

IRWST (COOLING CAPAB.) IRWST (COOLING CAPAB.)2

CSS TRAIN 1 (PUMP *) CSS TRAIN 2 (PUMP *)-

!

. (SUPPORTING CCWS 1A) (SUPPOPTING CCWS 2A)
1 4.16 KV SAS201 4.16 KV SBS201 ,

125 VDC SA0801 125 VDC SB0801
480 V MCC TRAIN X 480 V MCC TRAIN Y
SSWS TRAIN 1A or 1B SSWS TRAIN 2A or 2B

(SUPPOPTING CCWS 1B) (SUPPORTING CCWS 2B) !
'

4.16 KV SCS210 4.16 KV SDS201
| 125 VDC SC0801 125VDC SD0801 i
' 480 V MCC TRAIN X 480 V MCC TRAIN Y

SSWS TRAIN 1A or 1B SSWS TRAIN 2A or 2B

(SUPPORTING SSWS 1A) (SUPPOPTING SSWS 2A) i

4.16 KV SAS201 4.16 KV SBS201
125 VDC SA0801 125 VDC SB0801 j

!

(SUPPOPTING SSWS 1B) (SUPPORTING SSWS 2B) i

4.16 KV SCS210 4.16 KV SDS201
125 VDC SC0801 125 VDC SD0801

DG1 or SBAC DG2 or SBAC

*

The CSS pump can be used interchangeable with the SCS'

pump.,

i

|

,.. _ _. .
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K. Flood protection is also incorporated into the Component
Cooling Water Heat Exchanger Building and Station Service ,

Water Structure. These structures are divisional separated by e

walls such that a flood in one division cannot flood the other ;

division. !

These design features assure that the risk associated with floods
is minimal.

In the shutdown mode, the initiating events and associated core
damage scenarios which are the dominant contributors to risk are
the Loss of Decay Heat Removal and Loss of Coolant Accident

'

scenarios addressed in Sections 19.8.4.1 and 19.8.4.2,
respectively.

Based on the drasign features described above, the separation and i
flooding protection afforded individual shutdown system trains is ;
such that the dominant flooding risk scenario is one in which the
flood originates in the operating train of the SCS. This event
causes both a loss of the decay beat removal and a loss of RCS
inventory.

'

The frequency of core damage associated with all LOCA scenarios, as
calculated in Section 19.8.4.2, was found to be 1.35E-7 per i

calendar year. Using the LOCA frequency information provided in ;V BNL Coarse Screening Analysis 21, it was determined that
'

,

'

approximately 61% of the H, J, and K LOCA events originated in the
,

! SCs. Applying this 'information to the IDCA core damage frequency
from Section 19.8.4.2, the flooding core damage frequency
contribution is approximately 8.2E-08.

- ,%
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The following section (Insert 7) will be added to Section j
19.8.4.4, Page 19.8-41. !

NON-LOCA FLOOD SOURCES DURING SHUTDOWN OPERATION |

I
The System 80+ design empharizes the elimination and minimization i
of potential flood sources within safety-related areas as a means ;

of flood protection. The station service water system and the i
3 component cooling heat exchangers used to remove decay heat from i

the RCS are located outside the Nuclear Annex. The condenser '

Circulating Water System is also located outside the Nuclear
Annex. The location of these major sources of water to outside j

,

the Nuclear Annex reduces in-plant cooling water to a limited '

volume which can be easily accommodated to limit the extent of i
flooding during shutdown operations. The water systems within :
the Nuclear Annex are closed systems with a define volume of !

water. These water systems are located below elevation 70+0,
with the exception of the Chilled Water System which is located
at elevation 70+0. A major flood protection design feature of ;

i the System 80+ design is the divisional wall below elevation 70+0 t

which prevents flood waters from migrating to the opposite ;

division. This prevent a flood in one division from affecting :
the other division of safety systems. There are no openings in i

the division wall.

| The non-LOCA internal flood sources that were identified during
] power operation are also the sources within the Nuclear Annex

!
1 during shutdown operations. The potential flood sources and the ;

description of the flood zones are described below. '

The following internal flood sources were determined to have the
{potential for release within the Nuclear Island:
j

,

Flood Source
Volume

,

Component Cooling Water System (CCWS) 24,700 ft3
i

| Incontainment Refueling Water Storage Tank (IRWST) 72,958 ft' '

Emergency Feedwater System (EFWS) 46,785 ft )3

Fire Protection System (FPS) 80,203 ft |
3

3 'Chemical and Volume Control System (CVCS) 161.075 ft|

3TOTAL VOLUME 385,721 ft

The volumes of the internal flood sources were determined base on
] the following:

CCWS - This volume is the estimated volume of water contained
J in one division of CCWS

IRWST - This volume is based on the normal operating water
volume of 545,800 gallons from CESSAR-DC Table 6.8-1.

4

|
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EFWS - This volume is based on the volume of water contained
in one EFW tank, 350,000 gallons, from CESSAR-DC Table
10.4.9-1.

This volume is base on the volume of the fireFPS -

protection water supply tanks, 600,000 gallons, as
given in CESSAR-DC Section 9.5.1. It is assumed the
contents of the FPS piping does not significantly add
to the volume of water contained in the tanks due to
preaction valves which limit the amount of water
contained within the system piping.

CVCS - This volume is based on the combined estimated volume
of the Holdup Tank (525,000 gallons), Boric Acid
Storage Tank (180,000 gallons), and the Reactor Makeup
Water Tank (500,000 gallons). Actual internal volumes
of these tanks as given in CESSAR-DC Table 9.3.4-4 are
less than or equal to the estimated volumes. The
volume of the water contained within CVCS piping was
considered insignificant as compared to the combined
volume of water in the tanks since it is highly
unlikely that a pipe break in the CVCS would cause all
three tanks to simultaneously drain to the Nuclear
Island.

The following are the flood zone free volumes based on the
general arrangement drawing of elevation 50+0 and assuming 50% of
each flood zone's total volume is taken up equipment, internal
walls, structures, etc.

Flood Zone
Volume

I. Diesel Generator Area (DGA)
335,496 ft

II. Control Complex Area (CCA) -

3134,071 ft
III. Fuel Handling Area (FHA)

3236,560 ft
IV. Reactor Building Subsphere Area (RBSA)

361,512 ft
V. Emergency Feedwater Pump Room (EFWPR)

5,014 ft
VI. Chemical and Volume Control System Area (CVCSA)

3284,109 ft

Areas identical to the above flood zones due to symmetry were not
called out as separate flood zones since they have the same free
volume and internal flood sources (i.e., DGA, CCA, RBSA).

To further illustrate the free volume of the Nuclear Island below
elevation 70+0 by division, the volumes for each division are,

listed and totaled below:

_ ___-_ __ _
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i

Division I Free Volumes Division II Free
Volumes

3DGA 35,496 ft DGA 35,496 1

3ft i

3CCA 134,071 ft CCA 134,075 ;

3ft
3FHA 236,560 ft CVCSA 284,109

3ft
3RBSA 61,512 ft RBSA 61,512

3ft
3EFWPR (2) 10.028 ft EFWPR (2) 10.028

ft3
3Total 477,667 ft Total 525,216

ft3

A description of each flood zone and the potential internal flood
sources for each zone are described below:

Flood Zone I - Diesel Generator Area (DGA)

This zone contains one of the two emergency diesel generators and
its associated diesel generator support systems.

The Component Cooling Water System is considered the only
potential internal flood source for this zone since CCW is
supplied to the diesel generator support systems within the DGA
and is present during all modes of operation. Fire Protection
System water is excluded from the DGA by preaction valves located
outside the DGA flood barrier boundary. DGA flood barrier
integrity prevents other flood sources from entering the DGA.

Comparing the free volume of the DGA (35,496 ft ) and the volume3

3of the CCWS flood source (24,700 f t ) shows that the volume of
flood water is much less than the free volume of this flood zone.
Therefore, should there be a CCWS pipe break within the DGA, the
resulting flood water will be contained within the affected DGA
below elevation 70+0 an the emergency diesel generator in the
opposite division will be unaffected by this flood.

|

Flood Zone II - Control Comolex Area (CCA)
|

This zone contains the vital electrical distribution equipment,
vital batteries, vital instrumentation, and Instrument Air System
equipment. l

The Component Cooling Water System is considered the only
potential flood source for the CCA since CCW is supplied to the
instrument air compressors with the zone and is present during
all modes of operation. Fire Protection System Water is excluded
from the CCA by preaction valves located outside the CCA flood

|

|
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barrier boundary. CCA flood barrier integrity prevents other
flood sources from entering the CCA.

8
j Comparing the free volume of the CCA (134,071 ft ) and the volume

of the CCWS flood source (24,700 f t') shows that the volume of
flood water is significantly less than the free volume of this
flood zone. Therefore, should there be a CCWS pipe bread within
the CCA, the resulting flood water will be contained within the
affected CCA below elevation 70+0 and the electrical equipment in
the opposite division will be unaffected by this flood due to the
integrity of the divisional wall.

Flood Zone III - Fuel Handlina Area (FHA) >

,

This zone include a portion of the Reactor Building Subsphere and
the CVCS equipment area in Division I. Equipment located in this
zone includes a CVCS charging pump and miniflow heat exchanger, a
containment spray pump and heat exchanger, a safety injection
pump, the containment cooler condensate pumps and tanks, the CVCS *

chemical addition package, two component cooling water pumps and
various MCCs, MUXs, and panelboards.

The following are potential internal flood sources for the FHA
;

zone: ;

CCWS - The CCWS is a large source of water present in the FRA, ;
during all modes of operation. Based on the flood |

4

barrier arrangement and flood zone figure, the CCW !

pumps and suction lines are located within the FHA. In
the event of a break in this moderate energy piping
system within the FHA, the contents of one division of
the CCWS has the potential to empty and drain to
elevation 50+0. !

EFWS - The EFW tank in this division is a large source of
water present in the FHA during all modes of operation. -

In the event of a break in this moderate energy piping
system within the FHA, the volume of the EFW Tank in
this division has the potential to empty and drain to !

elevation 50+0.
,

FPS - The FPS is a potential source of water which could
| enter the Nuclear Annex through FPS piping located in i

the FHA. In the event of a break in the FPS piping '

within the FHA the volume of the two fire protection
water supply tanks has the potential to empty and drain
to elevation 50+0.

IRWST - Should there be a break in the Containment Spray System
or the Safety Injection System piping located in the
Subsphere quadrant located within this flood zone, the
contents of the IRWST has the potential to empty and

,

j

drain to elevation 50+0. |
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Comparing the FHA flood zone free volume (236,560 f t') to each of
the above potential internal flood source volumes shows that the
FHA free volume is considerably larger than any of the flood
source volumes. Therefore, flood water from either of the
applicable flood sources will be contained within the flood zone
below elevation 70+0 and the equipment in the opposite division
will be unaffected by the flood.

Flood Zone IV - Reactor Buildina SubsDhere Area (RBSA)

This zone excluded the turbine-driven emergency feedwater pump
room. Equipment located within this zone include a shutdown
cooling system pump, heat exchanger, and miniflow heat exchanger,
a safety injection pump, electrical panels, MUXs, and MCCs.

The following are potential internal flood sources for the RBSA
zone:

IRWST - Should there be a break in the Shutdown Cooling System ,

or the Safety Injection System piping located in this
subsphere quadrant, the contents of the IRWST has the
potential to empty and drain to elevation 50+0

,

FPS - The FPS is a potential source of water which could
enter the Reactor Building Subsphere through FPS piping i

located in the RBSA. In the event of a break in the
FPS piping within the RBSA, the volume of the two fire |
protection water supply tanks has the potential to
empty and drain to elevation 50+0.

3Comparing the free volume of the RBSA (61,512 f t ) to the '

internal flood source volumes for the IRWST (72,958 ft ) and the3

3FPS (80,203 ft ) reveals that the water volume of both flood
sources exceeds the free volume of the RBSA. Therefore, each of

,

the flood sources will completely fill the flood zone. Although '

the RBSA is shown to completely fill with the flood sources, |
flood water is restricted to the flood zone by the flood barriers ,

leaving the remaining three subsphere quadrants unaffected. '

t

Flood Zone V - Emeroency Feedwater Fumo Room (EFWPR)

This zone contains a motor-driven emergency feedwater pump. The j
motor-driven EFW pump room was chosen as a flood zone since it is

,

somewhat smaller in size to the turbine-driven EFW pump room. :

This flood zone will be considered typical of the four EFW pump
rooms.

The following are potential internal flood sources for the EFWPR:

EFWS - The EFWS suction lines are located in each EFW pump !

room creating a path for the EFW tanks to empty into
the room should there be a line break in this piping. ,

i

c

>
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FPS - The FPS is considered a potential source of water which
could flood the EFW pump room due to the presence of.

FPS piping within this flood zone.

Component Cooling Water is provided to the motor-drivenCCWS -

EFW pups and is therefore present within this flood-

zone during all modes of operation.

3Comparing the free volume of the EFWPR (5,014 ft ) to the
internal flood source volumes shows that this flood zone will
completely fill with each flood source considered. However, the !
flood barriers will confine flood waters to the room. The |

remaining EFW pump in the division as well as the two EFW pump in
the opposite division will be unaffected. j

Flood Zone VI - Chemical and Volume Control System Area (CVCSA)
i i

This flood zone contains much of the CVCS equipment including one
'

,

of the CVCS charging pumps and its miniflow heat exchanger. Also
,

included with this zone are the division II CCW pumps, a
; containment spray pump and heat exchanger, a safety injection
; pump, various electrical panels, MCCs, and MUXs. i

;

The following are potential flood sources for the CVCSA:
,

The CCWS is a large source of water present in theCCWS -
;

' CVCSA, during all modes of operation. Based on the ;
'

flood barrier arrangement and flood zone figure, the
CCW pumps and suction lines are located within this
flood zone. In the event of a break in this moderate

7

energy piping system within the zone, the contents of ;
'

one division of CCWS has the potential to empty and
drain to elevation 50+0. ;

;

EFWS - The EFWS Tank in this division is a large source of
water present in the CVCSA during all nodes of i

operation. In the event of a break in this moderate
energy piping system within this flood zone, the volume
of the EFW Tank in this division has the potential to
empty and drain to elevation 50+0. j

IRWST - Should there be a break in the Containment spray System !

or the Safety Injection System piping located in the
Subsphere quadrant within this flood zone, the contents
of the IRWST has the potential to empty and drain to
elevation 50+0.

;

PFS - The FPS is a potential source of water which could4

i enter the Nuclear Annex through FPS piping located in
the CVCSA. In the event of a break in the FPS piping
within this flood zone the volume of the two fire
protection water supply tanks has the potential to
empty and drain to elevation 50+0.



CVCS - The volume of the CVCS Tanks is assumed to be a
potential source of water which could enter the Nuclear
Annex through CVCS piping located throughout the CVCS
Area, including upper elevations. For conservatism it
is assumed the volume of the three largest tanks of the
CVCS (Holdup Tank, Boric Acid Storage Tank, and Reactor

,

Makeup Water Tank) are combined and drained to i

elevation 50+0 in the CVCS Area.

3Comparing the free volume of the CVCS Area (284,109 f t ) to each i

of the potential internal flood source volumes shows that the
'

flood source volumes are significantly less than the free volume
of this flood zone. Therefore, flood water from either of the
applicable flood sources will be contained within the flood zone
below elevation 70+0 and the equipment in the opposite division
will be unaffected.

