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EAGLE 21 ELECTRONICS - FSAR CHAPTER 15

The purpose of this letter is to provide NRC with planned FSAR revisions
associated with the subject modification. This submittal completes a TVA task
as scheduled in my November 3, 1986 letter.

Enclosed are marked-up pages to the WBN FSAR Chapter 15 reflecting the
elimination of the RID bypass loop and the utilization of Eagle 21 system
electronics. According to the schedule, it is requested that NRC review these
proposed changes and forward questions to TVA the week of February 23, 1987.
The enclosed changes, along with any other changes resulting from your review,
will be incorporated into a subsequent FSAR amendment.

If you have questions on this topic, please get in touch with Bernie Gergos at
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MARVEL also has the capability of calculating the transient value
of DNB ratio on the input from the core limits illustrated on

Figure 15.1-1. The core limits represent the minimum value of
DNBR as calculated for a typical or thimble cell.

N -

MARVEL is further discussed in Reference [14].

15.1.9.4 LOFTRAN

The LOFTRAN program is used for studies of transijient response of
a pressurized water reactor system to specified perturbations in
process parameters., LOFTRAN simulates a multi-loop system by a
lumped parameter single loop model containing reactor vessel, hot
and cold leg piping, steam generator (tube and shell sides) and
the pressurizer. The pressurizer heaters, spray, relief 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, saturated 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 neutron flux, overpower and
overtemperature reactor coolant delta-T, 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 Safety Injection System
including the accumulators are also modeled.

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

LOFTRAN also has the capability of calculating the transient
value of DNB ratio based on the input from the core limits
illuostrated on Figure 15.1-1, The core limits reprsent the
minimum value of DNBR as calculated for typical or thimble cell.

LOFTRAN is further discussed in Reference [15]an1 ﬂ%&rth Eﬁl]

15.1.9.5 LEOPARD

The LEOPARD computer program determines fast and thermal neutron
spectra, using only basic geometry and temperature data, The
code optionally computes fuel depletion effects for a

dimensionless reactor and recomputes the spectra before each
discrete burnup step.

|53

LEOPARD is further described in Reference [16].
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- - . TABLE 15.3

TRIP_POINTS AND TIME DPLAYS TO TRIP
ASSUMMED IN ACCIDENT ANALY

Limiting Trip

Trip - - ~ Point Assumed Time Delays
‘ Function : _ _In Analvsis . (Second)
| ——ll B
Power Range High Neutron
Flux, High Setting 118% 0.5
Power Range High Neutron
Flux, Low Setting : 35%

Overtemperature AT Variable (see
Figure 15.1-1)

Overpover AT Variable (see
Figure 15.1-1)

.
N
X -

Righ Pressurizer Pressure 2445 psi.g 2.0
Low Pressurizer Pressure 1845 "‘psig : 2.0
5

*Totel time delay (i

MWW R’I‘D t~ne response, and trip circuit
channel electronics delay) from the time the temperature difference in the
coclant loops exceeds the trip setpoint uwntil the rods are free to fall.

Revised by Amendment 55
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In addition to the above listed reactor trips, there are the
following RCCA withdrawal blocks:

1. High neutron flux (one out of four)
2. Overpower AT (two out of four)
3. Overtemperature AT (two out of four)

The manner in which the combination of overpower and over-
temperature AT trips provide protection over the full range of
Reactor Coolant System conditions is described in Chapter 7.
Flgure 15.1-1 presents allowable reactor coolant loop average
temperature and AT for the design power distribution and flow
as a function of primary coolant pressure. The boundaries of
operation defined by the overpower AT trip and the overtem-
perature AT trip are represented as "protection lines" on this
diagram. The protection lines are drawn to include all adverse
instrumentation and setpoint errors so that under nominal con-
ditlons 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 DNBR can be represented as a line.
The DNB lines represent the locus of conditions for which the
DNBR equals 1.30. All points below and to the left of a DNB
line for a given pressure have a DNBR greater than 1.30. The
diagram shows that DNB is prevented 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 tem-
perature) is bounded by the combination of reactor trips: hig!
neutron flux (fixed setpoint); high pressure (fixed setpoint);
low pressure (fixed setpoint); overpower and overtemperature
AT (variable setpoints).

