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15B.5 CONCLUSION
,

Thess conservativs methods, even when applied to the limiting case of Reference*

1, produce an NSSS transient with maximum pressures not greater than 2843 psia
in the RCS and 1318 psia in the steam generators which is sufficiently low to
ensure that feedwater line break with loss of offsite power produces a
radiological dose which is well within 10CFR100 guidelines. The minimum DNBR
which remains above 1.19 indicates that no fuel cladding failure occurs.

15B.6 REANALYSIS OF SMALL BREAK LOSS OF FEE 0 WATER INVENTORY
EVENTS WITH THE LIMITING SINGLE FAILURE AND OFFSITE POWER AVAILABLE

15B.6.1 INTRCDUCTION

15B.6.1.1 Purpose

The purpose of this reanalysis is to show that the results of the '

small break loss of feedwater inventory event with the limiting
single failure and offsite power available produce maximum pressures
less than 110% of design.

158.6.1.2 Background

The loss of feedwater inve'ntory event presented in Section 15B.4
demonstrates that breaks of all sizes, when combined with the loss*

of offsite power, produce maximum pressures well below 120% of
desi gn. Based on the recurrence frequences provided in Reference 3,
the NRC has concluded that the 120% of design maximum pressure
criterion is appropriate for large break loss of feedwater inventory
events, and small break loss of feedwater inventory events combined
with the loss of offsite power. However, as is stated in
Reference 4, it must be shown that small break 1oss of feedwater
inventory events with the limiting single failure and offsite power
available meet the maximum pressure criterion of 110% of design.

'

In order to demonstrate compliance with this criterion, a reanalysis
of small breaks with a modified methodology was required. The
methodology used in Section 15B.4 is applicable to the full
spectrum of break sizes. However, it is extremely conservative when
applied to the smaller break sizes. As a result, a new method of
analysis which is still conservative was developed, and is discussed
in the following section.

Since the recurrence frequencies presented in Reference 3 apply to
pipesgreaterthan6inchesindiameter,theregnalysisneedonly -

-' ~~ ~ ~ "

consider breaks less than approximately 0.20 ft . This is the
same break size presented in Section 15B.4 as the limiting break
with the original methodology. Therefore, in the following
se ions "small" breaks refer to those which are less than 0.20
ft

-
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' METHOD OF ANALYSIS
'

J5B.6.2.1 Mathematical Models
,

The methodology used in the reanalysis of small break loss of
feedwater inventory events is the same as that applied in Section
15B.4 and described in Section 15B.3 with the exception of the
treatment of steam generator heat transfer and reactor trip on steam
generator low water level. Predictions of steam generator heat
transfer and level behavior are based on the model documented in
References 5 through 8. As discussed below, this model is
conservative when applied to the small break loss of feedwater
inventory events.

Steam Generator Heat Transfer

RCS pressurization is largely a function of the rate at which the
ruptured steam generator's heat transfer decreases as its inventory
is depleted. (The " ruptured " generator refers to the steam
generator nearest the pipe break). Section 15B.3 documents the
sensitivity of RCS pressurization to steam generator heat transfer
behavior. The study verified that RCS pressurization is maximized
by under-estimating the affected steam generator liquid mass
corresponding to the initiation of heat transfer degradation (i.e.,
over-estimating the rate of heat transfer decrease). The original
methodology took a simplistic and clearly conservative approach by
assuming heat transfer degradation was instantcneous upon steam
generator dryout. However, this approach is modified in order to
more realistically predict the behavior.

A gradual heat transfer reduction is expected as the steam generator
tubes are exposed to increasing void fractions which force the tubes
from the normal nucleate boiling heat transfer regime into
transition boiling and eventually into liquid deficient heat
transfer. Transition boiling is anticipated when the local void
fraction exceeds 0.9 (Reference 9). Liquid deficient heat transfer
develops when local qualities approach 0.9. Under full power
conditions and utilizing the steam generator model documented in
References 5 through 8, the onset of these heat transfer regimes
corresponds to steam generator liquid inventories of approximately
70,000 lbm and 35,000 lbm, respectively for the System 80 design.
However, the referenced model conservatively ignores the transition
boiling regime, thereby delaying heat transfer degradation until
fluid conditions correspond to liquid deficient heat transfer.
Thererfore, the modified treatment of steam generator . heat transfer

' ' " ' ' behavior is conservative, since it' under-estimates the liquid mass
associated with the initiation of heat transfer degradation.