In looking at the estimated total free volume of each System 80+
division below elevation 70+0 (approximately 477,667 ft in

3division I and 525,216 ft in division II), and comparing it to
3the total volume of the potential flood sources (385,521 f t ) , it

is evident that the Nuclear Island is of sufficient size to
contain any of the postulated internal flood sources within a
single division below elevation 70+0.

The frequency of loss of decay heat removal during shutdown
operation is based on operating experienceGU and includes all
events that lead directly to loss of decay heat removal. A
review of the events reported in Reference (21) shows that there
were no non-LOCA flooding events that caused loss of decay heat
removal. Based on zero events and approximately 1000 years of
Pressurized Water Reactor (PWR) operation through the end of
1992, the estimated frequency of a non-LOCA flood is 7.0E-04 per
year. Assuming an average capacity factor of 70% for all PWRs,
the estimated frequency of non-LOCA flood during shutdown

,

operation is approximately 2.3E-03 per year (7. 0E-04 + 0. 3) . This j
frequency is small in comparison to the total frequency (0.12 per
yearan) for loss of decay heat removal. Several design features
are incorporated into the System 80+ design to prevent non-LOCA
flooding that would cause a loss of decay heat removal during
shutdown operation. These include the location of major safety
related flooding sources outside the Nuclear Annex and the
divisional wall that separates redundant safety related
equipment. The major safety related flooding sources include the
Station Service Water System and Component Cooling Water heat
exchangers. All water systems within the Nuclear Annex are of
limited volume that can be contained within the flood zone.
Because there are two redundant divisions of SCS and the
divisions are separated by the divisional flood wall, a non-LOCA
flood would affect only the SCS division in which the flood
originated.

.
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The COL applicant will provide a detailed flood analysis to '

verify the assumptions and results of this preliminary analysis.

i

|
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DATE: October 14, 1993

q NUMBER: OPS-93-0826
i

SUBJECT: Transmittal ofInformation on CENTS;

At our meeting on October 4,1993, Mr. Ruben asked tha: ABB-CE provide some
; information on the CENTS code. The CENTS (Combustion Engineering Nuclear Transient
i Simulator) code is the code used for verifying selected success criteria for the System 80+

PRA. CENTS was selected because it is ABB-CE's best-estimate realistic transient analysis
code. CENTS is a real time-interactive computer code that can simulate NSSS behavior for

,

a wide range of conditions, from normal operation to severe accidents with significant two-
phase, including core uncovery. Models are provided for the core, the primary system , the
secondary system and the control systems. In general, in terms of complexity and
completeness, the CENTS models are comparable to those in the industry's advanced plant
simulation and design codes. CENTS is the basis for ABB-CE's full scope plant
simulators. It has been benchmarked against the CEFLASH-4AS code and against plant
data. I am attaching a brochure and several papers which describe CENTS and some of'its
applications. If you have any questions on this information, please call me at (203)285-3926.

i
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CENTS

Qombustion Engineering Huclear Transient Simulator

ABSTRACT

The CENTS Nuclear Plant Analyzer (NPA) is an interactive simulator for nuclear
power plants having a pressurized water reactor (PWR) design. CENTS is based on
Combustion Engineering's best-estimate design and licensing codes. It combines
the high fidelity and first-principles rigor of these codes with a user-friendly
interactive environment that makes it easy to learn and use on computer
engineering workstations. The code provides real time simulation with live
graphics, sophisticated probing and control capabilities for the user, and
extensive but flexible input / output and display interfaces.

CENTS is designed to be a versatile, high-fidelity simulation tool for use by the
nuclear power industry's engineering, operations and training organizations. It
may be used to simulate a wide variety of transients and plant conditions,
ranging from operational maneuvers through multiple malfunctions, accidents and
severe core uncovery.

CENTS applications include realistic engineering analyses for emergency response
drills, procedures development and training; assessment of revisions to design,
technical specifications, controls and instrumentation; full-scope simulator
upgrades and validation. CENTS is also ready for submittal for NRC approval, for
licensed safety analyses.

2
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1.0 EXECUTIVE SUMMARY

One of the major lessons learned in the past decade is that nuclear power plant
personnel need a versatile engineering tool that can accurately represent the
plant for a variety of applications related to design, training, operation, and ;event mitigation. The CENTS Nuclear Plant Analyzer
high-fidelity, user friendly, complete nuclear power (NPA) is an interactive, ;

plant simulation code for |use by utility engineering, operations and training cersonnel.
|

CENTS runs interactively faster than real time on a desktop computer workstation.
It features a full set of simulation software, and is based on models developed '

by C-E for its design codes. State-of-the-art mathematical methods enable the '

design models to run fast while maintaining high fidelity and to accommodate a
wide spectrum of design basis events. CENTS provides a higher degree of fidelitythan existing simulation models. It can model any pressurized water reactor.
Its models include three-dimensional core neutronics, core thermal-hydraulics, a
two-phase primary system, the steam generator secondary system, protective and
relief systems, versatile control systems that can be made as simple or as

,

iintricate as desired, and a fully interactive user interface. CENTS also '

features a plant mimic with live parameter displays and live plotting 4

capabilities, both of which are invaluable for plant response assessment during a !transient simulation.
t

The first-principles models in CENTS provide excellent fidelity to actual plant
behavior and reveal the detailed interactions between components. CENTS may beused to. ,

,

1. Assess the impact on overall plant performance and safety margin from :
control system interactions, design parameters, design features, design !changes, and system interactions;

i

!2. Provide contingency analysis results for potential events using optional
recovery paths to mitigate the consequences of malfunctions and postulated

,

!accidents;
,

t

3. Aid in developing and assessing plant procedures and operating strategies;
4. Provide a training tool for reactor operators and other plant personnel;

I 5. Evaluate and validate existing full-scope simulators that use less accurate
models;

6. De~elop data for Emergency Response Drill scenarios;

7. Perform licensed safety analyses, pending approval by the U.S. Nuclear
Regulatory Commission.

!
|

|
| i

, - a
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2.0 CODE DESCRIPTION

Background information, model descriptions, and the features and benefits of
CENTS are provided in Sections 2.1, 2.2 and 2.3, respectively. A list of keycode features is provided in Table 1. The features and capabilities of CENTS are
products of C-E's experience in the development of design and simulation codes.

CENTS is an interactive, high-fidelity, user friendly, nuclear power plant
simulation code. It models the plant as depicted in Figure 1, including the core
(heat transfer and neutronics), primary system, secondary system through the

,

turbine admission valves, and the associated safety, relief and control systems.
j

|

Use of first-principles models provides a high degree of fidelity and flexibility fto the CENTS code. It allows CENTS to simulate a wide range of plant states from
ithose of normal operation to multiple malfunctions, accidents and severe core
!uncovery. Examples are loss of feedwater, natural circulation cooldown, steam
igenerator tube rupture, steam line break and LOCA.

-
of transients that CENTS can simulate and gives further examples. Table 2 illustrates the rangej

, The first
principles models support a full range of interactive options between the user /

*

ianalyst, the reactor control systems, and the NSSS. They fully support multiple i
;

failures and the effects of operator interventions or mistakes. In fact, nearly iany user-defined event or combination of events that do not disrupt the core !geometry can be simulated by CENTS.
. !.

i2.1 Background
i

A full set of simulation software provides a fast and realistic simulation of any
pressurized water reactor. CENTS is a modified version of the software that

*

'

drives the full scope simulator developed by C-E for use by utilities. The
reactor system simulation software is based on models taken from best-estimate ;

;

design and licensing codes developed by C-E, and retains the verified high,

fidelity of these codes. {
'

'
i

| 2.2 Models
1

The CENTS models are coded as a set of modules, each describing a particular4

portion of the nuclear power plant.
! below. An overview of the major models is given
:

Reactor Core Neutronics

The care neutronics module is an integrated group of programs: three-dimensional
neutronics, point kinetics, core thermal-hydraulics and core damage. The 3-D>

program calculates the detailed power distribution of the core, with local power
levels and fuel operating conditions for each fuel bundle. This provides a high
level of accuracy to support simulated incore instrumentation. The point

a

kinetics program uses the information on radial and axial power distribution toi

determine the net effect of localized events on reactor power.

1
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The core neutronics module provides a realistic simulation of the three-
dimensional core effects. To accomplish this in real time, three-dimensional and
core-average calculations are performed for both neutronics and thermal
hydraulics. Three-dimensional calculations are performed periodically to take
into account spatial effects of control rods, delayed neutrons and thermal-
hydraulic asymetries. On the other hand, the core-average calculations,
including point kinetics, are performed more frequently to provide smooth and
stable simulation of core dynamic conditions and instrument response.

Three-Dimensional Neutronics. The 3-D neutronics model represents each assembly
individually as a node, and further nodalizes each into four to ten axial
sections. A typical neutronics nodalization at one axial level is illustrated in
Figure 2. This nodalization is sufficiently fine to demonstrate the spatial andi

localized effects accurately. For example, there is never more than one control
rod inserted in a node. Thus, each control or shutdown rod is simulated
individually, along with its unique impact on the assembly neutron flux and powerdistributions. Complex questions of nodal cross section and coupling changes
under various combinations of normal and abnormal rod insertions are thusavoided.

The model provides realistic responses for normal operations, and for all
transients and malfunctions, including the localized effects of long term rod
misalignment, rod motion either in banks or individually, rod drop, rod ejection
and Xenon oscillation. It responds accurately to inherent feedback effects such
as fission product poisoning, moderator temperature and Doppler feedbacks.

The neutronics code models the complete fission reaction including the
production, transport and leakage of neutrons in the core. It simulates the
spatial and time dependent effects of the startup and sustainer neutron sources,
including photoneutrons produced from the dissociation of deuterium by fission
product gamma psrticles. The model determines fission and decay heat release, i

thermal-hydraulic asymmetry effects, the detailed effects of grids and control
rods on movable detector signals, and the spatial effects of burnup and refueling
as seen at several times in a fuel cycle. ;

|
|

The core model can be easily updated for future core cycles, and is easily
tunable for time-of-life.

Point Kinetics. The point kinetics model provides short-term temporal detail i
between the full three-dimensional calculations. It determines the instantaneous
fission power by solving the standard point kinetics neutron equations with six
delayed neutron groups, and calculates the decay power from an eleven fission-
product group decay heat model. The decay power is based on the fission product
inventory that corresponds to a specified cycle point.

,

The total reactivity in the point kinetics equation is calculated as the sum of
feedback contributions from the moderator's temperature and boron content, the
fuel temperature (Doppler feedback), normal movement of control rods, reactor
scram, rod drop or rod ejection. The various reactivity contributions are
updated at each calculational time step, based on the thermal, hydraulic and
mechanical processes.

Core Thermal Hydraulics. The spatial detail for core thermal hydraulics (also
for Xenon, Samarium and decay heat) is typically based on a 132-node model



.
I

i
i

1

consisting of 33 radial nodes at four axial levels. A typical arrangement is
shown in Figure 3. Each core thermal hydraulic node represent between two and
nine 3-D neutronic nodes, by applying a mapping technique to collapse the
neutronic nodal powers.

Coolant flow and thermal processes are driven by the overall primary system model
(below) and by the calculated rod heat fluxes. Energy transport in a node is
determined by a closed channel formulation, except under low and reversed flow
conditions when a mixing correlation helps to simulate the effect of buoyancy
induced cross-flow.|

| Core heat transfer to the coolant is determined for both forced convection and
quiescent pool boiling. A full range of heat transfer conditions is simulated
including subcooled boiling, nucleate boiling, DNB, transition boiling, film
boiling, and steam heat transfer. Fuel and cladding temperatures, heat flux, '

heat transfer regimes and surface heat transfer coefficients are calculated by *

means of an implicit numerical technique. This provides a very stable solution
even for long time steps. The core heat transfer model describes the core for
all modes of r.ormal operation (e.g., cold shutdown to hot full power), mild

| transients and transients that result in significant core uncovery and fuel
| cladding damage.

Fuel Failure. The fuel failure model predicts the extent of fuel damage, the -

subsequent fission product release and the rate of hydrogen generation. The fuel
'

failure threshold is based on three design limits: (1) the hot channel DNB
ratio, (2) the peak cladding temperature and (3) the amount of clad oxidation.

Departure from nucleate boiling (DNB) is usually localized and of short duration,
resulting in an increase in coolant activity whose magnitude depends on the
number of pins experiencing DNB. High cladding temperatures, which can occur
during periods of core uncovery, result in the oxidation of zirconium, generation
of hydrogen and production of reaction heat, based on the Baker-Just correlation.
Fuel pins that are oxidized beyond 17% or whose cladding temperature exceeds !

2200*F are assumed to have failed. In addition, the amount of fuel damage as a !'
result of DNB is defined as the product of the number of pins within a given pin
power and the probability of DNB.

The fission product inventory available for release upon fuel failure is
dependent on the power history. The model accounts for seven isotopes of iodine,
xenon and cesium.

Primary Reactor Coolant System

The reactor coolant system (RCS) model describes the thermal-hydraulic behavior
of the primary coolant system. The mgdels are based on those developed for a
best estimate version the CEFLASH-4AS design code, which was developed for small
break loss-of-coolant accident (LOCA) analyses.

I
CEFLASH-4AS is licensed by the NRC for C-E designed PWRs.

__ ______________ ____ -____
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A typical node /flowpath geometric representation for the primary system of a i
four-loop, Westinghouse designed PWR is shown in Figure 4. Analogous :

representations are used for other plants having different configurations. The
nodalization scheme is entirely generic, and may be redefined by the user via the
CENTS database. Separate treatment of the loops provides appropriate response
for partial and asymmetric loop operation, with separated counter-current flow
represented in the hot and cold legs. Additional flow paths, not shown in the
figure, provide for reactor vessel bypass, main pressurizer spray, and the ,

addition and removal of coolant from the RCS. |
t

The RCS model accounts for phase separation within each node into separate steam i

and liquid /two-phase regions. A two-phase region consists of a continuous liquid {
phase with dispersed bubbles produced by flashing, convection or heat sources, i

Phase separation is calculated by means of experimentally based correlations.
The model accounts for the effects of fluid level on heat transfer, and on the |
quality and slip conditions of fluid in the flowpaths. i

The RCS model provides a full range of nonequilibrium thermodynamic fluid states
for all nodes. The model dynamically calculates each node's thermodynamic state, ,

with separate two-phase mixture and steam regions, and inte? facial exchanges for
condensation and vaporization. The one-dimensional conservation equations (four -

for each node and one for each flow path) are integrated implicitly by means of a
simultaneous solution of the linearized, discretized equations over all nodes and I

| paths. Additional conservation equations couple these coolant conservation |
equations with ones for noncondensible gases, boron and fission products.

'

.

The pressurizer and upper head are each modeled as a single node with the same !
phase separation, wall heat and thermal nonequilibrium models as the rest of the
primary system. Heaters, sprays, instruments and controls are provided in the |
pressurizer. Safety valves, power operated relief valves and manual vent valves
are represented. The upper head modeling supports an accurate representation of
upper head voiding and bubble management.

The CENTS code models all primary system components. The modeling includes |
consideration of reactor coolant pump (RCP) performance, wall heat transfer, pump
heat, choked flow out of the primary system (through leaks or relief valves), and
coolant thermodynamic properties.

The two-phase models for the reactor coolant system, pressurizer, and RCPs
provide the capability to simulate pressurizer draining and refill, voiding of
the reactor vessel upper head during events such as rapid natural circulation
cooldown, degraded RCP performance, and significant RCS voiding (including core

| uncovery) during simulated LOCA events.

