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2.0 SUMMARY OF RESULTS

The results of the analysis indicated the limiting break size with
symmetric steam generator tube plugging was the 1.9% break. The peak cladding
temperature (PCT) for this case was calculated to be 1811°F with a maximum
local cladding oxidation of 4.17%. The results for asymmetric steam
generator tube plugging at the limiting break size are similar to the results
for symmetric tube plugging, with the PCT being slightly higher for the
symmetric tube plugging case. The calculations supp.-t a 300 second primary
coolant pump trip delay time following the SIAS. The an..ysis also supports a
reduction in the primary coolant temperature of up to 12°F.

The analysis supports full power operation at 2754 MWt (2700 MWt plus 2%
uncertainty) with an average steam generator tube plugging level of 23.5% and
a maximum asymmetry of 5.9%. The analysis supports a maximum Linear Heat Rate
(LHR) of 15.1 kW/ft and a radial peaking factor of 1.61. The analy:is
demonstrates that the 10 CFR $0.46(b) criteria are satisfied for the Millstone
Unit 2 reactor. The peak cla‘ding temperatures calculated for this analysis
are bounded by the peak cladding temperatures calculated for the large break
LOCA analysis for Millstune Unit 2 (Ref, 1).
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3.0 ANALYSIS

The purpose of the SBLOCA analysis is to demonstrate that the criteria
stated in 10 CFR 50.46(b) are met. The criteria are:

1. The calculated peak fuel element cladding temperature does not exceed the
2200°F limit.

2. The amount of fue) element cladding which reacts chemically with water or
steam does not exceed 1% of the total amount of zircaloy in the core.

3. The cladding temperature transient is terminated at a time when the core
geometry is still ame~-ble to cooling. The ‘ot fue! rod cladding
oxidation limit of 17% is not exceeded during or after quenching.

4, The core temperature is reduced and decay heat is removed for an extended

period of time, as required by the long-lived radioactivity remaining in
the core.

Section 3.1 of this report provides a description of the postulated small
break loss-of-coolant transient., Section 3.2 describes the analytical models
used in the analysis. Section 3.3 provides a description of the Millstone
Unit 2 plant and a summary of the system parameters used in the SBLOCA
analysis. Sectirn 3.4 provides a summary of the results of the break spec cum
calculations., Section 3.5 summarizes the results of the delayed pump trip
sensitivity analysis. Section 3.6 summarizes the results of the asymmetric
steam generator tube plugging level sensitivity amalysis,. Section 3.7
provides arguments to support a reduction in primary coolant temperature at
full power operation,

3.1 Description of SBLOCA Transient

The small break LOCA is generally defined as a break in the PWR pressure
boundary which has an area of 0.5 ft2 or less (-10% of cold leg pipe area).
This range of break areas encompasses small lines which penetrate the primary
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pressure boundsvy. Small breaks could involve pressurizer relief and safety
valves, charging and letdown lines, drain lines, and instrumentation 1liues,
The 1imiting break size is generally in the neighborhood of 2% of the cold leg
nipe area. The most limiting break location is in the cold leg pipe at the
discharge side of the pumps, particularly with primary pumps tripped on the
SIAS. This bresak location results in the largest amount of inventory loss and
the largest fraction of Emergency Core Cooling System (ECCS) fluid ejected out
the break. This produces the greatest degree of core uncovery and the longest
fuel rod heatup time.

The SBLOCA transient is characterized by a slow depressurization of the
primary system with a reactor trip occurring at a low primary pressure of 1750
psia in the Millstone Unit 2 plant. The SIAS occurs when the system has
depressurized to 1600 psia. The capacity and shutoff head of the High
Prescure Safety Injection (HPSI) pumps are important parameters in the SBLOCA
transient. The single failure criteria is satisfied by the loss of one diesel
generator. In the Millstone Unit 2 SBLOCA analysis, one additional HPS! pump
is assumed to be out of service for maintenance, so that only one HPSI pump is
available.

