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15.0 ACCIDENT ANALYSIS

This chapter addresses the representative initiating events listed c¢n
pages 15-10, 15-11, and 15-12 of Regulatory Guide 1.70, Revision 3 as
they apply.

Certain items in the guide warrant comment, 2s follows:

Items 1.3 and 2.1 - There are no pressure regulators in the Nuclear
Steam Supply System (NSSS) pressurized water reactor (PWR) design whose
malfunction o~ failure could cause a steam flow transient.

15.0.1 CLASSIFICATION OF PLANT CONDITIONS

Since 1970, the American Nuclear Society (ANS) classification of plant
conditions has been uscd which divides plant conditions into four cate-
gories in accordance with anticipated frequency of occurrence and poten-
tial radioloyical consenuences to the public. The four categories are
as follows:

Condition I: Normal Operation and Operational Transients.
Condition II: Faults of Moderate Frequency.
Condition III: Infrequent Faults.

W N e
e e W

Conditiorn IV: Limiting Faults.

The basic principle applied in relating design requirements to each of
the conditions is that the most probable occurrences should yield the
least radiological risk to the public and those extreme situations
having the potential for the greatest risk to the public shall be those
least likely to occur. Where applicable, reactor trip system and engi-
neered safeguards functioning is assumed to the extent allowed by con-
siderations such as the single failure criterion, in fulfilling this
principle.
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15.0.1.1 Condition I - Normal Operation and Operational Transients

Condition 1 occurrences are those which are expected frequently or

reqularly in the course of power operation, refueling, maintenance, or

maneuvering of the plant. As such, Condition [ occurrences are accom-
modated with margin between any plant parameter and the value of that

parameter which wou'ld require either automatic or manual protective

action.

Inasmuch as Condition | occurrences occur frequently or regu-

larly, they must be considered from the point of view of affecting the
consequences of fault conditions (Conditions II, III and IV). In this
regard, analysis of each fault condition described is generally based on
a conservative set of initial conditions corresponding to adverse con-

ditions which can occur during Condition I operation.

A typical list of Condition I events is listed below:

1. Steady state and shutdown operations

a.

o

Power operation (»>5 to 100 percent of rated thermal power)
Startup (K e >0.99 to 25 percent of rated thermal power)
Hot standby (subcritical, Residual Heat Removal System isolated)

Hot shutdown (subcritical, Residual Heat Removal System in
operation)

Cold shutdown (subcritical, Residual Heat Removal System in
operation)

Refueling

15.0-2
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2. Operation with permissible deviations
Various deviations which may occur during continued operation as
permitted by the plant Technical Specifications must be considered

in conjunction with other operational modes. These include:

a. Operation with components or systems out of service (such as
power operation with a reactor coolant pump out of service)

b. Radioactivity in the reactor coolant, due to leakage from fuel
with cladding defects.

) Fission products
2) Corrosion products
)

Tritium

c. Operation with steam generator leaks up to the maximum allowed
by the Technical Specifications

d. Testing as allowed by Technical Specifications
3. Operational transients
a. Plant heatup and cooldown (up to 1000F /hour for the Reactor

Coolant System; 200°F /hour for the pressurizer during cooldown
and 1009F /hour for the pressurizer during heatup)

b. Step load changes (up to +10 percent)
c. Ramp load changes {up to 5 percent/minute)

d. Load rejection up to and including design full load rejection
transient
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15.0.1.2 Condition Il - Faults of Moderate Frequency

These faults, at worst, result in the reactor trip with the plant being
capable of returning to operation. By definition, these faults (or
events) do not propagate to cause a more serious fault, i.e., Condi-
tion III or IV events. In addition, Condition [l events are not
expected to result in fuel rod failures or Reactor Coolant System or
secondary system overpressurization.

For the purposes of this report, the following faults are included in
this category:

1. Feedwater system malfunctions that result in a decrease in feedwater
temperature (Section 15.1.1).

2. Feedwater system malfunctions that result in a increase in feedwater
temperature (Section 15.1.2).

3. Excessive increase in secondary steam flow (Section 15.1.3).

4. Inadvertent opening of a steam generator relief or safety valve
(Section 15.1.4).

5. Loss of external electrical load (Section 15.2.2).
6. Turbine trip (Section 15.2.3).
7. Inadvertent closure of main steam isolation valves (Section 15.2.4).

8. Loss of condenser vacuum and other events resulting in turbine trip
(Section 15.2.5).

9. Loss of nonemergency AC power to the station auxiliaries (Section
15.2.6).

10. Loss of normal feedwater flow (Section 15.2.7).

15.0-4
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11.

12.

14,

15.

16.

¥

18.

19.

20.

Partial loss of forced reactor coolant flow (Section 15.3.1).

Uncontrolled rod cluster control assembly bank withdrawal at from a
subcritical or low power startup condition (Section 15.4.1).

Uncontrolled rod cluster control assembly bank withdrawal at power
(Section 15.4.2).

Rod cluster control assemuly misalignment (dropped full length
assembly, dropped full length assembly bank, or statically mis-
aligned full length assembly) (Section 15.4.3).

Startup of an inactive reactor coolant pump at an incorrect tempera-
ture (Section 15.4.4).

Chemical and Volume Control System malfunction that res:lts in a
decraase in the boron concentration in the reactor coclant (Section
15.4.5).

Inadvertent operation of the Emergency Core Cooling System during
power operation (Section 15.5.1).

Chemical and Volume Control System malfunction that increases reac-
tor coolant inventory (Section 15.5.2).

Inadvertent opening of a pressurizer safety or relief valve (Section
15.6.1).

Break in instrument line or other lines from reactor coolant pres-
sure boundary that penetrate Containment (Section 15.6.2).

15.0.1.3 Condition III - Infrequent Faults

By definition Condition [II occurrences are faults which may occur very
infrequenity during the life of the plant. They will be accommodated
with the failure of only a small fraction of the fuel rods although

15.0-5
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sufficient fuel damage might occur to preclude resumption of the opera-
tion for a considerable outage time. The release of radioactivity will
not be sufficient to interrupt or restrict public use of those areas
beyond the exclusion radius. A Condition [II fault will not, by itself,
generate a Condition [V fault or result in a consequential loss of func-
tion of the Reactor Coolant System or Containment barriers. For the
purposes of this report the following faults are included in this cate-

gory:

-
.

Steam system piping failure (minor) (Section 15.1.15).

2. Complete loss of forced reactor coolant flow (Section 15.3.2).

3. Rod cluster control assembly misalignment (single rod cluster
control assembly withdrawal at full power) (Section 15.4.3).

4. Inadvertent loading and operation of a fuel assembly in an improper
position (Section 15.4.7).

5. Loss of coolant accidents resulting from a spectrum of postulated
piping breaks within the reactor coolant pressure boundary (small
break) (Section 15.6.%).

6. Gaseous Radwaste System leak or failure (Section 15.7.1).

7. Liquid Radwaste System leak or failure (Section 15.7.2).

8. Postulated radioactive releases due to liquid tank failures (Section
15.7.3)-

9. Spent fuel cask drop accidents (Section 15.7.5).

15.0.1.4 Condition IV - Limiting Faults

Condition IV occurrences are faults which are not expected to take
place, but are postulated because their consequences would include the
potential of the relcase of significant amounts of radioactive

15.0-6
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materia’l, They are the most drastic which must be designed against and
represent limiling design cases. Condition IV faults are not to cause a
fission product release to the environment resulting in an undue risk tc
public health and safety in excess of guideline values of 10CFR100. A
single Condition IV fault is not to cause a consequential loss of
required functions of systems needed to cope with the fault including
those of the Emergency Core Cooling System and the Containment. For the
purposes of this report, the following faults have been classified in
this category:

1. Steam system piping failure (major) (Section 15.1.5).

2. Feedwater system pipe break (Section 15.2.8).

J. Reactor coolant pump shaft seizure (locked rotor) (Section 15.3.3).
4. Reactor coolant pump shaft break (Section 15.2.4).

5. Spectrum of rod cluster control assembly ejection accidents (Section
15.4.8).

6. Steam generator tube failure (Section 15.6.3).

7. Loss of coolant accidents resulting from the spectrum of postulated
piping breaks within the reactor coolant pressure boundary (large
break) (Section 15.6.5).

8. Design basis fuel handling accidents (Section 15.7.4),
15.0.2 OPTIMIZATION OF CONTROL SYSTEMS

A control system setpoint study is performed in order to simulate
performance of the reactor control and protection systems. In this
study, emphasis is placed on the development of a .ontrol system which
will autoratic2lly maintain prescribed cond®tions in the plant even
under a conservative set of reactivity parameters with respect to both
system stability and transient pe-formance.

15.0-7
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For each mode of plant oepration, a group of optimum controller set-
points is determined. In areas where the resultant setpoints are dif-
ferent, compromises based on the optimum overall performance are made
and verified. A consistent set of control system parameters is derived
satisfying plant operational requirements throughout the core life and
for various levels of power operation.

The study comprises an analysis of the following control systems: rod
cluster control assembly, steam dump, steam generator, level, pres-
surizer pressure, and pressurizer level.

15.0.3 PLANT CHARACTERISTICS AND INITIAL CONDITIONS ASSUMED IN THE
ACCIDENT ANALYSES

15.0.3.1 Design Plant Conditions

Table 15.0.3-1 lists the principal power rating values which are assumed
in analyses performed in this report. Two ratings are given:

1. The guaranteed NSSS thermal power output. This power outrut
includes the thermal power generated by the reactor coolant pumps.

2. The engineered safety features design rating. The NSSS supplied
engineered safety features are designed for thermal power higher
than the guaranteed value in order not to preclude realizaton of
future potential power capability. This higher thermal power value
is designated as the engineered safety features design rating. This
power output includes the thermal power generated by the reactor
coolant pumps.

Where the initial power operating conditions are assumed in accident
analyses, the guaranteed NSSS thermal power output is assumed. Where
demonstration of adequicy of the containment and engineered safety
features are concerned, the engineered safety features design rating is
assumed. +'iowances for errors in the determination of the steady-state
power level are made as described in Section 15.0.3.2. The thermal power

15.0-8

PCOR ORIGINAL

BLUE



values used for each transient analyzed are given in 7able 15.0.3-1. In
all cases where the 3581 megawatt t:.2rmal (MWt) rating is used in an
analysis, the resulting transients and consequences are conservative
compared to using the 3427 MWt rating.

The vzlues of other pertinent plant parameters utilizad in the accident
analyses are given in Table 15.0.3-3.

15.0.3.2 Initial Conditions

For most accidents which a.e ONB limited, nominal values of initial
conditions are assur . The allowances on power, temperature, and
pressure determinad on a statistical basis and are included in the limit
DNBR, as described in WCAP-8567 (Reference 10). This procedure is known
as the “Improved Therma! Design Procedure," and is discussed more fully
in Section 4.4.

For accidents which are not DNB limited, or in which the Improved
Thermal Design Procedure is not employed the initial conditions are
obtained by adding the maximum steady state errors to rated values. The
following conservative steady state errors were assumed in the 2nalysis:

1. Core Power +2 percent allowance for
calorimetric error

2. Average Reactor Conlant +4% allowance for con-
System temperature troller deadband and mea-
surement error

3. Pressurizer pressure +30 pounds per square inch
(psi) allowance for steady
state fluctuatiors and mea-
surement error

Table 15.0.3-2 summarizes initial conditions and computer codes used in
the accident analysis, and shows which accidents employed a DNB analysis

using the Improved Thermal Design Procedure.

15.0-9
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15.0.3.3 Power Distribution

The transient response of the reactor system is dependent on the initial
power distribution. The nuclear design of the reactor core minimizes
adverse power distribution through the placement of control rods and
operating instructions. Power distribution may be characterized by the
radial factor (F,,) and the total peaking factor (Fq). The peak-

ing factor limits are given in the Technical Specifications.

For transients which may be DNB limited, the radial peaking factor is of .
importance. The radial peaking factor increases with decreasing power
level due .0 rod insertion. This increase in FAH is included in the
core limits illustrated in Figure 15.0.3-1. All transients that may be
DONB Timited are assumed to begin with a FAH consistent with the

initial power level defined in the Technical Specifications.

The axial power shape used in the DNB calculation is discussed in
Section 4.4,

The radial and axial power distributions described above are input to
the THINC Code as described in Section 4.4,

For transients which may be overpower limited, the total peaking factor
(Fq) is of importance. All transients that may be overpower limited

are assumed to begin with plant conditions including power distributions
which are consistent with reactor operation as defined in the Technical
Specifications.