Protective and Control Systems

CENTS Generic Control System. The CENTS Nuclear Plant Analyzer features a
Generic Control System design that processes system parameters and produces
signals to drive the various plant subsystems. The control system is modular in
design. It is constructed by the system modeler to simulate his plant's control |
systems, and can be made as simple or as true to the actual controllers as i

desired. It has a complete inventory of functional modules, including
arithmetic, Boolean, integro differential and specialized functions. Once the

- _ _ _ .- . _ .-
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control system structure is established by the modeler, it functions
% automatically, and its details do not normally concern the CENTS user. However,

the user can, at any time during a transient, interactively change setpoints,
disable control systems or exercise manual control. The control system
designer / analyst may study the detailed functioning of control modules by tracing |;

their dynamic behavior, experimenting with their parameters and logic settings,'

or interfacing with the lines of communication among the control modules.,

'

Reactor Protective System. The CENTS Nuclear Plant Analyzer models the Reactor

i.
Protective System (RPS). It activates a trip channel when a designated system

'

parameter exceeds the corresponding trip setpoints. This system parameter may be
a direct instrument reading or a processed combination of such readings, as

i defined within the CENTS Generic Control System (described above). Typical trip
channels that have been defined include:

High power level Low /high steam generator level
.jHigh power rate of change (startup) Steam / feed flowrate suismatch

High pressurizer pressure coincident with low level i
Low pressurizer pressure Low reactor coolant flow ;

Over-temperature thermal margin High containment pressure i

Over-power thermal margin Scram on turbine trip
Low steam generator pressure Scram on SIAS

'

,

Manual scram :

For any particular plant, only the trip channels appropriate to that plant are
actually implemented and used.

,

1

Other Systems. CENTS also models actuation and operation of several subsystems '

i including those found in the Engineered Safety Features Actuation System (ESFAS).
An actuation signal is initiated when designated system parameters (direct or
manipulated) exceed the corresponding setpoints. The following systems are
programmed in CENTS: main steam isolation system (MSIS), emergency feedwater

| actuation system (EFAS) and safety injection system (SIS).
i

The SIS includes High Pressure Safety Injection (HPSI) and Low Pressure Safety
; Injection (LPSI) based upon database supplied tables of flow versus back

pressure. Safety Injection Tanks (SITS) or Accumulators are also modeled, !
a

including their elevation and pressure loss terms. '

CENTS includes models of the major control and relief systems, including:
reactor regulating system (including the control rod stepping mechanism), main i

'

and auxiliary feedwater systems, turbine bypass valves, steam dump valves,
pressurizer pressure control system (proportional and backup heaters, main and
auxiliary sprays), pressurizer level control :ystem (letdown, charging,
pressurizer level instrumentation), reactor power cutback function, and controls
for automatic turbine setback and runback. The cade also models the turbine
admission valves, steamline isolation and check valves, and safety, relief and
vent valves where appropriate in the primary and secondary systems.

Steam Generator Secondary Coolant System

1 The steam generator secondary system is represented by a nodal model, as shown in
Figure 5 for a C-E designed PWR. Three nodes represent the secondary side of

_ _ _ _ _ _- _ __
-, ____ _ , _ _ __ ,
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each steam generator: a downcomer (subcooled or saturated), an evaporator tube
bundle region (saturated or subcooled) and a steam dome (saturated or
superheated). A fourth node, not shown in the figure, represents the economizer
(preheater) region of steam generators with an economizer design.

The steam generator secondary system model is based on models developed for the
2LTC system design code. Mass and energy balances are made for each node. The

circulation flow and the main steam flows are calculated using momentum balances.
Steam separation from the evaporator to the steam dome is calculated using a
bubble rise model. The pressure and remaining state properties are calculated
from the mass and energy in each node.

Models for forward and reverse heat transfer are incorporated in the steam
generator heat transfer logic. The overall heat transfer is determined from film
resistance on the primary and secondary sides, and the resistance and heat
capacitance of the tubes. The primary side film resistance for forward heat
transfer is found from correlations for subcooled forced convection and two-phase
condensation. The primary side reverse heat transfer is found from correlations
for nucleate boiling in tubes and heat transfer to steam. The secondary side
film resistance is calculated using pool boiling and heat transfer to steam
correlations. Fluid level and its effect on tube heat transfer are modeled on
both the primary and secondary sides of each steam generator.

This steam generator model provides the user with the ability to simulate a wide
range of transients including: normal operational transients, excess load, MSIV
closure, tube rupture, steam and feedwater line breaks on either side of the
isolation and check valves, and once through cooling at off-design pressures and
feedwater conditions. By modeling each steam generator separately, the model
accurately predicts the asymmetric response of the system to transients initiated
in one steam generator.

2.3 Feature and Benefits

CENTS databases are available for all classes of U.S.-designed PWRs. Each
database provides a complete description of the nuclear plant systems modeled by
CENTS for operation at full power in steady state. To initiate a transient from|

this steady state, the user effects appropriate changes or perturbations to the
plant. Multiple plant states can be maintained simultaneously. A new plant,

| state is obtained by running a simulation to interactively maneuver the plant
from a given plant state, or by using the code's automatic self-initialization
feature. Any intermediate state during a transient simulation can be saved for
later study or to initiate parametric variations on plant behavior.

Use of the CENTS Nuclear Plant Analyzer is supported by a set of user friendly
executive software that handles most of the simulation mechanics, and allows the
user to interact with CENTS as the transient progresses. This software presents
a graphical environment in which the user accesses popup and pulldown menus via a
system of hotkeys, screen icons and mouse-driven control events. It also

2
LTC is licensed by the NRC for C-E designed PWRs.

!
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provides a sophisticated command language for the user who is keyboard oriented
i

as well as for complex interactions and probes by the advanced user. The '

executive software supports changes desired in the course of the transient and ;facilitates evaluation of the plant behavior details. The user may freeze, |

resume or backtrack a transient simulation at any time, examine plant parameter, '

make changes, take manual actions and initiate malfunctions. The user may, at
any time, instruct the code to automatically make changes, display parameters or -

take any interactive action at pre-selected times, or when pre-selected dynamic
conditions are satisfied, if desired, without interrupting the simulation.

,

.

i
CENTS provides a number of output and display options. Its live system parameter '

plots and live graphic depictions of the plant state are invaluable tools in ,

!helping the user gain an understanding of the system behavior. The dynamic igraphics may be saved for late study or demonstration in a playback mode. In i
addition, a combination of standard and user-defined numerical outputs allows the '

user to explore details of the plant subsystem behavior. ,
'

The CENTS Nuclear Plant Analyzer runs considerably faster than real time on its
host computer workstation, with an optional real time mode. This allows the user
to gain a sense of the real time behavior of the power plant.

!

.

6
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i

i
!

I

,

i
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3.0 ACOUISITION MODES AND SYSTEM REQUIREMENTS

The CENTS NPA may be acquired or accessed in one of several ways: |
i

l 1. The CENTS NPA is available with a site-wide license, for installation on the
following computer platfora- !

i

SUN workstation using the UNIX operating system and the SPARC centralo '

processor (i.e., the SUN 4/xxx, SPARCstation and SPARCserver families), i

In addition, the following minimum computer specifications, peripherals and (software are required:
j

o 8 megabytes of main memory
!I o Mass storage (hard disk) system with 300 megabytes capacity !

o Color monitor
!o UNIX operating system
!o FORTRAN and C compilers
|

|
Alternatively, a complete CENTS Station may be delivered, consisting of the
above computer hardware with the CENTS NPA software installed on it.

i2. The CENTS NPA may be installed on the user's workstation, minicomputer or
!mainframe computer, other than the one specified above. Details and system :requirements depend on the computer system.,

! ;
<

:

!

| t

i

|

I
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4.0 DOCUMENTATION !

' -

3 >'

l

The CENTS User's Manual provides a detailed description of CENTS to facilitate
use of the code. It contains a summary, a description of the models and a

,

*

description of the inputs and outputs. It explains the core, primary, secondary,
,

plant balance and control system models, to allow the user to understand CENTS
and the results it produces. The documentation describes the database -- plant

,

4

i constants, setpoints and process variables - providing definitions and
full-power steady state values for each plant parameter. The manual also

,

+

describes the inputs that are used to initiate and control transients. It i
, discusses the important parameters that depict the plant state, with the aid of '

! node-flowpath and component diagrams, to facilitate comprehension of the plant ;j behavior during a transient simulation.
!

! The Modeler's Manual for the CENTS Generic Control System provides complete !
i information for accessing or building control system models, and for modifying, '
1 analyzing or tracing their functions.

!

l.
The CENTS Training Manual offers a functional description of CENTS in !introductory format, for the beginning user.

,

,*

The CENTS Technical Manual offers instructions for installation and maintenance !of the code.;
-

.

! !
-
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TABLE 1 !

|
1

I

KEY FEATURES OF THE CENTS NUCLEAR PLANT ANALYZER i

I

GENERAL |

Desktop simulation with design code fidelity-
|
;

-!
Interactive or batch I'

i.

|User friendly
!

:

Minimum input due to use of Database
t

Faster than real time, with a real-time option
;

i

Multiple dynamic output options:

i Live graphical plant depiction
fLive parameter plots
!

Numerical output (standard)
Numerical output (user defined)

I ,

Data files for post-simulation plotting !
Deep-probing user inquiries at any time

!
| Graphical playback !'

I i
:

Backtrack and restarts

Self initialization for alternate system states

Fast-time formulation (2-60X) for plant evolution's

|

1

-- - _ . .. -

_
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Table 1 (Continued)

5
,

fPower

Three-dimensional core neutronics i

fwith
Point kinetics with reactivity feedbacks {
Oirect power deposition in cladding and moderator
Decay power

;

Zirconium-water reaction
|.

}

Core Heat Transfer |
Fuel pin - axial / radial grid
Complete boiling curves - forced and natural convection !
Implicit temperature and heat transfer solution

Special Component Models

Core bypass ;

Asymmetric core exit enthalpy distribution ;

Two-phase drift flux: |

Axial distribution of voids
Phase separation i

Fuel damage: )
Clad oxidation |
Hydrogen production I

Fission product release

l

|
,,______ a
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Table 1 (Continued)
;

I

PRIMARY COOLANT SYSTEM i

i

|
Features |

Nodes and flowpaths !
One-dimensional, nonhomogeneous, nonequilibrium formulation
Phase separation provides discrete level in nodes
Slip flow between phases in flowpaths

i
I

)

Conse'rvation Equations

Five coolant equations

Mixture mass and liquid mass in each node

Mixture energy and steam energy in each node
Mixture momentum in each path between nodes

Conservation equations for non-condensible gases, boron, fission products
i Implicit integration of coupled system - fast and stable

Critical (choked) flow checks throughout the system
Interfacial mass and energy exchange
Local pressure and properties for each node

Impact of non-condensible gases on local pressures

#
'

Special Component Models

Pressurizer - see Control, Relief and Safety Systems
>

Reactor Coolant Pumps - two-phase pump homologous curves. two-phase
degradation, manual control, pump seal injection and -leaks

Wall heat - to fluid and containment
Transport of fission products, boron and non-condensibles

Accurate fluid properties from 0.1 to 6000 psia
Quench tank / pressure relief tank

!
. . . - - , . - . . , . - , - - - - . , ,,,
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Table 1 (Continued) 5,

i
,

;
SECONDARY COOLANT SYSTEM

:

;

"

. j
#

Features J

,

'

Nodes and flowpaths

One-dimensional, nonhomogeneous, nonequilibrium formulation

; Explicit solution of conservation equations
Steam generator recirculation model *

,

Special Component Models
i

Downcomer
,

"
Evaporator / tube bundle

b

!
i

Economizer / preheater

j Steam dome

j Main steamlines and header
Steamline check valves

j Steamline relief / safety' valves
Main feedwater pumps

| Fission product transport
i Steam generator blowdown system
:

d

(

Steam Generator Heat Transfer
level dependent

; Forward and reverse i

Boiling curves
:

|
'

,

.

2
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| Table 1 (Continued)

CONTROL. RELIEF AND SAFETY SYSTEMS
-

Features
,

] Control system - modular definition
j Individual control systems - automatic and manual modes

j Setpoints - default or user-selected values

Core
,

Reactor Protection System

Reactor (Control Rod) Regulating System
Reactor Power Cutback Signal

: Pressurizer

j Level Control System - Charging, letdown .

Pressure Control System - sprays (main & aux.), heater (control & backup)y

Relief System - PORVs, safety valves, vent, quench tank (PRT)
i

! Safety Injection System

Safety Injection Actuation Signal
High and low pressure safety injection pumps.

('

Safety injection tanks / accumulators
!

Secondary Systems

Main feedwater - level control, feed pumps, control . valves
Auxiliary . feedwater .

Turbine admission valves
Turbine bypass (steam dump) valves,

Main steam isolation valves and Isolation Signal
! Atmospheric steam dump valves !

Relief (safety) valves
Turbine Cutback / Setback / Runback Sir;nals-;

i-

!

_. . . . - .- . , ,... _-
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TABLE 2

EXAMPLES OF THE TRANSIENT CAPABILITIES OF CENTS

Steady State or Operational Evolutions: power change, heatup, cooldown

Increase in Heat Removal by Secondary System: stuck open relief valve,
feedwater malfunction, rupture of secondary system piping

Decrease in Heat Removal by Secondary System: loss or reduction of steam flow,
loss or reductior. of feedwater

Decrease in Reactor Coolant Flow Rate: pump trips, shaft break or seizure

Reactivity or Pcwer Anomalies: uncontrolled rod withdrawal, under-boration,
rod ejection

Increase in Reactor Coolant Inventory: ECCS actuation at power, charging or
letdown malfunction

Decrease in Reactor Coolant Inventory: inadvertent relief valve opening,
instrument line break, steam generator tube rupture, loss of coolant |

accident
i

Anticipated Transients without Scram: loss of feedwater, inadvertent control rod
withdrawal, loss of steam flow I

4

|

|

This Table is meant to indicate the versatility of CENTS. In fact, any user-
i defined event or combination of events, that involves plant components and

systems modeled in CENTS, can be simulated.
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FIGURE 4

PRIMARY SYSTEM GEOMETRIC MODEL FOR A
4 LOOP WESTINGHOUSE PLANT
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i FIGURE 5 ;
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STEAM GENERATOR SECONDARY SYSTEM GEOMETRIC
'

MODEL FOR A TWO LOOP C-E PLANT
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SUMHARY

Improved thermal-hydraulic models for real time reactor simulation are
described. They are based on models used in reactor design codes. The primary
system model is formulated with five one-dimensional continuity equations
conserving liquid and steam mass, liquid and steam energy and momentum. The
models incorporate two-phase, nonhomogeneous, nonequilibrium capabilities based
on first principle physics. Validation of the design codes by reactor test
data is described. The ability of the models to predict proper system behavior
is demonstrated for a pump transient, an overcooling transient, and a small |

break loss of coolant accident (LOCA).

