
0

ATTACEMENT 2 

AE-79-0884 
DRF B21-00289 
August 29, 1984

BYPASS TIMER CALCULATION 

FOR THE ADS/ECCS MODIFICATION FOR 

MONTICELLO

Prepared: d: a__ _ 
P.T. Trani Engineer 
Performance Requirements 

Approved: A 
G.T.. Soz ,Ma r 
Performa cRe irements

Approved:

Engineering 

Engineering

A E. Rogers, Manager 
Plant Performance Engineering

8410310428 841024 
PDR ADOCK 05000263 
P PDR 

GENERAL 0 ELECTRIC

S



CONTRIBUTORS 

L.L. CHI 

P.T. TRAN 

E. H. HOFFMAN

-1 -



LEGAL NOTICE

Except as otherwise agreed to in writing, neither the General 

Electric Company nor any of the contributors to this document makes 

any warranty or representation (express or implied) with respect to 

the accuracy, completeness, or usefulness of the information 

contained in this document or that the use of such information may 

not infringe privately owned rights, nor do they assure any 

responsibility for liability or damage of any kind which may result 

from the use of any of the information contained in this document.
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The Automatic Depressurization System (ADS), through selected safety 

relief valves, functions as a backup to the operation of the high 

pressure injection systems, e.g., feedwater, High Pressure Coolant 

Injection (HPCI), Reactor Core Isolation Cooling (RCIC). These systems 

when augmented with the ADS, provide protection against excessive fuel 

cladding heatup for hypothetical loss of coolant events over a range of 

steam or liquid line breaks inside the drywell. The ADS depressurizes 

the vessel, permitting the operation of the low pressure injection 

systems: Low Pressure Coolant Injection (LPCI) and core spray. The ADS 

is currently activated automatically upon coincident signals of low 

water level in the reactor pressure vessel (RPV), high drywell pressure, 

and low pressure Emergency Core Coolant System (ECCS) pump running 

(Figure 1-1). A time delay of approximately 2 minutes after receipt of 

the signals allows the operator to reset the logic and prevent an 

automatic blowdown if the witer level in the RPV is being restored or if 

the signals are erroneous. The ADS can be manually initiated as well.  

For transient and accident events which do not directly produce a high 

drywell pressure signal and are degraded by a loss of all high pressure 

injection systems, adequate core cooling is assured by manual 

depressurization of the reactor followed.by injection from the low 

pressure systems. To reduce the dependence on operator action and to 

satisfy the intent of the Nuclear Regulatory Commission (NRC) 

requirements, Item II.K.3.18 of NUREG-0737 (Reference 1), several design 

options for BWR 3 plants were identified and evaluated as a result of 

the BWR Owners' Group evaluation of Item II.K.3.18 (Reference 2).  

* 

Same as Automatic Pressure Relief System (APRS) in Monticello updated 

FSAR.  
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1.2 ADS/ECCS MODIFICATION FOR MONTICELLO 

Based on the BWR Owners' Group evaluation, Northern State Power Company 

(NSP) has elected to implement an ADS modification coupled with an ECCS 
pump start logic modification, known as Option 2B in Reference 2, at the 
Monticello Nuclear Generating Plant. The modification eliminates the 
high drywell pressure permissive from the current ADS logic and adds a 
manual switch which allows the operator to prevent (inhibit) automatic 
ADS initiation (Figure 1-2). In addition, the modification adds a 
bypass timer to the low reactor pressure permissive for the ECCS pump 

start logic (Figures 1-3 and 1-4).  

Upon receiving a low water level signal, the low pressure ECCS pump will 

start if either the low RPV pressure permissive or the bypass timer is 
satisfied. This logic arrangement maintains the same original design 
philosophy of minimizing the potential of unnecessary ECCS pump starts 

at high reactor pressure. The complete start sequence for the modified 

ADS logic and ECCS pump start logic is shown in Figure 1-5.  

It should be noted that the bypass timer would initiate concurrently 

with the ADS timer and would automatically reset if the water level is 

restored. When the bypass timer times out the low pressure ECCS pumps 

would start running and ADS would initiate. The additional logic would 

not affect the high drywell pressure-low water level initiation sequence 

insofar as it responds to pipe breaks inside the drywell. The addition 

of a manual inhibit switch to the ADS initiation logic has no effect on 

automatic ADS response to isolation or LOCA events.  