For overpower, transients which are slow with respect to the fuel rod
thermal time constant, for example, the . *.ca and Volume Control

System malfunction that results in » “-»< ¢ in the boron concentration
in the reactor coolant incident wt - nany minutes, and the
excessive increase in secondary ste..x o which may reach

equilibrium without causing a reactor trip, tF .ueil rod thermal
evaluations are performed as discussed in Sect on 4.4, Fo~ overpower
transients which are fast with respect to the fuel rod thermal time

£
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¢ = .ant, for example, the uncontrolled rod cluster control assembly
bank withdrawal from subcritical or low power startup and rod cluster
control assembly ejection incidents which result in a large power rise
over a few seconds, a detailed fuel heat transfer calculation must be
performed. Although the fuel rod thermal time constant is a function of
system conditions, fuel burnup and rod power, a typical value at begin-
ning-of-1ife for high power rods is approximately 5 seconds.

15.0.4 REACTIVITY COEFFICIENTS ASSUMED IN THE ACCIDENT ANALYSES

The transient response of the reactor system is dependent on reactivity
feedback effects, in particular the moderator temperature coefficient
and the Doppler power coefficient. These reactivity coefficients and
their values are discussed in detail in Chapter 4.

In the analysis of certain events, conservatism requires the use of
large reactivity coefficient values whereas in the analysis of other
events, conservatism requires the use of small reactivity coefficient
values. Some analyses such as loss of reactor coolant from cracks or
ruptures in the Reactor Coolant System do not depend on reactivity feed-
back effects. The values are given in Table 15.0.3-2. Reference is
made in that table to Figure 15.0.4-1 which shows the upper and lower
bound Doppler power coefficients as a function of power, used in the
transient analysis. The justificalion for use of conservatively large
versus small reactivity coefficient values are treated on an event-by-
event basis. In some cases conservative combinations of parameters are
used to bound the effects of core life, aithough these combinations may
not represent possible realistic situatiens.

15.0.5 ROD CLUSTER CONTROL ASSEMBLY INSERTION CHARACTERISTICS

The negative reactivity insertion fcllowing a reactor trip is a function
of the position versus time of the rud cluster control assemblies and
the variation in rod worth as a function of rod position. With respect
to accident analyses, the critical parameter is the time of insertion up
to the dashpot entry or approximately 85 percent of the rod cluster
travel.
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The rod cluster control assembly position versus time assumed in acci-
dent analyses is Shown in Figure 15.0.5-1. The rod cluster control
assembly insertion time to dashpot entry is taken as 3.05 seconds

Drop time testing requirements are dependent on the type of cluster
control assemblies actually used in the plant and are specified in the
plant Technical Specifications.

Figure 15.0.5-2 shows the fraction of total negative reactivity
insertion versus normalized rod position for a core where the axial
distribution is skewed to the lower region of the core. An axiai dis-
tributicn which is skewed to the lower region of the core can arise from
an unbalanced xenon distribution. This curve is used to compute the
negative reactivity insertion versus time following a reactor trip which
is input to all point kinetics core models used in transient anaiyses.
The bottom skewed power distribution itself is not input into the point
kinetics core model.

There is inherent conservatism in the use of Figure 15.0.5-2 in that it
is based on a skewed flux distribution which would exist relatively
infrequently. For cases other than those associated with unbalanced
xenon distributions, significant negative reactivity would have been
inserted due to the more favorable axial distribution existing prior to
D,

The normalized rod cluster control assembly negative reactivity inser-
tion versus time is shown in Figure 15.0.5-3. The curve shown in this
figure was obtained from Figures 15.0.5-1 and 15.0.5-2. A total nega-
tive reactivity insertion following a trip of 4 percent AK is assumed
in the transient analyses except where specifically noted otherwise.
This assumption is conservative with respect to the calculated trip
reactivity worth available as shown in Table 4.3.2-3. For Figures
15.0.5-1 and 15.0.5-2, the rod cluster control assembly drop time is

normalized to 3.05 seconds, unless otherwise noted for a particular
event,
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The normalized rod cluster control assembly negative reactivity inser-
tion versus time curve for an axial power distributicn skewed to the
bottom (Figure 15.0.5-3) is used in those transient analyses for which a
point kinetics core model is used. Where special analyses require use
of three dimensional or axial one dimensional core models, the negative
reactivity insertion resulting from the reactor trip is calculated
directly by the reactor kinetics code and is not separable from the
other reactivity feedback effects. In this case, the rod cluster con-
trol assembly position versus time of Figure 15.0.5-1 is used as code
input.

15.0.6 TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED TO ACCIDENT ANALYSES

A reactor trip signal acts to open two trip breakers connected in series
feeding power to the control rod drive mechanisms. The loss of power to
the mechanism coils causes the mechanisms to release the rod cluster
control assemblies which then fall by gravity into the core. There are
various instrumentation delays associated with each trip function,
including delays in signal actuation, in opening the trip breakers, and
in the release of the rods by the mechanisms. The total delay to trip
is defined as the time delay from the time that trip conditions are
reached to the time the rods are free and begin to fall. Limiting trip
setpoints assumed in accident analyses and the time delay assumed for
each trip function are given in Table 15.0.6-1.

Reference is made in that table to Overtemperature and Overpower AT
trip shown in Figure 15.0.3-1. This figure presents the allowable
Reactor Coolant Loop Average Temperature and AT for the design flow
and power distribution, as described in Section 4.4, as a function of
primary coolant pressure. The boundaries of operation defined bty the
overpower AT trip and the overtemperature AT irip are represented as
"Protection lines" on this diagram. The protection lines are diawn to
include all adverse instrumentation and setpoint errors so that under

15.0-13
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nominal conditions trip would occur well within the area bounded by
these lines. The utility of this diagram is in the fact that the limit
imposed by any given DNRR can be represented as a line. The DNB lines
represent the locus of conditions for which the DNBR equals the limit
value (1.47 for the thimble cell and 1.49 for the typical cell.,) All
points below and to the left of a DNB line for a given pressure have a
ONBR greater than the limit vaiue. The diagram shows that ONB is pre-
vented for all cases if the area enclosed with the maximum protection
lines is not traversed by the applicable DNBR line at any point.

The area of permissible operation (power, pressure and temperature) is
bounded by the combination of reactor trips: high neutron flux (fixed
setpoint); high pressure (fixed setpoint); low pressure (fixed set-
point); overpower and overtemperature AT (variable setpoints).

The limit value, which was used as the DNBR limit for all accidents
analyzed with the Improved Thermal Design Procedure (see Table
15.0.3-2), is conservative compared to the actual design DNBR value
(1.31 for the thimble cell and 1.33 for the typical cell) required to
meet the DNB design basis as discussed in Section 4.4,

The difference between the limiting trip point assumed for the analysis
and the normal trip point represents an allowance for instrumentation
channel error and setpoint error. Nominal trip setpoints are specified
in the plant Technical Specifications. During plant startup tests, it
will be demonstrated that actual instrument time delays are equal to or
less than the assumed values. Additionally, protection system channels
are calibrated and instrument response times determined poriodically in
accordance with the Technical Specifications.

15.0-14
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15.0.7 INSTRUMENTATION DRIFT AND CALORIMETRIC ERRORS - POWER RANGE
NEUTRON FLUX

The instrumentation drift and calorimetric errors used in establishing

the power range high neutron flux seipoint are presented in Table
15.0.7-1.

The calorimetric error is the error assumed in the determination of core

thermal power as obtained from secondary plant measurements. The total
ion chamber current (sum of the top and bottom sections) is calibrated
(set equal) to this measured power on a periodic basis.

The secondary power is obtained from measurement of feedwater flow,
feedwater inlet temperature to the steam generators and steam pressure.
High accuracy instrumentation is provided for these measurements with
accuracy tolerances much tighter than those which would be required to
control feedwater flow.

15.0.8 PLANT SYSTEMS AND COMPONENTS AVAILABLE FOR MITIGATION OF ACCIDENT

EFFECTS

The NSSS is designed to afford nroper protection against the possible
effects of natural phenomena, postulated environmental conditions and
dynamic effects of postulated accidents. In addition, the design
incorporates features which minimize the probability and effects of
fires and explosions. Reference[9] discusses the quality assurance
program which has been implemented to assure that the NSSS will satis-
factorily perform its assigned safety functions. The incorporation of
these features in the NSSS, coupled with the reliability of the design,
ensures that the normally operating systems and components listed in
Table 15.0.8-1 will be available for mitigation of the events discussed
in Chapter 15. In determining which systems are necessary to mitigate
the effects of these postulated events, the classification system of
ANSI-N18.2-1973 is utilized. The design of "systems important to
safety" (including protection systems) is consistent with [EEE Standard
379-1972 and Regulatory Guide 1.53 in the application of the single
failure criterion.

15.0-15
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In the analysis of the Chapter 15 events, control system action, is
considered only if that action results in more severe accident results.
No credit is taken for control system operation if that operation miti-
gates the results of an accident. For some accidents, the analysis is
performed both with and without control system operation to determine
the worst case. The pressurizer heaters are not assumed to be energized
during any of the Chapter 15 events.

15.0.9 FISSION PRODUCT INVENTORIES

15.0.9.1 Activities in the Core

The calculation of the core iodine fission product inventory is consis-
tent with the inventories given in TID-14844 (Reference 1) and is based
on a core power level of 3565 MWt. The fission product inventories for
other isotopes which are important from a health hazards point of view
are calculated using the data from NEDO-12154-1 (Reference 2). These
inventories are given in Table 15.0.9-1, 7The isotopes included in Table
15.0-9-1 are the isotopes controlling from considerations of inhalation
dose (iodines) and from external dose due to immersion (noble gases).

The Equilibrium Appearence rate of lodines in the RCS due to conserva-
tive and realistic fuel defects are shown in Table 15.0.9-2,

The isotopic yields used in the calculations are from the data of
NEDC-12154-1, utilizing the isotopic yield data for thermal fissioning
of U-235 as the sole fissioning source. The change in fission product
inventory resulting from the fissioning of other fissionable atoms has
been reviewad. The results of this review indicated that inclusion of
all fission source data would result in small (less than 10%) change in
the isotopic inventories.

15.0.9.2 Activities in the Fuel Pellet Clad Gap

The fuei-clad gap activities were determined using the model given in
Regulatory Guide 1.77. Thus, the amount of activity accumulated in the
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fuel-clad gap is assumed to be 10% of the iodines and 10% of the noble
gases accumulated at the end of core life. The gap activities are given
in Table 15.0.9-1.

15.0.10 RESIDUAL DECAY HEAT

15.0.10.1 Total Residual Heaat

Residual heat in a subcritical core is calculated for the loss of cool-
ant accident per the requirements of Appendix K of 10CFR50.4F (Reference
3) as described in (References 4 and 5). These requirements i'clude
assuming infinite irradiation time before the core goes subcritical to
determine fission product decay energy. For all other accidents, the
same models are used except that fission product decay energy is based
on core average exposure at the end of the equilibrium cycle.

15.0.10.2 Distribution of Decay Heat Following Loss of Cooiant Accident

During a loss of coolant accident, the core is rapidly shut down by void
formation or rod cluster control assembly insertion, or both, and a
large fraction of the heat generation tn be considered comes from
fission product decay gamma rays. This heat is not distributed in the
same manner as steady state fission power. Local peaking effects which
are important for the neutron dependent part of the heat generation do
not apply to the gamma ray contribution. The steady state factor of
97.4 percent which represents the fraction of heat generated within the
clad and pellet drops to 95 percent for the hot rod in a loss of co~lant
accident.

For example, consider the transient resulting from the postulated double
ended break of the largest Reactor Coolant System pipe; 1/2 second after
the rupture about 30 percent of the heat generated in the fuel .uds is
from gamma ray absorption. The gamma power shape is less peaked than
the steady state fission power shape, reducing the energy depo.ited in
the hot rod at the expense of adjacent colder rods. A conservative
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FACTRAN is further discussed in Reference [6].
15.0.11.2 LOFTRAN

The LOFTRAN program is used for studies of transient response of a PWR
system to specified perturbations in orocess parameters. LOFTRAN simu-
lates a multiloop system by a model containing reactor vessel, hot and
cold leg piping, steam geneator (tube and shell sides) and the pres-
surizer. The pressurizer heaters, spray, reliaf and safety valves are
also considered in the program. Point model neutron kinetics, and
reactivity effects of the moderator, fuel, boron and rods are included.
The secondary side of the steam generator utilizes a homogeneous, satu-
rated mixture for the thermal transients and a water level correlation
for indication and control. The Reactor Protection System is simulated
to include reactor trips on high neutron flux, Overtemperature AT,
Overpower 4T, high and low pressure, low flow, and high pressurizer
level. Control systems are also simulated including rod control, steam
dump, feedwater control and pressurizer pressure control. The Emergency
Core Cooling System, including the accumulators and upper head injec-
tion, is also modeled.

LOFTRAN is a versatile program which is suited to both accident evalua-
tion and control studies as well as parameter sizing.

LOFTRAN also has the capability of calculating the transient value of
DNBR based on the input from the core limits illustrated on Figure
15.0.3-1. The core limits represents the minimum value of DNBR as
calculated for typical or thimble cell.