The feasibility of developing and integrating models for the primary and
secondary system which execute faster than real time on computers used in
simulators is shown. The resulting simulator thermal-hydraulic models can
directly calculate plant response for a wide range of normal and abnormal

| conditions including LOCAs. Full provision for operator intervention or
multiple failure interactions is available. Reality of plant behavior is
maintained and the capability to perform calculations in support of design
studies and development of operating procedures is provided. )

INTRODUCTION

Presentations given at the conference on Simulation Methods for Nucitar |

Power Systems held two years ago highlight limitations of the power reactor
simulators in use at that time . The models are limited to a single-phase
fluid representation. Phase-separation and nonequilibrium effects are not
represented. As a consequence, the more severe transient responses are of ten
preprogrammed. Operator interaction with preprogrammed transients is not
possible. Unrealistic responses are obtained in many cases with a possibility
of resultant inefficient training of the operator.
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; Since the Three Mile Island Unit 2 (IMI) accident in March 1979, new
capabilities have been defined for power reactor simulators. The ANS 3.5 !' Standard lists a number of the required capabilities including normal plant
evolutions and abnormal conditions resulting from malfunctions . The post- t

TMI NRC Action Plan lists agditional requirements particularly in the Reactor;

4 Coolant System (RCS) Models . Among the currently required capabilities !

are the following. Operator interaction with the transient is needed where :

operator actions can influence the severity of the malfunction. The simulation
must continue until a stable, safe and controllsble condition is attained which
can be continued to cold shutdown conditions. Observable control room

4 indications must be realistic to provide proper training of the operator. '

Multiple failures or malfunctions must be modeled with appropriate [
interactions. An additional desired feature is the. ability to do engineering |calculations to support design studies and development of operating procedures. |

1 i

Satisfaction of these requirements demands addition of new first-principle !.

physics models. Most important is the addition of two phase modeling |

capability for saturation conditions which occur in natural circulation

cooldown as well as the more severe transients such as a small break LOCA. !

j The stuck open pilot operated relief valve (PORV) at TMI produced a small break |'

LOCA transient. Such a transient requires phase separation capability and
nonequilibrium models to provide realistic pressure transients when fluids of
very different temperatures interact. Real time simulation is required, so j
very efficient algorithms are needed. '

" Existing thermal-hydraulic system design and accident analysis codes
i provide the desired physical models. They are routinely used to analyze a full !

range of thermal-hydraulic transients including accidents leading to two-phase
fluid conditions. However, these codes have been of limited use in training
simulators since the computers used in simulators cannot provide the required
computational speed to maintain real time simulation. The design codes also
lack the deta.__d representation of system hardware required to drive the
simulator control panel. The problem then is to combine the more complete
physical models of the design codes with the real time requirements of a
simulator.

COMBUSTION ENGINEERING SIMULATOR

Combustion Engineering is currently buildine a full scope control room
'; training simulator for a Pressurized Water Reactor (PWR). The simulator models

the complete PWR -- core, primary system, secondary system, turbo generator, ;

balance of plant, control systems, control panel, plant computer and
|

,

ins t rumentation. It is capable of simulating plant behavior in real time
' during normal and abnormal operation. It simulates the dynamic response of the

power plant to operator actions and system malfunctions activated by the
instructor. It is designed to be utilized as a training device, as a tool- for
development and verification of new operating procedures, and as a tool for
plant improvement studies.

2
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Modeling of the Nuclear Steam Supply System (NSSS) is based on state-of-
the-art design codes used for design and analysis of the major NSSS components
and systems. The design codes have been verified with respect to Pk'R plant
response data, to integral test facilities such as the Loss of Fluid Test
(LOFT) facility or to separate effects tests. Additional models are provided
for balance of plant systems.

The simulator uses computer hardware with proven performance and
reliability. A Perkin-Elmer model 3244 computer in a four computer
multiprocessor, shared memory configuration is used. This supplies the
required computational capability with provision for support of related
computational needs. Final code is in FORTRAN 77 compatible with the ANSI
Standard. A unified sof tware package manages the computer resources, includes
generalized solution packages for balance of plant systems, and provides
consistent software standards for coding of models.

The control panels closely parallel the panels of the reference plant.
They include the full range of control, indicating and annunciating devices
found in the power plant. An instructor's panel is also included to run the
simulator and activate malfunctions during operator training. Over 200
malfunctions are provided for the instructor.

THERMAL-HYDRAULIC MODEL DESCRIPTION

The C-E Full Scope Simulator is designed to provide realistic thermal-
hydraulic responses and instrument indications for c. full range of reactor
operating conditions. The models are based on those found in computer codes
used for Pk'R design. The primary system or Reactor Coolant System (RCS) models
are based on ghose used in a best estimate, design version of the CEFLASH-4AS
computer code . This code provides realistic RCS responses for a full
range of system conditions including a loss of coolant accident. Thegecondary
system models are taken from the Long Term Cooling (LTC) computer code
The code is used to evaluate the integrated plant response to operational and
accident conditions. Highlights of the more important nodels are given here.

Primary System Geometric Representation

The primary system thermal-hydraulic response is modeled by a node and
flowpath network. The nodes enclose control volumes which represent the fluid
mass and energy. Flovpaths connecting the nodes represent the fluid momentum
and have no volume. The separation of mass and energy into control volumes and
nomegtum into flowpaths is similar in concept to that used in the FLASH-4
code

The simulator geometric representation for a typical C-E Pk'R (for all
conditions but a large break LOCA) is shown in Figure 1. Nodes are provided
for the major components in the reactor primary system - inner vessel, upper
head, control element assembly Fuidetubes, two hot legs (including the
associated steam generator inlet plenum), a pressurizer, two steam generators
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(separate hot and cold sides of the U-tubes), two combined outlet plenum and
suction legs, four cold leFs and reactor coolant pumps, and the annulus or
downcorer for the reactor vessel. A total of 17 control volume nodes are used
in the RCS model. The separate cold leg representations provide appropriate
responser for partial loop operation. The interface with the secondary system
occurs at the steam generator tube bundle.

More than 20 flowpaths with momentum solutions are used in the RCS ,

model. Separated counter-currart flow is represented in the hot and cold
legs. An additional 32 non-momenium flow paths are provided for addition and
removal of coolant from the RCS by the emergency core cooling system (ECCS),
pressurizer spray, charging pumps, letdown system, shutdown cooling sys. tem, and
safety and relief valves.

The noding and flowpath modeling detail is not hardwired. The detail in
representation of the system can be changed through input during the modeling
process to tailor the representation to the reouirements of a particular PWR
de si gn. Geometric features such as the number of loops or the number of steam
generators as well as geometric details such as node volume, elevations, piping
resistance, etcetera, are specified in a data base. Adoption of the RCS models
for another plant does not require extensive recoding of the software as is
done in earlier simulators.

Conservation Ecuations

The RCS thermal-hydraulic model is formulated with five one-dimensional

continuity equations. The conservation variables are mixture (liquid and
steam) mass, liquid mass, mixture energy, steam energy, and mixture momentum.
The mass and energy for the liquid and steam are calculated for each node.

Mass flowrate is calculated for each flowpath. Thecodeingorporatesslip
effects in the flowpaths by means of empirical correlations

The conservation equations are integrated implicitly by means of a
simultaneous solution of the linearized, discretized conservation equations.
This yields a (4xM+N) by (4xM+N) system of linear equations, where M is the
number of nodes and N is the number of momentum flowpaths. The structure of
the coefficient matrix permits use of a system reduction procedure which
produces a NxN systgm of equations. The NxN matrix is solved using a block
inversion technique

After solution of the conservation equations, the pressure in each node is
calculated. The mass and energy in the liquid and steam regions are used with
the water property correlations and nodal volute to determine the resulting
state variables (pressure, phase enthalpies and phase temperatures).

Two-Phase Fluid Representation

The simulator models phase separation within a node into a separate steam
region and a liquid or two-phase region consisting of a continuous liquid phase
with dispersed bubbles. Bubbles are generated by heat sources within the

4
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node, flashing in the node or transport from the adjacent nodes. Phase

separation is calculated in terms of bubble rise gelocities which are found !

from experimentally based drif t flux correlations . Amoredetailejgmodel ;
provides an axial bubble mass distribution in the inner vessel node i.

Nodes with phase separation provide a discrete two-phase mixture level in the !
node. Fluid level effects on heat transfer and the quality of fluid exiting I
through flowpaths connected to the node are modeled. !

i
Noneouilibrium States |

|

The simulator provides a full range of thermodynamic fluid states for all {
nodes. Nodes with homogeneous or fully mixed fluid are at equilibrium. States :

for nonhomogeneous or phase separated nodes with separate two-phase mixture and
steam regions are subcooled liquid-saturated steam, saturated liquid-
superheated steam, and subcooled liquid-superheated steam. The model
dynamically calculates the node thermodynamic state. It includes.a detailed
flow regime dependant condensation model which considers condensation of !

bubbles, vapor condensation on an injected subcooled liquid, condensation at ;

the surface of a liquid pool, and vaporization due to wall heat. In addition, i
energy partitioning of wall heat transfer between the liquid (two phase) and {
steam regions is calculated. |

!

Reactor Core ,

!

Reactor power is calculatgj, by a three-dimensional reactor core model f
described in these proceedings An axial power distribution and radial |.

power tilt are taken from the reactor core model. Axially varying heat !
transfer and core coolant data is provided to the core model to provide a full !

range of temperature and moderator driven feedbacks. i,

!

The core heat transfer model covers the full range of fluid conditions in !
the core. Provision is made for forced convection and quiescent pool boiling ;

conditions. The mode of heat transfer is determined dynamically. Boiling
curves for both conditions include subcooled, nucleate boiling, transition

,

boiling, film boiling, and steam heat transfer correlations. Fuel temperature, *

cladding temperature, and the heat flux, hence, the heat transfer regime and i
surface heat transfer coefficients, are calculated implicitly. Appropriate i

radial noding detail is used in the fuel rods. The axial nodal detail is
,

varied depending on whether forced convection or pool boiling is occurring. !

Other Primary System Models

The simulator models all primary system components. Some additional
models of interest are discussed here. Reactor coolant pump (RCP) performance
is found by conservation of angular momentum and homologous curves for single-
and two-phase conditions with two phase head degradation. Wall' heat transfer,

.

pressurizer heaters, and pump heat are modeled. Coolant inventory changes due- '

to systems such as charging pumps, the emergency core cooling system, the
chemical volume control system, and auxiliary pressurizer spray are calculated
using a general purpose, single-phase flow solution sof tware package. Critical

5
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flow out of the primary system, thryggh leaks or relief valves, is found from
standard critical flow correlations Generation of non-condensible gases.

and their collection in the upper head are modeled. Coolant thermodynamic
properties are found from a set of fast water property correlations specially

I designed to provide continuous property derivatives for a full range of fluid
conditions -- subcooled, saturated, and superheated.

Steam Generator Heat Transfer

Models for forward and reverse heat transfer are incorporated in the steam
generator heat transfer loFic. The overall heat transfer is determined from
film resistence of the primary and secondary sides and the wall resistance. |
The primary side film resistance for forward heat transfer is found from .)
correlations for subcooled forced convection and two phase condensation. The j
primary side reverse heat transfer is found from correlations for nucleate i

boiling and heat transfer to steam. The secondary side film resistance is !

calculated usinF pool boiling and heat transfer to steam correlations. Fluid )
level is modeled on both the primary and secondary side of each steam )
generator. The effect of fluid level on heat transfer area is modeled on both i

sides. J

|

Steam Generator Secondary System Geometric Modeling |
|

lFor a plant with two steam generators, the steam generator secondary .
system is represented by a seven node model, Figure 2. Three nodes are used ,

for the secondary side of each steam generator -- a downcomer (saturated or
subcooled), an evaporator region (saturated or subcooled), and a steam drum '

(saturated or superheated). One additional node represents the common steam
line header. This system representation allows accurate modeling of the
recirculation phenomena and the downcomer and evaporator water levels. In
addition, by collapsing nodes, the model can represent dry steam generators.
All major components are modeled, including the secondary safety valves,
atmospheric dump valves, and main steam isolation valves. All main stean flow
paths are considered.

Secondary System Conservation Equations

Mass and energy balances are made for each node. The flow between the
downcomer and the evaporator, and the main steam flows are calculated usiug
momentum balances. The recirculation flow from the evaporator to the steam
drum is calculated using a bubble rise model. The pressure and remaining j
state properties are calculated from the mass and energy in each node.

I
i

REAL TIME CAPABILITIES OF THERMAL-HYDRAULIC MODELS

An important consideration in the selection of the thermal-hydraulic
models for the simulator was the ability to obtain a faster than real time
calculational speed. The design code thermal-hydraulic models selected as a
basis for the primary and secondary systems generally run much faster than

i
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| real time on a high speed computer such as the CDC 7600. However, the Perkin-
,

Elmer 3244 computer used in the C-E simulator would not provide the needed !

calculational speed for the design code RCS models. Two classes of changes 1

were made to the primary system design code models to satisfy the real time !

computational requirement -- model optimization and model changes allowing use i

of long and constant time steps. Code optimization provided substantial time !

savings. An example is the water property package. Use of high speed ;

polynomial fits, less frequent evaluation of properties which change slowly, '

and linearization of properties reduced the computational time to one-tenth j
that required formerly. Also, simplification of design code models reduced i

computational time. Removal of options and detailed models particular to |
design calculations, which are not required for the simulator, provided the ;

needed simplification. {
i
'

Use of a constant time step length allows the simulator thermal-hydraulic
models to keep up with real time. It requires accommodation of potential
discontinuous transitions which would produce abrupt changes observable by the
operator or even instability with constant time steps. An example is addition,

,

in a single time step, of more liquid to a node than the available steam volume i

can hold. This overfilling, or node packing phenomenon, produces a severe !
pressure spike. Use of an approximate solution technique provides smooth !
pressure results until normal conditions are obtained. A similar technique {applies to overdraining a node, removing more water in a time step than was
present. Linearization of other equations describing transitions also allows
elimination of discontinuous behavior. Use of more implicit mathematical

,

| representations was also needed for some models. Fully implicit modeling of !

| the core heat transfer, bubble release calculations, and pump speed
calculations allows use of much longer time step lengths. Use of larger nodes i

also reduces calculational time by increasing the permissible time step {
i length. Some temporal detail is lost with little effect on the information- !

seen by the operator. The model performance is fully satisfactory. )

Less geometric detail in the primary system noding and flowpaths is used ,

for the large break LOCA calculation. The RCS time step length is reduced. No '

I change is made in the secondary. side model. This allows direct calculation of :
a large break LOCA in real time. j

The computational speed of the thermal-hydraulic models has been tested by '

| running a wide range of operational simulations from steady state through
| accidents with two-phase fluid conditions. The computational speed results are

ahown in Table 1. The combined time for the primary and secondary thermal-
~

,

| hydraulic models is much faster than real time, providing the desired overall j
real time capability for the simulator. The same constant time step is
used for both the primary and secondary system models.

|
|
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a Table 1 ,

'
!
i

Computational Time for Thermal-Hydraulic Models* '(
|

Primary Secondary |
a

Perkin-Elmer 3244 250 40

i
!CDC 7600 20 --

i i

i'

i

* Computational time in milliseconds per second of real time.

'|
!

MODEL VALIDATION ,

t

IValidation of the design codes upon which the simulator models are based
is obtained, in part, by comparison of analyses of experimental transients and

' data from experiments. The best estimate version of the CEFLASH-4AS code has
been extensively tested by such comparisons for both separate effects tests and

i integral tests on both the Semiscale and LOFT facilities._ Two integral system ,

test comparisons are shown for CEFLASH-4AS. The design code used as a basis i
for the secondary system models has been tested with separate effects data and
with power plant pecformance data. One power plant transient is shown for this
code. '

a !