Steam Generator low Water Level Trip

As discussed in Section 15B.3, the original loss of feedwater
inventory event method credited low water level trip in the ruptured
steam generator only after its liquid inventory had been depleted.
This assured conservative treatment of low level trip even if the
loss of feedwater inventory event caused rapid steam generator
depressurization (i.e., large breaks) and consequent swelling of the

.
.-- _ _ _ __



downcomer leval du6 to flashing of tha downcomer liquid. How:,ver,
for sufficicntly small breaks the stcam generater pressure rcmains

,

constant or increases prior to reactor trip and no downc::mer level.
.

sw211 will occur dus to flashing. Therefcre, in the reanalysis of
small break loss of feedwater inventory events steam generator low
water level trip is credited with a larger liquid inventory
remaining.

For the System 80 design steam generators, the low level trip
setpoint corresponds to a downcomer liquid level of approximately
24 feet above the tube sheet and a liquid inventory of over 70,000
lbm under full power conditions (based on the reference steam
generator model). However, the reanalysis of small break loss of
feedwater inventory events conservatively delays low level trip
until heat transfer degradation begins with approximately 35,000 lbm
of liquid remaining in the ruptured steam generator.

The NSSS response to the small break loss of feedwater inventory
event with the limiting single failure and offsite power available,
was modeled using the CESEC computer program described in Section
15.0. In addition, the input to the CESEC code was modified to
account for the steam generator low level trip and heat transfer
degradation methodology described in the previous paragraphs.

15B.6.2.2 Input parameters and initial conditions

The input parameters and initial conditions used to analyze the NSSS
response are discussed in Section 15.0. The initial conditions
for the principal process variables were varied within the range
given in Table 15.0-5 to determine the set of initial conditions
shown in Table 15B-3.

In addition to conservatively delaying steam generator low level
trip coincident with the assumed heat transfer degradation, the
initial primary system pressure was adjusted within the range
specified in Table 15.0-5 to achieve, where possible, a coincident
reactor trip signal on high pressurizer pressure. This maximizes
the primary pressurization potential of the small break loss of
feedwater inventory event, by maximizing the primary system pressure
at the time of the reactor trip.

To determine the limiting single failure of the loss of feedwater
,

inventory event with offsite power available, Table 15.0-6 was'

used. There are no single failures identified in this table which
can adversely impact the consequences (i.e., pressurization)
' associated with'the loss of feedwater inventory event. As a result ~

^
* ' '"

of the evaluation method applied to the loss of feedwater inventory
analysis, the only mechanisms for mitigation of the reactor coolant
system (RCS) pressurization are the pressurizer safety valves, the
reactor coolant flow and the main steam safety valves. The last
two influence the RCS-to-steam generator heat transfer rate.

|
.
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There ara no credible failurcs which can degrade nressuriz;r safety
valva cr main steam safety valva capacity. Nor are th;re any
cr dible fg{?ures which can reduce steam flow to tha ruptured steam

- -

generatcr.\ A decreasa in RCS to steam g;n;rator heat transfer
due to reactor coolant flow coastdown can only be caused by a
failure to fast transfer to offsite power or a loss of offsite power
following turbine trip (i.e., two or four pump coastdown,
respectively). Because offsite power is assumed to be available for
this analysis, the failure to fast transfer is assumed following the
turbine trip. This results in the coastdown of two reactor coolant
pumps in diagonally opposite loops.

A gpectrum of small breaks, of size less than or equal to 0.20
ft , were analyzed using the methodology described in the
preceeding paragraphs to determine the limiting break size. The
results of this analysis are provided in Figure 15B.31 which plots
maximum primary pressure vs. break size. As can been seen, the

2limiting break size is the 0.20 ft break.