1.3 'REPORT OBJECTIVE 

This report presents the analysis which determines the setting for the 

bypass timer. The bypass timer and associated modification will extend 

the ADS operation to transient events or loss of coolant accidents
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(LOCA) which do not result in a release of steam to the drywell but 
which may require depressurization of the reactor pressure vessel to 
maintain adequate core cooling. The limiting event for determining the 
bypass timer setting is the reactor water cleanup (RWCU) break outside 
the containment. This hypothetical event will result in the most 
inventory loss without any release of steam to the drywell. The 
analysis method, assumptions, and results are discussed in the following 
sections.
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2.0 ANALYSIS 

2.1 ANALYSIS GOAL 

The modification of the ADS logic and of the ECCS pump start logic is to 

assure adequate core cooling for transient or accident events which may 

require rapid depressurization. Adequate core cooling can be assured if 

the peak'cladding temperature (PCT) for an event is less than 15000 F.  

Although the maximum PCT limit imposed by 10CFR50.46 is 2200aF, a lower 

limit is established for the bypass timer. The lower limit will assure 

that the transient or outside line break events will not be the limiting 

events for the plant safety analyses. The current limiting events are 

large recirculation line breaks inside the containment which cannot be 

isolated and therefore remain as the limiting events. Thus, the goal 

for this analysis is to determine a setting for the bypass timer which 

will limit the PCT significantly below 2200'F (approximately 1500'F) for 

the worst case transient or outside line break event.  

2.2 LIMITING EVENTS 

Sensitivity studies were performed to determine the limiting events for 

the bypass timer setting calculation. The study included tran

sient and LOCA events which do not result in a release of steam to 

the drywell but which may require depressurization of the RPV to 

maintain adequate core cooling. The study assumed that all high 

pressure makeup systems were lost.
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From this sensitivity evaluation it was determined that the most 

limiting event was a RWCU line break outside the containment. For this 

hypothetical accident the reactor does not isolate until approximately 

40 seconds after break occurs. The RWCU line break results in the most 

inventory loss without any release of steam to the drywell.  

2.3 ANALYSIS METHOD 

The setting for the bypass timer is based on limiting the PCT to 

approximately 1500*F. The limiting event is the RWCU line break outside 

the containment. This event can result in a significant amount of 

inventory loss before the break isolates, and can result in the reactor 

remaining at high pressure after the break isolates. The event and the 

resultant PCT are evaluated in accordance with the NRC approved BWR 

licensing models (Reference 3) and the following conservative initial 

conditions and assumptions.  

(1) The reactor is operating at 102% of rated power. This maximizes 

the fuel cladding heatup and conforms with the requirements of 

1OCFR50 Appendix K.  

(2) The initial reactor water level is at the scram level i.e., low 

water level. This minimizes the time for ADS initiation.  

(3) The initial system pressure and steam flow are consistent with the 

heat balance values for the assumed initial power and water level.
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(4) The RWCU line is instantaneously severed by a complete 

circumferential break. The break is physically arranged so 

that the coolant discharge through the break is unobstructed.  

These assumptions result in the most severe mass loss for the 

event.  

(5) The RWCU isolation valves are assumed to close on the low 

water level signal (484.5 inches above vessel zero) rather 

than high temperature trip signal.  

(6) The RWCU isolation valves closure time is 40 seconds which is the 

maximum value allowed by the plant technical specifications. The 

flow area is assumed to reduce linearly.  

(7) Feedwater flow is assumed lost within one second after the break 

occurs. This assumption minimizes the amount of inventory 

available to the reactor.  

(8) The high pressure coolant injection (HPCI) and the reactor 

core isolation cooling (RCIC) systems are assumed not available. A 

complete loss of high pressure makeup systems is a condition which 

may require rapid depressurization with the ADS.  

(9) The low pressure coolant injection (LPCI) and the core spray 

systems are available for inventory makeup when the reactor is 

depressurized below the shut-off heads of the low pressure 

pumps.  