) LOFT test L3-1 simulated a 0.09 square foot single ended pump discharge i

break, a small break LOCA, for a full size PWR. A comparison of the system
behavior calculated with the gest estimate CEFLASR-4AS code and experimental

; results is shown in Figure 3 The agreement between the data and the.

prediction is excellent. The predicted time of accumulator actuation is almost-

exact and the predicted behavior of the reactor vessel two-phase mixture hei ht |
>

F
before and after accumulator actuation is very similar to the data. Predicted
accumulator discharge does not result in a rapid depressurization and a high-

}; accumulator flow rate as normally occurs with thermal equilibrium codes.

I Confirmation of the ability of the CEFLASH-4AS code to represent reactor
behavior for a two-phase transient with tgg reactor coolant pumps (RCP);

running is provided by the LOFT L3-6 test This test simulated a 0.1.

square foot cold leg small break LOCA with the RCP powered throughout the
transient. Figures 4 and 5 compare best estimate CEFLASH-4AS calculations with
the test results. The analysis predicts the primary pressure, Figure - 4, quite
accurately. Reasonable aFreement is provided for the primary system inventory,

'

Figure 5. The homogeneous and nonhomogeneous or separated flow regimes agree
very well with gamma densitometer data from the test. These results and those
for the LOFT L3-1 test demonstrate the ability of the CEFLASH-4AS best

| estimate code to accurately model reactor thermal-hydraulic behavior during
severe transients such as a small break LOCA. The next section demonstrates a |
comparable calculational capability for the simulator. !

,

i

8
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! Comparisons of nuclear plant calculations made by the code upon which the
secondary system models are based, with experimental results, are presented in'

Reference 15. Power plant test data including step changeo in power, plant
, ''

trips, and reactor coolant pump trips are discussed. A plant cooldown

.

transient under natural circulation conditions and an overcooling transient are
,

| included. The design code is shown to be valid for a variety of events of |
J interest. A high degree of correlation between the analytical predictions and - |

the test data is shown to exist. Results for the overcooling transient, found j'

with the simulator model, are presented in the next section.

PERFORMANCE OF SIMULATOR THERMAL-HYDRAULIC MODELS
1 :

iThe simulator thermal-hydraulic model performance has been evaluated for a
vide range of PWR operation from normal plant evolutions to severe accidents.
The accuracy of the steady state predictions is confirmed by their consistency,
comparison to plant data, and comparison to design code calculations. The f

steady state calculations demonstrate correct implementation, proper ;

interfacing, and numerical stability of the models. . Operational transients are |
matched to plant performance or design code calculations. These include power
changes and startup or shutdown of various devices including the RCPs, . j

'
pressurizer sprays or heaters, and inventory control systems such as the ECCS

I systems. Many of the abnormal or accident transients normally can only be |

compared to design code analyses. Representative accident transients are small
and large break LOCAs, steam-line breaks, IcJs of feedwater, and anticipated
transients without scram. Appropriate behavior for these transients is ;

necessary to provide optimal operator training. '

!
Three examples of the testing program are shown here. The first is a !

single-phase RCP transient including steady state conditions and a- series of i
abrupt changes in RCP operation. Next is an overcooling transient. Last, is a I

small break LOCA including an extended period with two-phase conditions, core !
uncovery, and initiation of core recovery. The test cases were run with the |
simulator thermal-hydraulics sof tware on the Perkin-Elmer 3244 computer. All a

cases were run with real time computational speeds similar to those shown in
d Table 1.

Single-Phase Reactor Coolant Pump Transient

The RCP transient is designed to show proper steady state operation and to
demonstrate the thermal-hydraulic model's response to abrupt change in single--

phase coolant flow. It begins at full power. Next'the core is scrammed and
the RCPs and turbine are tripped. This is followed by restart of each RCP
singly, and shutdown of two pumps. The transient.is summarized in Table 2.

)

i

$

.

9
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Table 2 ;

'

Reactor Coolant Pump Transient Event Summary

. i
! Time (Seconds) Event j

i

0 Start steady state at full power j

50 Scram reactor, trip all RCPs, trip turbine.
B

!

100 Restart Pump 1*
i

150 Restart Pump 2
!

200 Restart Pump 3 r

250 Restart Pump 4
:

300 Trip Pumps 2 and 3

350 End of transient
,

!,

a

* Pump numbers are shown on Figure 1. ;

,

Figures 6 and 7 show the pressurizer pressure and level. Figures 8-11 !

show the flow rate through reactor coolant pumps 1-4, as designated in !
Figure 1. The system maintains a constant steady state for the first 50 !
seconds. No drift or oscillation is observed. Reactor scram and pump trip at |
50 seconds is followed by pump coastdown. Pressurizer level drops throughout ;

the transient due to inventory shrinkage by the coolant density rise. Charging ,

pumps are not actuated as the pressurizer level drops. .

The effect of restarting one pump every 50 seconds is shown in Figures f
8-11. Coolant flow through each restarted pump rises abruptly. When pump 1 is ),

restarted, flow through the tripped pumps rapidly becomes negative. As each j

additional pump is restarted, the flow through the previously operating pumps !,

drops and the magnitude of the negative flow in the tripped pumps increases as i

expected. Trip of pungs 2 and 3 at 300 seconds rapidly produces the same flow I
rate in pumps 2 and 3, a negative flow, and in pumps 1 and 4, a positive flow.
The path of the coolant flow can be traced in detail by referring to Figure 1.
The coolant flows from pump 1 through the cold leg to the annulus. Part of the
coolant goes through the core, hot leg and steam generator back to purp 1. The'

remainder goes back throuFh the adjacent cold leg in reverse flow through pump
2 to the steam Fenerator outJet plenum, and finally through pump 1 in forward
flow. The same process is repeated for the components on the other side of
the reactor vessel. The abiJity of the models to represent both symmetric and
asymmetric flow distributions with both forward and reverse flow through the
RCPs is demonstrated.

.

'
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j Overcooling Transient

A steam generator secondary system overcooling transient is used to!

illustrate the ability of the simulator thermal-hydraulic models to match
measured PWR data. The pressurizer level and pressure, steam generator

secondary pressure and level, and the hot and cold Igg temperatures calculated
by the simulator are compared to measured plant data The simulator.

calculation is done for a plant with a lower power level than tne reference
data plant. Some difference in plant behavior is expected due to differences
in the plants, but a meaningful comparison is expected because the parameters
controlling the transient were selected to produce the same key events and
similar trends in plant behavior. The overcooling transient is initiated by a
turbine trip from full power after which a steam bypass valve fails to close.
The initiating events are summarized in Table 3. This is the same PWR
transient discussed earlier in connection with validation of the steam
generator secondary design code.

Table 3

Overcooling Transient Initiating Event Sequence

Time Event

0 Turbine trip (manual)

1 Steam dump and bypass valves begin to open

6 Reactor trip (on low steam generator level)
!

i

18 Emergency feedwater to steam generators
'

21 One steam bypass valve fails to close

200 Reactor coolant pumps tripped (manual - on low
,

primary pressure) !
i

240 Main steam isolation valves closed (on low
secondary pressure)

240 Main feedwater isolation valves closed

1200 Plant conditions stabilized
:

Following transient initiation by nanual turbine trip the steam generator
secondary pressure, Figure 12, rose rapidly until scram. Primary pressure also ,

rose rapidly until scram, Figure 13. Steam generator level dropped after !
!scram, Figure 14*. Pressurizer level rose initially until scram after which it

fell, Figure 15. The simulation held one steam generator bypass valve open to

i

* Steam generator level is referenced to the level of the narrow range pressure j
tap.

11
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,

i
i

represent the failure experienced in the PWR transient at 21 seconds. This' '

! initiated an overcooling event on the steam generator secondary side which
'

caused the pressure and level to drop rapidly, Figures 12 and 14. The
,

overcooling also caused the pressurizer pressure and level to drop rapidly,
_

j }
Figures 13 and 15. This portion of the transient provides a significant -

I challenge to the simulator model's ability to calculate the compression and j
expansion experienced in the tests. The simulator reproduces the system |,

behavior shown in the PWR test data. '

!

; Closure of the main steam isolation valves at 240 seconds ended the plant i
cooldown. Af ter this, addition of emergency feedwater caused the steam !
generator secondary level and pressure to rise gradually. The rise in |

-

secondary temperature produced an increase in pressurizer pressure and level. !.

; Again the simulator reproduces the PWR transient during the Fiessure recovery. I

The thermal-hydraulic models successfully predict the significant events of the ji

steam generator secondary pressure and water level dynamics. The i

i nonequilibrium models and detailed momentum solution provide an appropriate '
,

l prediction of the pressurizer pressure. The simulator successfully predicts i

j the pressurizer water level indicating an adequate prediction of the RCS ]
temperature history. Figure 16 shows this successful RCS temperature ;

prediction capability for the hot leg and cold leg temperatures. Establishment,

of natural circulation and the resulting increase in core coolant temperature 1

rise, af ter the RCPs are tripped, is demonstrated.
,

;
|

1 Small Break Loss of Coolant Accident i

1

A small break LOCA transient is used to illustrate the simulator thermal-
hydraulic model's ability to handle a severe accident. This transient is

! particularly challenging since the two-phase fluid conditions, core uncovery, !
' core recovery, and emergency core cooling system cold water injection test the '

; phase separation, nonhomogeneous and nonequilibrium models. The simulator
' analysis results are compared to those from a best estimate CEFLASH-4AS :
] calculation. The significant initiating events for the transient are described j

in Table 4.g

a .

Table 4 !

|'

3
Small Break LOCA Initiating Event Sequence

i Time (Seconds) Event

20 Open 0.12 ft break in one cold leg

11 Scram core, trip turbine, trip RCP-

50 Initiate HPSI

1 2500 End of transient

t

12
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The small break LOCA is initiated by opening a 0.12 square foot break in
4 one cold leg of the primary system. The major events and trends of the
j transient are summarized in Table 5. The best estimate and simulator primary

pressure predictions are shown in Figure 17. The pressure drops rapidly for 804

seconds, plateaus with a moderate rise until 270 seconds, and drops gradually
a until 1500 seconds when it levels off. The inner vessel two-phase mixture

level prediction by the best estimate code and the simulator are shown in
, Figure 18. The level drops rapidly until 70 seconds, pauses until 400 seconds,
! and falls gradually due to coolant boil-off until'about 1200 seconds when core

recovery begins. Core uncovery occurs at about 700 seconds. The core exit
fluid temperature predicted by the simulator is shown in Figure 19 with the
saturation temperature. The temperature is subcooled initially, stays at
saturation until the core uncovers, rises to a peak and falls toward saturation
shortly af ter core recovery begins.

Table 5

| Small Break Transient History

Time (Seconds) Discussion

1

20 LOCA initiated by opening 0.12 ft cold leg
break, rapid drop of inner vessel pressure

-

and two-phase mixture level

20 Transition from subcooled to saturated
blowdown

.

40 Pressurizer drained

70 Pause in inner vessel level change. Upper
head and plenum drained, draining of steam
generators and hot legs begins

80 Plateau in primary pressure just above
secondary heat sink pressure

270 Pressure drop resumes upon transition to
steam blowdown

400 Inner vessel level resumes gradual . decline
after draining higher elevation components

700 Core unconery begins, temperature |of core
exit steam rises above saturation'

1200 Minimum core level reached, refill begins

1500 Pressure stabilizes at 250 psia
2

1550 Core exit steam temperature peaks and soon
begins a gradual decline

.13
~

!

)



- - ._- . -- . _ ...

|

;
'

The simulator reproduces the small break LOCA behavior predicted by the
best estimate design code CEFLASH-4AS. The trends and events of Table 5 which '

' would be observed by the reactor operator are reproduced with rimilar
timings. These include the intial abrupt pressurizer pressure and level drop,
the pressure plateau, the departure of core exit fluid temperature from - ,

saturation to superheat conditions, the pressure _ stabilization, and the core
;

exit fluid temperature peak followed by a decline. - Comparison of the predicted- '

primary pressures in Figure 17 shows good agreement in the details of the
pressure history. The inner vessel level predicted by the simulator lags
slightly behind that of the best estimate code, Figure 18, but shows the same,

'

overall behavior. The lag is due to simplifications in the simulator models. '

The good agreement is the result of the two-phase and nonequilibrium models
which give the simulator the ability to realistically predict reactor behavior
for severe accidents. '

CONCLUSIONS4

The C-E simulator thermal-hydraulic models are validated for a variety of
events which must be represented by a simulator. The ability of the models to,

hold a steady state and handle symmetric and asymmetric single-phase pump
transients is shown. The capability to predict measured PWR performance data-

for an overcooling transient involving nonequilibrium and two-phase conditions
is demonstrated. The capacity of the models to reproduce the reactor behavior
for severe transients, such as a small break LOCA, which is found with a best
estimate design code is shown. The feasibility of developing and integrating
models for the core, RCS and steam generator secondary systems which are based,

on design codes and which execute in real time is proven. The capability of ,

the two phase nonhomogeneous, nonequilibrium models is shown.

Use of models based on first principle physics has extended the capability
of the C-E simulator beyond that shown by earlier simulators. It can directly |calculate a wide range of events--steady state, operational transients, and

| abnormal conditions such as total loss of feedwater, steam line break, steam 'j

generator tube rupture, anticipated transient without steam, and small and ,

large break LOCAs. Full provision for operator intervention to change the
'

course of the transient 'is available. Multiple failures and their interactions ,
'

are permitted. The models are generic to a wide range of PWR plants with
geobetric model changes including noding accomplished through input data.
Reality in the transient behavior is maintained' to provide optimal operator4

training. Engineering calculations to support design studies and procedure !,

j development are possible.
i
-

ACKNOWLEDGEMENTS

The authors wish to acknowledge the significant technical contributions of4

4

H. L. Dolan and E. A. Forbes. Their effort in programming and debugging the
models provided the calculational capability used for the analyses shown in the
paper.

,

W

14

- , ---.,s- -- , , . , -ow.-r n, _--- ,,-e,-r- - , , - ,-r,,-..~ , mer -wo .t= r-v ,-n- .,-ny



i

REFERENCES

1. Simulation Methods for Nuclear Power Systems, Proceedings of a
Conference Held at Tucson, Arizona on January 26-28, 1981, EPRI WS-81-212, jMay 1981.

2. " Nuclear Power Plant Simulators for Use in Operator Training", ANS-3.5,
,

November 20, 1980. l

|

3. " Simulator Use and Development", Task I.A.4, "NRC Action Plan Developed as |

a Result of the TMI-2 Accident", NUREG-660, Volume 1, May 1980. '

4 "CEFLASH-4AS, A Computer Program for the Reactor Blowdown Analysis of the
Small Break Loss of Coolant Accident", CENPD-138, Supplement 1 (Non-
proprietary), August 1974

5. " Response of Combustion Engineering Nuclear Steam Supply System to
Transients and Accidents", CEN-128, Vol.1 (Non-proprietary), April 1980.

6. T. A. Forsching, et al., " FLASH-4: A Fully, Implicit FORTRAN IV Program
for the Digital Simulation of Transients in a Reactor Plant", WAPD-TM-840,
March 1969.

7. V. H. von Glahn, "An Empirical Relation for Predicting Void Fraction with
Two-Phase Steam-Water Flow," NASA Technical Note D-1189, January 1962.

8. E. Isaacson and H. B. Keller, Analysis of Numerical Methods, John Wiley
and Sons, Inc., New York (1966).

9. " Calculative Methods for the C-E Small Break LOCA Evaluation Model," CENPD-,

137, Supplement 1 (Non proprietary), January 1977.