HPSI injection is delayed for 30 seconds after reac..r scram to model a
possible loss-of-offsite power at reactor scram. This 30 second delay in
starting the diesel generator and HPS! pump does not affect the limiting 1.9%
break or smaller break size cases because the delay time is satisfied before
the primary system pressure has decayed to the shutoff head of the HPSI pumps.
For break sizes larger than 1.9%, HPSI flow is delayed only a few seconds due
to the startup delay time. Also, the HPSI flow rate becomes less significant
as the break size increases above the limiting break size. Therefore, the
assumption of loss-of-offsite power has a very small effect on the small break
LOCA analysis,

The SBLOCA transient can be categorized into three break sizes (1)
"small" small breaks, (2) "medium size" small breaks, and (3) “large" sm:'|
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breaks. The scenario is different for each category of break sizes. The
"small" smal) breaks are c-aracterized by inventary losses that are less than
the makeup capacity of the PSI and charging pumps such that core uncovery is
limited. The core level 1is eventually recovered and hot rod heatup is
limited. The "large" small breaks are characterized by a larger primary
system depressurization rate such that the Safety Injection Tank (SIT)
pressure is reached in sufficient time to limit the vore uncovery and hot rod
heatup. The MPSI pumps have limited influence ii the "large" small break
transient. The “"medium size" small break transient is generally the most
limiting. Ir this transient the rate of inventery loss from the primary
system is large enough that the HPSI and charging pumps cannot preclude
significant core uncovery. The primary system depressu‘ization rite is very
slow, extending the time required to reach the SIT pressure. This *tendl, to
maximize the heatup time of the hot rod and produces the maximum peak cladding
temperature. It also results in the longest time-at-temperature, which
maximizes the local cladding oxidation. The limiting break is characterized
by a short injection of emergency core coolant from the Safety Injection
Tanks, The additional fluid injected into the core increases the steaming
rate and raises the primary system pressure above the SIT pressure, thus
stopping flow from the Safety Injection Tanks. By the time the primary system
pressire drops to the SIT pressure, the flow out the break has dropped to less

than the HPSI and charging pump flow, so the level in the core 1s slowly
recovered by the HPS! and charging pumps.

The *ime allowed for operators to manually trip the primary coolant pumps
following the SIAS is an important parameter, If the primary pumps operate
after break uncovery (transition to mostly steam flow), additional inventory
loss from the system, more core uncwery, «nd higher peak cladding
temperatures will oscur., Therefore, the base calculations for this analysis
tripped the primary coolant pumps at the SiAS, and a sensitivity siudy was

performed to Jjustify a 300 second primary pump coolant trip delay time
following the SIAS.
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and that the reactor coolant pumps were tripped at the time of the SIAS. Al
calculations were performed with a peck LWR of 15.1 kW/ft. The results of
the break spectrum study are given in Table 3.2. Calculated event times for
the various break sizes are given in Tables 3.3 through 3.6.

The results show the 1.9% break size to be the limiting break, with a
peak cladding temperature of 1811°F. The 1.9% break size is the 'imiting case
because it results in the slowest rate of depressurization to the SIT
pressure. The core is uncovered for the longest period of time, resulting in
the most severe fuel heatup. The 3.0% and 4.0% break sizes experienced a
more rapid depressurization to the SIT pressure, which limited the length of
time the core was uncovered, and the depth of the core uncovery. Thus, the
PCTs predicted for the 3.0% and 4.0% break sizes were less than the PLT
predicted for the 1.9% break size. Calculations indicated that core uncovery
would be less severe for break sizes less than 1.9% and the HPS] and charging
pumps would recover tha liguid level in the core without flow from the Safety

Injection Tanks.

The blowdown calculation for the 1.0% break indicated that the mixture
level did not drop below the top of the core, thus precluding fue! rod heatup.
The High Pressure Safety Injection system was sufficient to keep the core
covered without flow from the SIT. A TOODEE2 hot rod heatup calculation was
not performg* for this case.

Results for the 1.9% 3%, and 4% break sizes are shown in Figures 3.1
through 3.14.

3.5 Pump Trip Delay Resylts

Calculations were performed to justify a 3C0 second primary coolant pump
trip delay following the SIAS. A delayed pump trip will postpone the time of
break uncovery 1f the pump trip delay results in pump shut down after the time
at which the break would have uncovered with pumps shut off at the SIAS. If
the break uncovery time is postponed, the break flow rate will be increasel
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until the pumps are shut off and more mass will be lost from the primary
system. The break uncovers 310 seconds after the SIAS for the 1.9% break size
with pumps off at SIAS. For this break size, a 300 second pump trip delay
would not result 1% a significantly different integrated mass loss from the
primary system, Since the time of break uncovery, with pumps off at the SIAS,
increases for break sizes smaller than 1.9%, the same conclusion is reached
for smaller break sizes. However, for break sizes greater than 1.9 with
pumps off at the 3IAS, the time to break uncovery following the SIAS becomes
less than the 300 second trip delay time. In this case, more mass would be

lost out the break with up to a 300 second pump trip delay which would result
in a deeper core uncovery,