(10) The decay heat value is 120% of the 1971 ANS standard 

which conforms to the requirements of 10CFR50 Appendix K.
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2.4 EVENT DESCRIPTION 

The RWCU isolation valves isolate on one of the following signals: 

- reactor low water level 

- high temperature downstream of the non-regenerative heat 

exchanger 

- actuation of the standby liquid control system 

A break in the RWCU line would result in low reactor water level signal 

and a high temperature trip signal. However, in this analysis the RWCU 

isolation valves are conservatively assumed to initiate isolation on low 

water level. The valves completely close in 40 seconds.  

-Following the isolation, the reactor pressure increases to activate the 

safety relief valves (SRVs). Without feedwater, HPCI and RCIC the SRV 

actuations gradually reduce the reactor water inventory down to the 

low-low level setpoint which activates the bypass timer. When the 

bypass timer times out, the low pressure ECCS pumps start and the ADS 

initiates. The reactor pressure will then decrease and the low pressure 

ECCS pumps will inject to provide core cooling. The results are 

summarized in Section 3.
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3.0 RESULTS 

In order to establish the maximum allowable bypass time, the bypass 

timer setting was varied. Typical plant responses for the event 

described in the previous section are shown in Figures 3-1 and 3-2 for a 
bypass timer setting of 23 minutes. Figure 3-1 shows the reactor 
pressure and water level responses. The reactor pressure drops 

initially due to the break. After the break is isolated, the reactor 

pressure increases and the SRVs actuate to limit the pressure. The 
reactor pressure remains within the operating range of the SRVs until 
the ADS actuates which, for this case, occurred at 1420 seconds.  

Meanwhile, the reactor water level decreases gradually and the bypass 
timer is initiated. Before the bypass timer has expired, the water 

level drops below the top of the active fuel. This period of core 

uncovery causes an increase in PCT (Figure 3-2). When the ADS actuates, 

the rapid depressurization results in bulk flashing with significant 

water level swell which subsequently covers the core and cools the fuel.  

As the depressurization continues, the core once again uncovers and 

further core heatup occurs. The fuel cladding heat up decreases when 

LPCI and core spray begin to provide core cooling. Eventually core 

heatup is terminated when the core refloods ( about 1657 seconds).  

The plant response for the different bypass time settings is similar 

except that the PCT increases with increasing timer setting. The 

resultant PCT for bypass timer settings of 18, 20 and 23 minutes are 

shown in Figure 3-3. A bypass timer setting below 23 minutes will limit 

the PCT below the established goal. This time is sufficient to allow 

the operator time to inhibit any unnecessary ADS action.
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An additional consideration to ensure the acceptability of the bypass 

timer setting is to determine the affect of an ADS valve out-of-service 

on the bypass timer setting. With an ADS valve out-of-service or failed 

during the event, the rate of reactor depressurization is reduced. This 

will affect the time when LPCI and core spray pumps can inject and have 
a direct impact on the resultant PCT. For a 20 minute bypass timer, 

with one out of the three ADS valves out-of-service, the PCT is approxi

mately 1592 0F, which slightly exceeds the conservative goal of 1500'F.  

This indicates that the 20 minute setting for the bypass timer is an 

acceptable setting for the proposed modification.
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4.0 SUMMARY AND CONCLUSIONS 

To reduce the dependence on operator action for certain events, which 
may require rapid RPV depressurization, a combined modification of the 
ADS and ECCS pump start logic is being implemented in the Monticello 
Nuclear Generating Plant. Plant specific analyses were performed to 
determine the setting of the bypass timer for the modification.  
The modification includes eliminating the high drywell pressure 
permissive of the ADS logic and adding a bypass timer to the low reactor 

pressure permissive of the low pressure ECCS pump start logic. The 
bypass timer will activate if the reactor water level reaches the 

low-low level and automatic ADS will initiate when the bypass timer has 
expired. The modification provides automatic ADS initiation for 

transients or line breaks outside containment. Based on the evaluation 

of the limiting event (a RWCU line break outside the containment), the 

recommended setting for the bypass timer is 20 minutes. The setting 

provides sufficient margin to assure that these events can be imitigated 

and do not become limiting events for plant safety analyses.
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