The reason that the largest break produces the most adverse
pressurization is due to the more rapid degradation of heat transfer
in the ruptured steam generator. The rate of heat transfer
degradation is a major factor that determines the primary coolant
pressurization of the event (i.e., the more rapid the reduction in
steam generator heat transfer, the greater the primary
pressurization). As was previously stated, heat transfer
degradation is conservatively assumed to begin when the ruptured
steam generator inventory decreased to 35,000 lbm. The larger break
sizes require a shorter time interval to deplete this remaining
inventory, resulting in a more rapid heat transfer degradation, and
greater primary coolant pressurization.

Detailed results of this limiting breat size are presented in the
following section.

.

15B.6.3 RESULTS

The dynamic behavior of the important NSSS parameters following the
small break loss of feedwater inventory event with the failure to
fast transfer to offsite power following turbine trip is presented
in Figures 15B-32 to 39. The sequence of events provided in Table
15B-4 sumarizes the important results of this event

t

(1) It should be noted that de coincident occurrences (fai1ures)
' ^

considered in Chapter 15 do not include spurious independent
failures, only consequential failures and pre-existing failures.
Accordingly, spurious closure of a main steam isolation valve is not
considered credible during the loss of feedwater inventory event.
15B-4 summarizes the important results of this event.

.



A 0.20 ftB rupture in thi maUn Ga8er WnTMO a02uzMW
instantane:usly terminate feedwater flow to both steam g;neraters,
and establish critical ficw from tha gennrater nearest thm break at-

an initial rate of 1979 lbm/src. This caus:s a d: crease in steam
generator liquid mass as shown by Figure 15B-39.

The break discharge enthalpy is assumed to remain that of saturated
liquid until the ruptured steam generator empties, at which time
saturated vapor enthalpy is assumed.

The absence of subcooled feedwater flow causes a constant heatup and
pressurization of the steam generators during the first 26.6 seconds
which reduces the primary-to-secondary heat transfer rate. Rising
primary coolant temperatures and pressures result. Due to the
temperature reactivity feedback during this period core power is
reduced from an initial value of 102% to 99.8% at 26.6 seconds.

At 26.6 seconds the ruptured steam generator produces a low water
level reactor trip signal. This reactor trip signal is coincident
with a high pressurizer pressure trip signal. Also at this time,

heat transfer in the ruptured steam generator begins to degrade due
to insufficient inventory. This degradation initiates a rapid heat
up and pressurization of the reactor coolant system. At 27.5
seconds the reactor trip breakers open followed by an assumed
instantaneous turbine trip. Immediately following turbine trip, the
failure to fast transfer to offsite power occurs, resulting in the
coastdown of two reactor coolant pumps. These occurrences further
aggravate the primary pressurization.

Closure of the turbine leaves the pipe break as the only steam
relief path, thereby reducing the energy flow from the intact steam
generator below that of the primary-to-secondary heat transfer
rate. The resulting steam generator pressurization reduces the
primary-to-secondary temperature difference. In addition, the loss

of reactor coolant flow following the loss of electrical power to
two pumps decreases the heat transfer coefficient of the coolant in
the steam generator tubes. A significant heat transfer reduction
occurs.

Compression of the pressurizer steam volume due to the high insurge
flow raises the pressure to the. safety valve setpoint at 28.3
seconds. Thereafter, every increase in the surge flow causes a
slight pressurization which opens the safety valves such that their

! volumetric discharge rate matches that of the insurge. At 30.2
L .. .

. . seconds, the surge line flow reaches,.its maximum value of 1458 ,
.

_

Ibm /sec.

At this point in time, the reactor coolant system pressure is at a
maximum of 2712 psia. Also, the increased pressure establishes a
surge line pressure gradient which provides sufficient flow to allow
the reactor coolant to expand under the existing heatup with no
further pressurization. The rate of heatup decreases subsequent to
core heat flux decay, causing primary pressures to drop.