A calculation was performed for the 4% break size with a 300 second pump
trip celay. This calculation bounds smaller break sizes and shorter pump trip
delay times because it maximizes the additional mass loss from the primary
system, The break uncovers 183 seconds after the SIAS for the 4% break size
with pumps off at the SIAS. With a 300 second pump trip delay a significant
amount of additional mass is lost from the primary system so that when the
pumps are shut off, a more severe core uncovery occurs, A comparison of the
mixture levels is shown in Figure 3.16 for the case with pumps tripped at the
SIAS versus the case with the delayed pump trip. The total heatup time is
less for the case with the pump trip delay because (1) continyed pump
operation keeps the mixture leve! above the core and precludes core heatup
until the pumps are shut off, and (2) once the pumps are shut off, system
depressurization occurs more rapidly to the SIT pressure. However, the heatup
rate is much higher once the pumps are shut off because very little steam is
generated in the core due to the deep core uncovery. The overall effect 15 2
higher PCT for the case with the delayed pump trip. The PCT for the case with
pumps tripped at the SIAS was predicted to be 1521°F while the PCT for the
case with the delayed pump trip was predicted to be 1650°F.

The results of the pump trip delay case are given in Table 3.7. The
event times for this case are given in Table 3.8, Comparisons of system
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pressure, core mixture level, and total system mass for the cases with and
without delayed pump trip are shown on Figures 3.15 to 3.17, respectively. A
plot of cladding temperature for the case with delayed pump trip is shown in
Figure 3.18.

3.6 Aswymmetric Steam Generator Iube Plugging Results

The break spectrum calculations reported in Section 3 4 considered a
steam generator tube plugging level of 23.5% in each steam generator. A
calculation was performed to determine the sensitivity of the base case
limiting break (1.9%) results to asymmetric steam generator tube plugging. An
asymmmetry of 5.9% war analyzed. The calculation assumed 2500 tubes were
plugged in the broken loop steam generator and 1500 tubes plugged in the
intact loop steam generator. The event times for this calculation are given
in Table 3.9, It can be seen that the event times are similar to the base
case calculation, SIT flow begins 18 seconds earlier for the asymmetric case
and the core heatup time is 19 seconds less for the asymmetric case. The PCT
for the asymmetric case is 1765°F compared to 1811°'F for the base case.

The system response was observed to be similar between the two cases
analyzed. Because the blowdown response for the asymmetric case showed no
significant difference from the base case, a c2se with the greater number of
tubes plugged in the intact loop steam generator would also have a nearly
identical system response. It is concluded that asymmetric steam generator
tube plugging does not significantly change the system behavior and does not
alter the conclusion that 10 CFR 50.46(b) criteria are met.

3.7 Redyced Primary Temperatyre Operation

This section presents Jjustification to support & reduction in primary
coolant temperature of up to 12°F at full power operation. The effect of a
reduced primary coolant temperature on the SBLOCA amalysis is projected to be
very small. The primary pressure will initially drop to the saturation
pressure at the hot leg temperature which will be about 140 psi lower than for
the base case, The primary pressure will follow a saturated condition below
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Table 3.1 Millstone Unit 2 SBLOCA System Analysis Parameters
Primary Heat Output, MWt 2700* A
Primary Coolant flow Rate, lbm/hr :i::.seé S
Primary Coolant System Volume, ft3 10,506
Operating Pressure, psia 2250
Inlet Coolant Temparature, °'F 549
Reactor Vessel Volume, ftd 4534
Pressurizer Total Volume, ft3 1500
Pressurizer Liquid Total, ftd 922
51T Total Volume, ft3 (one of four) 2019
SIT Liquid Volume, ft3 1150.5
SIT Pressure, psia 215.0
SIT Fluid Temperature, °F 106.8
Total Number of Tubes per Steam Generator 8519
Number of Tubes Plugged per Steam Generator 2000 (23.5%)
Steam Generator Secondary Flow Rate, 1bm/hr 6.02 x 108
Steam Generator Secondary Pressure, psia 817.6
Steam Generator Feedwater Temperature, °‘F 435
Reactor Coolant Pump Rated Head, ft 271.8
Reactor Coolant Pump Rated Torque, ft-lbf 31,560
Reactor Coolant Pump Rated Speed, rpm 892
Initia) Reactor Coolant Pump Speed, rpm lil.i."

* Primary heat output used in ANF-RELAP mode) - 1.02 x 2700 = 2754 Mwt.
** Includes pressurizer total volume and 23.5% average SGTP.
*e*Value used in ANF-RELAP for initialization.
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