LOFTRAN is further discussed in Reference [7].
15.0.11.3 TWINKLE
The TWINKLE program is a multi-dimensional spatial neutron kinetics

code, which was patterned after steady state codes presently used for
reactor core design. The code uses an implicit finite-difference method

15.0-19
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to solve the two-group transient neutron diffusion equations in one, two

and three dimensions. The code uses six delayed neutron groups and

contains a detailed multi-region fuel-clad-coolant heat transfer model '
for calculating pointwise Doppler and moderator feedback effects. The

code handlies up to 2000 spatial points, and performs its own steady

state initialization. Aside from basic cross section data and thermal-

hydraulic parameters, the code accepts as input basic driving functions

such as inlet temperature, pressure, flow, boron concentration, control

rod motion, and others. Various edits are provided ¢.g., channelwise

power, axial offset, enthalpy, volumetric surge, pointwise power, and

fuel temperatures. .

The TWINKLE Code is used to predict the kinetic behavior of a reactor

for transiets which cause a major perturbation in the spatial neutron

flux distribution.

TWINKLE is further discussed in Reference [8].

15.0.11.4 THINC

The THINC Code is described in Section 4.4. '
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Nuciear Steam Supply System Power Ratings

Guaranteed NSSS thermal sower output (MWt)

Engineered safety features design rating

(maximum calculated turbine rating) (MWt)

Thermal power generated by the reactor coolant

pumps (MWt)

Reactor core thermal power output (MWt)=*

* Radiological consequences based on 3565 (MWt) power
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15.

18.

COMPUTER

FAULTS CODES UTILIZED

REACTIVITY COEFFICIENTS ASSUMED*

SUMMARY OF INITIAL COND

T

MODERATOR
TEMPERATURE
(8K /OF)

1 Increase in Heat
Removal by the
Secondary System

Feedwater System Mal- LOFTRAN

function Causing an

Increase in Feedwater

Flow

Excessive Increase LOFTRAN

in Secondary Steam

Flow

Accidental Depres-
surization of the
Main Steam System

LOFTRAN

Steam System Piping
Failure

THINC, LOFTRAN

2 Decrease in Heat
Removal by the
Secondary System

Loss of External
Electrical Load
and/or Turbine Trip

LOFTRAN

Loss of Non-Emer-
gency A-C Power
to the Station
Auxiliaries

LOFTRAN

Loss of Normal Feedwater
Flow

LOFTRAN

Feedwater System Pipe
Break

LOFTRAN

POOR ORIGINAL

MODERATOR
DENSITY

(ak/gm/cc)

0.43

Figure 15.0.3-2
and 0.43

Function of
Moderator
Density, See
Subsection 15.1-4
(Figure 15.1.4-1)
Function of

Moder ator
Jdensity, See

Subsection 15.1.5
(Figure 15.1.4-1)

Figure 15.0.3-2
and 0.43

Figure 15.0.3-2

Figure 15.0.3-2

Figure 15.0.3-2

DOPPLER

Minimum*

Max imym

and Minimum*

-2.2 pcm/OF

See Secti a
15.1.5

Max imum* and
minimum

Max imum*

Max imum*

Max imum*

ONB

CORRELATI

WRB-1

W-3

W-3

WRB-1
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FAULTS

15.3 Decrease in

15.

Reactor Coolant
System Flow Rate

Partial and Complete

Loss of Forced Reactor

Coolant Flow

Reactor Coolant Pump

Shaft Seizure (Locked

Rotor

4 Reactivity and

Power Distribution

Anomalies

Uncontrolled Rod
Cluster Contro)
Assembly Bank
Withdrawal from a
Subcritical or Low
Power Startup
Condition

Uncontrolled Rod
Cluster Assemlby
Bank Withdrawal
at Power

Control Rod Mis-
alignment

Startup of an
Inactive Reactor
Coolant Loop at an

Incorrect Temperature

Chemical and Volume
Control System Mal-

function that Results
in a Decrease in Boron

Concentration in the
Reactor Coolant

COMPUTER
CODES UTILIZED

REACTIVITY COEFFICIENTS ASSUM“D*

MODERATOR
TEMPERATURE

(&K /9F)

LOFTRAN, THINC,
FACTRAN

LOFTRAN, FACTRAN

TWINKLE,
FACTRAN
THINC

LOF TRAN

THINC

THINC, LOFTRAN,
FACTRAN

POOR ORIGINAL

Refer to Section
15.4.1.2

MODERATOR
DENSITY
K cc

Figure 15.0.3-2

Figure 15.0.3-2

Refer to
Subsection
15.4.1.2

Figure 15.0.3-2
and 0.43

0.43

£

DOPPLER

Max imum*

Max imum*

Consistent

with upper limit
shown on Figure
15.0.4-1

Maximum and
Minimum*

Minimum*

NA

CORRE

WRY

WR

WA

WR

WRE
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TABLE 15.0.3-2 (Continued)

IMPROVED
The AMAL
DESIGN
PROCEDURE

Yes

Yes

Yes

Yes

Yes

15.0-24

REACTOR VESSEL
INITIAL NSSS s VESSEL INLET
THERMAL POWER QUTPUT COOLANT TEMPERATURE
(MWt) FLOW (GPM) (OF)
3427 and 387,600 590.8
2400
3427 and 373,200 594.8
2400
0 387,600 590.8
342712056/ 387,600 590.8/577.3/
343 560.4
3427 387,600 590.8
2400 281, 300 580.7
0 and 3427 NA NA

POOR ORIGINAL

PRESSURIZER

PRESSURIZER WATER FEEOWATER
PRESSURE VOLUM TEMPERATUR
(PSIA) (Ft2) (OF)

2250 1100 440

2280 1100 440

-t

2250 NA NA Z

2250 1150/867/ 423/389/

575 150

2250 NA NA

2250 891 404

NA NA NA

BLUE
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FAULTS

- Inadvertent Loading
and Operation of a
Fuel Assembly in an
Improper Position

- Spectrum of Rod
Cluster Control
Assembly Ejection
Accidents

15.5 Increase in
Coolant Inventory

- Inadvertent Operation
of ECCS During Power
Operation

15.6 Decrease in Re ctor
Coolant Inventory

- Inadvertent Opening
of a Pressurizer
Safery or Relief
Valve

* See Figure 15.0.4-1,
NA - Not Applicable
BOC - Beginning of Cycle
EOC - End of Cycle

COMPUTER
CODES UTILIZED

Refer to Section
4.3

TWINKLE,
FACTRAN

LOFTRAN

LOF TRAN

P

REACTIVITY COEFFICIENTS ASSUMED*

MODERATOR
TEMPERATURE

(8K /OF)

L

NA

Refer to
Subsection
15.4.8
min., max.
feedback

MODERATOR
DENSITY

(aK/gm/cc)
NA

Refer (o
Subsection
15.4.8
min., max.
feedback

Figure 16.0.3-2

Figure 15.0.3-2

Maximum refers to lower curve and minimum refers to upper curve.

DOPPLER

NA

Consistent
with lower
limit shown
on Figure
15.0.4-1

Minimum*

Max imum*

PODR ORim

DNB
RELAT

WRB-1

WRB-1



TABLE 15.0.3-2 (Continued)

IMPROVED
THERMAL
DESIGN
PROCEDURE_

NA

Yes

Yes

15.0-25

-

INITIAL NSSS
THERMAL POWER OUTPUT
(MWL)

3427

U and
3427

3427

POOR CRIGINAL

REACTOR
VESSEL
COOLANT
FLOW (GPM)

387,600

373,200

387,600

387,600

VESSEL
INLET
TEMPERATURE

590.8

596.2

59C.8

590.8

(OF)

PRESSURIZER
PRESSURIZER WATER
PRESSURE VOLUM

(PSIA) {ft2)

2250 1100

2220 NA

2250 1100

2250 1100

FEEDWATER

TEMPERATURE
.

440

440

440

BLUE



TABLE 15.0.3-3

Nominal Values of Pertinent Plant Parameters
Utilized In The Accident Analyses*

Thermal output of NSSS (MWt)a 3427
Core inlet temperature (OF) 561.6
Vessel average temperature (OF) 590.8
Reactor Coolant System pressure (psia) 2250
Reactor coolant fiow per loop (gpm) 96,900
Totai Reactor Coolant flow (106 1b/hr) 143.4
Steam flow from NSSS (106 1b/hr) 15.14
Steam pressure at steam generator outlet (psia) 1000
Maximum steam moisture content (%) 0.25
Assumed feedwater temperature at steam 440

generator inlet (OF)

Average core heat flux (Btu/hr-ft2) 197,200

*For accident analyses using the Improved Thermal Design Procedure

aSee Table 15.0.3-2
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TABLE 15.0.3-3a

Nominal Values of Pertinent Plant Parameters

Utilized In The Accident Analyses*

Thermal output of NSSS (MWt)b

Core inlet temperature (OF)

Vessel average temperature (OF)

Reactor Coolant System pressure (psia)

Reactor coolant flow per loop (gpm)

Total Reactor Coolant flow (106 1b/hr)

Steam flow from NSSS (106 1b/hr)

Steam pressure at steam generator outlet (nsia)
Maximum steam moisture content (%)

Assumed feedwater temperature at steam
generator inlet (OF)

Average core heat flux (Btu/hr-ft2)

*For accident analyses not using the Improved Thermal Design Procedure

OSee Table 15.0.3-2

POOR ORIGINAL =

3427
560.6
590.8
2250
93,300
138.3

197,200



TABLE 15.0.6-1

TRIP POINTS AND TIME DELAYS TO TRIP
ASSUMED IN ACCIDENT ANALYSES

Limiting Trip

Trip Point Assumed Time Delays
Function [n Analysis (Seconds)
Power range high neutron 118% 0.5

flux, high setting

Power raige high neutren 35% 0.5
flux, low se.ting

Power range neutron flux, 3.5% 0.t
high negative rat2 1 second

High neutron flux, P-8 85% 3.5
Overtemperature AT Variable see 6.04

Figure 15.0.3-1

Overpower AT Variable see 6.03
Figure 15.0.3-1

Q

High pressurizer pressure 2410 psig .

Low prassurizer pressure 1921 psig 2.0

31otal time delay (in:luding RTD bypass loop fluid transport delay
effect, bypass loop piping thermal capacity, RTD time response, and trip
circuit, channel electronics delay) from the time the temperature
difference in the coolant loops exceeds the trip setpoint until the rods
are free to fall.

POOR CRIGINAL
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TABLE 15.0.7-1

Determination of Maximum Overpower Trip Point - Power Range

Neutron Flux Channel - Based on Nominal Setpoint Considering

Inherent Instrument Errors

Accuracy of Effect On
Measurement Thermal Power
. of Variable Determination
Variable (% error) (% error)
(Estimated) (Assumed)
Calorimetric Errors in the
Measurement of Secondary System
Thermal Power:
Feedwater temperature + 0.5
‘ Feedwater pressure (small + 0.5 0.3
correction on enthalpy)
Steam pressure (small +2
correction on enthalpy)
Feedwater flow +1.25 1.25
Assumed Ca’orimetric Error + 2(a)

' (% of rated power)

Axial power distribution effects
on total ijon chamber current

. Estimated Error 3

(% of rated power)

Assumed Error

’ (% of rated power)
POOR ORIGINAL
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TABLE 15.0.7-1 (Continued)

Determination of Maximum Overpower Trip Point - Power Range
Neutron Flux Channel - Based on Nominal Setpoint Considering
Inherent Instrument Errors

Accuracy of Effect On

Measurement Thermal Power

of Variable Determinaticn
Variable (% error) (% error)

(Estimated) (Assumed)

Instrumentation channel drift
and setpoint reproducibility

—

Estimatea Error
(% of rated power)

Assumed Error + 2(c)
(% of rated power)

| +
o

Total assumed error in setpoint
(a) + (b) + (c)

Percent of Rated Power

Nominal Setpoint 109

Maximum overpower trip point 118
assuming all individual errors are
simultaneously in the most adverse

direction

POOR ORIGINAL
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15.1

Incident

INCREASE IN HEAT
REMUVED BY THE
SECONDARY SYSTEM

Feedwater system
malfunctions that
result in an in-
crease in feed-
water flow

Excessive increase
in secondary steam
flow

Inadvertent open-
ing of a steam
generator relief
or safety valve

Steam system
piping failure

TABLE 15.0.8-

Plant Systems and Equipme,t Available ior

(Page 1)

Transients and Accident Conditions

Reactor Traip Function.