10. T. M. Anklam and M. D. White, " Experimental Investigations of Two-Phase i

Mixture Level Swell and Axial Void Fraction Distribution Under High
Pressure, Low Heat Flux Conditions in Rod Bundle Geometry," pp. 4-67 to 4-
88, ANS Specialists Meeting on Small Break Loss of Coolant Accident *

Analyses in LWRs, Monterey, Calif ornia, EPRI WS-81-201, August 25-27,
1981.

11. S. G. Wagner and A. T. Shessler, "A Three Dimensional Improved Quasi-
Static Core Model for Nuclear Reactor Control Room Simulators", to be
presented at the Fif th Power Plant Dynamics, Control and Testing
Symposium, Knoxville, Tennessee, March 21-23, 1983.

j

12. F. J. Moody, " Maximum Discharge Rate of Liquid-Vapor Mixtures from
Vessels," ASME Winter Annual Meeting, November 1975.

!

!

|

|

15

l
|
,



i

- ,

!

:

!

13. " Combustion Engineering Analyses of LOFT Test L3-1", Combustion ,

!Engineering Submital to NRC, February,1980.
- i

14 S. Leichtberg and J. F. Kapinos, "C-E Analysis of LOFT Test L3-6",
.

j,pp. 2-15 to 2-31, ANS Specialists Meeting on Small Break Loss of Coolant
Accident Analyses in LWRs, Monterey, California, EPRI WS-81-201, August 25- '

27, 1981.
|
t

15. R. C. Mitchell, et al., " Verification of Best-Estimate Nuclear Power Plant
Simulation Models", pp. 2-29 to 2-42, Simulation Methods for Nuclear Power
Systems, EPRI WS-81-212, May, 1981.

[

:

,

,

1

l
'

|

i

|

|

i

,

16

i

_ . . - , .



. _ .-_ . .._ .._ . _. . _ _ _ . .. _ = . . .._ _ _. _ _ _ _ . . _ ___. ...___ _ ._

.

FIGURE 1
PRIMARY SYSTEM GEOMETRIC MODELi

t

!

b -

g + UPPER HEAD g, .

g 8 @ 8

@E @g
"

|8 |E g' "

s ss s -- , - ms _ = __ _

0 -
:

G
_

G
_ _

kUe
g5E (1) - = 09 g55

__

ca n tea can m
ses 1ses - = -

8 =p*"g |
imeR

@|- _
vessEt _ @|M--

coce _m _ _ m._
_

.

t

_ _ . _ _ _ . _ _ . _ _ . _ . . . . _ _ _ _ _ _ _ _ _ _ _ . _ _ . . , _ _ _ _ _ _ . _____._____________._____m _.m ,__...m...m,,.m_.,. .,,._,,_%.m. . , ,y., ,m... .. .,,#, , .m....m. ....,,__,m.., , . . . , , , , . - . . , , , , , . . , _ . . , _ , , . , , . , _ , . ,



. ._ .

.
-

- |

:
i

FIGURE 2 |
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FAST AND SUPER-FAST JStS SIMULATION USING ,

IMPLICIT FIVE-EQUATION NONEQUlllBRIUM MODELS |

i i
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i
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J Windsor, Connecticut 06095 ;
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ABSTRACT

! The themal-hydraulic models and the integration- technique of the Combustion ,

Engineering Nuclear Transient Simulation (CENTS) code, an interactive and j

real-time simulation code, are described. The thermal-hydraulic model is a i'

'
five-equation (two mass, two energy, and one momentum equation) nonequilibrium
model. The integration of the conservation equations uses an implicit, i

convergent method which is a natural extension of and fully compatible with i

j the equilibrium FLASH-4 integration. As such, applicability of the very
J efficient matrix inversion routine of the FLASH-4 code is demonstrated.
| Models for interactive, super-fast simulation of slow changing, long running

transients are fomulated. The application of the code to PWR problems is'

illustrated, and the fast-time capability is demonstrated with an example. *

! i

' I. INTRODUCTION i
i ;

The Combustion Engineering Nuclear Transient Simulation (CENTS) code is a
real-time, interactive computer code. It simulates Nuclear Steam Supply |

System (NSSS) behavior for Pressurized Water Reactors (PWR) for a wide range
of conditions, from normal operation to severe accidents with significant ',

two-phase, including core uncovery. Models are provided for the core
(neutronics, heat transfer, and themal-hydraulics), the primary system, the
secondary system (steam generators, steam lines, and headers), and the control
systems. In general, in tems of complexity and completeness, the CENTS
models are comparable to those encountered in the industry's advanced plant
simulation and design codes.

The CENTS code is also part of the Combustion Engineering (C-E) Setpoint
Methodology, for Westinghouse designed plants, that calculates limiting safety
system settings and limiting conditions for operation (on DNB and fuel
centerline melting) (Reference 1). C-E's advanced simulator technology also i

uses the five-equation themal-hydraulic model described here. Application of '

the model to full scope simulators is described in References 2 and 3.
Upgrading existing simulators with this model allows them to satisfy the
requirements of ANSI /ANS-3.5-1981 (Reference a).

|

1

L-



!-
i

'

- 774 -

This paper describes the CENTS primary system themal-hydraulic model,
including the integration of the conservation equations. The primary system
themal-hydraulic model is a five-equation (two mass, two energy, and one |
momentum) themal nonequilibrium model. The themal-hydraulic formulation and '

the integration of the conservation equations are a natural extension of those '

used in the equilibrium, three-equation (one mass, one energy, and one
{

momentum) FLASH-4 code (References 5 and 6).
'

The FLASH-4 code and its solution technique have been used in the past as the
basis for the development of many three-equation thermal equilibrium codes
like the RELAP4 family of codes and RETRAN. The significance of the FLASH-4
code is that it introduced a very stable integration technique and a very
efficient solution of the discretized conservation equations. Of the two
major nonequilibrium codes, TRAC and RELAP5 (References 7 and 8), only RELAPS
uses the integration scheme of the FLASH-4 code. However, its matrix sclution
differs from that of FLASH-4. RELAPS is a five-equation model (two mass, one
energy, and two momentum). The TRAC code is a six-equation model (two mass,
two energy, and two momentum) whose formulation and solution technique are
completely independent of the FLASH-4 model.

The CENTS thermal-hydraulic model is, on the other hand, fully compatible with
the FLASH-4 integration technique (numerical integration and matrix solution).|

This compatibility allows application of the very efficient solution of the-
conservation equations of the FLASH-4 code to nonequilibrium problems.

The compatibility with the FLASH-4 solution is noted several times in this
paper. In order to ease these references, the FLASH-4 solution technique is
described briefly in Section II. Sections III - VI describe the CENTS
thermal-hydraulic model, including the integration and solution of the
conservation equations. Section VII describes modifications to the
conservation equations to produce super-fast simulation that can be applied to

;simulation of slow charging, very long running transients. Section VIII
illustrates the CENTS model capabilities by describing its application to
PWRs, and denonstrates the fast-time capability with a specific example.

II. THE FLASH-4 SOLUTION TECHNIQUE (References 5 and 6)

The FLASH-4 code represents a themal-hydraulic system by means of a hydraulic
network consisting of nodes and flowpaths. The nodes enclose control volumes,

I that represent the mixture mass and mixture energy in each node. The
flowpaths are used to represent the mass flowrate between nodes (noncriticali

| flowpaths), and external connections or leaks (critical flowpaths). Its
thermal-hydraulic model is a three-equation thermal equilibrium model. It
consists of conservation equations of mixture mass and mixture energy for each
node, and mixture momentum for each noncritical flowpath. The mass flowrate
for the critical flowpaths is calculated as a function of pressure and is used
to represent choked flow for leak paths.

The above system of conservation equations can be written in vector form
,

dy = f(t,y) (II-1)
dt
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where
y = (W , W '***' H ' H ,... U , U '***)Ty 2 1 2 y 2

and
W = Flowpath flowrate
M = Node mixture mass
U = Node mixture momentum
t = time.

The above system of conservation equations is integrated using the implicit
one-step method

[I - at f'(t,y)] ay = 4tf(t,y) (II-2)

where f'(t,y) is the Jacobian of the function f(t,y) and at is the time step.
Equation (II-2) is obtained by linearization and backwards differentiation of
Equation (II-1). Reference 1 demonstrates that this implicit one-step method
is consistent, and thus convergent.-

In order to solve the K+2N by K+2N linear system of discretized equations
defined by Equation (II-2), where X is the number of noncritical flowpaths and
N is the number of nodes, the FLASH-4 code explicitly calculates expressions for
aM and AU as a function of AW. Substitution of these expressions into the
corresponding flow equation yields a reduced KxK linear system of equations.

IIf, in addition, the flowpaths are numbered such that the disjoint chains are
numbered first, the reduced systen of equations is of the form:

AaW = Z

where A is a matrix of the fonn

.. 9 ' y'
0o

2 P

N (II-3)A:
0 o, P,

U 0 U It 2 s _
--

The only nonzero elements in A occur in the blocks described above. Each of
the D
of the, matrices is a tridiagonal matrix and is directly associated with eachdisjoint chains. This linear system of equations is solved using a
block elimination, which for block type matrices like th5 one shown above, is
significantly faster than Gaussian elimination.

;

1A subnetwork is a chain if it is connected and every node of the chain is j
connected to at most two non critical flowpaths. See Reference 5 for a more i
detailed discussion of this one and related concepts. I

|
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III. THE CENTS THERMAL-HYDRAULIC MODEL
:

i !CENTS represents the thennal-hydraulic system by means of a hydraulic network
|i consisting of nodes and flowpaths. The nodes again are control volume; thatJ However, to accommodate the irepresent the mass and energy in the system. !thermal nonequilibrium formulation, the mass and energy of each of the phases

The flowpaths are used to represent; is represented separately in each node. r

the mass flowrate between nodes (noncritical flowpaths) and the choked flow in t

,' external connections or leaks (critical flowpaths).
,

For each node 1, let T denote the set of flowpaths for which i is the
terminal node. ' Let I,9 denote the set of flowpaths for which.i is the initial ;

as !U1. Define the summation over the elements in U9node. Let U, = T9 9
,ifollows

1
. s

II I= -

i

kcU, kcT kcI
9 9

e.g.,

I "k I N
'

I W " ~

k |
kcU, k kcT kcI -

9 j
1

The mass aid energy conservation equations for each node i are the following:
4

|

1. Conservation of liquid mass 3

|
dM IIII-1)

bt II-*k)Nk+ cond,1~ Nevap i"

p

ii. Conservation of mixture mass

dM'

(III-2)I"
dt k

kcU,
;

i111. Conservation of mixture energy :

du, IIII~3)kk+OihI"
dt

kcU |

9

iv. Conservation of steam total enthalpy

st,i h IIII-4)Nhk st,k * Ost.1 ' ~" cond.1 f
U, kdt

+ W hevap,i g



.

The nomenclature for these equations is

M,M = Liquid, total mass
t

U = Total internal energy
H = Total steam enthalpy
stQQ = Total, steam heat rate

!st
W = Mass flowrate !
h, h = Flowpath mixture, steam enthalpyst = Flowpath qualityx
h,h = Saturation liquid, steam enthalpfes
f

W 9 = Condensation rate
d

W = Evaporation rate. )p

The momentum equation for flowpath k connecting nodes i and j is of the form: ,

I
dW

k d g - P) - FW|wl+E+G (III-5)L P=
k k

;

where
P,P.

g Upstream, downstream pressure=

F 3 Frictional coefficient (the code calculates separately=

geometric losses and Reynolds dependent frictional lossen
They are lumped together for the present discussion).

E Elevation head=

G Pump head (for pump paths)=

L Flowpath inertia.=

The critical flow equation for leaks is of the form:

Wk = W(P,h) (III-6)
where W(P,h) is a functional expression for choked flow.

Assuming that the network consists of N nodes and K nontritical flowpaths, the
above system of conservation equations can be written in the form:

= f(t,y)
E (III-7)

where
y = (W ,..., W , M

y g t,1***** 1,N' "I'***' N'

U ,..., U ' Hstl.... Hst,N)g N

This system is coupled, since the pressures in the momentum equation are
functions of the nodal liquid mass, mixture mass, mixture energy, and steam
total enthalpy, i.e.,

P = P (M , M, U, Hst)g

The functional dependency that allows derivation of the expression above is
given later in Section V. In addition, the critical mass flowrates for the
leak paths in Equations (III-1) - (III-4) are a function of the pressure and I

node enthalpy (Equation III-6), further increasing coupling of the system.
;

1
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! IV. INTEGRATION OF THE CENTS CONSERVATION EQUATIONS }

Equation (III-7) is integrated using the FLASH-4 implicit one-step method |
|

(IV-1)
.i[I - atf'(t,y)] ay = at f(t,y):

described in Section II. As stated in Section II, this implicit one-step ;

method is consistent, and thus convergent. |

TheEquation (IV-1) is a linear system of K+4N equations in K+4N unknowns.
solution of this system of equations can be obtained rather efficiently by
first eliminating the terms AM , AM, AU, and AH from the discretized flow |

equations (a comparable reduction to the one th N is done in the FLASH-4 code i

for an equilibrium formulation). This elimination reduces the system to a |

linear system of K equations in K unknowns, AW ... 4W .3 g

In order to illustrate this reduction, let: j

II) = (f ,j (t,y), f +N+1 (t,y), f +2N+1 (t,y), f +3N+1 (t,y))T
i

F g K K K

|
denote the vector consisting)of the right hand sides of Equations (III-I), '

(III-2), (III-3), and (III-4 for node 1. Let the set U which describes the
9

set of flowpaths connected to node 1, be expressed as Ug=U9,3 1,2, whereUU

U is the set of noncritical paths which are connected to node i, and Ui*2
!id'fbesetofcriticalpathsconnectedtonode1. Then the linearized '

can be written in matrix form asg'4' tN , Au and aHst'iequations for AM
$ g

follows. ,

[I - at C ( )) (AS(I}) + RII}4W = at F(I}- UV-2) ;

where ASII) = (AMg,g, AM , AU , AHst,1) 'j g

CII) is a 4x4 matrix with entries
!
!

(k)
<

C,(i)=k!U Y(k) C(1)*kEUk m m,2 k m.,3 2,1 2,1

i

C(i)*k!U Y(k) C,(i)=kfU Y(k)Yk m ,4 k n,

m,3 2,1 2,1

1,...,4, andfcr m =

aW 3P 3W Dh IN 3P BW 3h
k k k k

k aP BM * I6 aMg' k " aP BM + BE BM 'O*

g
i

3W 3P 3W ah 3W BP 3W ah-
k k k k

k "F au + ah au k " BP BH + ah aH6
T ,

st st ,

I

i
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,

y(k),, (y(k) y k) y k) y ))T ,

st,k)= ( 1 - x , 1, h ' * k hk k

fThe matrix R(I is a 4xK matrix with entries
)y , if kc T 9,
}-V , if kc 1R =

9,
0, otherwise. j'

Let q

BII) = [I - at CII)] (IV-3).

i
;

Then, it follows from Equation (IV-1) that j

)+B }+hB )+xh 0 }3 ON IIY'4)g,9= n k[h[(1-x)B
~

AM + at
k k k st,k k ;

I

'+8 '+h80)+*kst,k 823^W (IV-s)AM =n + at k[uE(1-*k)021 22
h

k kj
1

,

}]AW (IV-6)=nfI)+at kEU EII-*k)0 +0 )+hB )+xh B40
32 k k stA k4

g
,

)+ at k[U EII-*k) 04 42 k4 + *k st,k B ] AW+0 +hB haHst,7n ~

kg

where the vector n( = (ng , n2 ' "3 ' "4 } '9""18

II) = at BII) FU}n .