15.2.2.2. Analysis of Effects and Consequences

Method of Analysis

I\
This transient 1s analyzed by the LOFTRAN 7] Code. This code
simulates the neutron kinetics, Reactor Coolant System, pres-
surizer, pressurizer relief and safety valves, pressurizer
spray, steam generator, and steam generator safety valves. The
code computes pertinent plant variables including temperatures,
pressures, and power level. The core limits as illustrated in
Figure 15.1-1 are used as input to LOFTRAN to determine the
ninimum DNBR during the transient. The core limits are cal-
culated by applying the "R" grid spacer factor to the W-3 DNB
correlation.

15.2-7
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The calculated sequence of events for this accident is shown on
Teble 15.2-1. : -

res 15.2-L and 15.2-5 show the respons b
sure, average coolarnt temperature, aznd DHIR

flux, ressumzer]
id RCCA




@ - vExe-ss @

::3 withdrawal incident starting from full power, Reactor trip-on
high neutron flux occurs shortly after the start of the accident.
Sinoce this is rapid with respect to the thermal time constants of
the plant, small changes in T and pressure result and a large
margin to DNB is mainteined.

T The response of neutronm flux, pressure, averzge coolant
- temperature, and DNBR for a2 slow control rod assembly withdrawel +
from full power is shown in Figures 15.2-6 and 15.2-7. Rezactor of *ime
trip on overtemper:tnre AT occurs after a longer perxod -apd—for” 153
"-P G X : - R than
'for rapid RCCA withdrawalmc-denf and 'H’le rise in +cmpera+ure s Conseq_ueﬂﬁy /0"99f

Following reactor trip, the plant will zpproach a2 stabilized
condition st hot :ttndby. normal plant operazting procedures may
“.: them be f0110ved. ‘The operating procedures would call for
foperato: sction to oontrol RCS boron concentration and .
pressurizer level using the CVCS, and to maintain steam generator 30
level through control of the main or suxiliary feedwater system,
Any action required of the operstor to maintainm the p%int in a
stablized condition will be in a time freme in excess of ten
minutes following reactor trip.

‘Figure 15.2-8 shows the minimum DNBR as a2 function of reactivity
insertion rate from initial full power operation for the minimunm
‘and maximum reactivity feedback. It can be seen thrit two reactor l53
«.—+ trip chanmnels provide protection over the whole range of
};3 Teactivity insertion rates., These 2re the high neuntron flux and
=" overtemperature AT trip channels, The minimum DNBR is never l53
less thanp 1.30.

Figores 15.2-9 and 15.2-10 show the minimom DNBR as function of
reactivity insertion razte for RCCA withdrewal incidents starting
at 60 snd 10 percent power respectively. The results are similar
to the 100 percent power case, except 2s the inmitiel power is
decreased, the range over which the overtemperszture AT trip is ’
effective is increased. In neither case does the DNBR fall 53
below 1.30.
The shape of the curves of minimum DNB ratio versus reactivity

T = insertion rate in the referenced figures is done both to reeactor

ft> core gnd cooleant system transient response and to protection

=Y system action in initiating a resctor trip.

Referring to Figure 15.2-9, for example; it is noted that

1. For high reactivity insertion rates (i.e. between g;% x 10-4 !
Ak/x/sec end 8.0 x 10-4 Ax/k/sec) reactor trip ip initiated l 53
by the high meutron flux trip. The neuntron flux level inm the
core rises rapidly for these insertion rates while core heat

15.2-9°




always larger than’1.30.

l w BA\P .

Z. The overtemperatnure AT reactor trip circult Inltliztes a
reactor trip when nm2asured coclant loop 47 exceeded a
setpoint based on measured Reactor Coclant System average
temperature and pressure. This trip circuit is cdescribed
in detall in Chapter 75 however, it 1s important in this
context to note thav the average temperaturce centribution
to the circult 1s lead-lag compensated in order to decrezse
the elflTect of the th iy Reactor Cooiant

System in response to power increases.