ESF Actuation Functions

Pcwer range high flux,
steam generator lo-lo
level (Intact steam
generators), manual

Powei' range high
flux Overtempera-
ture AT, Overpower
AT, manual

Low pressurizer
pressure, manual
sis

SIS, low pressurizer
pressure, manual

High s*eam generator
leve l-produced feed-
water isolation and
turbine trip

NA

Low pressurizer
pressure, low com-
pensated steam

line pressure, hi-hi
containment pressure,
high negative steamline
pressure rate, manual

Low pressurizer pres-
sure, low compensated
steam line pressure,
hi-hi containment pres-
sure, high negative
steamline pressure
rate, manual

Other Equipment

Feedwater isola-
tion valves

Pressurizer
self-actuated
safety valves
steam generater
safety valves

Feedwater isola-
tion valves, steam
line stop valves

Feedwater isolation
valves, steam
line stop valves

ESF Equipment

Auxiliary
Feedwater
System,
Safety
Injection
System

Auxiliary
Feedwater
System,
Safety
Injection
System
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15.3

Incident

DECREASE IN HEAT
REMOVAL BY THE
SECONDARY SYSTEM

Loss of external
electrical load/
turbine trip

Loss of non-emer-
gency AC power

to the station
auxiliaries

Loss of normal
feedwater flow

Feedwater System
pipe break

DECREASE IN REACTOR
COOLANT SYSTEM FLOW

RATE

TABLE 15.0.8-1

Reactor Trip Functions

(Page 2)

ESF Actuation Functions

Other Equipment

High pressurizer
pressure Overtempera-
ture AT, lo-lo steam
generator level, manual

Steam generator lo-lo
level, manual

Steam generator lo-lo
level, manual

Steam generator lo-lo
level, high pressurizer
pressure, SIS, manual

Partial and complete Low flow, undervoltage,
loss of forced reac- underfrequency, manual

tor coolant flow

Reactor coolant pump Low flow, manual

shaft seizure
(locked rotor)

Steam Generator
lo-10 level

Steam generator lo-lo
level

Steam generator lo-lo
level

High Containment pres-
sure, steam generator
lo-1o water level, low
compensated steam line
pressure

Pressurizer safety
valves, steam gen-
erator safety
valves

Steam generator
valves

Steam generator
valves

Steam line isola-
tion valves, feed-
line isolation,
pressurizer self-
actuated safety
valves, steam
generator safety
valves

Steam generator
safety valves

Pressurizer safety
valves, steam
generator safety
valves

ESF tquipment

Auxiliary
Feed:ater
System

Auxiliary
Feedwater
System

Auxiliary
Feedwater
System

Auxiliary
Feedwater
System,
Safety
Injection
System

NA

NA
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Incident

REACTIVITY AND POWER
DISTRIBUTION ANOMALIES

Uncontrolled rod
cluster control
assembly bank
withdrawal from a
subcritical or low
power startup con-
dition

Uncontrolled rod
cluster control
assembly bank with-
drawal at power

Rod cluster
control assembly
misalignment

Startup of an inac-

tive reactor coolant
loop at an incorrect
temperatue

Chemical and Volume
Control System mal-
function that results
in a decrease in

boron concentration

in the reactor coclant

Spectrum of rod
cluster control
assembly ejection
accidents

TABLE 15.0.8-1

Reactor Trip Functions

(Page 3)

ESF Actuation Functions

Other Equipment

Power range high flux
(low setpoint), manual

Power range high flux,
Overtemperature A.,
high pressurizer pres-
sure, manual

Power range negative
flux rate, manual

Power range high flux,
P-8, manual

Source range high flux,
power range high flux,
Overtemperature AT,

Power range high flux,
high positive flux
rate, manual

NA

NA

NA

NA

NA

NA

Pressurizer safety
valves, steam
generator safety
valves

Low insertion
limit annuncia-
tors for boration
tion

Low insertion

limit annunciators
for boration

NA

ESF Equipment

NA

NA

NA

NA
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Incident

INCREASE IN REACTOR
COOLANT INVENTORY

Inadvertent opera-
tion of the ECCS
during power opera-
tion

DECREASE IN
REACTOR COOLANT
INVENTORY

Inadvertent opening
of a pressurizer
safety or relief
valve

Steam generator tube
failure

Loss of coolant
accidents resulting
from the spectrum of
postulated piping
breaks within the
.eactor coolant
pressure boundary

TABLE 15.0.8-1

Reactor Trip Functions

Low pressurizer pres-
sure, manual, safety
injection trip

Pressurizc. low
pressure, Overtempera-
ture AT, manual

Reactor Trip System

Reactor Trip System

(Page 4)

ESF Actuation Functions

Pressurizer Low
Pressure

Engineered Safety
Featuras ~.tuation
system

Engineered Safety
Features Actuationm
System

Other Equipment

Service Water
Sustem, Component
Cooliny V' -ter Sys-
tem, steam generator
shell side fluid
operatiag system,
stean. generator
safety and/or

relief valves, steam
line stop valves

Service Water
System, Component
Cooling Water System
steam generator
safety and/or

relief valves

Safety
Injection
System

Safety
Injection
Svstem

Lmer gency
toure Cooling
System,
Auxiliary
Feedwater
System
Emergency
Power System

Emergency
Core Cooling
System, Aux-
iliary Feed-
water System,
Containment
Heat Removal
System, Emer-
gency Power
System



TABLE 15.0.941

lodine and lloble Gas Inventory in Reactor Core

and Fuel Rod Gaps*

Core Activity Fraction of Activity Gap Activity

[sotope (Curies) in Gap** (%) (Curies)
1-131 9.9 x 10° .10 9.9 x 10°
1-132 1.4 x 10 .10 1.4 x 10°
-133 2.0 x 107 10 2.0 x 10°
-134 2.2 x 10 .10 2.2 x 10°
1-135 1.9 x 107 .10 1.9 x 108
te-13lm 7.0 x 10° 10 7.0 x 10°
(e-133 2.9 x 10° 10 2.9 x 10°
Xe-133m 1.9 x 107 10 1.9 x 10
Xe-135 4.0 x 10° .10 4.0 x 10°
Xe-135m 4.2 x 10° 10 4.2 x 10°
Ke-138 1.6 x 10 10 1.6 x 107
Kr-83m 1.2 x 10° .10 1.2 x 10°
Kr-85 2.7 x 10° .10 2.7 x 10°
Kr-85m 2.0 x 10° .10 2.0 x 10
Kr-87 4.9 x 10° .10 4.9 x 10°
Kr-88 7.0 x 10° .10 7.0 x 10°
Kr-89 8.7 x 10° .10 8.7 x 10°

* Based on 650 days of operation
** NRC assumption in Regulatory Guide 1.25
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TABLE 15.0.9-¢2

lodine Appearance Rates in Reactor Coolant

1-131 1-132
Equilibrium Appearance Rate or lodines in the RCS
due to Fuel Defects (ugram/sec) Conservative Case* 2.U(-2) 1.0€E(-3)
Realistic Case 2.4E(-3) 1.2E(-4)
Appearance Rate of lodines in the RCS due to lodine
Spike (ugram/sec)** Conservative Case 1.0E(-1) 5.06(-1)
Realistic Case 1.2E(0Q) 6.0E(-2)

* Conservative case
** [odine spike assumed to be 500 times the equilibrium rate

is based on 1.0% fuel defect level while realistic case is based on

1-133
5.2E(-3)
6.2E(-4)
2.6E(0) 1.1€(-1)  8.5E(-1)
3.1E(-1) 1.3E(-2) 1.CE(-1)

.15% fuel defect level.
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15,1 INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

A number of events have been postulated which could result in an
increase in heat removal from the Reactor Coolant System by the
Secondary System. Detailed analyses are presented for several such
events which have been identified as limiting cases.

Discussions of the following Reactor Coolant System cooldown events are
presented in this section:

1. Feedwater System malfunction causing a reduction in feedwater tem-
perature.

~
.

Feedwater System malfunction causing an increase in feedwater flow.
3. Excessive increase in secondary steam flow.

4. [Inadvertent opening of a steam generator relief or safety valve.

5. Steam System piping failure.

The above are considered to be ANS Condition Il events, with the excep-
tion of a major steam system pipe break, which is considered to be an
ANS Condition IV event. Section 15.0.1 contains a discussion of ANS

classifications and applicable acceptance criteria.

15.1.1 FEEDWATER SYSTEM MALFUNCTIONS CAUSING A REDUCTION IN FEEDWATER
TEMPERATURE

15.1.1.1 Identification of Causes and Accident Descript on

Reductions in feedwater temperature will cause an increase in core power
Dy decreasing reactor coolant temperature. Such transients are
attenuated by the thermal capacity of the secondary plant and of the

POOR ORIGINAL ...
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Reactor Coolant System (RCS). The overpower-overtemperature protection
(neutron overpower, overtemperature and overpower AT trips) prevents
any power increase which could lead to a DNBR less than the limit value.

A reduction in feedwater temperature may be caused by the accidental
opening of a feedwater bypass valve whict diverts flow around a portion
of the feedwater heaters. In the event ¢f an accidental opening of the
bynass valve, there could be a sudden reduction in feedwater inlet tem-
perature to the steam generators. At power, this increased subcooling
will create a greater load demand on the RCS.

With the plant at ao-load conditions, the addition of cold feedwater may
cause a decrease in . "S temperature and thus a reactivity insertion due
to the effects of the ney.tive moderator coefficient of reactivity.
However, the rate of energy cnange is reduced as load and feedwater flow
decrease, so the no-load transient is less severe than the full power
case.

The net effect on the RCS due to a reduction in feedwater temperature
would be similar to the effect of increasing secondary steam flow, i.e.,
the reactor will reach a new equilibrium condition at a power level
corresponding to the new steam generator AT,

A decrease in normal feedwater temperature is classified as an ANS Con-
dition II event, fault of moderate frequency. See Section 15.0.1 for a
discussion of Condition Il events.

The protection available to mitigate the consequences of a decrease in
feedwater temperature is the same as that for an excessive steam flow
increase, as discussed in Section 15.0.8 and listed in Table 15.0.8-1.

POOR CRIGINAL
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15.1.1.2 Analysis of Effects and Consequences

This transient is analyzed by computing conditions at the feedwater pump
inlet following opening of the heater bypass valve. These feedwater
conditions are then used to recalculate a heat balance through the high
pressure heaters. This heat balance gives the new feedwater conditions
at the steam generator inlet.

The following assumptions are made:

1. Plant initial power level corresponding to guaranteed NSSS thermal
output.

(RS ]
.

Low pressure heater bypass valve opens, resulting in condensate flow
splitting between the bypass line and the low pressure heaters; the
flow through each path is proportional to the pressure drops.

3. Heater drain pumps trip; this increases the effect of the cold
bypass flow.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Results

Opening of a low pressure heater byass valve and trip of the heater
drain oumps causes a reduction in feedwater temperature which increases
the thermal load on the primary system. The calculated reduction in
feedwater temperature is less than 19F, resulting in a negligible
increase in heat load on the primary system. The increased thermal
load, due to opening of the low pressure heater bypass valve, thus would
result in a transient very similar (but of greatly reduced magnitude) to
that presented in Section 15.1.3 for an Excessive Load Increase Inci-
dent, which evaluates the consequences of a 10 percent step load
increase. Therefore, the transient results of this analysis are not
presented.
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15.1.1.3 Radiological Consequences

There will be no radiological consequences associated with a decrease in
feedwater temperature event, and activity is contained within the fuel
rods and reactor coolant system within design limits.

15.1.1.4 Conclusions

The decrease in feedwater temperature transient is less severe than the
increase in feedwater flow event (Section 15.1.2) and the increase in
secondary steam flow event (Section 15.1.3). Based on results presented
in Sections 15.1.2 and 15.1.3, the applicable acceptance criteria for
the decrease in feedwater temperature event have been met.

15.1.2 FEEDWATER SYSTEM MALFUNCTION CAUSING AN INCREASE IN FEEDWATER
FLOW

15.1.2.1 Identification of Causes and Accident Description

Addition of excessive feedwater will cause an increase in core power by
decreasing reactor coolant temperature. Such transients are attenuated
by the thermal capacity of the secondary plant and of the Reactor Cool-
ant System (RCS). The overpower-overtemperature protection (neutron
overpower, overtemperature and overpower AT trips) prevents any power
increase which could lead to a DNBR less than the limit value.

An example of excessive feedwater flow would be a full opening of a
feedwater control valve due to a feedwater control system malfunction or
an operator error. At power this excess flow causes a greater load
demand on the RCS due to increased subcooling in the steam generator.
With the plant at no-load conditions, the addition of cold feedwater may
cause a decrease in RCS temperature and thus a reactivity insertion due
to the effects of the negative moderator coefficient of reactivity.

Continuous addition of excessive feedwater is prevented by the steam
generator high-high level trip, which closes the feedwater valves.

-4
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An increase in normal feedwater flow is classified as an ANS Condition
Il event, fault of moderate frequency. See Section 15.0.1 for a dis-
cussion of ANS Condition I] events.

Plant systems and equipment which are available to mitigate the effects
of the accident are discussed in Section 15.0.8 and listed in Table

15.0.8-1.

15.1.2.2 Analysis of Effects and Consequences

Method of Analysis

The excessive heat removal due to a feedwater system malfunction
transient is analyzed by using the detailed digital computer code
LOFTRAN (Reference 1). This code simulates a multi-loop system, neutron
kinetics, the prsssurizer, pressurizer relief and safety valves, pres-
surizer spray, steam generator, and steam generator safety valves. The
code computes pertinent plant variables including temperatures, pres-

‘ sures, and power level,

The system is analyzed to demonstrate plant behavior in the event that
excessive feedwater addition, due to a control system malfunction or
operator error which allows a feedwater control valve to open fully,
occurs. Two cases are analyzed as follows:

1. Accidental opening of one Teedwater control valve with the reactor
just critical at zero "oad conditions assuming a conservatively
large negative moderatir temperature coefficient.