At 30.0 seconds the main steam safety valves opened stabilizing the
secondary side temperature and allowing the rising primary coolant,

'

&
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generator. The intact g:nerator is forced to a maximum cf 1342 psia l
at 33.8 seconds b5 fore the heat transfer b gins to decrease. The
care-to-stram g:nerator heat rate mismatch is reduced sufficiently '**

by 37.4 seconds to allow closure of th2 pressurizer safety valves,.

and the reactor coolant system enters a cooldown. Under the
influence of steam blowdown through the ruptured steam generator to
the break, the cooldown proceeds even after the steam generator
safety valves close.

After this point, a main steam isolation signal is generated on low
steam generator pressure which closes the main steam isolation
valves, decoupling the intact steam generator from the ruptured
steam generator and the break. The intact steam generator
repressurizes, thereby reducing its heat transfer and eventually
causing a primary system heatup. With the main steam safety valves
re-opening, the primary-to-secondary heat inbalance is eliminated
shortly thereafter. The NSSS enters into a quasi-steady state with
a very gradual cooldown and depressurization due to decreasing core
decay heat and with emergency feedwater flow maintaining an adequate
liquid inventory within the intact steam generator for heat
removal. By 1800 seconds the operator initiates a controlled
cooldown to shutdown cooling utilizing the atmospheric dump valves.

15B.6.4 CONCLUSION

This evaluation shows that the plant response to the limiting small
feedwater line break event with the most adverse single failure with
offsite power available produces a maximum RCS pressure which is
within 110% of design (2750 psia).

'

.
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TABLE 15B-1

ASSUMPTIONS FOR THE LIMITING CASE
LOSS OF FEEDWATER INVENTORY EVENT

Nominal Assumed
Parameter Value Value

Initial Core Power, MWt 3800 3876

Initial Core Inlet Temperature, F 565 560

Initial Reactor Vessel Flow, GPM 446000 446000

Initial Pressurizer Pressure, psia 2250 1920

FuelGasgapHeatTransferCoefficient >540 540
BTV/HR-ft -F

,

Doppler Coefficient Multiplier 1.0 1.0

Pressurizer Safety Valves Rated Flow, lbm/hr >460000 460000

3Initial Pressurizer Liquid Volume, feet 930 1120

Initial Steam Generator Inventory, Ibn* 173000 173000

Initial Feedwater Enthalpy, BTU /lbm 430 376

- Steam Bypass Control System Automatic Manual

Normal On-Site or Off-Site Electrical Available UnavailablePower After Turbine Trip
2Feedwater Pipe Break Area, feet 0.2--

CEA Worth at Trip,10-2 ap -14.8 -10.0

__ . .
. . . .. .

Y
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TABLE 15B-2

(Sheet 1of2)-

SEQUENCE OF EVENTS FOR THE LIMITING CASE LOSS
OF FEEDWATER INVENTORY EVENT

Time Setpoint
(Src) Event or Value

20.0 Break in the Main Feedwater Line 0.2 ft

0.0 Instantaneous Loss of All Feedwater
Flow to Both Steam Generators,

,

0.0 Instantaneous Development of Critical
Flow from the Ruptured Steam Generator
to the Break

33.8 Instantaneous Loss of All Heat Transfer
to the Ruptured Steam Generator

34.4 Low Water Level Trip Signal from the Empty
Ruptured Steam Generator -

34.4 Emergency Feedwater Actuation Signal Empty
from the Ruptured Steam Generator -

34.4 High Pressurizer Pressure Trip signal 2475 psia

-34.6 Pressurizer Safety Valves Open 2525 psia

35.0 Trip Breakers Open --

35.3 CEA's Begin to Drop --

35.8 Instantaneous Closure of the Turbine --

Stop Valves
~ " ' ' ' '

35.8' Loss' of Normal O'n-Site and 6ff-Site
~

--

Electrical Power

36.9 Low Water Level Trip Signal from 35% of wide
the Intact Steam Generator range instru-

ment span

38.2 Maximum Reactor Coolant Pressure 2843 psia

Maximum Pressurizer Pressure 2587 psia

Maximum Pressurizer Surge Line Flow 2206 lbm/sec

.