Now assume that the kth flowpath joins the ith and jth node. The
corresponding discretized momentum equation is:

2F|Nik k(1 + at AW
k

L
k

_ (o M AM9+ C ou + 9 AHi t,9 + p4 y g 9 st.i
k

stJ)-o LM
j t,j - oj 3- j AU) - uj AHLM E

= at fk (y) (IV-8)

! .
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I )

where

| 3P 3P BP 3Pa= ,p=
_

,C= _,p*
_

.

BM BM BU 3H
g st >

,

! Substitution of Equations (IV-4), (IV-5), (IV-6), and (IV-7) into Equation i

| (IV-8) yields a reduced KxK system of linear equations of the form: ]
'

AaW = Z (IV-9)
:

where i

Z = at [f (y) + h (ognfII + 9 nfI) + (9nfI) + ugn I
9

k k L k

(j) (j) (j) (j)
- I "3 ~"j"4))]- ajng - p n2j -j

|

2F |WAk,k= 1 + at y k
_

k*
A IIN/"*Ak,n = k.n
* i

The entries A are defined as follows (in matrix form):k.n

1. If ncT and nc!), Ak.n = [[Xb)] Bb)Y - [X(d)] bid)Y]9

k
,

'
.

[[X(I)]BII)Y - [X(d)] bid)Y]ii. If ncI j and ncT), Ak,n "-
L g

N111. If ncT, and n/I , Ak.n = [X B Y
j

O
,[X Biv. If ncI, and n/T), Ak.n Y*
'-

L k
i

If ncI) and n/T , Ak.n = [X B Y
4v.

9

'k
I

=(at)2 [XId)] bid)Y! vi. If ncT) and n/I,, A
Ly

'

i

! ,
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I
ahere \

fi) = (og, og, c , u )Ix
g s

= (1 - x , 1, h ' *k hk k stA) andY

III = [I - at CII)]- (EquationIV-3).B

The KxK coefficient matrix A for the reduced system (IV-9) has passibly
.

nonzero elements in exactly tha same locations as the corresponding FLASH-4 {coefficient matrix for the equiiibrium reduced system. Thus, if the flowpaths !

are numbered such that the disjoint chains are numbared first, as described in
Section II, the coefficient matrix A is of the form described in Equation
(II-3). Therefore the FLASH-4 block elimination solution of Equation (IV-9) |can be used with no changes.

!

V. CALCULATION OF THE NODE AVERAGE CONDITIONS '

Given the node mixture and liquid mass (M and M ), the mixture energy (U), the
Esteam total enthalpy (H

S ),the liquid and steam enthalpies (hand the node volume (V), then the node pressurethe liquid and steam sNc}ific volumes (v
'

(P), the steam mass (M
st) sWsfy thd fcilo6In)g, and

and h ',

and v - tsystem of equations. g

)
rM "H~M

st 1 IY-1)
h "H /Mst st st IV-2)
h = U/M + VP- (V-3)
V = M IV +M Ist 'st IY #)t E

= v (P, h,) (V-5)
v '

1

v = v (P h )st (V-6)

where the expression v(P,h) is the specific volume equation of state.
Substitution of Equations (V-1), (V-2), (V-5) and (V-6) into Equations (V-3)
and (V-4) yields a nonlinear system of equations in P and h which is then
solved using Newton's method. g

VI. THE CENTS CONSTITUTIVE PACKAGE

The emphasis during the development of CENTS was on both speed and accuracy.
In order not to compromise the code speed, a complete but relatively simple
constitutive package was used. The constitutive equations include all major
modes of heat transfer and mass transfer between phases i.e., condensation on
the liquid surface, condensation on walls, condensation of bubbles,
condensation on the injected fluid, evaporation by wall heat, by flashing,
etc. The mass-heat transfer is calculated using correlations from the '

;

literature (TRAC, RELAPS). No attempt was made at implementing flow regimes.
However, since in terms of its attention to detail in the formulation of the
heat and mass transfer between phases the CENTS thertnal-hydraulic formulation
is comparable to that of TRAC, a constitutive package comparable in-
sophistication to that one could be implemented into CENTS.

w_
- .
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VII. SUPER FAST SIMULATION - THE FAST-TIME MODEL |
In interactive real-time simulation it is important to have the capability to !
simulate long running transients (e.g., a complete heatup or cooldown) much !

faster than real-time. This capability allows the user to observe the system
'response in a reasonable time span. This capability also allows the user to2

easily and quickly generate initial conditions from a vastly different initial
state, for example, generation of initial conditions for shutdown cooling ,

starting from a 100% power system state. ;

A fast-time model with the capability to run much faster than the base CENTS
model and without losing any of the geometric detail is available in the CENTS

'code. The model is not claimed to be the exact replica of the base model.

running M times faster. Rather, it is a simulation which approximates the
accelerated response of the system, without using large time steps that would
destabilize the solution.

The fast-time model employs the CENTS base model (the five-equation
thermal-hydraulic model) with the same base time step, and with a diffusion
model that incorporates into the system the integrated effects of various

! parameters during the large time steps. For example, the integrated effect of
heat addition to the loops during a large time step can be expressed as i

follows,

IQ dt . (VII-1) !
#at dt " r0 dt + /atg - atgat ,g jlarge 3

Integration of the conservation equetions with the small time steps only'

incorporates into the system the net heat addition described by the first- tem
on the right hand side of Equation (VII-1). In order to simulate the net heat
addition described by the second term on the right hand side of Equation
(VII-1), a diffusion tem d,(Q) is added to the conservation of energy >

equation for each node. The diffusion terms are defined such that

at atlarge - atsmallsmdl
Similarly, diffcsion tems for fluid sources / sinks, or other effects are
defined and included in each of the conservation equations.

For semi-isolated components, like the pressurizer, very little, if any,*

diffusion of the various parameters occurs to the main system (i.e., the
loops). Thus, the diffusion tems for parameters defined for semi-isolated
components, e.g., pressurizer heater heat addition, still satisfy Equation
(VII-2), but are defined as non-zero only in the same component.

,

It is not always possible to reproduce the exact fom of the diffusion terms
in a precise manner. However, experience has shown that " reasonable"
expressions, e.g., weighted terms based on total mass, fluid flow, etc.,
produce adequate approximations and reasonable response.

- . _ . - . . - - , ,



VIII. EXAMPLES

A typical C-E designed plant is represcated with the CENTS code using the '

nodalization shown in Figure I. Similar representations are used for plants
of Westinghouse design. With this nodalization and time steps of the order of !

one second, CENTS is capable of simulating NSSS transients rapidly, accurately !
Jand with remarkable stability. Typical transients execute between three and

four times faster than real-time on the Perkin-Elmer 3i44 minicomputer.

Transient comparisons to plant data and design code calculations have been
docunented elsewhere (References 2 and 3), and are not repeated here.

The fast-time capability is illustrated here by means of a plant heatup. The
system starts cold (hot leg temperature 372 K (210'F), pressurizer pressure
689.5 KPa (100 psia) with the shutdown cooling system isolated, all four
reactor coolant pumps running, and the pressurizer heaters turned on. With
the pressurizer level control in automatic mode, the plant heatup was run once
using the regular one second time steps (without fast time) and a second time
using the fast-time feature scaled to run sixty times faster. Figure II,
shows a comparison of the pressurizer pressure, pressurizer temperature, and
hot leg temperature for these two cases during the first 10,000 seconds of the
transient. The relctive closeness of the two calculations demonstrates the
power of the fast time model. Using the time scaling ratio of 60, the
complete heatup, to approximately 20,000 seconds, was simulated live,
interactively, in approximately 2 minutes of computer time on the Perkin-Elmer
3244

IX. CONCLUSIONS

The FLASH-4 integration technique for a three-equation equilibrium model has
been successfully extended to a five-equation model for nonequilibrium
conditions. The same explicit solution technique used to reduce the
discretized linear system of equations for an equilibrium system to a block
type matrix system applies for the five thermal nonequilibrium equations |
system and produces a matrix of the same form. Consequently the FLASH-4 block )
elimination solution technique is also applicable for the thermal j
nonequilibrium formulation. The nonequilibrium formulation integration !
technique shares the convergence characteristics of the equilibrium '

formulation.

tror slowly changing transients, introduction of diffusion terms in the
conservation equations extends the five-equation model to a fast time mode. j

The resulting fast-time model allows up to a 60 fold increase in computation i

speed and gives very satisfactory agreement with the results of calculations
done with the base model.
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4ATURAL CIRCULATION COOLDOWN USING THE COMBUSTION ENGINEERING SIMULATOR

P. K. Doherty R. J. Espinosa R. L. McBeth R. C. Mitchell
'Nuclear Power Systems

Combustion Engineering, Inc.
1000 Prospect Hill Road

Windsor, CT 06095
203-688-1911

ABSTRACT circulation as primary pressure decreases.
Variations of plant conditions include lack of

A full scope simulator with thermal-hydraulic the pressurizer heaters and asymetric
models based on first principles models is cooldowns (one steam generator isolated).
snown to reproduce observed plant behavior for
a natural circulation cooldown with upper head Alternatives to performing operator
voiding, inclusion of nonequilibrium, phase- training with the power plant are desirable.
separation models allows reproduction of the Reactor test programs are time consuming and
two-phase fluid behavior when a bubble is drawn expensive to perform. Subsequent operator
in the upper head of the reactor vessel. Level training is difficult to do with a power plant
oscillations in the upper head and pressurizer once it is in comercial operation. Further,
due to operator actions including refill of the the range of feasible training situations is
upper head are reproduced. The ability to use limited because of the risk of damage to plant
the simlator instead of the plant for operator equiprent, e.g., cooldown with loss of both
training and to extend the training beyond that of f site and onsite alternating current.
possible with the plant alone is shown with
examples. Use of a full scope reactor training

simulator for training in performing natural
I. INTRUDUCTION circulation cooldowns is an alternative to

training with the power plant. Satis f actory
The Nuclear Regulatory Comission (NRC) training on the simulator requires that it have

recommendations for Residual Heat Removal (RHR) a suf ficient level of fidelity to the plant
systems have produced a substantial need for beha vi or. This, In turn, requires that the
operator training to perform natural simulator use first principles models which
circulation cooldowns. The NRC now recomends reproduce the dominant physical processes which
that a nucinar power plant be capable of being occur during the transients of interest.
cooled to cold shutdown conditions using only
safety-grade equipment concurrent with a loss This paper demonstrates the simulation and
of of fsige power and an assuvd single training capabilities of a full scope sinulator
failure. Due to loss of of fsite power, the developed by Combustion Engineering on thecooldown will be by natural circulation. The basis of first principles models. The thermal-
NRC further suggests that new operating hydraulic models used in the C-E simulator are
licencees conduct a described briefly. Their capability to" hands-on" training.jow-power test to provideAs a result, nuclear simulate the natural circulation cooldown ipower plants are performing natural circulation behavior of a Pressurized Water Reactor (PWR) |tests at low power conditions prior to is demonstrated by comparison of the plant Iescalation to full power. behavior predicted by the sipulator to plant |

data for a natural circulation cooldown. The
The natural circulation tests train transient presented includes formation of a

operators to recognize and evaluate plant void in the upper head of the reactor vessel
ibehavior during natural circulation and to and a procedure for elimination of the upperoperate the plant appropriately during natural head void. Finally, use of the models for

circulation conditions. Operators are trained operator training is discussed and demonstrated
to control the cooldown rate and pressurizer with three procedures for cooldown of the upper
pressure so as to maintain a subcooled margin head.
during cooldown. This is done by manipulation
of charging flow, secondary steaming rate, and II. SlHULATOR THERMAL-HYDRAUL]C MODEL
other plant systems. Tests are performed to
initiate, verify and maintain natural The simulator is designed to provide
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realistic thermal-hydraulic responses and appropriate boiling curves. The mode of heat
instrunent indications for a full range of transfer is determined dynamically for each
operating conditions. The models are based on axial fuel rod node. A radial temperature

those used f or PWR design codes -- CEFLASH-4 AS distribution in the fuel and cladding is

for the primary system or Reactor Coolant provided for each axial node. Reactor power is
System (RCS) and the Long Term Cooling (LTC) calculated by a three-dimegstonal reactor core

neutronic model as needed.code foghe steem 9enerator secondary
# *

The steam generator secondary system model
The primary system thermal-hydraulic includes nonequilibrium and recirculation

response is modeled by a node and flowpath effects. Each steam generatnr is represented
network. The nodes enclose control volures by a downcomer, an evaporator and a steam drum
which represent the mass and energy. Nodes are with a connon steam line header for both
provided for the major components in the C-E generators. Discrete fluid levels are produced
PWR reactor primary system -- inner vessel, in the evaporator and downcocer. Forward and
upper head, control element assembly (CEA) reverse, level dependent heat transfer with
guidetubes, two hot legs, a pressurizer, two appropriate boiling curves are represented,
steam generators (separate hot and cold sides Mass and energy balances are provided for each
of the U-tubes), two combined outlet plenum and node. The flow between the downcomer and the
pump suction legs, f our cold legs and reactor evaporator and the main steam flows are
coolant pumps, and the annulus or downcomer of calculated using momentum balances,
the reactor vessel. Flowpaths connecting the
nodes represent the fluid momentum and have no The thermal-hydraulic models run faster
volune. Additional non-momentum flowpaths are than real time on a Perkin-Elmer 3244
provided for addition or r(moval of coolant by minicomputer which allows real time simulation
various reactor systems. of the transients. Further details of the

thermal-hydraulig*gnd neutronic models are,

The RCS thermal-hydraulic rvadel is gi ven elsewhere. Examples of their
formulated with five one-dimensional validation for several transients are also
conservation equations. The conservation given in these references.
variables are mixture (liquid and steam) mass,.-

liquid mass, mixture energy, steam energy and III. Sit 0LAT10N OF PLANT C00LDOWN TRANSIENT

mi xtuge monentum. The model incorporates
slip. The conservation equations are The performance of the simulator thermal-

yry integrated inplicitly by means of simultaneous hydraulic models for a natural circulation
solution of the linearized, discretized transient is demonstrated by a comparison of

%g conservation equations. .The mass and energy in plant behavior calculated by the simulator to
the liquid and steam regions of each node are measured plant data. The transient includes

h used with water property correlations 6nd the natural circulation cooldown of the plant,
p nodal volune to determine the resulting state formation of a bubble in the upper vessel head,
h? ,- ';.