2. Accidental opening of one feedwater control valve with the reactor
in manual control at full power.

This accident is analyzed with t:z Improved Thermal Design Procedure as
described in WCAP-8567. Plant characteristics and initial conditions
are discussed in Section 15.0.3. The reactivity insertion rate follow-
ing a feedwater system malfunction is calculated with the following
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[nitial reactor power, pressure, and RCS temperatures are assumed to
be at their nominal values. Uncertainties in initial conditions are
included in the 1imit DNBR as described in WCAP-8567.

For the feedwater control valve accident at full power, one feed-
water control valve is assumed to malfunction resulting in a step
increase to 149 percent of nominal feedwater flow to one steam gen-
erator.

For the feedwater control valve accident at zero load condition, a
feedwater control valve malfunction occurs which results in an
increase in flow to one steam generator from zero to 206 percent of
the nominal full load value for one steam generator.

For the zero load condition, feedwater temperature is at a conserva-
tively low value of 700F,

No credit is taken for the heat capacity of the RCS and steam gen-
erator thick metal in attenuating the resulting plant cooldown.

The feedwater flow resulting from a fully open control valve is
terminated by a steam generator high-high level trip signal which
closes all feedwater control and isolation valves, trips the main
feedwater pumps, and trips the turbine.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Normal reactor control systems and Engineered Safety Systems are not
required to function. The Reactor Protection System may function to
trip the reactor due to an overpower condition. No single active
failure will prevent operation of the Reactor Protection System. A
discussion of A™WT considerations is presented in Reference [2].

POOR ORIGINAL 4 21
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Results

In the case of an accidental full opening of one feedwater control valve
with the reactor at zero power and the above mentioned assumptions, the
maximum reactivity insertion rate is less than the maximum reactivity
insertion rate analyzed in Section 15.4.1, "Uncontrolled Rod Cluster
Control Assembly Bank Withdrawal from a Subcritical or Low Power Startup
Condition," and therefore, the results of the analysis are not presented
here. It should be noted that if the incident occurs with the unit just
critical at no load, the reactor may be tripped by the power range high
neutron flux trip (low setting) set at approximately 25 percent of
nominal full power.

The full power case (maximum reactivity feedback coefficients, manual
rod control) gives the largest reactivity feedback and results in the
greatest power increase. Assuming the reactor to be in the automatic
rod control mode results in a slightly less severe transient. The rod
control sysiem is, therefore, not required to function for an exces-
sive feedwater flow event,

When the steam generator water level in the faulted loop reaches the
high-high level setpoint, all feedwater isolation valves and feedwater
pump discharge valves are automatically closed and the main feedwater
pumps are tripped. This prevents continuous addition of the feedwater.
In addition, a turbine trip is initiated.

Following turbine trip, the reactor will be tripped on a low-Tow steam
generator water level signal in the intact steam generators. If the
reactor were in the automatic control mode, the control rods would be
inserted at the maximum rate following turbine trip, and the ensuing
transient would then be similar to a loss of load (turbine trip event)
as analyzed in Section 15.2.3.

1 BLUE
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transient results, see Figures 15.1.2-1 and 15.1.2-2, show the increase
in nuclear power and AT associated with the increased thermal load on
the reactor. Following the turbine trip and feedwater isolation on the
steam generator hign-high level signal the reactor reaches a new stabil-
ized condition at a reduced power level consistent with the reactivity
parameters assumed to maximize the initial increase in code power. The
reactor is tripped on low-low steam generator water level if no action
is taken by the operator to terminate the reduced power operation.The
DNB ratio does not drop below the limit value. Following the reactor
trip, the plant approaches a stabilized condition; standard plant shut-

down procedures may then be followed to further cool down the plant. .

Since the power level rises during the excessive feedwater flow inci-
dent, the fuel temperatures will also rise until after reactor trip
occurs. The core heat flux lags behind the neutron flux response due to
the fuel rod thermal time constant, hence the peak value does not exceed
118 percent of its nominal value (i.e., the assumed high neutron flux
trip setpoint). The peak fuel temperature will thus remain well below
the fuel melting temperature.

The transient results show that DNB does not occur at any time during
the excessive feedwater flow incident; thus, the ability of the primary
coolant to remove heat from the fuel rod is not reduced. The fuel
cladding temperature therefore, does not rise significantly above its
initial value during the transient.

The calculated sequence of events for this accident 1s shown in Table
15.102'1.

15.1.2.3 Radiological Consequences ‘

There are minimal radiological consequences from this event, The high
level signal causes a reactor and turbine trip and heat is removed from
the secondary system through the steam generator power relief or safety .
valves. Since no fuel damage is postulated to occur from this tran-
sient, the radiological consequences will be less severe than the
steamline break accident analyzed in Subsection 15.1.5.3.
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15.1.2.4 Conclusions

The results of the analysis show that the DNB ratios encountered for an
excessive feedwater addition at power are above the limit value, hence,
no fuel or clad damage is predicted. Additionally, it has been shown
that the reactivity insertion rate which occurs at no load conditions
following excessive feedwater addition is less than the maximum value
considered in the analysis of the rod withdrawal from a subcritical

condition analysis. The radiological consequences of this event will be

less than the steamline break accident analyzed in Subsection 15.1.5.3.
15.1.3 EXCESSIVE INCREASE IN SECONDARY STEAM FLOW

15.1.3.1 Identification of Causes and Accident Description

An excessive increase in se’ undary system steam flow (excessive load
increase incident) 1s defined as a rapid increase in steam flow that
causes a power mismatch batween the reactor sore power and the steam
generator load demand. The Reactor Control System is designed to

accommodate a .0 percent step load increase of a 5 percent per minute

ramp load increase in the range of 15 to 100 percent of full power. Any
loading rate in excess of these values may cause a reactor trip actuated

by the Reactor Protection System. Steam flow increases greater than 10
percent are analyzed in Sections 15.1.4 and 15.1.5.

This accident could result from either an administrative violation such
3s excessive loading by the operator or an equipment malfunction in the
steam dump control or turbine speed control.

During power operation, steam dump to the condenser is controlled by
re.stor coolant condition signals, i.e., high reactor coolant tempera-
ture indicates a need for steam dump. A single controller malfunction
does not cause steam dump; an interlock is provided which blocks the
opening of the valves unless a large turbine load decrease or a turbine
trip has occurred.

Protection against an excessive load increase accident is provided by
the following Reactor Protection System signals:

POOR ORlaiwAL ™
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Overpower AT

1.
2. Overtemperature AT
. JE

Power range high neutron flux

An excessive load incraase incident is considered to be an ANS Condition

II event, fault of moderate frequency. See Section 15.0.1 for a discus-
sion of Condition Il events.

15.1.3.2 Analysis of Effects and Consequences

Method of Analysis

This accident is analyzed using LOFTRAN Code (Reference 1). The code
simulates the neutron kinetics, Reactor Coolant System, pressurizer,
pressurizer relief and safety valves, pressurizer spray, steam genera-

tor, steam generator safety valves, and feedwater system, The code

computes pertinent plant variables including temperatures, Jressures,

and power level,

Four cases are analyzed to demonstrat2 the plant behavior following a 10

percent step load increase from rated load. These cases are as follows:

1. Reactor control

2. Reactor control

3. Reactor control
back.

4, Reactor control
back.

in marual with minimum moderator reactivity feedback.

in manual with maximum moderator reactivity feedback.

in automatic with minimum moderator reactivity feed-

in automatic with maximum moderator reactivity feed-

For the minimum moderator feedback cases, the core has the least nega-

tive moderator temperature coefficient of reactivity and therefore, the
least inherent transient capability. For the maximum moderator feedback
cases, the moderator temperature coefficient of reactivity has its high-

est absolute value.

This results in the largest amount of reactivity

feedback due to changes in coolant temperature.
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A conservative limit on the turbine valve opening is assumed, 2ad all
cases are studied without credit taken for pressurizer heaters.

This accident is analyzed with the Improved Thermal Design Procedure as
described in WCAP-8567. Plant characteristics and initial conditions
are discussed in Section 15.0.3. Initial reactor power, pressure, and
RCS temperatures are assumed to be at their nominal values. Uncertain-
ties in initial conditions are included in the limit DNBR as described
in WCAP-8567.

Normal reactor control systems and Engineered Safety Systems are not
required to function. The Reactor Protection _ 'stem is assumed to be
operable; however, reactor trip is not encountered for many cases due to
the error a'lowances assumed in the setpoints. No single active failure
will prevent the Reactor Protection System from performing its intended
function.

The cases which assume automatic rod control are analyzed to insure that
the worst case is presented. The automatic function is not regquired.

Results

Figures 15.1.3-1 through 15.1.3-4 illustrate the transient with the
reactor in the manual control mode. As expected, for the minimum
moderator feedback case there is a slight power increase, and the aver-
age core temperature shows a large decrease. This results in a DNBR
which increases above its initial value. For the maximum moderator
feedback, manually controlled case there is a much larger increase in
reactor power due to the moderator feedback. A reduction in DNBR is
e gerienced but DNBR remains above the limit value. For these cases,
the plant rapidly reaches a stabilized condition at the higher power
level. Normal plant operating procedures would then be followed to
reduce power,

Figures 15.1.3-5 through 15.1.3-8 illustrate the transient assuming the

reactor is in the automatic control mode and no reactor trip signals
occur. Both the minimum and maximum moderator feedback cases show that
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core power increases, thereby reducing the rate of decrease in coolant
average temperature and pressurizer pressure. For both of these cases,
the minimum DNBR remains above the limit value.

The excessive load increase incident is an overpower transient for which
the fuel temperatures will rise. Reactor trip may not occur for some of
the cases analyzed, and the plant reaches a new equilibrium condition at
a higher power level corresponding to the increase in steam flow.

Since DNB does not occur at any time during the excessive load increase
transients, the ability of the primary coolant to remove heat from the .
fuel rod is not reduced. Thus, the fuel cladding temperature does not

rise significantly above its initial value during the transient.

The calculated sequence of events for the excessive load increase inci-
dent is shown on Table 15.1.2-1.

15.1.3.3 Radiological Consequences

There will be no radiological consequences associated with this avent .
and activity is contained within the fuel rods and reactor coolant
system within design Timits,

15.1.3.4 Conclusions
The analysis presented above shows that for a ten percent step load
increase, the ONBR remains above the limit value, thereby precluding

fuel or clad damage. The plant reaches a stabilized condition rapidly
following the lToad increase.

15.1.4 INADVERTENT OPENING OF A STEAM GENERATOR RELIEF OR SAFETY VALVE

15.1.4.1 Identification of Causes and Accident Description

The most severe core ccnditions resulting from an accidental depres-
surization of the main steam system are associated with an inadvertent
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opening of a single steam dump, relief, or safety valve. The analyses
performed assuming a rupture of a main steamline are given in Section
18.1.5.

The steam release as a consequence of this accident results in an ini-
tial increase in steam flow which decreases during the accident as the
steam pressure falls. The energy removal from the RCS causes a reduc-
tion of coolant temperature coefficient, the cooldown results in an
insertion of positive reactivity.

. The analysis is performed to demonstrate that the following criterion is
satisfied:

Assuming a stuck rod cluster control assembly, with offsite power
available, and assuming a single failure in the Engineered Safety
Features System there will be no return to criticality after reactor
trip for a steam release equivalent to the spurious opening, with
failure to close, of the largest of any single steam dump, relief,
or safety valve.

. Accidental depressurization of the secondary system is classified as an
ANS Condition II event. See Section 15.0.1 for a discussion of Condi-

tion II events.

The following systems provide the necessary protection against an acci-
dental depressurization of the main steam system.

1. Safety Injectic~ System actuation from any of the following:
a. Two-out-of-three low steamline pressure signals an any one loop
b. Two-out-of-four pressurizer pressure signals.

. c. Two-out-of-three high containment pressure signals.
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2. The overpower reactcr trips (neutron flux and AT) and the reactor
trip occurring in conjunction with receipt of the safety injection
signal.

3. Redundant isolation of the main feedwater lines.

Sustained high feedwater flow would cause additional cooldown.
Therefore, in addition to the normal control action which will close
the main feedwater valves following reactor trip, a safety injection
signal will rapidly close all feedwater control valves and back up
feedwater isolation valves, trip the main feedwater pumps, and close
the feedwater pump discharge valves.

4, Trip of the fist-acting steamline stop valves (designed to close in
less than 5 seconds) on:

a. Two-out-of-three low steamline pressure signals in any one loop.

b. Two-out-of-three high-high containment pressure signals.

c. Two-out-of-three high negative steamline pressure rate signals
in any one loop (used only during cooldown and heatup opera-

tions).