3. With further decrease in reactivity insertion rate, the
overtemperature AT and high neutron flux trips become
egually eiffective in ferminating the transiens (2.z., 2%
" S x 10-5 S$¥./sec reactivity Insertion rate).

.0 co L eRETE 4.0 L,
For reactivity insertion rates between ~ =% x 10 ~ K/sec
and v 5 x 1072 § K/sec the effectiveness cf the overtem-
rerature BT trip increases (in terms of irncreased mini-
mum DNB ratio) due to the fact that with lower insertion
rates the power increase rate is slower, the rate of rise
of average coolant temperature is slower and the system -
lags and delays become less significant. : : :

For reactivity insertion rates less than ~ 5 x 1072 §K/
'sec, the rise in the reactor coolant temperature is suffi-
ciently high so that the steam generator safety velve
setpoint is reached prior to trip. Opening of these
valves, which act as an additional heat load of the Reac-
tor Coolant System, sharply decrezses the rate of rise of
Reactor Coolant System average temperature. This decrease
in rate of rise of the average coolant system temperature
during the transient is accentuated by the lead-lzg com-
pensation causing the overtemperature 4T trip setpoint to
be reached later with resulting lower minimum DNB rz<ics.

For transients initiated from higher power levels (for example,
see Figure 15.2-8) this effect, described in item & abecve,
which resylts in the sharp peak in minimum DI3 rztio zt

~ 5 x 10=> s k/sec, does not occur since The stezm generator

e

safety valves are never actuated prior to trip.

-Figures 15.2-8, 15.2-9 and 15.2-10 illustrate minimum DNBR
_calculated for minimum and maximum reactivity feedback.

15.2.2.3 Conclusions

The high neutron flux and overtemperazture AT trip channels
provide adeqguate protesction over the entire range of possibl
reactivity insertion rates, i.e., the minimum value of DNBR

[=3
e
13
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bine trip, no direct reactor trip signal would be generated.
‘A continued steam load of approximately 5 percent would exist
after total loss of external elecStrical load because of the
steam demand of plant auxiliaries. i

onsite power supplies plant auxiliaries during plant opera-
tion, e.g., the reactor coolant pumps. Safeguards loads are
supplied from offsite power or, alternatively, from emergency
diesels. Reactor Protection System equipment is supplied from
the 118V AC instrument power supply system, which in turn is

"~ 15.2~23a

9
3
h
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In the event the steam dump va
large loss of load, the steam/generator safety valves may 1lift
“‘and the reactor may be tripped by the high pressurizer pres-

. WBNP , .

supplied from the inverters; the inverters are supplied from a
DC bus energized from batteries or rectified AC from safeguards
buses. Thus, for postulated loss of load and subseguent tur-
bine generator overspeed, any overfrequency cenidition 1is not
seen by safety related pump motors, Reactor Protsction Systen
equipment, or other safeguards loads. Any increeased frequency

'to the reactor coolant pump motors will result in slightly in-

creased [lowrate and subsequent additional margin to safety
limits.

Should a safety limit be-apbroached, protecticen would be pro-
vided by high pressurizer pressure and overtemperature AT trip.
Power and frequency relays associated with the reactor coolant

‘pump provide no additional safety function for this event.
“‘Fpllowing a complete loss of load the maximum turbine over-

speed would be approximately 8 to 9 percent, resulting in an
overfrequency of less than 6 Hz. This resulting overfrequency -
is not expected_to damage the sensors (Non-NSSS) in any way.
However, it is noted that frequent testing of this eguipment

is required by the Technical Specifications. Any degradation

in their performance could be ascertained at that time. ,

or the low-Jow steam generafor w
es fail to open following a

sure signal, the high presfurizer water level signal, = the
overtemperature AT signal®¥ The steam generator shell side
pressure and reactor coolant temperatures will increase rapid-

'1ly. 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

"1oad losses without assuming the operation of the steam dump
system, pressurizer spray, pressurizer power-operated relief

valves, automatic rod cluster controcl assembly control nor
direct reactor trip on turtine trip.