. . . . . ... . .
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TABLE 15B-2 (Cont'd.)(Sheet 2 of 2)

SEQUENCE OF EVENTS FOR THE LIMITING CASE LOSS
OF FEEDWATER INVENTORY EVENT

.

: Time Setpoint
(Sec) Event or Value

'

40.5 Main Steam Sa.fety Valves Open 1282 psia

44.6 Emergency Feedwater Actuation Signal 10% of wide
from the Intact Steam Generator range instru-

; ment span

44.8 Maximum Steam Generator Pressure 1318 psia

45.4 Pressurizer Safety Valves Close 2525 psia

345.8 Minimum Pressurizer Steam Volume 138 ft

73.8 Main Steam Safety Valves Close 1218 psia

79.4 Emergency Feedwater Flow Initiated 875 gpm
to the Ruptured Steam Generator..

89.6 Emergency Feedwater Flow Initiated 875 gpm
to the Intact Steam Generator

165.6 Low Pressure Trip Signal from the 810 psia
Ruptured Steam Generator

-
.

165.6 Main Steam Isolation Signal 810 psia

170.6 Minimum Intact Steam Generator 8100 lbm
Liquid Mass

173.6 Emergency Feedwater Flow Terminated 170 psi
to the Ruptured Steam Generator

. . ,, s. . 314.2 . Main Steam Safety Valves Open . -- 1282 psia

1800.0 Operator Opens the Atmospheric Steam
Dump Valves to Begin Plant Cooldown to
Shutdown Cooling

'

,

,,..... .. ..... .. ... .....,. ..... ..,. .. . , . . , .. .. , . . . -- .
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TABLE 15B-3

ASSUMPTIONS FOR THE REANALYSIS OF THE LIMITING SMALL BREAK

LOSS OF FEEDWATER INVENTORY EVENT

Assumed
Parameter Value

Initial Core Power, MWt 3893

Core Inlet Temperature, F 560

6Core Mass Flowrate, 10 lbm/hr 164.9

Reactor Coolant System Pressure, psia 2115

Steam Generator Pressure, psia 1026

CEA Worth for Trip, 10-2 ap -10.0

Pressurizer Safety Valves Rated Flow,1bm/hr 460,000

3
Initial Pressurizer Liquid Volume, ft 1120

Initial Steam Generator Inventory,1bm 173,000

2Feedwater Pipe Break Area, ft 0.20
'

ManualSteam Bypass. Control System . .

Pressurizer Pressure Control System Manual

Pressurizer Level Control System Manual

.

.. . . . . . . . . .. .. . .s . . . . . . - ..
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TABLE 158-4

SEQUENCE OF EVENTS FOR THE REANALYSIS OF THE LIMITING SMALL BREAK

LOSS OF FEEDWATER INVENTORY EVENT

Time Setpoint
(sec) Event or Value

20.0 Rupture in the Main Feedwater Line, ft 0.20

0.0 Complete Loss of Feedwater to Both Steam
Generators ----

0.0 Initial Steam Generator Break Flow, lbm/sec 1979

26.0 High Pressurizer Pressure Trip Condition
Reached, psia 2475

26.6 High Pressurizer Pressure Trip Sicnal Generated ----

26.6 Low Level Trip Signal in Ruptured SG ----
,

26.6 Heat Transfer Degradation in Ruptured SG Begins ----

27.5 Reactor Trip Breakers Open ----

27.5 Turbine Trip on Reactor Trip ----

27.5 Failure to Fast Transfer - Two Reactor Coolant
Pumps Coast Down ----

27.8 CEAs Begin to Drop into Core ----

28.3 Pressurizer Safety Valves, psia 2525

30.0 Main Steam Safety Valves Open 1282

30.2 Maximum Surge Line Flow, lbm/sec 1458

i '30.2 ~ Maximum RCS Pressure, psia 2712
~ '' '~ ~~~ ''" '" -

| 33.8 Maximum Steam Generator Pressure, psia 1342

i 36.8 Ruptured SG Dries Out ----

37.4 Primary Safety Valves Close, psia 2523

|

\
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