Plant systems and equipment which are available to mitigate the effects
of the accident are also discussed in Section 15.0.8 and listed in Table
15.0.8-1.

15.1.4.2 Analysis of Effects and Consequences

Method of Analysis

The following analyses of a secondary system steam release are performed
for this section.

1. A full plant digital computer simulation using the LOFTRAN Code

(Reference 1) to determine RCS temperature and pressure during
cooldown, and the effect of safety injection.
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2. Analyses to determine that the reactor does not return to crit-
icality.

The following conditions are assumed to exist at the time of a secondary
steam system release:

1. End-of-life shutdown margin at no-load, equilibrium xenon con-
ditions, and with the most reactive rod cluster control assembly
stuck in its fully withdrawn position. Operation of rod cluster
control assembly banks during core burnup is restricted in such a
way that addition of positive reactivity in a secondary system steam
release accident will not lead to a more adverse condition than the
case analyzed.

2. A negative moderator coefficient corresponding to the end-cf-life
rodded core with the most reactive rod cluster control assembly in
the fully withdrawn position. The variation of the coefficient with
temperature and pressure is included. The Keff versus temperature
at 1000 psi corresponding to the negative moderator temperature
coefficient used is shown in Figure 15.1.4-1,

3. Minimum capability for injection of high concentration boric acid
solution corresponding to the most restrictive single failure in the
Safety Injection System. This corresponds to the flow delivered by
one charging pump delivering its full contents to the conld leg
header. Low concentration boric acid must be swept from Lhe safety
injection lines downstream of the boron injection tank isolation
valves prior to the delivery of high concentration boric acid
(20,000 parts per million (ppm)) to the reactor coolant ioops. This
effect has been accounted for in the analysis.

4. The case studied is a steam flow of 270 pounds per second at 1200
pounds per square inch absolute (psia) with offsite power avail-
able. This is the maximum capacity of any single steam dump,
relief, or safety valve. Initial hot shutdown corditions at time
zero are assumed since this represents the most conservative initial
condition.
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Should the reactor be just critical or operating at power at the
time of a steam release, the reactor will be tripped by the normal
overpower protection when power level reaches a trip point. Follow-
ing a trip at power, the RCS contains more stored energy than at
no-load, the average coolant temperature is higher than at no-load
and there > preciable energy stored in the fuel. Thus, the
additional stured enerqy is removed via the cooldown caused by the
steam release before the no-load conditions of RCS temperature and
shutdown margin assumed in the analyses are reached. After the
additional stored energy has been removed, the cooldown and reac-
tivity insertions proceed in the same manner as in the analysis
which assumes rio-load condition at time zero. However, since the
initial steam generator water inventory is greatest at no-load, the
magnitude ard duration of the RCS cooldown are less for steamline
release occurring at power.

5. In computing the steam flow, the Moody Curve (Reference 3) for
f(L/D) = 0 is used.

6. Perfect moisture separation in the steam generator is assumed.
Results

The calculated time sequence of avents for this accident is listed in
Table 15.1.2-1.

The results presented are a conservative indication of the events which
would occur assuming a secondary system steam release since it is postu-
lated that all of the conditions described above occur simultaneously.

Figures 15.1.4-2 and 15.1.4-3 show the transient results for a steam
flow of 270 1b/sec at 1200 psia.

The assumed steam release is typical of the capacity of any single steam
dump, reliaf, or safety valve. Safety injection is initiated auto-
maticlly by low pressurizer pressure. Operation of one centrifugal
charging pump is assumed. Boron solution at 20,000 ppm enters the RCS
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providing sufficient negative reactivity to maintain the reactor below
criticality. The transient is quite conservative with respect to cool-
down, since no credit is taken for the energy stored in the system metal
other than that of the fuel elements or the energy stored in the other
steam generators. Since the transient occurs over a period of about 5
minutas, the neglected stored energy is 1ikely %o have a signi- ficant
effect in slowing the cooldown.

15.1.4.3 Radiological Consequences

The inadvertent opening of a single steam dump relief or safety valve
can result in steam release from the secondary system. [f steam
generator leakage exists coincident with tl.e failed fuel conditions,
some activity will be released. (The activity release and dose is
provided on a plan: specific basis).

15.1.4.4 Conclusions

The analysis shows that the criteria stated earlier in this section are
satisfied. Since the reactor does not return to criticality, a DNBR
less than the limit value does not exist.

15.1.5 STEAM SYSTEM PIPING FAILURE

15.1.5.1 ldentification of Causes and Accident Description

The steam release arising from a rupture of a main steamline would
result in an initial increase in steam flow which decreases during the
accident as the steam pressure fails. The energy removal from the RCS
causes a reduction of coolant temperature and pressure. In the presence
of a negative moderator temperature coefficient, the cooldown results in
an insertion of positive reactivity. If the most reactive rod cluster
control assembly (RCCA) is assumed stuck in its fully withdrawn position
after reactor trip, there is an increased possibility that the core will
become critical and return tc power. A return to power following a
steamline rupture is a potential problem mainly because of the high
power peaking factors which exist assuming the most reactive RCCA to be
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stuck in its fully withdrawn position. The core is ultimataly shut down
by the boric acid injection delivered by the Safety Injection System.

The analysis of a main steamline rupture is performed to demonstrate
that the following criteria are satisfied:

Assuming a stuck RCCA with or without offsite power, and assuming a
single failure in the engineered safety features, the core remains
in place and intact. Radiation doses do not exceed the quidelines
of 10CFR100.

Although DNB and possible clad perforation following a steam pipe
rupture are not necessarily unacceptable, the following analysis, in
fact, shows that nc DNB occurs for any rupture assuming the most
reactive assembly stuck in its fuliy withdrawn position. The DNBR
design basis is discussed in Section 4.4,

A major steamline rupture is classified as an ANS Condition IV event.
See Section 15.0.1 for a discussion of Condition IV events,

Effects of minor secondary system pipe breaks are bounded by the analy-
sis presented in this section. Minor secondary system pipe breaks are
classified as Condition I1I events, as described in Section 15.0.1.3.
The major rupture of a steamline is the most limit  transient
and is analyzed at zero power with no decay heat. Cecay at would
retard the cooldown thereby reducing the return to power. A detailed
analysis of this transient with the most limiting break size, a double-
ended rupture, is presented here,

The following functions provide the protection for a steamline rupture:

1. Safety Injection System actuation from any of the following:

a. Two-out-of-three ;. :amiine pressure signals in any one loop
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b. Two-out-of-four pressurizer pressure signals.

c. Two-out-of-three high containment pressure signals.

ny
.

The overpower reactor trips (neutron flux and AT) and the reactor
trip occurring in conjunction with receipt of the safety injection
signal.

3. Redundant isolation of the main feedwater lines.

Sustained high feedwater flow would cause additional cooldown.
Therefore, in addition to the normal control action which will close
the main feedwater valves a safety .njection signal will rapidly
close all feedwater control valves and backup feedwater isolation
valves, trip the main feedwater pumps, and close the feedwater pump
discharge valves.

4, Trip of the fast acting steamline stop valves (designed to close in

~

less than 5 seconds; on:
a, Two-out-of-three low steamline pressure signals in any one loop.
b. Two-out-of-threz high-high containment pressure signals.

Cc. Twc-out-of-three high negative steamline pressure rate signals
in any one loop (used only during cooldown and heatup opera-
tions).

Fast-accing isolation valves are provided in each steamline; these
valves will fully close within 10 seconds of a large break in the
steamline. For breaks downstream of the isolation valves, closure of
all valves would completely terminate the blowdown. For any break, in
any location, no more than one steam generator would experience an
uncontrolled blowdown even if one of the isolation valves fails to
ciose. A description of steamline isolation is included in Chapter 10.

Steam flow is measured by monitoring dynamic head in nozzles located in
the throat of the steam generator. The effective throai area of the
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nozzles is 1.4 square feet, which is considerably less than the main
steam pipe area; thus, the nozzles also serve to limit the maximum steam
flow for a break at any location.

Table 15.1.5-1 lists the equipment required in the recovery from a high
energy line rupture. Not all equipment is required for any one particu-
'ir break, since the requirements will vary depending upon postulated
break location and details of balance of plant design and pipe rupture
criteria as discussed e..ewhere in this application. Design criteria
and methods of protection ~F safety-related equipment from the dynamic
effects of postulated piping ruptures are provided in Section 3.6.

15.1.5.2 Analysis cf Effects and Consequences

Method of Analysis

The analysis of the steam pipe rupture has been performed to determine:

1. The core heat flux and RCS temperature and pressure resulting from
the cooldown following the steamline break. The LOFTRAN code (Ref-
erence 1) has been used.

2. The thermal and hydraulic behavior of the core following a steamline
break. A detailed thermal and hydraulic digital-computer code,
THINC, has been used to determine if DNB occurs for the core condi-

tions computed in item 1 above.

The following conditions were assumed to exist at the time of a main
steam birczk accident:

1. End-of-1ife shutdown margin at no-load, equilibrium xenon condi-
tions, and the most reactive RCCA stuck in its fully withdrawn
position, Operation of the control rod banks during core burnup is
restricted in such a way that addition of positive reactivity in 2
steamline break accident will not lead to a more adverse condition
than the case analyzed.
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2. A neaative moderator coefficient corresponding to the end-of-life
rodded core with the most reactive RCCA in the fully withdrawn
position. The variation of the coefficient with temperature and
pressure has been included. The Keff versus temperature at 1000
psi corresponding to the negative moderator temperature coefficient
used is shown in Figure 15.1.4-1. The effect of power generation in
the core on overall reactivity is shown in Figure 15.1.5-1.

The core properties associated with the sector nearest the affected
steam generator and those associated with the remaining sector were
conservatively combined to obtain average core properties for reac-
tivity feedback calculations. Further, it was conservatively
assumed that the core power distribution was uniform. These two
conditicns cause underprediction of the reactivity feedback in the
high power region near the stuck rnd. To verify the conservatism of
this method, the reactivity as well as the power distribution was
checked for the limiting statepoints for the cases analyzed.

This core analysis considered the Doppler reactivity from the high
fuel temperature near the stuck RCCA, moderator feedback from the
high water enthalpy near the stuck RCCA, power redistribution and
non-uniform core inlet temperature effects. For cases in which
steam generation occurs in the high flux regions of the core, the
effect of void formation was also included. It was determined that
the reactivity employed in the kinetics analysis was always larger
than the reactivity calculated including the above local effects for
the statepoints. These results verify conservatism; i.e., under-
prediction of negative reactivity feedback from power generation.

Minimum capability for injection of high concentration boric acid
(20,000 ppm) solution corresponding to the most restrictive single
failure in the Safety Injection System. The Emergency Core Cooling
System consists of three systems: 1) the passive accumulators, 2)
the Residual Heat Removal System, and 3) the Safety Injection Sys-
tem. Only the Safety Injection System is modeled for the steamline
break accident analysis.
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The actual modeling of the Safety Injection System in LOFTRAN is
described in Reference [1]. The flow corresponds :o that delivered
by one charging pump deiivering its full flow to the cold leg
header. No credit has been taken for the low concentration borated
water, which must be swept from the lines downstream of the boron
injection tank isolation valves prior to the delivery of high con-
centration boric acid to the reactor coolant loops.

For the cases where offsite power is assumed, the sequence of events
in the Safety Injection System is the following. After the genera-
tion of the safety injection signal (appropriate delays for instru-
mentation, logic, and signal transport included), the appronriate
valves begin to operate and the high head safety injection pump
starts. In 10 seconds, the valves are assumed to be in their final
position and the pump is assumed to be at full speed. The volume
contaning the low concentration borated water is swept before the
20,000 ppm reaches the core. This delay, described above, is
inherently included in the modeling.

In cases where offsite power is not available, an additional 10
sacond delay is assumed to start the diesels and to load the nec-
essary safety injection equipment onto them.

4. Design value of the steam generator heat transfer coefficient
including allowance for fouling factor.

5. Since the steam generators are provided with integral flow restric-
tors with a 1.4 square foot throat area, any rupture with a break
area greater than 1.4 square feet, regardless of location, would
have the same effect on the NSSS as the 1.4 square foot break. The
following cases have been considered in datermining the core power
and RCS transients:

a. Complete severance of a pipe, with the plant initially at

no-load conditions, full reactor coolant flow with offsite power
available.
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b. Case (a) with loss of offsite power simultaneous with the steam-
line break and initiation of the safety injection signal. Loss
of offsite power results in reactor coolant pump coastdown.

6. Power peaking factors corresponding to one stuck RCCA and non-uni-
form core inlet coolant temperatures are determined at end of core
life. The coldest core inlet temperatures are assumed to occur in
the sector with the stuck rod. The power peaking factors account
for the effect of the local void in the region of the stuck control
assembly during the return to power phase following the steamline
break. This void in conjunction with the large negative moderator
coefficient partially offsets the effect of the stuck assembly. The
power peaking factors depend upon the core power, temperature, pres-
sure, and flow, and, thus, are different for each case studied.