The steam generator safety valve capacity 1s sized To remove
the steam flow at the Engineer Safety Features Rating (105
percent of steam flow at rated power) from the steam generator
without exceeding 110 percent of the steam system design pres-
sure. The pressurizer safety valve capacity is sized based on
a complete loss of heat sink with the plant initially operat-
ing at the maximum calculated turbine load along with opera-
tion of the steam generator safety valves. The pressuriczer
safety valves are then able to maintain the RCS pressure with-
in 110 percent of the RCS design pressure without direct or
immediate reactor trip action.

A more complete discussion of overpressure protection can be
found in reference [9].

ter level
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12,2.7.2 Enelvsis of Zffects and Conseguences

Ne<hod of inzlvsis
In this an alvs-s, the behavior of the unit ed for a
complete lcss of steam load from 102 percen oower
without direczt reactor trip primarily to sh cuacy of
the pressure relieving cevices and alsc <o e core
Trotecticn margins.
Tne total loss of load transients are znzaly o mploying
the detailed Zigital computer program LOTTRANL [T, wrnizh ig
¢escribed In Section 15.1. The program simulztes the neusron y
‘kinetics, 2TS, Ddresssurizer, pressurizer rellief and calety s
velves, pressurizer spray, steam generator, and variables in-
‘ciuding temperatures, pressures, and power level. -
- - ( ressurizer - pressure. -4(,,-;;; allowance for S&AJ}/
Typical Assumptions are: P
Y State fluctuatons awd, rmeasurement er‘ror)

1. Initizl Overating Conditions - the initial reacsor power

s e and R S temperatures are assumed a2t their maxinum values

AL consistent with the steady state full rower operation

' including ellowvances for calibration and instrument error
. .The initizl RCS pressure is assumed 2% 2 minimun value

consistent w1 h the steady state full poweX cperation
including a2llowances for calibration ané instrumen:t errors.
This results in the maximum power difference for the leoad
loss, ané the minimum margin to core protection limits at
the initiation of the accident.

a

2. Moderztor and Doppler Coefficients of Reactivity - the
tote. lcss of load is analyzed Ior Doth tne peginning-of-
life gnd end-of-life conditions. The leas: nezziive
moderztor temperature coefficients at beginninz-of-life
and 2 Izrge (absclute valnc negative vealue 2t znd-of-
li7e are used. 4 conservatively larze (absoluze value)
Doppler power ccefficient is used for 212 cases.

3. Reactor Control from the standpoint of the maximum pres-
sures ziteinea it is conservative to assume thas the
reacter is in manual control.

L, Steam Release - no credit is taken for the operztion of
the steznm cump system or steam generator power-operated
relief vezlves. The steam generator pressure rises to the

G sefety valve setpoint where steam relezse Through safety
- valves limits secondary steam p“essu”e at the setpoint
velue.

5. Pressurizer Spray 2 d Power-Operzted Relief Valves - two
ceses I0r DOTh The Deginning anc enc-o:-.ife ave aralvced:
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a. rfull crelit is tzisn for the eflect of pressuricer
spray anl cower-otserated rellel valves Irxn reducing cor
limiting The coolzns pressure

D. No credit Is taken fcr the e-fect of rressurizer spray
and power-cperzted reliefl vzlves in reducing or limic-
ing the coclant rressure,

- 6. Teedwater Flow - main Tsecdwater flow to the steam gener-
\ ators 1s assumed to be lost 2t the time of loss of ex-
\ ternal electrical lozd.
. Reactor trip 1s actuatved Ly The first Reactor Zrotection Sy=-
tem trip setpoint reached with no credit taken Tor tThe direc:
turtins Ttrip.