.
variables (pressure, phase enthalpies and phase and subsequent cooldown with cyclic drain and

M M temperatures). fill tb cool the upper head. It tests the i

S response of the simulator to a wide range of'

j ' '' The simulator models phase separation system conditions, thermal-hydraulic states,i

f within a node into a separate steam region and and operator actions. Successful simulation of
a liquid or two-phase region. Phase separation upper head drain and fill requires

flux correlations. *gperimentally based drif t sophisticated two-phase models including phase-is calculated from e, -

Phase-separated nodes separation, non-equilibrium conditions, steam
,

37 have a discrete two-phase level which is used condensation, flow into and out of the upper

!_
P to determine fluid quality in flowpaths. The head and wall heat transfer. The C-E
t simulator model automatically calculates the simulation presented here includes all of these

[ f thermodynamic fluid state for each node. This processes.
includes equilibrium conditions for homogeneous,-

3
nodes and nonequilibrium for phase-separated On June 11, 1980 an electrical failure
nodes. The nonequilibrium states include caused a component cooling water isolation7

y ~ L
subcooled liquid-saturated steam, saturated valve to shut off cooling water flow to the
liquid - superheated steam, and subcooled seals of all four reactor cooling pumps (RCP)T ~

g

, g liquid - superheated steam. at a plant with a C-E Nuclear Steam Supply
, y% System. The plant w:s operating at nearly full

A core heat transfer model includes forced power with letdown and charging in service.y
'

convection and quiescent pool boiling with loss of RCP cooling required the operators to.
c

?r :p
'l :
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shut down the reactor at 2:33 am. The reactor scale, figure 2. Initiation of auxiliary spray
was then cooled down by natural circulation at 3:45 am caused pressure to drop again until
cooling of the core. A detailed description of 4:00 am. A reduction in the cooldown rate at
the transient is given in Reference 10. this time caused the pressure to level of f at

12.1 mP (1750 psia). Spraying in the r

Simulation for seven hours of the transient pressurizer was resumed at 4:30 am. The ;

is provided. The first four hours cover plant pressure began dropping at this time at a rate
trip and the initial cooldown. The last three of about 3.4 mP/hr (500 psia /hr), a rate which
hours cover formation of the upper head bubble was maintained until about 7:00 am.
and several pressurizer level oscillations. Pressurizer level began to. rise at about 4:30
The simulation is performed interactively with am, peaked near 40% of full scale at 5:00 am,
the simulator sof tware. Due to a lack of data and dropped back to 321 by 5:15 am. Loop
on operation of the plant systems, their temperature declined initially at a rate of
operation for the simulation was guided by the 42'K (75'F) per hour. The average cooldown
apparent operation actions. Timing of the rate from 3:00 am to 6:00 am was 33'K (60*F)changes was dictated by the point at which per hour. The cooldown rate declined further
conditions in the simulation require the af ter this time. The loop temperature
action. A sunnary of the principle events used dif ference varied f rom 11 to 17'K (20 to 30*F)in the simulation is given in Table 1. It during this period. The simulation closely
closely follows the recorded events in the reproduces the measured loop temperatures,
plant transient. pressure and pressurizer level behavior from

3:03 to 6:00 am, as shown by Figures 1-3
Simulation of the transient began at

2:30 am to establish initial conditions. As the natural circulation cooldownFollowing plant trip at 2:33 am, reactor progressed, the operators noted, at about 6:00
pressure declined rapidly from 15.5 mP (2250 am, that the loop temperatures were approaching
psia), Figure 1. Pressurizer level dropped the entry conditions for shutdown cooling more
rapidly from midrange, F i gu re 2. Reactor rapidly than the pressurizer was being cooled
coolant temperature in the hot leg, Thot. down. At this time charging to the loop wasdropped rapidly, Figure 3 until the reactor secured and full charging flow was directed to
coolant purps (RCP) were tripped at 2:35 am, auxiliary spray in the pressurizer to increase
Reactor pressure, pressurizer level, and hot the pressurizer cooldown rate. Between 6:15
leg temperature rose briefly until one purp was and 7:15 am the pressurizer level rose
restarted at 2:38 am, then they resumed their dramatically as shown in Figure 2. This was an
previous decline. When the pump was tripped at unexpected result. Subsequently, a drop in
2:39 am, pressure, pressurizer level and hot pressurizer level was observed when chargingleg temperature rose due to heat up of fluid in flow was shif ted f rom auxiliary spray to the
the loop. By 2:43 am, natural circulation was cold legs. Further cycling of the chargingestablished which ended the rise in pressure, pupp alignment from auxiliary spray to the coldpressurizer level and hot leg temperature. The legs produced additional pressurizer leveltemperature dif ference between the hot and cold cycles Figure 2.legs was about 14*K (25'F). Through the first
30 minutes of the transient, the simulation Subsequent evaluations of the event led to
reproduces the major features of the the conclusion that a bubble was

upper head of the reactor vessel.grmed in thetransient. Small variations in hot and cold
leg temperatures, pressure, and pressurizer Stagnation of the upper head fluid produced alevel are not reproduced since the details of slower cooldown rate in the upper head than in
the causative operator actions are not the rest of the primary system. When the RCS
available to incorporate in the simulation. pressere reached the saturation point in the

upper head, fibid began flashing to form theAt 3:00 am natural circulation cooldown was steam bubble. Effectively, a secondinitiated by opening the steam ducp and bypass pressurizer was established in the upper head.valves. Pressurizer level was controlled af ter
this point by means of charging and letdown.
The temperature difference between the hot and Auxiliary spray to the presturizer was
cold legs continued at about 14*K (25*F,, increased in the sinulation at 5:30 am.
Figure 3. Shortly thereaf ter, the cooldown Charging to the cold legs was secured at
rate was reduced which leveled off the pressure 6:00 am whic.h further increased auxiliary spray
decline at 14.3 mP (2080 psia), 3:32 am in to the pressurizer. The increased spray flow
F igu re 1. Pressurizer level for the simulation lowered the RCS pressure below the saturation
was stabilized after this point at 32% of full pressure in the upper head. Flashing occurred
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in the upper head which formed a bubble agreement of the simulation with data. Details
beginning at 7:00 am f or the simulation, of the charging and letdown rates, charging
Figure 4 The hot upper head fluid was pushed alignment, and flow rates used by the plant
into the RCS (where it mixed with the cooler operators are not available. As a result, the
RCS fluid) and f orced RCS coolant into the values used in the simulation are approximate.
pressurizer which raised the pressurizer level, Agreement night be improved by varying the
Figure 2. timing and nature of the simulated operator

actions.
Realignment of charging flow to the cold

legs and an increase of letdown flow at 7:07 The simulation reproduces the pressurizeram, for the simulation, ended the pressurizer and upper head level oscillation sequence
level increase and initiated refill of the observed in the plant transient. The ability
upper head. The insurge of cooler RCS water to produce small or irge level oscillations in
into the isolated upper hea' 4eam region the pressurizer as st% in the plant data is
cooled the upper head. Th"; , nduced a shown to be achievable in the simulation by
significant reduction in p.is. W 2er level, proper manipulation of the charging pumpFigure 2, thus co@leting ta > vel oscillation alignment, charging flow rate and letdown
cycle. Subsequent repetition of the sequence flow rate. Refill of the upper head.which is
of charging and letdown actions in the begeved to have occurred in the plant at A:30.1 sinulation produced two more level am , is demonstrated in the simulation,
oscillations. Figure 2.

s
IV. UPPER HE AD VOIDING SIRRATION FOR OPERATOR'

At the end of the third level oscillation, TRAINIW
the operators stopped letdown and started
charging with three charging purps in an On an f4SSS where the upper guide tube plate
apparent effort to el
bubble in the system.ginate the possible separates the reactor vessel upper plenum and,i

Evaluations done upper head, stagnation of fluid in the upperNe after the event concluded that the upper head head couplicates a natural circulation
bubble prgably collapsed as a result of this cooldown. Lowering RCS pressure for entry into

' . maneuver shutdown cooling before the upper head is
sufficiently cooled may produce voiding in theThese operator actions at the end of the upper head. The voided upper head acts as a3 third oscillation were sinulated by closing the second pressurizer, but it lacks sprays orLMN.i letdown valve, turning on two charging pumps, heaters for control of the pressure. Cooling

~~~ and later turning on a third charging pump as the upper head by heat transfer to the
; indicated in Table 1. The simulation shows containment or the upper plenum is slow and theQ Q~ , that the upper head bubble collapses at condensate inventory may be exhausted beforeP 8:43 am. Af ter collapse of the bubble, which the pressure is low enough to use the shutdwnis observed by the increase in pressurizer cooling system. A more rapid upper head._

level, operator actions to reinitiate cooldown cooling procedure may be needed,
"

j, were sipulated by switching one charging pump
1 . to auxiliary sprays, turning of f the other two One possibility is to drain the hot water*

.- charging pumps, and opening the letdown valve. from the upper head and refill the upper headSoon, as a result of the cooldown, a new bubble with cooler water from the RCS. Spraying in- is generated in the upper head with a the pressurizer' lowers system pressure below; corresponding increase in pressurizer level.
o 2 Once more, charging flow is switched from the saturation pressure in the upper head and

flashing of the upper head fluid produces steam
, sprays to cold legs to stop the pressurizer which forces the hot coolant out of the upper

e

level increase. At this point the simulation head. Possible mechanisms for refilling the: was terminated,
- upper head with cooler water are to charge toN_

.

The relative magnitudes of the measured and.
the cold legs, activate the pressurizer

simulated pressurizer level peak, after the neaters, or open the reactor vessel head vent.A t

first bubble is drawn in the upper head, differ Due to the conplexities of the physicals processes, operator training is needed to make' ' due to two ef fects. Figure 2. The pressurizer

k-
- level measurenents are based on a calibration

effective use of these procedures.

at hot, full power conditions. However, at the Simulations of three procedures for'
_~ time the bubble is drawn, colder, more dense refilling the upper head are shown tofluid enters the pressurizer. Recalibration

demonstrate the value of the C-E simulator fori for the actual fluid density would lower the operator training. The simuistion is based on
a,

'

magnitude of the measured level and improve the plant transient simulation discussed in

h
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Section 111. Each simulation begins after another ef fect which is represented. When the
formation of the initial bubble in the upper pressure in either steam region reaches
head has raised the pressurizer level to 75%, saturation, flashing begins which tends to pushi

at 7:07 am. For all cases, charging flow is coolant out of that vessel. Thus the relative
switched f rom the pressurizer sprays to the temperature of the two vessels controls which
cold legs and letdown flow is increased. After will reach saturation and flash first. As a
five minutes, at 7:12 am, the initiatin9 result, changes of thermal states due to
sequence for each of the upper head refill operator dctions further complicates
precedures begins. understanding of plant behavior. Use of a;

simulator with first principles models, such as
for tne charging purp procedure, chargin9 the C-E full scope sirulator, for operatorw p~ .,

flow from three pumps is directed to the cold training will improve operator understanding ;

legs and letdown is stopped. This collapses and performance for natural circulation
a

the upper head bubble in 26 minutes, Figure 5. transients.
The operator can tell when the upper head is. ,

tilled because the pressurizer level begins to ,

The simulator has additional applications,

-
rise as soon as the upper head is filled, ,

Figure f. System pressure also rises when the besides operator training. Alternative j'

j per head is refilled providing another operating procedures can be compared to develop ;M
dication to the operator, figure 7. Cooler insight into their merits. Pitfalls in the :

fluid refills the upper head providing the procedures can be explored to prepare the |

desired cooling ef fut, Figure 8. operator to detect and avoid them. E xamples'
i V include overfilling or packing the pressurizer,

h In the second procedure, activation of all increasing system pressure as occurred with the ;'

,

L ' of the pressurizer heaters swells the fluid heaters alone, or running out of condensate for
/% volume in the pressurizer and fi-~ RCS U .id feedwater before reaching shutdown cooling !'
' / d eck into the upper head. The uppe. L. conditions. Examining the effect of |

' refills in 30 minutes, Figure 5. Pressurizer alternative actions could be used to develop
,

! level again signals that the upper head is reconinended approaches to handle natural,,

refilled Figure 7. Addition of some charging circulation cooldowns. |
.

flow to the cold legs along with activation of |s .O

j f'' kthe heaters would avoid raising the system43
pressure. The upper head fluid is cooled to a V. CONCLUSIONS

gglesser degree than with use of the charging ,

) M""E'' The C-E simulator thermal hydraulic models i
,

are validated for natural circulation ;

* M The upper head vent is fully opened in the
~ transients. The models are able to reproduce ;

1 - third example. This refills the upper head in
initiation of natural circulation after pump i

~.I 11 minutes, Figure 5. Level in the pressurizer'
trip, plant cooldown under single-phase RCSdrops sharply here until the upper head is ,* "
fluid flow conditions and formation of a steam ;

.h'{illed providing an indication of upper head
'bubble in the upper head of the reactor

4 / ;111n
r a very small loss of cooks as it

System pressure also dro vessel. In addition, the nonequilibrium, two-
would fo. ant'

'

phase fluid models reproduce level oscillations" ' accident, Figure 7. Substantially cooler water in the upper head and pressurizer and refill ofis brought into the upper head, Figure 8.-

..

the upper head in response to variations in the
charging and letdown flows. The plant behavior

. The simplified training examples shown * "* E " "
]w here were chosen to produce less corplicated c nmalnu @sM h avaHaMe inkmadon"

. -- results for easier understanding. More about the operator actions.
complicated procedures combining the refill
approaches or using multiple operator actions

c (as are believed to have occurred in the plant There are several advantages to using a
,

transient) can be simulated. Interactions simulator with first principles models instead
between the steam region in the upper head and of the actual plant for reactor operator,

3 that in the pressurizer, effectively two training. These include the ability to explore
A pressurizers, can be sipulated with all of the alternate means to cool the upper head during a

relevant driving f orces. The sprays and the natural circulation cooldown and exploration of ,

heaters control the pressurizer. The head vent alternatives or corplications that would not be I

and the loop charging flow influence the upper f easible with a power reactor. The fidelity of |
head behavior. Manipulation of letdown af fects the C-E sinulator is good enough that it could i

the total inventory. In addition, there is support these appilcations.
i
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TABLE 1

1* 3
2 w

3, p.qu3ence _of Events for Natural Circulation Transient
&c, f.f.. '.

,j Event Time E vent
<

j q. . y
3 . 'gg33 m Reactor trip from 99.61 power. 5:13 Increase charging. Decreasea

Turbine / Generator trip. sprays..

14

.ha Trip all Reactor Coolant Purps 5:30 Increase spray..,.

$ - (RCP).- g'v 6:00 End loop cna.. to increase
t gg3g Restart one RCP. sp ray s. Nominai vetdown.a

a
g39 Trip RCP. 6:40 Pressurizer level increases,ac

g g Natural circulation begins. 7:00 Bubble forms in upper head.a

Small changes omitted due to Natural circulation uninterrupted
limited information, by upper head bubble.g

-

[ 8 bgg Pressure, pressurizer level and 7:07 Charging switched to cold legs.'

'spprox.) loop temperature changes after Letdown % creased.'

initial trarsient are damped.
C7:28 Charging switched to sprays.

h4 Open steam dump and bypass to Letdown reduced,
start natural circulation

Dcooldown. Charging and letdc,wn 7:37 Charging switched to cold legs.
used to control pressurizer Letdown increased.

|t level, pressurizer heaters of f,
Cn, 7:42 Charging switched to sprays.

20 Reduce cooldown rate, turn on Letdown reduced.
pressurizer heaters.

> B:0| Charging switched to cold legs.Y Turn of f heaters, decrease Letdown increased.
charging.

aC:1B Increase cold leg charging to
:40 Increase cooldown rate. (approx.) two pumps. Letdown terminated.
<{ increase charging.

8:35a Increase cold leg charging to
Open auxiliary spray line. (approx.) three pumps.

Y Increase cooldown rate.
C. , 8:43 Upper head fills solid.''

Recute cooldown rate. Decrease
charging, auxiliary sprays of f. 8:49 Put one charging pump to sprays,,

--

rest off. Nominal letdown.Increase cooldown rate. Increase
charging, auxiliary sprays on. 9:25' Charging flow switched to sprays.

Reduce charging and letdown.
1 Cooldown rate reduced. 9:35 End simulation.
:

i a) From sequence of events in Reference 10.

,' b) End pressurizer refill and begin refill of upper head.
f
i

. c) Resume cooldown and pressurizer refill.'

,
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