The core parameters used for each of the two cases correspond to
values determined from the respective transient analysis.

Both cases above assume initial hot shutdown conditions at time zero
since this represents the most pessimistic initial condition.

Should the reactor be just critical or operating at power at the
time of a steamline break, the reactor will be tripped by the normal
overpower protection system when power level reaches a trip point.
Following a trip at power, the RCS contains more stored energy than
at no-load, the average coolant temperature is higher than at
no-load and there is appreciable energy stored in the fuel. Thus,
the additional stored energy is removed via the cooldown caused by
the steamline break before the no-load conditions of RCS temperature
and shutdown margin assumed in the analyses are reached. After the
additional stored energy has been removed, the cooldown and reactiv-
ity insertions proceed in the same manner 3s in the analysis which
assumes no-load condition at time zero. A spectrum of steamline
breaks at various power levels has been analyzed in Reference [4].

7. In computing the steam flow during a steamline break, the Moody
Curve (Reference 3) for f(L/D) = 0 is used.
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8. The Upper Head Injection (UHI) is simulated. The actuation pressure
for the UHI is near the saturation pressure for the inactive coolant
in the upper head. The insurge of cold UHI water keeps this inac-
tive coolant from flashing and thus retarding pressure decrease.

The effect of UHI is a faster pressure decrease which in turn per-
mits more safety injection flow into the core. These effects are
very small and results are not significantly affected.

These assumptions are discussed more fully in Reference [4].
Results

The calculated sequence of events for both cases analyzed is shown on
Table 15.1.2-1.

The results presented are a conservative indication of the events which
would occur assuming a steamline rupture since it is postulated that all

of the conditions described above occur simultaneously.

Core Power and Reactor Coolant System Transient

Figures 15.1.5-2 through 15.1-5-4 show the RCS transient and core heat
flux following a main steamline rupture (complete severance of a pipe)
at initial no-load condition (case a).

Offsite power is assumed available so tha* full reactor coolant flow
exists. The transient shown assumes an uncontrolled steam release from
only one steam generator. Should the core be critical at near zero
power when the rupture occurs the initiation of safety injection by low
steamline pressure will trip the reactor. Steam release from more than
one steam generator will be prevented by automatic trip of the fast
acting isolation valves in the steamlines by low steamline pressure
signals, high-high containment pressure signals, or high negative steam-
line pressure rate signals. Even with the failure of one valve, release
is limited to no more than 10 seconds for the other steam generators
while the one generator blows down. The steamline stop valves are
designed to be fully closed in less than 5 seconds from receipt of a
closure signal.

POOR ORigmng



As shown in Figure 15.1.5-3 the core attains criticality with the RCCAs
inserted (with the design shutdown assuming one stuck RCCA) shortly
before boron solution at 20,000 ppm enters the RCS. The continued addi-
tion of boron results in a peak core power significantly lower than the
nominal full power value.

The calculation ascumes the boric acid is mixed wilh, and diluted by,
the water flowing in the RCS prior to entering the reactor core. The
concentration after mixing depends upon the relative flow rates in the
RCS and in the Safety Injection System. The variation of mass flow rate
in the RCS due to water density changes is included in the calculation
as is the variation of flow rate in the Safety Injection System due to
changes in the RCS pressure. The Safety Injection System flow calcula-
tion includes the line losses in the system as well as the pump head
curve.

Figures 15.1.5-5 through 15.1.5-7 show the salient parameters for case
b, which corresponds to the case discussed above with additional loss of
offsite power at the time the safety injection signal is generated. The
Safety Injection System delay time includes 10 seconds to start the
diesel in addition to 10 seconds to start the safety injection pump and
open the valves. Critica’ity is achieved later and the core power
increase is slower than in the similar case with offsite power avail-
able. The ability of the emptying steam generator to extract heat from
the RCS is reduced by the cecreased flow in the RCS. Th2 peak power
remains well below the nominal full power value.

[t should be noted that following a steamline break only one steam
generator blows down completely. Thus, the remaining steam generators
are still available for dissipation of decay heat after the initial
transient is over. In the case of loss of offsite power this heat is
removed to the atmosphere via the steamline safety valves.

Margin to Critical Heat Flux

A DNB analysis was performed for both of these cases. It was found that
both cases has a minimum DNBR greater than the limit value.
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15.1.5.3 Radiological Consequences of a Postulated Steamline Break

The postulated accidents involving release of steam from the secondary
system will not result in a release of radioactivity unless there is
leakage from the Reactor Coolant System to the secondary system in the
steam generator. Parimeters used in both the realistic and conservative
anslyses are listed in Table 15.1.5-2. These parameters are based on
the Source Terms specified in ANSI N-237 Standard (March 1976), NUREG
0017, April 1976.

The primary and secondary coo'ant activities correspond to the specific
activity limits given in the Technical Specifications. The primary
coolant activities are 60.0 uCi/gm of dose equivalent [-131 due to a
pre-existing iodine spike prior to the accident, and 100/E uCi/gm
(conservatively assumed to be comprised entirely of noble gas activity).

The following conservative assumptions and parameters will be used to
calculate the activity releases and offsite doses for the postulated
steamline break:

Prior to the accident, an equilibrium activity of fission products
exists in the primary and secondary systems caused by a primary to

secondary leakage in the steam generators.

2. Offsite power is lost and the main steam condensers are not avail-
able for steam dump.

3. Eight hours after the accident the residual heat removal system
starts operation to cool down the plant.

4, The total primary to secondary leakage is 1.0 gpm, with 0.347 (500
gal/day) in the defective steam generator and the rest divided

equally bzatween the three nondefective steam generators.

5. Defective fuel is 1 percent.
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Time Sequence of Event for Incidents Which

TABLE 15.1.2-1 (Page 1)

Cause an Increase in Heat Removal By

Accident

Excessive Feedwater
flow at full power

Excessive Increase in
Secondary Steam Flow

Manual Reactor

—
.

Control (Minimum

moderator feedback)

POOR ORIGINAL

Ine Secondary System

Event

One main feedwater control
valve fails fully open

High-nigh steam generator
water level signal generated

Turbine trip occurs due to
high-high steam generator
level

Minimum DNBR occurs

Feedwater isolation valves
close

Low-low steam generator reactor

trip setpoint reached in intact
steam generators

10% step load increase

Equilibrium conditions
reached (approximate

time only)

15.1-29

Time (sec.)

0.0

89.2

0.0

100



Time Sequence of Event for Incidents Which

TABLE 15.1.2-1 (Page 2)

Cause an Increase in Heat Removal By

Accident

2. Manual Reactor
Control (Maximum

moderator feedback)

3. Automatic Reactor
Control (Minimum

moderator feedback)

4. Automatic Reactor
Control (Maximum

moderator feedback)

[nadvertent opening of

a steam generator relief

or safety valve

POOR ORIGINAL

The Secondary System

Event

10% step load increase

Equilibrium conditions
reached (approximate
time only)

10% step load increase

Equilibrium conditions
reached (approximate
time only)

10% step load increase

Equiiibrium conditions
reached (approximate
time only)

Inadvertent opening of
one main steam safety

or relief valve

Time (sec.)

0.0

50

0.0

50

0.0

50



Time Sequence of Event for Incidents Which

TABLE 15.1.2-1 (Page 3)

Accident

Steam system piping

failure
1. Case a
Case b

Cause an Increase in Heat Removal By

The Secondary System

Event

Pressurizer empties

20,000 ppm boron reaches
core

Steamline ruptures

Pressurizer empties

Criticality attained

20,000 ppm boron reaches
core

Steamline ruptures

Pressurizer vmpties

Criticality attai.ed

20,000 ppm boron reaches

core
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TABLE 15.1.5-1 (Page 1)

Equipment Required Following a Rupture of a Main Steam Line

Short Term
(Required for Mitigation
of Accident)

Reactor trip and safegquards
actuation channels including
sensors, circuitry, »nd pro-
cessing equipment (the pro-
tection circuits used to trip
the reactor on undervoltage,
underfrequency, and turbine
trip may be excluded).

Safety Injection System
including the pumps, the
refueling water storage tank,
the boron injection tank, and
the systems valves and piping.

Diesel generators and emergency
power distribution equipment.

Auxiliary Feedwater System
including pumps, water supply,
and system valves and piping
(this system must be placed in
service to supply water to
operable steam generators no
later than 10 minutes after

the incident).

Reactor Containment ventilation

cooling units.

Capability for obtaining a
Reactor Coolant System sample.

Required for Cooldown

Steam generator power operated
relief valves (can be manually
operated locally).

Control for defeating autumatic
safety injection actuation during
a cooldown and depressurization.

Residual Heat Removal System
including pumps, heat exchanger,
and system valves and piping nec-
essary to cool and maintain the
Reactor Coolant System in a cold
chutdown condition.
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TABLE 15.1.5-1 (Page 2)

Equipment Required Following a Rupture of a Main Steam Line

Short Term
(Required for Mitigation
_of Accident)

Essential Service Water System.

Containment safeguards cooling

equipment.

Auxiliary Feedwater System
including pumps, water supplies,

piping and valves.

Main feedwater control valves

(trip closed feature).

Bypass feedwater control valves

(trip closed feature).

Primary and secondary safety

valves.

Hot Standby

Required for Cooldown
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TABLE 15.1.5-1 (Page 3)

Equipment Required Following a Rupture of a Main Steam Line

Short Term
(Required for Mitigation
of Accident)

Circuits and/or equipment
required to trip the main

feedwater pumps.

Main feedwater isolation

ralves (trip closed feature).

Main steam line stop valves

(trip closed feature).

Main steam line stop valve
bypass valves (trip closed
(trip closed feature).

Steam generator blowdown
isolation valves (automatic

closure feature).

Hot Standby

Required for Cooldown
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Short Term

(Required for Mitigation
___of Accident)

Batteries (Class 1EC).

Control Room ventilation.

Control Room equipment must not
be damaned to an extent where any
csuipment will be spuriously

actuated or any of the equipment

contained elsewhere in this

list cannot be operated.
Emergency lighting.

Post Accident Monitoring
Systema.

TABLE 15.1.5-1 (Page 4)

Hot Standby

5ee Section 7.5 for a discussion of the Post Accident Monitoring System.

Equipment Required Following a Rupture of a Main Steam Line

Required for Cooldown



TABLE 15.1.5-2

Parameters to be Used in Analysis of Radiological

Consequences of Steam Line Break Analysis

Parameter
Core Thermal Power

Offsite Power Availability

Fraction of Core Power Produced

in Rods Containing Defects

Fraction of Fuel Rods whose
Cladding fails as a result
of the accident

Steam Generator Leak Rate
prior to accident
from all steam generators

Fraction of activity in failed

rods which is released to
the coolant

[odine Spike Release
from fuel to coolant
Duration of release

lodine inventory in secondary
side prior to accident

Steam Generator Leak Rate
during accident from
all steam generators

POOR ORIG!NAL

Realistic Value

3565 MWt

Available

.0012

0.0

.009 gpm

N/A

See Table 15.0-8
4 hrs.

4.5 x 1072 uCi/gm
DE I-131**

009 gpm***

15.1-36

Conservative Value

3565 MWt

Lost a2t Accident
Initiation

0.01*

0.01

1.0 3pm

N/A

See Table 15.0-8

4 hrs.

.0 uCi/gm DE 1-131

—

.0 gpm

[
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Parameter

TABLE 15.1.5-2 (Continued)

Parameters Used in Steam Line Break Analysis

Realistic Value Conservative Value

Integrated Feedwater Flow to

ra

non-defective steam generators

(assumed to be at a constant

ot
——

e

0 - 2 hrs. 581, 505 1b 581,305 1b.
2 - 8 hrs. 1,066,473 ib. 1,066,473 1b.

ek

POOR ORIGINAL

Assumed to be independent of nressure differential across steam generator

tubes.
D. E. = dose equivalent.
May be decreased to correspond to tech spec limit on maximum primary

coolant activity.
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15.2 DECREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

A number of transient, and accidents nave been postulated which could
result in a reduction of the capacity of the secondary system to remove
heat generated in the Reactor Coolant System (RCS). These events are
discussed in this section. Detailed analyses are presented for several
such events which have been identified as more limiting than the others.

Discussions of the following RCS coolant heatup events are presented in
Section 15.2:

Steam Pressure Regulator Malfunction

Loss of External Load

Turbine Trip

Inadvertent Closure of Main Steam Isolation Valves

Loss of Condenser Vacuum and Other Events Resulting in Turbine Trip.
Loss of Non-Emergency A-C Power to the Station Auxiliaries

Loss of Normal Feedwater Flow
Feedwater System Pipe Break

W N Oy 0 & W N
» & e s & s

The above items are considered to be ANS Conidtion Il events, with the
exception of a Feedwater System Pipe Break, which is considered to be an
ANS Condition IV event. Section 15.0.1 contains a discussion of ANS
classification and applicable acceptance criteria.