- reactor trip on thne

The transient resconses for z total loss of lozd from 102 per-
cent of full power operzation are shown for four ceses; twvwo.
cases for the beginri ccre life and two cases for the end
of core life, in Tigures 13.2- ‘9 through 15.2-2¢2., The calcu~-
lated secuence of events for the accident 1s showr in Table

u“es 15.2-16

T PFigur end 15.2-20 show the trensient responses for
| the total loss ol steam lcead at beginning-of-1ife with a least
negative moderztor temperziure coefficient assuming full crecdist
for the D”essuwlzer sprzy zni dressurizer power-cverzted relie’f .
- ‘valves. No credit is taxen for the steam dumc. The resactor
B is tripped by tne R eTEe Rt T L% 2, The mini-
| ’ mum DNZR is well 20D ne 2.30 value.

l’ugh Pnssur:zc.r pressure Slgnal

| Pigures 15.2-21 2l 15,2-22 snhow the responses Tcr the teotal

| icss of load at eni-of-1:ife zssuming 2 large (szzsolute value)
negative moderater temperature coefficient. LI1 other plant
parameters are ths same zs tThe above. The DNEZ ZIncreases
throughout the transient ani rnever drops below its initizl '
value. The reactor is tripped by the low - low steam generator water level Slgmlr

| : The pressurizer selety valives are not actuated in the tran-
| S sients shown in Figures 15.2-19 through 15.2-22.
| . . .
The totel loss of Zocad zczident was a2lso studied ;ssuming the -
plant to be initizily operzting at 102 percent of full power
with no credit tzken for the pressurizer spray, pressurizer
power-op rated relliel velves, or stezm dump. The reactor is
ripred on the nizgnh pressurizer pressure signal. Tigures
l: 2-43 and 15.2-24 show the beginning-of-life transients with
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1. Overtemperutnré’ AT . |
2. PressnrizetlloQ vressure

15.2.12.2 Apalvsis of Effects and Conseguences

Method of Analvsis . Py

1. 'The accidentr] depressurization transient is analyzed by
employing the deteiled digitel computer code LOFTRAN .
The code simulates the neutron kinetics, Reactor Cooleant
System, pressurizer, pressurizer relief snd safety valves,
pressurizer sprey, steam gemerator, and stezm generetor
.safety valves, The code computes pertinent plamt variables
including temperatures, pressures, ‘and power level.

B

In calcnlaLing the DNBR the following comservative essumptions
gere made: '

‘P;esur‘ zer PY'CSS ure =44 PSL O”OMI‘ICC, ;‘Or S*EAAY Sé'uj'& 'F,uc}uaﬁ&ns c‘,r\d mw(m"f-r
1. Initia]l conditions of meximum core power and reactor coolant CTb)
- temperatures 2nd minimum reactor coolant pressure¥resulting

. in the minimum initial margin to DNB (See Section 15.1.2.2).

2. A lesst negative moderator coefficient of resctivity was

essumed in this analysis. The spatial effect of void duve to
local or subcooled boiling is not comsidered in the analysis
with respect to reactivity feedback or core power shape. The
DNB evelvation is made assoming that core power peaking
factors remain constent at their design values while, in
fect, the effects of local or subcooled void would have the
effect of flsttening the power distribution (especially in
hot channels) thus increasing the DNB margin.

‘3. A high (sbsolute value) Doppler coefficient of reactivity

such that the resultant amount of positive feedback is
conservatively high ip order to reterd any power decrease due
to moderatcr reactivity feedback.

Results .
— and Core average temperature versus fim,

Figure 15.2-37 jillustrates the nuckhear power transient following
the accident. Reasctor trip om overt perature AT occurs =as l
shown in Figure 15.2-37. The pressure following
the eccident is given in Figure 15.2-38. The resulting DNBR

never goes below 1.30 as shown in Figure 15.2-39. The calculated
sequence of events for this accident is listed in Table 15.2-1.

Following reactor trip, RCS pPressure will continuve to fall wntil
flow tbhrough the inadvertantly opened velve is terminated.
Automatic actuation of the Safety Injection System may occur if
the pressure falls to the low pressurizer pressure SI setpoint.

30
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© TABLE 15.2-1 {(Continued)

TIME SEQUENCE. OF EVENTS FOR
COWDITION T EVIONGS

fhccident Event Time (sec.)

Uncontrolled RCCA
Withdrawal at
power

, 1. Case A .Initiation of uncontrolled
e e ‘ RCCA withdrawal at maximum

) - reactivity insertion rate .
(80 pcm/sec) 0

- - Power range high neutron
‘ flux high trip point
reached = 1LY

Rods begin to fzll into
core 7 1.9

L B - - Minimum DNBR occurs 3.3 l 25

2. Case B Initization of uncontrolled
‘ : RCCA withdrawzl at a smz2ll
reactivity insertion rate
(3 pem/sec)

0 ]
Overtemperature AT reazctor A |
trip signal initiated 23.7
Rods begln to fall into 260 46
core 24,7
Minimum DN3R occurs 263

25. 2

P
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TABLE 13.2-1 (lcntinued)

TINS STQUINCE 0T SUINTS PO
N o -— . - =

it A IR - S N U e PAVE SN 3

CONL 2100 —o =—vonag
Accident ] Zvent Time (sec.)
Loss of Externzl
ZTlectrical Load
- 1. With pressurizer
' control (BOL) Loss of elec<rical loazd 0
Bigh Pressurizer Pressure o
- Cremtempone s~ D S5 6.5
Reactor Trip Pbint Reached - . , .
Rods begin to drop : , 8.5 : v
- ©  Minimum DKZR occurs - &lo.0
' * -
Pezak pressurizer :
pressure occurs L—5-10. O
2. With pressurizer
control (EOL) . Loss of electrical load 0
o o S Low -Low Steam (encrator Water Leye| s
TTTEHDErETRre—+T reactor = :
trip point reached = Sz b6, 4
Rods begin to &rop = 48.4 )
Minimum DNBR occurs ' (1)
Peak pressurizer pressure
ocecurs o _ < 7.0
(1) DNBR does not decresse below “<s initizl value.




Accident Event Time (sec.)
3. V¥ithout pres-
surlzer ,
control (BOL) - Less of electrical loe 0
High pressurizer pressure
reactor trip point rezched =—=£5.0
Rods tegin to drop =5 7.0
o Minimum DNBR occurs - » (1)
s Peak pressurizer pressure
ocecurs &= 8.D
L. Without pres-
surizer control :
(EQL) ' Loss of electrical load 0

S

High pressurizer pressure

reactor trip point reached
Ro¢s begin to drop
Minimum DNBR occurs

Pezk pressurizer pressure
cceurs

35 5.0
5970
(1)

&5 7.0

(1) DNBR does no:t decreazse below its initizl value.

g s

P T e
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. TABLE-15.2-1 (Continued) .

TIME SEQUENCE OF EVENTS FOR
CONDITION II EVENTS

Accident . Event Time (sec

Accidental depressuriza-

tion of the Reactor

Coolant Bystem g Inadvertent opening of 0
‘ one RCS safety valve

Reactor Trip : 35— 23.7
Minimum DNBR occurs 396 26-0

Accidental depressuriza- 4 - ‘ _ . -
“tion of the Main VR L - S

_Stear Systenm : Ipadvertent opening of "0

’ one main steam safety

or relief valve

Criticality attained 232
Pressurizer empties 130
UHI‘injection. - 192 .
Boron reaches cor; 194 -

‘Inadvertent Operation of

ECCS during power

Operation Charging pumps begin ip- 0
: jecting borated water

Low pressure trip poinmt 51
reached
 Rods begin to drop 53

Revised Sy Amendment 53
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Figure 15.2-21 Loss of Load Accident with Pressurizer Spray and Power—Operated
Relief Valves, End-of-Life S ;
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Figure 15.2.22 Loss of Load Accident witﬁ Pressurizer Spray and Power—Operated
Relief Valves, End-of-Life
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Figure 15.2-23 Loss of Load Accident Without Pressurizer Spray and Power — Operated
Relie! Valves, Beginning-ot Life
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Figure 15.2-39 DNBR Transient for Accidental Depréssurizatioh of the RCS
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