15.2.1 STEAM PRESSURE REGULATOR MALFUNCTION OR FAILURE THAT RESULTS IN
DECREASING STEAM FLOW

There are no pressure regulators whose failure or malfunction could
cause a steam flow transient.

15.2.2 LOSS OF EXTERNAL LOAD

15.2.2.1 Identification of Causes and Accident Description

A major load loss on the plant can result from loss of external elec-
trical load due to some electrical system disturbance. Offsite AC

PGOR ORIGINAL
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power remains available to operate plant components such as the reactor
coolant pumps; as a result, the onsite emergency diesel generators are
not required to function for this event. Following the loss of gen-
erator load, an immediate fast closure of the turbine control valves
will occur. This will cause a sudden reduction in steam flow, resulting
in an increase in pressure and temperature in the steam generator

shell, As a result, the heat transfer rate in the steam generator is
reduced, causing the reactor coolant temperature to rise, which in turn
causes coolant expansion, pressurizer insurge, and RCS pressure rise.

For a loss of external electrical load without subsequent turbine trip,
the plant would be expected to trip from the Reactor Protection System
if a safety limit were approached. With full load rejection capability
plant operation would be expected ta continue without a reactor trip. A
continued steam load of approximate y 5 percent would exist after total
loss of external electrical load because of the steam demand of plant
auxiliaries.

In the event that a safety limit is approached, protection would be
provided by the high pressurizer pressure and overtemperature AT ‘
trips. Power and freguency relays associated with ti: --:ctor coolant
pump provide no additional safety function for this event. Following a
complete loss of load, the maximum turbine overspeed would be approxi-
mataly 8 to 9 percent, resulting in an overfrequency of less than 6Hz.
This resulting overfrequency is not expected to damage the sensors
(Non-NSSS) in any way. However, it is noted that frequency testing of
this equipment is required by the Technical Specifications. Any
degradation in their performance could be ascertained at that time. Any
increased frequency to the reactor coolant pump motors will result in
slightly increased flowrate and subsequent additional margin to safety
limits. For postulated loss of load and subsequent turbine generator
overspeed, any overfreguency condition is not seen by safety related
pump motors, Reactor Protection System equipment, or other safeguards
loads. Safeguards loads are supplied from offsite power or, alterna-
tively, from emergency diesels. Reactor Protection System equipment is
supplied from the inverters; the inverters are supplied from a DC bus
energized from batteries or by a rectified AC voltage from safeguards

buses. .

15.2-2 BLUE
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In the event the steam dump valves fail to open following a large loss
of load, the steam generator safety valves may 1ift and the reactor may
be tripped by the high pressurizer pressure signal, the high pressurizer
water level signal, or the overtemperature AT signal. The steam gen-
erator shell side pressure and reactor coolant temperatures will
increase rapidly. The pressurizer safety valves and steam generator
safety valves are, however, sized to protect the Reactor Coolant System
(RCS) and steam generator against overpressure for all load losses with-
out assuming the operation of the steam dump system, pressurizer spray,
pressurizer power-operated ralief valves, or automatic rod cluster con-
trol assembly control,

The steam generator safety valve capacity is sized to remove the steam
flow at the Engineered Safety Features Rating (105 percent of steam flow
at rated power) from the steam generator without exceeding 110 percent
of the steam system design pressure. The pressurizer safety valve
capacity is sized based on a complete loss cf heat sink with the plant
initially operating at the maximum calculated turbine load along with
operation of the steam generator safety valves. The pressurizer safety
valves are then able to relieve sufficient steam to maintain the RCS
pressure within 110 percent of the RCS design pressure.

A more complete discussion of overpressure protection can be found in
Reference [11.

A loss of exte-nal load is classified as an ANS Condition Il event,
fault of moderate frequency. See Section 15.0.1 for a discussion of
Condition Il events.

A loss of external load event results in an NSSS transient that is less
severe than a turbine trip event (see Section 15.2.3). Therefore, a
detailed transient analysis is not presented for the loss of external
load.

The primary-side transient is caused by a decrease in heat transfer
capability from primary to secondary due to a rapid termination of steam
flow to the turbine, accompanied by an automatic reduction of feedwater

15.2-3
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flow. (Should feed flow not be reduced, a larger heat sink would be
available and the transient would be less severe). Termination of steam
flow to the turbine following a loss of external load occurs due to
automatic fast closure of the turbine control valves in approximately
0.3 seconds. Following a turbine trip event, termination of steam flow
occurs via turbine stop valve closure, which occurs in approximately 0.1
seconds. Therefore, the transient in primary pressure, temperature, and
water volume will be less severe for the loss of external load than for
the turbine trip due to a slightly slower loss of heat transfer capabi-
Tity.

The protec‘ion available to mitigate the consequences of a loss of
external load < the same as that for a turbine trip, as listed in Table

15.0.8-1.

15.2.2.2 Analysis of Effects and Consequences

Method of Analysis

Refer to Section 15.2.3.2 for the method used to analyze the limiting
transient (turbine trip) in this grouping of events. The results of the
turbine trip event analysis are more severe than those expected for the
loss of external load, as discussed in 15.2.2.1.

Normal reactor control systems and Engineered Safety Systems are not
required to function. The Auxiliary Feedwater System may, however, be
automatically actuated following a loss of main feedwater; this will
further mitigate the effects of the transient.

The Reactor Protection System may be required to function following a
complete loss of external load to terminate core heat input and prevent
DNB. Depending on the magnitude of the load loss, pressurizer safety
valves and/or steam generator safety valves may be required to open to
maintain system pressure below allowable Timits. No single active
failure will prevent operation of any system required to function,
Refer to Reference [2] for a discussion of ATWT considerations.
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15.2.2.3 Radiological Consequences

Loss of external load from full power would result in the operation of
the steam dump system. This system keeps the main turbine generator
operating to supply auxiliary electrical loads. Operation of the steam
dump system results in bypassing steam to the condenser. [f steam dumps
are not available, steam generator safety and relief valvcs relieve to
the atmosphere. Since no fuel damage is postulated for this transient
the radiological releases will be less severe than those for the steam-
line break accident analyzed in Subsection 15.1.5.3.

i5.2.2.4 Conclusions

Based on results obtained for the turbine trip event (Section 15.2.3)
and considerations described in Section 15.2.2.1, the applicable »ccep-
tance criteria for a loss of external load event are met.

15.2.3 TURBINE TRIP

15.2.3.1 Identification of Causes and Accident Description

For a turbine trip event, the turbine stop valves close rapidly (typ-
ically 0.1 sec.) on loss of trip-fluid pressure actuated by one of a
number of possible turbine trip signals. Turbine-trip initiation
signals include:

Generator Trip

Low Condenser Vacuum

Loss of Lubricating 0il
Turbine Thrust Bearing Failure
Turbine Overspeed

Main Steam Reheat High Level

SNOY U B W e
* ® o =& ®© e e

Manual Trip
Upon initiation of stop valve closure, steam flow to the turbine stops

abruptly. Sensors on the stop valves detect the turbine trip and ini-
tiate steam dump. The loss of steam flow results in an almost immediate

POOR ORGNAL .. L.

~
-




rise in secondary system temperatures and pressure with a resultant
primary system transient as described in Section 15.2.2.1 for the loss
of external load event. A more severe transient occurs for the turbine
trip event due to the more rapid loss of steam flow caused by the more
rapid valve closure.

The automatic steam dump system wnuld normally accomodate the excess
steam generation. Reactor coolant temperatures and pressure do not
significantly increase if the steam dump system and pressurizer pressure
control system are functioning properly. If the turbine condenser was
not available, the excess steam generation would be dumped to the
atmosphere and main feedwater flow would be lost. For this situation,
feedwater flow would be maintained by the Auxiliary Feedwater System to
insure adequate residual and decay heat removal capability. Should tne
steam dump system fail to operate, the steam generator safety valves may
1ift to provide pressure control. See 15.2.2.1 for a further discussion
of the transient.

A turbine * '_ > classified as an ANS Conditicn I event, fault of
moderate frequencv. See Section 15.0.1 for a discussion of Condi® >n II
events.

A turbine-trip event is more limiting than loss of external load, loss
of condenser vaccuum, and other turbine-trip events. As such, this
event has been analyzed in detail. Results and discussion of the analy-
sis are presented in Section 15.2.3.2.

The plant systems and equipment available to mitigate the consequences
of a turbine-trip are discussed in Section 15.0.8 and listed in Table

15.0.8.1.

15.2.3.2 Analysis of Effects and Conseguences

Method of Analysis

In this anaiysis, the behavior of the unit is evaluated for a complete
loss of steam load from full power primarily to show the adequacy of the
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pressure relieving devices and also to demonstrate core protection
margins. The reactor is not tripped until conditions in the RCS result
in a trip. No credit is taken for steam dump. Main feedwater flow is
terminated at the time of turbine trip, with no credit taken for auxil-
iary feedwater to mitigate the consequences of the transient.

The t'rbine trip transients are analyzed by employing the detailed
Aigital computer program LOFTRAN (Reference 3). The program simulates
the neutron kinetics, RCS pressurizer, pressurizer relief and safety
valves, pressurizer spray, steam generator, and steam generator safety
valves. The program computes pertinent plant varibles including tem-
peratures, pressures, and power level,

This accident is analyzed with the Improved Thermal Design Procedures as
describad in WCAP-8567. Plant characteristics and initial conditions

are discussed in Section 15.0.3.

Major assumptions are summarized below:

b
.

Initial Operating Conditions - initial reactor power, pressure, and
RCS temperatures are assumed to be at their nominal values. Uncer-
tainties in initial conditions are included in the limit DNBR as
described in WCAP-8567.

2. Moderator and Doppler Coefficients of Reactivity - the turbine trip

is analyzed with both maximum and minimum reactivity feedback. The
max imum feedback cases assume a large negative moderator tempera-
ture coefficient and the most negative Doppler power coefficient.
The minimum feedback cases assume a least negative moderator tem-
perature coefficient and the least negative Doppler coefficients.
(See Figure 15.0.4-1).

3. Reactor Control - from the standpoint of the maximum pressures

attained it is conservative to assume that the reactor is in manual
control. If the reactor were in automatic ccntrol, the control rod
banks would move prior to trip and reduce and severity of the tran-
sient.

15.2.7 914 971
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4. Steam Releas2 - no credit is taken for the operation of the steam
dump system or steam generator power-operated relief valves, The
steam generator pressure rises to the safety valve setpoint where
steam release through safety valve limits secondary steam pressure
at the setpoint value.

5. Pressurizer Spray and Power-Operated Relief Valves - two cases for
both the minimum and maximum reactivity feedback cases are analyzed:

a. Full credit is taken for the effect of pressurizer spray and
power-operated relief valves in reducing or limiting the coolant
pressure, Safety valves are also available.

b. No credit is taken for the effect of pressurizer spray and power
operated relief valves in reducing or limiting the coolant pres-
sure. Safety valves are operable.

6. Feedwater Flow - main feedwater flow to the steam generators is
assumed to be lost at the time of turbine trip. No credit is taken
for auxiliary feedwater flow since a stabilized plant condition will
be reached before auxiliary feedwater initiation is normally assumed
to occur; however, the auxiliary feedwater pumps would be expected
to start on a trip of the main feedwater pumps. The auxiliary feed-
water flow would remove core decay heat following plant stabiliza-
tion.

7. Reactor trip is actuated by the first Reactor Protection System trip
setpoint reached. Trip signals are expected due to high pressurizer
pressure, overtemperature AT, high pressurizer water level, and
low-Tow steam generator water level.

Except as discussed above, normal reactor coolant system and Engineered
Safety Systems are not required to function. Several cases are pre-
sented in which pressurizer spray and power operated relief valves are
assumed, but the more limiting cases where these functions are not
assumed are also presented.

BLUE
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The Reactor Protection System may be required to function following a
turbine trip. Pressurizer safety valves and/or steam generator safety
valves may be required to open to maintain system pressures below allow-
able limits. No single active fzilure will prevent operation of any
system required to function. A discussion of ATWT considerations is
presented in Reference [2].

Results

The transient responses for a turbine trip from full power operation are
shown fcr four cases: two cases for minimum reactivity feedback and two
cases for max ‘mum reactivity feedback (Figures 15.2.3-1 through
15.2.3-8). The calculated sequence of events for the accident is shown
in Table 15.2.3-1

Figures 15.2.3-1 and 15.2.3-2 show the transient responses for the total
loss of steam load with a least negative moderator temperature coeffi-
cient assuming full credit for the pressurizer spray and pressurizer
power-operated relief valves. No credit is tacen for the steam dump.
The reactor is tripped by the high pressurizer pressurs trip channel.
The minimum DNBR remains well above the the limit value. Pressurizer
pressure never attains a value sufficiently high to actuate the safety
valves so the primary system pressure remains substantially below the
110% design value. The Steam Generator Safety Valves limit the
secondary steam conditions to saturation at the safety valve setpoint.

Figures 15.2.3-3 and 15.2.3-4 show the response for the total<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>